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Abstract

Over the past decade, smartphone technology has become increasingly sophisticated and ubiquitous. Modern smartphones, now
owned by more than three quarters of Canadians and 94% of millennials, perform an array of functions that are potentially useful
in the health care context, such as tracking fitness data, enabling health record sharing, and providing user-friendly platforms for
disease management. Approximately half of smartphone users have downloaded at least one health app, and clinicians are
increasingly using them in their practice. However, despite widespread use, there is little evidence that supports their safety and
efficacy. Few apps have been independently evaluated and many lack basic patient protections such as privacy policies. In this
context, the demand for the regulation of mobile health apps has increased. Against this backdrop, regulators, including Health
Canada, have begun to propose regulating the use of smartphones in health care. In this viewpoint, we respond to Health Canada’s
recent proposal to regulate smartphone use in Canada according to a risk-based model. We argue that although Health Canada’s
recent proposed approach is promising, it may require complementary regulation and oversight.

(JMIR Mhealth Uhealth 2019;7(11):e15301)   doi:10.2196/15301
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Introduction

As smartphone technology has become increasingly
sophisticated and ubiquitous, their use and prominence in health
care has grown spectacularly. Modern smartphones, now owned
by more than three quarters of Canadians and 94% of millennials
[1], perform an array of functions that are potentially useful in
the health care context. They are capable of tracking fitness
data, enabling health record sharing, and providing user-friendly
platforms for disease management. Approximately half of
smartphone users have downloaded at least one health app, and
clinicians are increasingly using them in their practice [2].
However, despite widespread use, there is an incomplete
patchwork of evidence supporting their safety and efficacy [3].
Few apps have been independently evaluated and many lack
basic patient protections such as privacy policies [3]. In this
context, the demand for the regulation of mobile health apps
has increased [4].

Health Canada’s Draft Guidance

In January 2019, Health Canada issued draft guidance on the
regulation of software as a medical device (SaMD). This
important development follows early attempts to regulate the
proliferation of mobile health apps in the United Kingdom and
the United States. The United Kingdom’s National Health
Service, for example, has developed an Apps Library, which
publishes lists of health apps that have been reviewed on a range
of factors, including security and clinical safety [4]. The United
States Food and Drug Administration has pursued an approach
based on risk assessments, in which apps that function as
medical devices and potentially pose risks to patient safety are
subject to regulatory oversight [5]. Health Canada’s draft
guidance closely follows this risk-based model.

Health Canada’s issuance of the draft guidance on this issue
confirms the increasingly prominent role that software plays in
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health care delivery in Canada and provides clarity on the
regulatory status of novel technologies and devices. There are,
however, numerous open, persistent questions on the issue of
mobile apps that have medical functions. Indeed, for the
purposes of Health Canada’s regulatory oversight of mobile
health apps under the Medical Devices Regulations, the draft
guidance specifies that certain mobile apps will be considered
SaMD [6]. However, mobile apps meaningfully differ from
other kinds of SaMD in at least two respects. First, mobile health
apps are incredibly numerous: over 100,000 of them are
available on Apple and Android app stores [7]. Second, mobile
health apps are ubiquitous: members of the public use them
widely, often outside of clinical settings [3]. Each of these
factors presents a unique regulatory challenge. Although Health
Canada’s recent proposed approach is promising, it will not
likely be adequate on its own.

In the draft guidance, software that meets the definition of a
medical device according to the Food and Drugs Act will be
regulated according to a risk-based classification system outlined
in the Medical Devices Regulations. There are, however, certain
kinds of software that Health Canada proposes to exclude from
the regulation. Software that matches patient symptoms with
treatment guidelines for common illnesses, for example, will
not meet the definition of a medical device. Although generally
innocuous, such apps may still carry a degree of risk for patients.
Consumer apps that draw associations between symptoms and
disease might prompt patients to make uninformed health
decisions, whereas the collection of personal health information
might raise general privacy and data security concerns.

However, potentially deeper challenges exist. Health Canada’s
draft guidance proposes to regulate SaMD according to a
manufacturer’s labeled intended use for the product [6]. In the
event of a disagreement on device classification, Health Canada
retains final decision-making authority. However, apps will
often not have an explicit intended use or may have ancillary
functions that approximate a medical purpose even with express
indications to the contrary [8]. Furthermore, apps may be made
available to the public in the absence of any interaction with
Health Canada. The Apple app Store, for example, does not
appear to require regulatory clearance for the distribution of
medical apps. App Store Review Guidelines specify only that
medical apps may be subject to increased scrutiny and that
developers should provide documentary evidence of regulatory
clearance if such clearance has been obtained [9]. Where an app
in public use falls within Health Canada’s regulatory ambit, or
where its classification as a medical device is contentious, it is
not clear how the agency’s oversight can be managed. Given
the number and diversity of available apps, it is almost certain
that many of them will fall through the cracks.

Health Canada’s focus on apps as medical devices also
potentially obscures that they are increasingly used as tools for
conducting health research. Given their unprecedented data
collection capacities and ease of distribution, research projects
have begun using mobile apps to facilitate investigative work.
As they do, the traditionally firm ethical distinction between
research and clinical care is becoming significantly more
difficult to manage.

Role of Medical Colleges and Faculties

Taken together, each of these factors underscores the unique
complexity of regulating mobile health apps. In fact, mobile
health apps may simply be too numerous and too diverse in
function to be effectively regulated through 1 government
department or agency. Rather, a flexible and multifaceted
approach to the regulation of mobile health apps should be
pursued. The medical colleges, for one, ought to play an active
role in facilitating the use of mobile apps in the clinic.
Guidelines for using mobile apps in clinical practice and for
recommending them to patients should be developed and
periodically revised. Specific limitations on what an app can or
cannot do in relation to reserved medical practice should be
clarified. Although the Canadian Medical Association has
released a guidance document for the prescription of mobile
apps by physicians, [10] provincial medical colleges are more
directly empowered to regulate the clinical use of health apps
among their members, and as mobile health becomes ever more
prominent, clinical training that accounts for these trends will
become critically important. In parallel, medical education and
training programs will play a critical role in preparing physicians
to confront the mobile future. Present trends suggest that health
apps will be increasingly prevalent features of the Canadian
health care system, and physicians must be prepared to
understand their powers and limitations. This means that
Canadian medical faculties should train future physicians on
how mobile apps are likely to affect their practice and their
duties to inform, treat, and protect confidentiality and to
follow-up. In the future, we may even see the need for a medical
computing specialization.

Conclusions

Whatever approach is ultimately pursued, the medical profession
must play an active role in confronting how health apps and
other technologies will change the face of health care. This will
require a concerted effort by medical colleges to provide both
guidance and clinical training to their members. It will also
require prospective planning through medical education and,
perhaps, specialization. Although an apple a day might keep
the doctor away, the same cannot be said, at the moment, of
smartphone apps.
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Abstract

Background: With the world’s rapidly growing older adult population, there is an increase in the number of people living with
dementia. This growth leads to a strain on their caregivers and our health care system and to an increased attention on mitigating
strain by using mobile technology to sustain the independence of people with dementia. However, less attention is given to whether
these technologies meet the stated and unstated needs of people with dementia.

Objective: The aim of this study was to provide an overview of the current research on mobile technologies for people with
dementia, considering the current research through the lens of personhood and human needs, and to identify any gaps that represent
research opportunities.

Methods: We performed a systematic search in Medical Literature Analysis and Retrieval System Online (MEDLINE), Web
of Science, PsycINFO, Cumulative Index of Nursing and Allied Health Literature (CINAHL), Excerpta Medica dataBASE
(EMBASE), and the Cochrane Central Register of Controlled Trials (CENTRAL) in October 2018. We screened 5560 articles
and identified 24 that met our inclusion and exclusion criteria. We then performed thematic analysis to organize the articles by
the types of support mobile technologies provide and mapped those types of support to human needs to identify the gaps in
support.

Results: Articles described research on mobile technologies that support people with dementia to (1) perform daily activities,
(2) maintain social interaction, (3) aid memory, (4) engage in leisure activities, (5) track location, and (6) monitor health. At least
one type of support mapped to each human need, with most supporting lower-level needs such as physiological and safety needs.
Little attention seems to be paid to personhood.

Conclusions: Mobile technologies that support daily activities, relationships, memory, leisure activities, health, and safety can
partially compensate for decreased function owing to dementia, but the human needs of people with dementia are often not
adequately considered. Most technologies support basic physiological and safety needs, whereas many pay little attention to
higher-level needs such as self-esteem and agency. Important research opportunities include using person-centered methods to
develop technology to meet higher-level needs and to preserve personhood by incorporating human and psychological needs of
people with dementia along with ethical considerations.

(JMIR Mhealth Uhealth 2019;7(11):e15122)   doi:10.2196/15122
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dementia; Alzheimer disease; mobile health; consumer health informatics; personhood; systematic review; smartphone; mobile
phone; tablet computers

JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 11 |e15122 | p.7https://mhealth.jmir.org/2019/11/e15122
(page number not for citation purposes)

Koo & VizerJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

mailto:bmkmon@gmail.com
http://dx.doi.org/10.2196/15122
http://www.w3.org/Style/XSL
http://www.renderx.com/


Introduction

As the world’s population rapidly ages, the number of older
adults with cognitive impairment will grow as well. Nearly 47
million people worldwide are now experiencing dementia, and
this number is projected to triple by 2050 [1]. Of the diseases
that can occur as people age, dementia is of particular concern
to patients, their family and friends, and society as people with
dementia progressively lose independence and autonomy,
causing a sharp increase in the burden of care. In the early stages
of dementia, people can benefit from support for complex tasks
of daily living, but as the disease progresses, people become
fully dependent on others to complete even basic activities of
daily living [2,3].

Innovative technologies may assist people with dementia and
informal carers (usually family or close friends, as opposed to
health professionals such as nurses) in several ways. Assistive
technology can decrease the burden of care [4-6], increase the
independence of people with health conditions [7], and improve
the well-being of people and their carers [8]. Advanced mobile
technology designed for people with dementia, their carers, and
even the surrounding environment has further expanded the
scope of assistive technology available for people with dementia
[9]. Examples [4-9] include partial compensation for functional
deficits of people with dementia and support for carer’s care
routines. Furthermore, ambient intelligence technologies
embedded in the environment can increase safety and security
by monitoring people with dementia in their homes to detect
emergencies [10]. To date, however, little research has evaluated
how mobile technologies specifically support daily activities
of people with dementia.

Previous work [11-13] examining the role of human needs in
the quality of life of people with dementia emphasizes the
importance of considering the technologies designed for people
with dementia in light of human needs as described by Maslow
[14] and Kitwood [15]. Dewing’s [16] work also contributes
context with his definition of personhood as “the attributes
possessed by human beings that make them a person.” This
definition is particularly applicable to people with dementia as
it is inclusive and, unlike some other definitions of personhood,
does not require that a person possess certain capabilities.
Rather, it values any person’s possession of any attributes of
humanity [16,17]. However, we found no research examining
the role of these technologies fulfilling human needs and
preserving personhood.

To address this gap, we reviewed the literature on mobile
technologies intended for use by people with dementia in their
daily lives and considered the current research through the lens
of human needs and personhood. Our review defined 6 types
of support that mobile technologies provide to people with
dementia and caregivers, mapped the types of technology
support to the human needs defined by Maslow [14] and
Kitwood [15], and discussed considerations relating to
technology adoption and ethics involved in developing
technology for people with dementia.

Methods

Overview
We conducted a scoping review based on the methodological
framework suggested by Arksy and O’Malley [18] and Peters
et al [19], with the goal of organizing the literature on mobile
technologies to assist people with dementia with daily living.
We aimed to rapidly review the extent and range of research
activity and map the key concepts underpinning the research
area of mobile technology support for people with dementia
[18]. The methodological framework of our scoping review
includes identifying data sources and search strategies, selecting
relevant articles, and extracting and charting the results.

Data Source and Search Strategies
We performed a systematic search in October 2018 for articles
published in Medical Literature Analysis and Retrieval System
Online (MEDLINE), Web of Science, PsycINFO, Cumulative
Index of Nursing and Allied Health Literature (CINAHL),
Excerpta Medica dataBASE (EMBASE), and the Cochrane
Central Register of Controlled Trials (CENTRAL). Systematic
search terms included mobile devices, mobile app, smartphone,
tablet, mild cognitive impairment, Alzheimer, dementia, and
older adults. Multimedia Appendix 1 lists search strings per
database.

Study Selection
We selected articles based on the following inclusion criteria:
(1) the article is published in a peer-reviewed journal in English,
with full text available, (2) the article describes the study
participants or target users as people with dementia aged 50
years or above and their caregivers, (3) the article describes
mobile technology or mobile apps used by people with dementia
and their caregivers to support daily activities of people with
dementia, and (4) the article describes technology or apps
intended for use outside of the clinic. We included study
protocol or system design articles meeting our user criteria so
that the review reflects the newest research trends. We focused
on systems that used only smartphones and tablets as they are
widely used, and these systems do not require purchase of
specialized equipment. We excluded articles describing mobile
technology to support people with illnesses other than dementia.

Procedure
We obtained 7024 articles from our initial search: 1132 from
MEDLINE, 1760 from the Web of Science, 646 from
PsycINFO, 211 from CINAHL, 3255 from EMBASE, and 20
from CENTRAL. We removed 1464 duplicate papers, then both
authors independently performed title and abstract screening.
We reconciled discrepancies in these screening results through
consensus and then independently conducted full-text screening
on 68 papers. Differences in the full-text screening results were
also resolved through consensus. Finally, 24 papers met our
inclusion criteria. The flow diagram of the search procedure is
presented in Figure 1.
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses diagram.

Extraction and Charting of Results
After selecting the relevant articles, we conducted thematic
analysis and summarized key information [19]. One researcher
(BMK) undertook initial reading and used an inductive thematic
analysis procedure to identify emergent themes related to the
types of support the technologies provide and coded articles by
the strategies used to support people with dementia. As coding
progressed, new themes were incorporated, and previously
coded studies were revisited. A second researcher (LMV)
validated the themes after they were finalized. Discrepancies
were discussed and resolved. To characterize the needs these
systems can fulfill and the dignity they might afford people with
dementia, we then matched the types of technology support
identified in the thematic analysis to human needs using a
mapping adapted from Barker and Board [20], and applied
Dewing’s definition of personhood [14-16,21-23].

Results

First, we show the year-to-year trends in publication volume
and the types of technologies used for research on mobile

technologies to support daily living for people with dementia.
We then describe the types of support offered by the
technologies in each article. Finally, we map those types of
support to human needs to identify research opportunities.

Publications per Year and Types of Technology
Figure 2 presents the number of publications per year, showing
the increasing interest in this topic and the evolution of the types
of devices studied over time. Our search produced only 3 articles
published before 2010 that used mobile technology to support
daily activities of people with dementia. The number of
publications grew marginally between 2011 and 2015 but
increased substantially in 2017 and 2018.

Recent articles show a preference for using smartphones and
tablets to assist people with dementia with daily activities,
reflecting the relative popularity of these mobile devices. Of
the 24 studies, 17 used smartphone (n=13) and mobile phone
(n=4) technologies, about twice the number describing tablets
(n=8). About 71% (n=17) of the articles focused on the use of
small devices.
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Figure 2. The number of publications per year (N=26). Publications by Lancioni et al [28] and Megges et al [38] are depicted twice as both a tablet
and a smartphone were used in the study. We designated “mobile phone” when the article mentioned the use of a mobile phone without the use of apps
or functions of a smartphone. PDA: personal digital assistant.

Mobile Technology to Support Independence and
Well-Being of People With Dementia
Our review produced 24 articles meeting the inclusion criteria.
We categorized those articles into 6 types of support that the
technologies provided to people with dementia and caregivers.
A total of 9 articles described technologies that support the
performance of daily activities; 2 articles discussed technologies
that facilitate social interactions; 1 article defined technology
to aid retrospective memory; 2 articles examined technologies

for supporting leisure activities; and 7 articles studied mobile
technology for tracking location. Finally, 3 articles described
technologies for health monitoring.

The next sections detail the technologies outlined in each article
per category. Table 1 organizes the articles in the review by the
type of support provided and whether they described developed
systems or proposed systems. Table 2 provides a summary of
each article organized by type of support, listing the system
technologies and functions.

Table 1. Categorization of the articles reviewed.

Proposed systemsaTested systemsType of support

SmartphoneTabletSmartphone/mobile phoneTablet/PDAb

Performing daily activities (n=9)

——cEl Haj et al [25], Imbeault et al
[26], and Imbeault et al [27]

Imbeault et al [24]Providing reminders

——Imbeault et al [26] and Im-
beault et al [27]

—Storing important information

—Mahoney et al [30]Lancioni et al [28]d and Lan-
cioni et al [29]

Lancioni et al [28]dProviding sequential instructions for
daily activities

——Kwan et al [32]Chang et al [31]Providing sequential instruction for
way finding

Fardoun et al [34]——Ekström et al [33]Maintaining social interaction (n=2)

——De Leo et al [35]—Aiding autobiographical memory (n=1)

———Tyack et al [36] and
Lim et al [37]

Engaging in leisure activities (n=2)

Ko et al [42], Solanas
et al [43], and Xiao et
al [44]

—Megges et al [38]c, Faucounau
et al [39], Miskelly [40], and
Olsson et al [41]

Megges et al [38]cTracking location (n=7)

Lin et al [47]—Zylstra et al [45] and Kamil et
al [46]

—Monitoring health (n=3)

aProposed systems: Article only described a prototype or a feasibility test with healthy users.
bPDA: personal digital assistant.
cNot applicable.
dThese studies tested both smartphones and tablets, so they are listed twice.
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Table 2. Summary of the articles reviewed.

Study outcomeSystem functionsTechnologyType of support and article

Performing daily activities

Using the navigation prompt system
increased the correct performance

Provides navigation guidance when
the PDA is close to RFID tags on

PDAa, RFIDb tag, readers, and a
routing engine. the server

Chang et al [31]

rates of PwDc on indoor wayfinding
tasks

the wall at decision points inside a
building

Providing reminders improved task
performance for individual PwD

Sends 5 alerts for each of the target-
ed prospective events

Smartphone and Google CalendarEl Haj et al [25]

PwD successfully learned AP@LZ
functions and used them for daily
activities

AP@LZ supports daily activities
such as recording a memo or setting
reminders for scheduled activities

Smartphone and AP@LZ appImbeault et al [26] and [27]

PwD successfully learned to use the
calendar app to add notes, appoint-

A calendar app schedules appoint-
ments and activities

Tablet and calendar appImbeault et al [24]

ments, or activities to calendar; set
alarms; attend appointments; and
log past events

Study of using the smartphone app
for navigation assistance demonstrat-

Sends verbal instructions from the
Map to guide users to a destination

Smartphone and a Map appKwan et al [32]

ed similar rates of acceptability and
feasibility for groups with and
without mild dementia

PwD using app showed higher rates
of independently starting scheduled
activities and performance accuracy

Sends reminders at predetermined
schedules, verbal instructions, and
brief encouragement

Tablet, the Talking Alarm Clock
app, and a wireless Bluetooth ear-
piece

Lancioni et al [29]

PwD using app showed higher rates
of independently starting and com-
pleting activities

Sends reminders at predetermined
schedules, verbal instructions, and
brief encouragement

Smartphone or tablet, the Talking
Alarm Clock app, and a wireless
Bluetooth earpiece

Lancioni et al [28]

N/AeDesigned to identify dressing ac-
tions and clothing items, then pro-
vide guidance using sensors

Tablet, Microsoft Kinect, fiducial
tracking system, and RFID tags

Mahoney et al [30]d

Maintaining social interaction

Helped PwD and caregivers find
conversation topics and helped PwD
initiate communication

Creates a personalized communica-
tion book using GoTalk NOW and
supports communication with care-
giver using this app

Tablet and the GoTalk NOW appEkström et al [33]

N/ADesigned to perform face recogni-
tion on a picture taken with a

Smartphone, smartwatch, and cloud
architecture (server and database)

Fardoun et al [34]d

smartwatch and to return informa-
tion about the person in the picture

Aiding a utobiographical memory

PwD demonstrated a higher correct
recall rate for recent events

Automatically takes pictures at 5-
min intervals from 8 am to 8 pm,
uploads pictures to a server

Smartphone, app, and serverDe Leo et al [35]

overnight, and prepares a DVD with
picture slides for delivery to the
PwD

Engaging in leisure activities

PwD showed improved well-being
score at the end of art-viewing ses-
sion

Art app using tablets loaded with
photos of art objects, photographs,
and paintings from 3 London muse-
ums

Tablet and the art-viewing appTyack et al [36]

Usable by those with little technolo-
gy experience after training; half of

Uses 11 commercial leisure activity
apps for creativity, simple games,
and relaxation

Tablet and 11 preselected appsLim et al [37]

the participants independently used
apps for an average of 24 min per
day
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Study outcomeSystem functionsTechnologyType of support and article

Tracking location

PwD and spouse reported issues
with large device size, malfunctions,
and usage difficulties after testing

Sends regular monitoring messages
to a caregiver’s phone, as well as
alarms when it detects activity out
of a preset safety zone, long periods
of inactivity, or a fall

Mobile device (GPS)Faucounau et al [39]

N/ADesigned to automatically take pic-
tures and send them to a cloud sys-
tem labeled with location and time

Smartphone and wandering path
tracking and fall detection system

Ko et al [42]d

Tracking was 90% accurate but
study had a high rate of noncompli-
ance owing to comfort and usability
issues

Regularly sends geographical posi-
tion of the mobile phone to a central
server for tracking

Mobile phone (GPS)Miskelly et al [40]

PwD and spouses developed trust
in the alarm system over time, con-
tributing to perception of value

Sends a short message service text
message with a map to the caregiver
when the PwD is out of the safe
zone

Mobile phone (GPS) and the passive
positioning alarm package

Olsson et al [41]

Good initial usability and function
ratings, but usability rating de-
creased after 4 weeks; however,
most caregivers were willing to
purchase the system

Sends alarm and location informa-
tion to the caregiver when PwD
goes out of safe zone

Smartphone (GPS), tablet, and the
app

Megges et al [38]

N/Am-Carer app will send GPS data to
a location server linked to a prefer-
ence server with personal informa-
tion

Smartphone (GPS) and m-Carer appSolanas et al [43]d

N/ADesigned to send real-time snap-
shots, maps, and street views to the
caregiver

Smartphone with GPS, compass,
and camera with fish-eye lens

Xiao et al [44]d

Monitoring health

Trajectory of activity and GPS data
provided a good estimation of func-
tional status

Measures daily step count and
maximum distance traveled from
home

Smartwatch and smartphoneZylstra et al [45]

Data from text messages were more
accurate than data from calendars

Collects fall reports via text messageCell phone (text messaging)Kamil et al [46]

N/ADesigned to detect spatially disori-
ented behaviors by sending ongoing
GPS trace to a server to analyze for
pacing and lapping patterns

Smartphone and wandering behavior
detection system: Outdoor Aider for
Elders with Dementia

Lin et al [47]d

aPDA: personal digital assistant.
bRFID: radio-frequency identification.
cPwD: people with dementia.
dProposed systems: article only described a prototype or a feasibility test with healthy users.
eN/A: not applicable.

Support for Performing Daily Activities
People with dementia often have difficulty performing daily
activities owing to loss of memory and executive function [48].
Mobile technologies have been used as an external memory aid
to help people with dementia remember future activities [25,26]
and to provide visual and/or audio instructions for complex
sequential tasks [29]. For step-by-step instructions, a
context-aware system was used to detect situations or behavior
through sensors in mobile devices [30,31] or clothing [30]. The
portability of mobile devices and the use of a wireless Bluetooth

earphone allowed people with dementia to be more aware of
reminders and instructions in any location [28,29].

Provide Reminders for Upcoming Events
Reminder systems send alarms to help people with dementia to
remember future events. In a case study [25], a person with mild
Alzheimer disease used Google Calendar to remind her to
perform scheduled activities without any help from her
caregiver. In the intervention stage, the person with dementia
received 5 smartphone alerts for each of the 3 targeted events:
medical appointments, community club activities, and weekly
church services. The study participant successfully performed
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the tasks supplemented with reminders more often than tasks
without any reminders.

Imbeault et al [24] also studied the use of a commercially
available calendar app on a tablet with people with dementia.
The study showed that through repeated step-by-step instructions
and training, a person with dementia could add notes,
appointments, or activities to the calendar; set an alarm for
upcoming events; and then successfully attend scheduled
appointments. The participant also used the calendar app as a
logbook for remembering past events, thus demonstrating the
possibility of compensating for the loss of retrospective memory
as well as prospective memory.

AP@LZ [26,27] is a multifunction smartphone app that provides
a unique user interface specifically designed for people with
dementia. This app includes reminders and other functions such
as setting alarms, scheduling appointments, placing calls, and
writing notes. A case study showed that participants with
Alzheimer Disease could learn AP@LZ and perform daily
activities with the help of reminders from AP@LZ. For example,
participants used AP@LZ to set alarms to wake up, take
medication, carry out activities, attend appointments, and lock
the door at night.

Store Important Information for Future Use
People with dementia often experience difficulty remembering
lists and important personal information, and mobile devices
provide an easily accessible means of storing that information.
For example, a person with dementia can keep a grocery list,
maintain a medication history, or record personal information,
such as name, age, address, phone number, and family contacts,
for use in an emergency [26,27].

Provide Sequential Instructions for Daily Activities
The Talking Alarm Clock developed by Lancioni et al [28,29]
supports people with dementia performing daily activities using
reminders, step-by-step verbal instructions, encouragement, and
praise. The system comprises a tablet device, the Talking Alarm
Clock app, and a wireless Bluetooth earpiece linked to the tablet.
Participants use the earpiece to hear alarms or instructions when
they are not close to the tablet. The Talking Alarm Clock saves
activity schedules with related instructions and praise statements.
After an alarm and verbal reminder, specific instructions are
provided to guide the person with dementia through each step.
Some activities saved on the tablet include preparing coffee and
breakfast, setting the table, watering plants, taking paper and
soap to bathrooms, and making photocopies. Studies showed
that this intervention helped people with dementia to start these
activities by themselves and improved independent and accurate
performance of these activities. However, the system could only
provide prepared instructions and therefore could not alter
instructions based on users’ behaviors.

Mahoney et al [30] developed a prototype of a complex system
that detects users’ behaviors in context and provides accurate
feedback to help people with dementia dress by themselves.
The Development of Responsive Emotive Sensing System
(DRESS) provided dressing guidance and track the sequence
of dressing. The DRESS prototype comprised 4 parts: (1) a
tablet (iPad) on top of the dresser to provides written, audio, or

visual dressing guidance, (2) a Microsoft Kinect to track
movements for dressing, (3) a fiducial tracking system to ensure
that clothing is worn correctly, and (4) radio-frequency
identification (RFID) tags on clothes and drawers to identify
the clothing items that are removed. These elements allowed
DRESS to detect correct and incorrect dressing actions and
provide appropriate visual and audio guidance to people with
dementia.

Provide Sequential Instructions for Way Finding
People with dementia often have difficulty navigating to a
destination, either indoors or outdoors. The Ubiquitous Service
for Direction Guide is an indoor way finding system [31]
comprising a Personal Digital Assistant (PDA),
Radio-Frequency Identification (RFID) tags, RFID readers, and
a routing engine. For the study, RFID tags were installed at
every decision point, such as doorways, corners, elevators, exits,
or intersections of hallways, in a building. When the PDA is
placed near a tag on the wall at a decision point, the reader
interacts with the tag and presents a directional sign on the
screen to aid navigation.

Kwan et al [32] developed an outdoor way finding system to
help people with dementia with navigation. The system used
GPS and a map app (Maps) installed on a smartphone to provide
visual and verbal instructions to direct the person with dementia
to a destination. To use the system, participants pressed the
home button and initiated a voice command app to activate the
Maps. They interacted with the Maps using earphones and a
microphone. The study demonstrated that people with dementia
could successfully navigate with assistance from a smartphone.

Support for Maintaining Social Interaction
People with dementia can have difficulty remembering or
recognizing others’ names and faces, which can lead to social
isolation. Mobile technology can facilitate social interaction by
suggesting interesting conversational topics [33] or providing
the persons with dementia with information about familiar
people that they cannot remember [34].

The GoTalk NOW app [33] is a personalized communication
book created by people with dementia and a trained specialist
based on the person’s personal interests and activities,
communication difficulties, and needs. In the case study, the
specialist took pictures of objects and places that are meaningful
to the subject and video-recorded activities that are familiar to
her. Main topics are displayed on a home page, and link to other
pages with relevant materials. Compared with traditional
reminiscence materials such as scrapbooks and picture albums,
the communication app can provide easy, organized access to
more information and multimedia functions, making it more
interactive and enjoyable. This study showed that the
personalized communication app helped the person with
dementia and her caregivers find conversation topics and helped
them initiate communication.

Fardoun et al [34] described a system that uses a smartwatch,
a smartphone, and cloud support to implement a face-detection
system intended to help people with dementia recognize familiar
people. To use the system, a person would take a picture of a
person with a smartwatch; the watch sends the picture to a
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smartphone, and the phone uploads it to the cloud infrastructure.
Face recognition is performed using a database and relevant
information is delivered to the smartphone, which sends it to
the smartwatch. The authors note their concern that people with
dementia would have difficulty using the smartwatch’s small
form factor.

Support for Aiding Autobiographical Memory
For people with dementia who have trouble remembering recent
events, researchers are using mobile technology to aid
autobiographical memory by providing a summary of daily
events. De Leo et al [35] tested a system that used pictures to
help people with dementia remember everyday events.
Participants wore a smartphone around their necks on a lanyard
and the smartphone took pictures every 5 min during the day.
The images were transferred to a secure server and saved as
slideshows labeled with date and time, and DVDs of the
slideshows were mailed to participants once a week. Despite
the relatively infrequent mailing, the study showed that watching
slideshows helped people with dementia remember recent
events. The authors demonstrated the feasibility of using a
smartphone to augment retrospective memory for people with
dementia by capturing, storing, and viewing pictures.

Support for Engaging in Leisure Activities
Mobile devices can deliver leisure activities for people with
dementia with the advantages of intuitive interfaces, multimedia
functions, and a wide variety of apps. People with dementia
may be able to engage with these technologies independently,
which can also benefit caregivers.

An art-viewing app developed by Tyack et al [36] enables
people to enjoy art at home. The app shows pictures of objects,
paintings, and photographs from several museums, collectors,
and artists. Researchers tested the app with people with dementia
and adjusted the interface, color, and font size to ensure easy
manipulation of this app. The art-based intervention via a tablet
increased interaction between people with dementia and other
people, or between people with dementia and technologies, and
encouraged people with dementia and their caregivers to create
new activities that they could enjoy together.

Lim et al [37] studied several commercial apps to investigate
whether people with dementia were able to use a tablet
independently during leisure time. The apps encouraged people
with dementia to play musical instruments, draw pictures, play
games, and listen to music on tablets. The study found that even
participants with little computer and technology experience
could use the tablet after training sessions, and half of the
participants independently used the apps during leisure time.
Notably, 48% of the participants with dementia spent an average
of 24 min per day using the tablet without supervision, and their
caregivers expressed an intention to keep using the tablets on
a regular basis.

Support for Tracking Location
Wandering is one of the more worrisome behaviors that people
with dementia exhibit [39]. Wandering behavior increases the
burden on family caregivers to keep the person with dementia
safe, which can compel them to consider institutional care

[39,41-43]. Mobile technology can help address this issue by
providing detailed location information using GPS or photo and
by providing alerts when movement is sensed outside a preset
digital fence. Both of these approaches provide peace of mind
and help caregivers find a lost family member as soon as
possible. Among the 7 studies using mobile technologies for
tracking location [38-44], 3 articles described new tracking
systems that had not been tested with people with dementia
[42-44].

For location tracking, systems usually require people with
dementia to carry a GPS-integrated mobile device in a pocket
[41,43], shoulder or waist bag [40], or waist belt [38,39] for
continuous monitoring. Several studies described using a
registered mobile phone to send geographical information to a
server at predetermined time intervals for tracking and alerting
caregivers based on predefined parameters [38-41].
GPS-integrated mobile phones can also be used to define a
safety zone. If a person moves outside of that zone, an SMS
message with location information and a map would be sent to
the caregiver’s phone [38,39,41]. Considering privacy issues
with continuous monitoring of people with dementia, Solanas
et al [43] described the m-Carer app. It is designed to enable
private monitoring by encrypting the information it sends to
servers. The m-Carer app would regularly send encrypted data
to the location server if the person with dementia stayed within
a predefined area. In emergencies, however, it would send
unencrypted location information to the server, which was
forwarded to caregivers.

Some approaches use mobile devices to take pictures when the
person with dementia is outside, requiring the smartphone to
be worn on the chest, carried in a front pocket, or attached at
the waist [42,44]. Ko et al [42] proposed the wandering path
tracking and fall detection system (PTFaD), which takes pictures
and sends real-time images, GPS location, and time to a server.
This information is saved in the cloud and can be downloaded
when necessary. In addition, the proposed PTFaD includes a
fall detection system that measures the current direction of the
smartphone using triaxial accelerometers. Xiao et al [44]
described the Canderoid system to monitor the movement of
people with dementia using multiple built-in smartphone sensors
such as a GPS, compass, and camera. The proposed system uses
a fish-eye lens for a wide-angle view, a digital compass for
orientation, and GPS for location. This system would also give
caregivers remote access to the smartphone, so they could use
lasers to guide the subject back home.

Support for Monitoring Health
People with dementia can have difficulty expressing discomfort,
symptoms, and unmet needs, so others may find it difficult to
detect functional decline and provide assistance. However,
mobile devices can be used to monitor functional status, predict
functional decline, and detect neuropsychological behavior
symptoms.

Zylstra et al [45] employed smartwatches and smartphones to
monitor the functional status of people with dementia using
daily step counts and the maximum distance that the study
participants move from home. The smartwatch transfers activity
and GPS data to the smartphone daily, which then uploads that
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information to a server. The study found that the trajectory of
these data provides a good estimation of the subject’s functional
status.

To track falls, a person with dementia or caregiver can record
falls on a calendar, but this method suffers from recall bias and
missing data. Kamil et al [46] addressed these issues by
collecting fall data via text messaging. A secure platform sends
a daily text message asking if a fall incident occurred the day
before and records a Yes or No response from the person with
dementia or caregiver. The authors showed that this method
was more accurate than calendar data.

Lin et al [47] developed the Outdoor Aider for Elders with
Dementia to detect disorientation, falls, inactivity, and
wandering. A smartphone with GPS sends mobility data to a
server, which then analyzes that data for pacing and lapping
movement patterns to identify wandering behaviors often
exhibited by people with dementia. Testing the algorithm on
prerecorded sample GPS data showed that it could detect
spatially disoriented behaviors.

Mobile Technology for People With Dementia Through
the Lens of Personhood and Human Needs
Table 3 shows a mapping between the needs defined by Maslow
[14] and Kitwood [15], adapted from Barker and Board [20],
along with the relevant technology support the reviewed systems
provide for each need.

We found that at least one system included in the review
provided support for each need, and technologies tend to support
more basic needs such as physiological and safety needs.
Reminder systems and instructions satisfy physiological needs
by assisting people with dementia with basic activities [28-30]
and satisfy safety needs by helping people with dementia with
tasks such as navigating to a destination [31,32] or taking
medications [26,27]. These systems also support agency and,
therefore, satisfy esteem and identity needs by helping carry
out activities unassisted, and thus maintain independence
[24,25].

Health monitoring meets physiological and safety needs by
observing functional status [45,46] and alerting others to falls
[46]. Location functions meet safety needs by allowing
caregivers to remotely monitor a person’s movements [38-44].

Table 3. Mapping between needs defined by Maslow (M) and Kitwood (K) and types of technology support provided by systems in the review.

Type of supportArticlesDefinitionHuman needs

Send reminders, provide instructions,
and monitor health

Lancioni et al [28], Imbeault et al [24], El
Haj et al [25], Imbeault et al [26], Imbeault
et al [27], Lancioni et al [29], Mahoney et
al [30], Zylstra et al [45], Kamil et al [46],
and Lin et al [47]

Basic bodily and health needsPhysiological (M)

Send reminders, store personal informa-
tion, provide instructions, track loca-
tion, and monitor health

Lancioni et al [28], Megges et al [38], Im-
beault et al [24], El Haj et al [25], Imbeault
et al [26], Imbeault et al [27], Lancioni et
al [29], Mahoney et al [30], Chang et al
[31], Kwan et al [32], Faucounau et al [39],
Miskelly [40], Olsson et al [41], Ko et al
[42], Solanas et al [43], Xiao et al [44],
Zylstra et al [45], Kamil et al [46], and Lin
et al [47]

Need for securitySafety (M)

Aid interpersonal communication,
provide information about familiar
people, and provide entertainment

Ekström et al [33], Fardoun et al [34], Ty-
ack et al [36], and Lim et al [37]

Need for a feeling of well-beingComfort (K)

Aid interpersonal communication and
provide information about familiar
people

Ekström et al [33] and Fardoun et al [34]Need for reliable relationshipsAttachment (K)

Aid interpersonal communication and
provide information about familiar
people

Ekström et al [33] and Fardoun et al [34]Need for feeling accepted and
included

Love and belonging (M);
Inclusion (K)

Provide instructions, aid interpersonal
communication, provide information
about familiar people, and provide en-
tertainment

Ekström et al [33], Fardoun et al [34], Ty-
ack et al [36], and Lim et al [37]

Need for rest and activityOccupation (K)

Send reminders, provide instructions,
provide information about recent events
and activities, aid interpersonal commu-
nication, and provide entertainment

Lancioni et al [28], Imbeault et al [24], El
Haj et al [25], Lancioni et al [29], Ekström
et al [33], Fardoun et al [34], De Leo et al
[35], Tyack et al [36], and Lim et al [37]

Need for self-worth and autono-
my

Esteem (M); Identity (K)

Aid interpersonal communication,
provide information about familiar
people, and provide entertainment

Ekström et al [33], Fardoun et al [34], Ty-
ack et al [36], and Lim et al [37]

Need for personal growth and
freedom

Self-actualization (M);
Agency (K)
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Technologies for maintaining social relationships and aiding
autobiographical memory directly support all needs except
physiological and safety, by facilitating communication and
providing information about people or events [33-35]. Spending
time alone to pursue enjoyable and stimulating activities can
meet the needs for comfort, occupation, esteem, identity,
self-actualization, and agency [36,37]. Applying the concept of
personhood [16], our review also showed that mobile
technologies can facilitate positive person work [15,22] such
as play [36,37], celebration [28,29], collaboration [33], and
facilitation [28-32] to satisfy the psychological needs of people
with dementia.

Discussion

This scoping review surveyed the literature on using mobile
devices to increase the independence and well-being of people
with dementia, and then mapped those technologies to human
needs [14,15]. This section will discuss trends that emerged
across articles, and then discuss the implications raised by
considering the research through the lens of personhood and
human needs.

Emerging Trends in Mobile Technology to Support
Independence and Well-Being of People With Dementia
We organized the literature by how the technologies compensate
for the loss of function that people with dementia experience
in daily living. The 6 categories that emerged are (1) performing
daily activities, (2) maintaining social interaction, (3) supporting
autobiographical memory, (4) engaging in leisure activities, (5)
tracking location, and (6) monitoring health status. Most mobile
technology support was implemented for smartphones or mobile
phones, implying that researchers believe that these devices are
more suitable for supporting daily routines than PDAs or tablets.

The technologies that aid people with dementia with performing
daily activities by providing instructions or reminders are the
most mature among those in this review. Overall, 8 of the 9
articles in this category described studies in which people with
dementia successfully used the technology [24,25,27-29,31,32].
Although these systems are not particularly complicated, they
could fill an important role needed to promote independence.

We reviewed 2 articles concerning technologies that facilitate
social interaction. The first article [33] discussed a case study
that demonstrated the technology’s ability to aid conversation
between a person with dementia and caregiver dyad. The other
article [34] described an untested prototype intended to prompt
people with dementia with information about people they are
having trouble recognizing. In the analysis of human needs, we
saw that social interactions are involved in meeting most needs;
thus, supporting communication has the potential to aid many
aspects of a person’s life. The lack of research in this area and
value of social connection suggest an important opportunity for
research.

A single article [35] described an aid for autobiographical
memory and used technology that is now outdated. However,
the study demonstrated that the idea of using pictures to augment
memory is feasible. As autobiographical memory is vital for
higher needs such as esteem and identity, and its loss is a

hallmark of dementia, further research in this area could be
valuable.

Research shows that enjoyable activities enhance quality of life,
can reduce some behavioral symptoms of dementia, and ease
caregiver burden [49]. The 2 articles [36,37] that involved using
mobile technologies for leisure activity also reported positive
outcomes; one showed an increase in well-being scores, and
the other showed an increase in independent activity, along with
a reduction in caregiver burden. Additional research in this area
has the potential to enhance quality of life for both people with
dementia and their caregivers.

A total of 7 articles [38-44] involved tracking devices intended
to improve safety and address wandering behaviors common
in dementia. However, 3 articles [42-44] only discussed
prototypes, and 3 [38-40] of the 4 studies suffered from
significant usability issues. This type of technology also raises
important ethical concerns. Although these technologies could
afford meaningful benefits, researchers must address usability
and ethical issues before they can achieve more widespread use.

Overall, 3 articles discussed technology for monitoring the
health of people with dementia. One [47] described an untested
prototype for detecting wandering behavior, and 2 [45,46]
studied simple measures that nonetheless provided good
estimates of functional health. The modest research in this area
suggests an opportunity for improved measures and interactivity.

Finally, a valuable finding demonstrated in several articles is
that, despite impairments, people with dementia can successfully
and meaningfully use mobile devices on a daily basis
[24-29,31-33,35-37]. This result confirms the value of continued
research in this area.

We noted that researchers are studying passively and
unobtrusively collected data for monitoring the health status of
people with dementia. Daily activity level and life space show
trends in physical status [45], and patterns of outdoor movement
observed from GPS traces can suggest wandering behavior [47].
Although in early stages, these studies mirror the trend in digital
phenotyping research that is demonstrating that passive data
from mobile devices can provide indicators of function and
enable early detection of problematic behavioral symptoms
[50]. Goals of that work include lessening reliance on self-report
and reducing burden on the health system, patients, and
caregivers.

Our review included articles describing technology specifically
for people with dementia, but these technologies could possibly
generalize to support people experiencing similar functional
limitations owing to other illnesses or disabilities such as stroke,
mental illness, brain injury, and physical or sensory disability.
Widely popular mobile devices offer portability, connectivity,
apps, and sensors that can provide support similar to dedicated
assistive devices but eliminate the burden of carrying a separate
device at all times and reduce stigma associated with more
visible assistive devices [51]. However, people with limited
function have specific accessibility needs that must be
considered during design, and further research is needed to test
efficacy and usability in these other user populations.
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Mobile Technology Support Through the Lens of
Human Needs
By examining the types of support provided by the technologies
in this review in the context of the needs of people with
dementia, we found that many systems supported basic safety
and physiological needs but much fewer facilitated higher-level
needs. This is probably a consequence of the relative ease of
using technology for providing objective information, such as
locations, reminders, and instructions, versus providing
individual support for creativity and personal growth.
Technology for supporting higher-level needs must integrate
insights from medicine and psychology to allow personalization,
esteem-oriented feedback, and creativity. Other reviews also
observed this gap, as a review of intelligent assistive
technologies noted too little focus on the needs of people with
dementia [52] and a review of how technology can address
unmet needs discussed how behavioral and psychological needs
were largely ignored [53].

Technology Adoption Through the Lens of Human
Needs
Much literature discusses low uptake of health-related
technology among older adults [21,52]. To understand human
needs as a contributing factor, Thielke et al [21] applied
Maslow’s hierarchy of needs to show how health-related
technologies may inadvertently undermine the user’s
independence. This can occur when a person believes that her
lower-level needs are met, either as she is cognitively healthy
or is unaware of her actual need, and therefore sees using a
technology aimed at meeting those needs as threatening her
autonomy. For example, a person who thinks he needs no help
remembering directions is unlikely to adopt a way-finding
technology. Some articles have labeled a dementia patient’s
refusal to adopt a technology as curious [54] or report other
describing people with dementia as lazy or stubborn [55], but
a person with dementia may simply be unable to perceive his
actual needs. Considering this, people with dementia are
probably more likely to use systems that address needs they
consider most important and may reject support for needs they
do not believe they have, especially if they lack insight into
their impairments. However, they may adopt systems that
provide that support in the course of meeting other priorities.
We might imagine that the same person who rejects a
way-finding app might eagerly accept a technology that satisfies
his desire to engage in community arts activities, which happens
to provide directions to those events.

Thielke et al [21] also emphasized the importance of considering
who uses a technology and whose needs that technology meets.
Technology developed for use by people with dementia may
actually help caregivers most by providing them peace of mind
or free time to engage in leisure activities. For example,
technology that detects wandering behavior is used by people
with dementia and intends to increase their safety. However,
the solution alerts others to problematic behavior, serving to
give caregivers peace of mind but doing nothing in the moment
for the person with dementia’s peace of mind. A person with
dementia may reject this technology as she does not perceive
that it provides for her own needs, though the solution does

ultimately increase safety. Although people with dementia may
be persuaded to use technology to appease caregivers [55],
technology meant for use by people with dementia may be more
successful if they can clearly see that it provides them with
direct benefits in addition to caregivers.

For examples of systems that meet lower-level needs while also
facilitating higher-level needs, we can look to
accessibility-related technology developed for people with other
impairments. One example is Aira [56], a system that supports
people who are visually impaired by providing assistance with
visual tasks such as outdoor navigation and clothing selection.
Such a system might meet the security needs of a person with
dementia in the course of facilitating esteem and
self-actualization through autonomy. For instance, a technology
such as Aira could help a person with dementia independently
explore a new neighborhood by supporting safety through basic
navigation assistance while also supporting agency and personal
growth by highlighting personalized points of interest and
making customized restaurant recommendations.

Ethics Through the Lens of Personhood and Human
Needs
Although not often discussed in the literature, we wish to
highlight the importance of ethical considerations when working
with and developing technology for people with dementia.
Personhood [16] engenders a fundamental respect for human
life, and people with dementia are particularly vulnerable to
experiencing loss of that respect owing to cognitive decline,
communication difficulties, and reliance on others for basic
activities. Technologies that help compensate for functional
deficits can partially protect against loss of personhood and help
meet fundamental human needs, thus aiding in preserving the
vital senses of self and dignity. However, the ubiquity of these
technologies means that they become intertwined with all
dimensions of a person’s life, thus introducing ethical concerns.
Ethics should be considered early in the design process, with
technology carefully developed within an ethical framework
that serves the needs and protects the personhood of people with
dementia. Technologies that undermine the personhood of
people with dementia are those that work against their needs,
value the needs of others over their needs, or value the
personhood of others over their personhood. Considerations for
mitigating the loss of personhood and meeting the needs of
people with dementia include employing user-centered or
value-sensitive design, ensuring informed consent, protecting
privacy, and safeguarding data [54].

Using the concept of personhood [16], Maslow’s hierarchy of
human needs [14], and Kitwood’s psychological needs of people
with dementia [15] as organizing principles reveals that the
significance of the technologies in this review goes beyond the
surface functions of simply providing reminders or instructions.
They can support personal dignity, fulfill vital needs, and help
a person with dementia maintain independence and autonomy.
This insight reinforces that mobile technologies for people with
dementia should satisfy essential needs in a manner that retains
and enhances personhood. To meet this goal, designers must
understand the users of their technology and develop
functionality that matches their aspirations and abilities [21].
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A deep appreciation of user characteristics involves employing
user-centered design methods [57] with a diverse sample of
people with dementia and caregivers. Using these methods can
improve adoption of mobile technology by people with dementia
and promote positive outcomes. Above all, we must remember
that people with dementia are not passive recipients of support
but are people who actively desire to enrich their lives [58].
With continued research, we can design mobile technologies
that more effectively meet their needs.

Limitations
Limitations of this study pertain to the method and the
technologies reviewed. First, we chose the scoping review
approach as the research on mobile technologies to support
people with dementia is still emergent and much current research
is not yet published. As such, we included all articles that met
our criteria and did not judge quality or exclude research still
in progress, as advocated in Khalil et al [59]. We also chose to
include only full-text English-language articles published in
peer-reviewed journals or conference proceedings and may not
have captured some pertinent research. These 2 factors combined
account somewhat for the low number of included articles and
limit our ability to assess the impact of these technologies and
to make recommendations for practice. However, this method
did allow us to illustrate the potential of and increased interest
in using mobile technologies to support daily living and improve
the independence and well-being of people with dementia and
to identify opportunities for future research. We expect that the
body of research will continue to evolve rapidly so that we can
more systematically evaluate the efficacy and impact of these
technologies and distill best practices.

Next, we focused only on standard mobile devices as they are
widely available and increasingly already in use by people who
develop dementia. However, this choice left out research on
specialized technology, such as wearable technology or sensors
installed in the environment [60], and systems that could be
adapted for mobile technology in the future, such as
reminiscence therapy using a laptop computer [61].

Conclusions
This review summarizes the current research on mobile
technologies that support daily activities for people with
dementia. Our thematic analysis found that the current research
describes the use of mobile devices to provide support for (1)
performing daily activities, (2) maintaining social interaction,
(3) aiding memory, (4) engaging in leisure activities, (5) tracking
location, and (6) monitoring health. Further characterization of
the literature using personhood and human needs for orientation
finds that most work focuses on supporting safety and
physiological needs and exposes an opportunity for work to
support higher-order needs involving belonging, self-esteem,
identity, and self-actualization. As research in this area matures,
we expect continued innovations in technologies that meet
higher-level needs, incorporate ethical considerations, employ
user-centered methods, and are tested with large, diverse
participant samples. Most importantly, we find that, beyond
their mere functionality, the potential value of mobile
technologies that support people with dementia lies in their
ability to provide for vital human and psychological needs and
reinforce personhood.
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Abstract

Background: Mobile health (mHealth) video interventions are often transferred across settings. Although the outcomes of these
transferred interventions are frequently published, the process of adapting such videos is less described, particularly within and
across lower-income contexts. This study fills a gap in the literature by outlining experiences and priorities adapting a suite of
South African maternal nutrition videos to the context of rural Burkina Faso.

Objective: The objective of this study was to determine the key components in adapting a suite of maternal nutrition mHealth
videos across settings.

Methods: Guided by the principles of human-centered design, this qualitative study included 10 focus group discussions, 30
in-depth interviews, and 30 observations. We first used focus group discussions to capture insights on local nutrition and impressions
of the original (South African) videos. After making rapid adjustments based on these focus group discussions, we used additional
methods (focus group discussions, in-depth interviews, and observations) to identify challenges, essential video refinements, and
preferences in terms of content delivery. All data were collected in French or Dioula, recorded, transcribed, and translated as
necessary into French before being thematically coded by two authors.

Results: We propose a 3-pronged Video Adaptation Framework that places the aim of video adaptation at the center of a triangle
framed by end recipients, health workers, and the environment. End recipients (here, pregnant or lactating mothers) directed us
to (1) align the appearance, priorities, and practices of the video’s protagonist to those of Burkinabe women; (2) be mindful of
local realities whether economic, health-related, or educational; and (3) identify and routinely reiterate key points throughout
videos and via reminder cards. Health workers (here, Community Health Workers and Mentor Mothers delivering the videos)
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guided us to (1) improve technology training, (2) simplify language and images, and (3) increase the frequency of their engagements
with end recipients. In terms of the environment, respondents guided us to localize climate, vegetation, diction, and how foods
are depicted.

Conclusions: Design research provided valuable insights in terms of developing a framework for video adaptation across
settings, which other interventionists and scholars can use to guide adaptations of similar interventions.

(JMIR Mhealth Uhealth 2019;7(11):e13604)   doi:10.2196/13604

KEYWORDS

mHealth; Burkina Faso; mothers; Community Health Workers; pregnancy; diet; dgital health

Introduction

Background
Cultural sensitivity is essential in public health programming
and is particularly relevant when programs are transferred across
settings [1]. As target groups of health interventions change,
adaptation is required to create a program that respects cultural
differences [2]. Culturally tailored health interventions have
generally been more effective than uniform care [3], and tailored
nutrition interventions specifically have proven more likely than
nontailored interventions to result in healthier nutrition practices
[4].

Within public health programs, mobile health (mHealth) is a
promising, relatively recent approach to reaching hard-to-reach
populations [5-7]. Technology usage has been shown to achieve
positive health outcomes among groups that are historically
underserved, and tailoring the technology to the context of the
target population is a means to bolster personal relevance [8].
Variations in terms of the meaning that individuals across
cultures derive from a given message can however occur, even
in seemingly straightforward formats [9].

Culturally grounded, mHealth video interventions have shown
positive effects in diverse settings, particularly among ethnic
minorities in high-income settings with examples such as a drug
prevention program among Hawaiian youth [10,11] and the
keepin’it REAL substance prevention program among
Mexican-American youth [12]. Although cultural adaptation of
mHealth interventions has been studied among ethnic minorities
in high-income countries [6,13,14], research on adaptations of
mHealth interventions across countries—especially within or
across low- and middle-income countries (LMIC)—is rare [15].
An exception is a short message service intervention for
hypertension prevention conducted in 3 Latin American
countries [16]. Another exception is the Diagnosing
hypeRtension—Engaging Action and Management in Getting
LOwer Bp in Aboriginal and LMIC program that evaluated the
implementation of an mHealth intervention in Tanzanian and
Canadian communities [9]. We are unaware of literature
describing the adaptation process of mHealth interventions
across African countries.

In Burkina Faso, the use of mHealth video interventions is
scarce, with limited literature on their format or development.
The Strengthening Partnerships, Results, and Innovations in
Nutrition Globally program was an exception that involved a
video-based intervention that targeted maternal behaviors [17].
The intervention was transplanted from neighboring Niger to

Burkina Faso and contained locally produced videos shown
monthly during women’s group meetings [17]. The intervention
significantly improved hygiene behavior in the Burkinabe study
population, although not maternal or infant nutrition outcomes.
In contrast to the original intervention development process,
which was outlined in the Niger case [18], the tailoring process
undertaken in Burkina Faso has not been published.

Objectives
The objective of this formative research was to gather insights
on the adaptation process when transferring a South African
suite of mHealth videos [19] to the context of Burkina Faso.
The South African videos, which are delivered via tablets, focus
on improving nutrition during pregnancy and breastfeeding.
The enclosed research involved first gathering Burkinabe
perspectives on the South African videos, then rapidly adapting
the videos and eliciting feedback on the adaptations. Although
a primary aim was to adapt videos in preparation for a larger,
randomized controlled trial that would examine intervention
effects, we noted a dearth of literature outlining how mHealth
interventions could be adapted for new contexts. The subaims
of this formative research were thus 2-fold and entailed
gathering applied insights regarding how to change videos and
teasing out surface and deep structure changes that proved
essential while creating a culturally grounded product. The
process ultimately led to the development of a Video Adaptation
Framework.

Methods

Study Setting and Population
Burkina Faso is among the world’s least developed countries
[20]. The total fertility rate is high, at 6 children per woman
[21], and maternal and infant mortality are among the highest
in the world [20,21]. Anemia is common among Burkinabe
women of childbearing age, and although iron supplementation
rates in pregnancy are over 90% [21], an estimated 58% of
pregnant women are anemic [21]. Female nutritional status, the
most important contributor to anemia globally [22], is
particularly poor in rural areas [21].

We conducted this research in the market town of Nouna
(population approximately 30,000) and surrounding villages in
northwest Burkina Faso. Nouna lies within the Boucle du
Mouhon region, where 13% of the women exhibit a low body
mass index, which is slightly lower than the national average,
and 69 per 1000 children die within the first year of life, which
is slightly higher than the national average [21]. The study area
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is a health and demographic surveillance system (HDSS) site
that includes a total of approximately 100,000 residents [23].
Although French is the official language in Burkina Faso, Dioula
is the most commonly spoken language in the study area;
however, many households primarily speak Bwaba, Dafi, or
Mooré [24].

The Intervention
The initial suite of videos was developed by researchers working
with the Philani Maternal Child Health and Nutrition Trust in
South Africa [25] and entailed messages related to child
development, family planning, and healthy eating. The suite,
which is available on the Web [26], was designed to be
presented by Community Health Workers (CHWs) during

in-home health counseling sessions with mothers. As our
formative study in Burkina Faso focused on maternal nutrition,
we adapted a relevant subset of the South African videos that
covered food groups, special nutrients, and tips for eating well
on a budget (Table 1). We worked with CHWs and Mentor
Mothers (MM) who visited mothers at home and informed them
about maternal nutrition during pregnancy and breastfeeding
by showing them the videos via tablets. CHWs are the official
linkage point between the community and the health sector and
engage in prevention efforts on hygiene and nutrition. MMs are
elderly women who accompany pregnant women to their
antenatal care appointments and sometimes assist during
delivery. At present, although home visits are standard of care
for CHWs and MMs, the presentation of videos is not.

Table 1. Concept and content of South African videos related to maternal health.

ContentSubjectVideo

Introduction to the protagonist (Farida) who expects her first child; importance of maternal nutrition for
the child

Introduction1

Introduction to food groups: building foods (proteins), energy foods (carbohydrates), and protection foods
(fruit and vegetables); tasks of and examples for building foods (proteins)

Building foods2

Tasks of and examples for energy foods (carbohydrates); distinction between refined and unrefined carbo-
hydrates

Energy foods3

Tasks of and examples for protection foods (fruit and vegetables); encouragement to eat a variety of foodsProtection foods4

Tasks of and examples for iron, calcium, and vitamin A; obesitySpecial nutrients5

Planning ahead, using plants as protein sources, buying seasonal products, and not wasting foodEating well on a budget6

Theoretical Underpinnings of This Study
We conducted a qualitative study informed by the principles of
human-centered design (HCD). These principles include
empathy with the customer, product iteration, rapid refinement,
and an openness to failing fast [27]. HCD directs researchers
to capture details of a target audience’s needs and context and
to maintain a focus on those needs throughout product
development. In HCD evaluations, group discussions and
individual interviews are often used to explore the desires and
needs of people in the target audience [28], and observations
of product use allow for deeper insights into barriers and
solutions that people are unaware of, hesitant to reveal, or
consider implicit and thus not worthy of mention. In the field
of nutrition, HCD has previously been used to design multimedia
interventions to address weight gain and obesity in adolescence
[29] and to design a mobile phone app to monitor vegetable
consumption [30].

Study Design and Sampling
We collected the data in 2 phases (Table 2). In the first phase,
we conducted separate focus group discussions (FGD) with
mothers, MMs, and CHWs. The aim of these FGDs was to learn
how respondents perceived the original videos and to gather
feedback on how to adapt them. In the second phase, we
conducted in-depth interviews (IDIs), observations, and FGDs
with several respondent groups. The aim of the IDIs was to
examine how respondents perceived the adapted videos and
what they thought about different delivery options. The goal of

the observations was to determine whether and what practical
or logistical factors merit consideration. The aim of the second
FGDs with MMs and CHWs was to learn about their experiences
using the videos.

Sampling reflected the rural to urban population distribution
within the Nouna HDSS, that is, 2:1. We thus conducted 4 FGDs
and 20 IDIs with pregnant or lactating women in rural areas and
2 FGDs and 10 IDIs in urban areas. In line with qualitative
research [31], sampling was purposive and focused on those
with intimate understanding of maternal health issues, whether
as pregnant or lactating mothers or health workers (male and
female) working with mothers. Inclusion criteria included the
following: being aged 18 years or older, being able to discuss
complex topics in Dioula or French and being willing and able
to give informed consent (Table 3). We embarked on data
collection with an estimated sample size guided by Morse [32].
Data collection concluded near the estimated sample size as we
reached saturation. During the first FGD with CHWs, 1 CHW
joined belatedly. A mother ended an IDI prematurely, citing a
need to attend to household duties.

The study team selected participants by drawing from catchment
populations in 2 urban health centers in Nouna town and 4 rural
health centers in Nouna region (Table 3). For IDIs and FGDs,
participants were selected with assistance from health center
staff who invited eligible participants beforehand. Data were
collected in a private place within health facilities. For
observations, data collectors joined MMs and CHWs as they
entered villages and presented videos in women’s households.
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Table 2. Respondent groups by data collection method.

Number of respondentsNumber of data collection activitiesData collection method and respondents

Phase 1: FGDa

486Mothers

81MMsb

81CHWsc

Phase 2

FGD

81MMs

81CHWs

In-depth interviews

3030Mothers

Observations

1515Encounters mothers—MM

1515Encounters mothers—CHW

14070—dTotal

aFGD: focus group discussion.
bMM: Mentor Mother.
cCHW: Community Health Worker.
dNot applicable.

Table 3. Inclusion criteria (exclusion criteria are the inverse of the inclusion criteria).

MMsbCHWsaMothersInclusion criteria

≥18≥18≥18Age (years)

Able to discuss complex topics in Dioula
or French

Able to discuss complex topics in Dioula
or French

Able to discuss complex topics in Dioula
or French

Language skills

Willing and able to give informed con-
sent

Willing and able to give informed con-
sent

Willing and able to give informed con-
sent

Informed consent

FemaleMale or femaleFemaleGender

Currently working as a MM in the Nouna
HDSS

Currently employed as a CHW in the

Nouna HDSSc
Pregnant or breastfeedingSpecific criteria

No criteriaNo criteriaPrimarily a resident within the Nouna
HDSS

Place of residency

aCHW: Community Health Worker.
bMM: Mentor Mother.
cHDSS: health and demographic surveillance system.

Training and Data Collection
We trained 2 teams of 2 data collectors for 3 days on maternal
nutrition, nutrition during pregnancy, ethics in research,
qualitative interviewing, using tablets to display videos, and
recording techniques. Data collectors were multilingual (French
and Dioula), from Nouna region, and with at least a high school
education. All data collectors had previously engaged in health
research. We piloted and refined the interview guides for FGDs
and IDIs before formal data collection, which took place
between April and June 2018. Written consent preceded the
collection of any data. We showed mothers foods and asked

about local availability of foods and seasonal variation, followed
by open questions on maternal nutrition, the videos, and
constraints to behavior change (Table 4). During FGDs, we
took observational notes to capture body language. FGDs and
IDIs lasted 60 to 90 min. For observations, 2 members of the
study team followed a CHW or MM to the household of a
pregnant or breastfeeding mother and observed video delivery,
focusing on the mother’s reaction, her interaction with the CHW
or MM, and the latter’s technical proficiency (Table 4). The
video delivery was an additional task besides CHWs’and MMs’
regular work, and the study team trained CHWs and MMs on
the videos in terms of content (maternal nutrition) and delivery
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(how to use tablets). First, we conducted a group training session
that included turning the tablet on, starting the videos, and
swiping across videos. Second, we had a one-on-one refresher
immediately before observations to repeat technical processes
and clarify questions. We did not tell CHWs and MMs whether

they should pause the videos, elicit questions, or summarize the
message. Instead, we sought to gather information on how they
would approach this task in the natural environment. In the
interest of time, all videos were shown in 1 session.

Table 4. Data collection method and main subjects of interview and observation guides.

Main subjects of interview and observation guidesaData collection method and respondents

Phase 1: FGDsb

The original videos and local food choicesMothers

An ideal intervention and the original videosMMsc

An ideal intervention and the original videosCHWsd

Phase 2

FGDs

Experiences using the videos during the observationsMMs and CHWs

In-depth interviews

The adapted videos and distribution of the videosMothers

Observations

Interaction between mother and MM or CHW, mother’s reaction, technical proficiency of MM or
CHW showing the videos on a tablet, overall approach of the MM or CHW, and family buy-in

Encounters mothers—MM or CHW

aInterview and observation guides covered a wider range of subjects. We present here the main subjects relevant for intervention adaptation.
bFGD: focus group discussion.
cMM: Mentor Mother.
dCHW: Community Health Worker.

Analysis
Analysis began via routine debriefings [33] between research
leads and the data collection team. All data were audio recorded,
transcribed and directly translated into French, and checked for
completeness and quality by a bilingual research assistant.
Debriefing sessions formed the basis for a codebook that
included principal categories and subcategories. We discussed
and agreed on a final codebook after applying initial codes to
a sample of transcripts. Finalized codes were then applied to
all transcripts using thematic analysis and supported by NVivo
(developed by QSR International) [34,35]. We chose a semantic
approach, looking for themes at an explicit level. Strategies to
identify themes included searching for typologies, repetition,
differences, similarities, and categories.

We applied data triangulation by comparing across data sources,
namely, FGDs, IDIs, and observations. We incorporated analyst
triangulation by engaging 2 researchers in the analysis process.
When discrepancies occurred, we discussed them with senior
researchers in the study team. Initial analysis fell in line with a
Social Ecological Model [36], which emphasizes various levels
that influence health behavior (from individual to
superstructural) [37]. Later analysis led us to a triad that reflects
the context-content-process triad with actors at the center, as
outlined in the seminal framework by Walt and Gilson [38] on
health policy analysis. Although our intervention is not linked
to health policy, the understanding that key spheres of influence
(content, context, process, and actors) inform the adaptation of

an existing model guided and grounded our framework
development [38].

We conducted this study with approval of the ethical committee
of the Burkinabe health ministry in Nouna
(N°2018-07-/CIE/CRSN) and the ethical committee of the
medical faculty Heidelberg (S-140/2018).

Results

Overview
For this article, we focused on the main codes emerging during
analysis of the qualitative data that informed the video
adaptation process specifically (see Multimedia Appendix 1).
The complete codebook is provided in Multimedia Appendix
2. For an overview of sociodemographic factors across
participant groups, see Table 5.

We structure our results along the main categories of our Video
Adaptation Framework, which emphasizes 3 spheres of
influence to mHealth video adaptation: (1) end recipients (in
our case, pregnant or breastfeeding women who watch the
mHealth intervention through their lens of life circumstances
and experiences), (2) health workers (in our case, CHWs and
MMs whose background knowledge and technological
know-how informs how a video is distributed and perceived),
and (3) the local environment (here referring to rural Burkina
Faso where climate, local food options, and language issues
proved especially pertinent; Figure 1).
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Table 5. Sociodemographic characteristics of participant groups.

Mentor mothersCommunity Health WorkersMothersaParticipant group

Female5 males and 3 femalesFemaleGender

Age (years)

50-6122-3818b-41Range

55.331.327.4Mean

Years of education

05-90-11Range

06.32.5Mean

Number of children

5-91-50 (pregnant)-9Range

6.93.43.2Mean

aSociodemographic information is only available for mothers participating in focus group discussions.
bA 15-year-old mother participated but was excluded during analysis because of her age.

Figure 1. The Video Adaptation Framework.

End Recipient–Specific Considerations
Breastfeeding or pregnant mothers represent the end recipients
of the mHealth video intervention. A total of 5 major themes
emerged in relation to end recipient considerations amid an
mHealth adaptation: appearance, priorities, and practices of the
protagonist; economic status; health profile; educational
background; and knowledge retention. For a comprehensive list
of end recipient–related factors and how they were incorporated
into this process, see Table 6.

Several respondents emphasized the need to ensure that the
videos’ protagonist (here, a young woman named Farida)
reflected the look and behavior of women in the intervention’s

target group. CHWs were concerned that the skin of Farida was
too light to be recognized as a woman who could live in the
surrounding villages. A CHW (aged 34 years) said:

You should take out Farida…Put in an African
woman! [Laughter] [Phase 1, FGD CHWs, rural]

We thus adapted Farida and her family to the local context of
Nouna to allow for better identification with Farida and the
ideal nutrition practices that she represents (Figures 2 and 3).
The video designer used pictures and Google images of
Burkinabe women and darkened Farida’s skin, changed her
facial features, and dressed her in a Burkinabe-patterned shirt
and skirt. CHWs agreed that the adapted Farida was more
adequate and could be a member of a nearby community.
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Table 6. Video adaptations: end recipient specific.

Changes as enacted in a mobile health video in Nouna, Burkina FasoEnd recipient-specific adaptations

Appearance, priorities, and practices of the protagonist

Ensure skin tone, facial features, and clothing reflect local identificationSkin, facial features, and clothing

Speak about financial constraints using examples that echo Burkinabe women’s strugglesSimilar struggles

Incorporate cooking techniques that Burkinabe women use (eg, cooking corn porridge)Cooking habits

Show vegetables and fruit as they are presented in local context (whole fruits, bowls of sauce, and min-
imal-to-no packaging)

Food presentation

Economic status

Reduce but retain reference to expensive foods (meat and poultry)Food cost

Delete references to consistent and robust income as many viewers are living in subsistenceFinancial resources

Health profile

Include issues that are pertinent in the population (anemia and malnutrition) and remove messages that
are not relevant (obesity and wasteful food habits)

Nutritional status

Include a reminder about hand washingHygiene

Educational background

Restrict written text as many viewers cannot read and remove references that build upon an ability to
read (lists and calendars)

Literacy

Knowledge retention

Reduce information density and focus on 1 special nutrient per videoInformation density

Repeat important points (the iron message)Repetition

Provide cues to action (hard copies of key pictures) to end recipients as a reminderReminder

Figure 2. Farida before adaptation.
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Figure 3. Farida after adaptation.

Farida’s manner of caring for her family was admired by women
who expressed a desire to be able to look after their children
the way Farida did. However, women also constantly expressed
concerns that they would not be able to behave like Farida
because they lacked financial means. Upon watching Farida
prepare a dish, a mother (aged 22 years) said:

You don’t have the money to buy all the ingredients,
so you manage as you can. [Phase 1, FGD women,
urban]

We thus slightly modified the storyline, emphasizing that Farida
also struggles to provide her family a varied diet and struggles
to prepare foods that are affordable, but that healthy food
preparation nevertheless remains a priority for her. Women
found this storyline more relatable and aspirational. In addition,
we reduced references to meat and poultry as many families
can only afford meat and poultry on celebration days. We
retained them, however, when describing excellent sources of
protein, which was acceptable to women because meat has a
high local value. Women who watched the adapted videos
appeared more engaged during video viewing and emphasized
that they recognized small nutritional changes that they could
make. For example, during one observation, a woman excitedly

told the MM and the observer that she will now focus on
growing beans and groundnuts because she understands that
they hold a higher nutritional value than she had previously
realized.

In addition, we sought to respect the household structure and
hierarchy when presenting the videos. We had initially
envisioned presenting the videos in a one-on-one format, but
via observations, we learned that other family members (cowives
and children) were also interested in watching the videos, and
some partners wanted to take a look. This preference was
accommodated during observations: first, by not repressing this
natural change of delivery format and later, by explicitly
allowing a mother to invite cowives and husbands to join the
intervention.

As a means to further reflect the health profile of families, we
adapted images of children. Burkinabe research colleagues said
that the initial version of a malnourished child resembled a child
of average health status in rural villages. We thus adapted the
image, creating a gaunter image, to better reflect the audio text
regarding malnutrition (Figures 4 and 5). In addition, we stripped
excess details and complex sentence structures as a means to
align with the language used among end recipients.
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Figure 4. Malnourished child before adaptation.

Figure 5. Malnourished child after adaptation.

Health Worker–Specific Considerations
Health workers—CHWs and MMs—informed the video
adaptation through their background knowledge and technical

proficiency. For a comprehensive list of health worker–related
factors and how they were incorporated into this process, see
Table 7.
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Table 7. Video adaptations: health workers–specific.

Changes as enacted in a mobile health video in Nouna, Burkina FasoHealth worker-specific adaptations

Recognize that older health workers or health workers with less or no educational background will need
more intense training

Age and educational background

Make technology use as simple as possible and be prepared to retrain on technology several times
throughout program implementation (eg, turning the device on and off and swiping across videos)

Technology know-how

Make videos understandable without explanationBackground knowledge

We noticed many differences between CHWs and MMs. MMs
were older, aged between 50 and 61 years, whereas CHWs were
aged between 22 and 38 years. None of the MMs had attended
school, whereas all CHWs had attended school and could read
and write. Most CHWs rapidly grasped how to use a tablet, and
they handled the video delivery confidently. MMs, on the other
hand, were generally hesitant to use tablets and largely relied
on outside support (from mothers or the research team) to
manage video delivery. As 1 MM, aged 50 years, said:

It was the pregnant woman herself who helped me!
[Phase 2, FGD MMs, rural]

CHWs were eager to improve the intervention, peppering the
research team with suggestions for changes. MMs were more
subdued; they accepted the intervention and made no
suggestions on how to modify it. While the CHWs repeated the
video’s key messages to mothers, most MMs contented
themselves with watching alongside.

In terms of video delivery, a majority of CHWs and MMs had
never used devices with touch screen or tablets. MMs especially
required training and retraining on how to turn tablets on or off,
swipe across screens, or open programs. MMs and CHWs alike
expressed technical concerns about using tablets. A CHW told
us that his fingers were shaking during his first video delivery
because he was afraid to fail.

Some health workers underlined that they had no background
knowledge on nutrition. They had no experience classifying
foods into categories and no previous understanding that certain
foods comprise a healthy diet. Consequently, health workers
urged us to include all essential background nutrition knowledge
in the video, rather than relying on them to amplify the video
with their own insights as originally planned. We also simplified
language and images, as some CHWs said that certain parts
would be too difficult to explain (such as the concept of refined
vs unrefined sugar).

The reactions of health workers showed that we should extend
the number of engagements between end recipients and health
workers, rather than condensing videos into fewer sessions.
With less messages to convey, CHWs especially could have
more time to pause between videos to repeat important points,
explain messages in better detail, and ask mothers to summarize
what they understood.

Environment-Specific Considerations
In this case, the environment of rural Burkina Faso and its
climate, language, and food options informed the video
adaptation. For a comprehensive list of environment-specific
factors and how they were incorporated into this process, see
Table 8.

Table 8. Video adaptations: environment-specific.

Changes as enacted in a mobile health video in Nouna, Burkina FasoEnvironment-specific adaptations

Local food options

Include only images of foods that are locally available and portray them as they are commonly seenFood availability

Depict images of marketplaces rather than grocery storesSource of food supply

Language

Simplify text and syntax to the extent possible and ensure illustrations convey what is being saidLanguage complexity

Ensure the voice and accent of the speaker reflects the cadence of local speakersSpeaker’s accent

Avoid pictograms, idiomatic expressions, and abstract images (batteries or brains) that have no cultural ref-
erence

Cultural references

Climate

Incorporate images of seasons that reflect the local setting (Burkina Faso has 2 seasons rather than 4)Seasons

Remove any references to climate that induce confusion (delete pictures of warm bedding or hot water bottles)Temperature

We incorporated new, healthy food suggestions such as bean
leaves, okra, and hibiscus based on feedback from mothers and
documents available from the Burkinabe health department.
We excluded unavailable foods including peas, lentils, and
pineapples and made sure foods reflected the packaging and
presentation known locally. For example, in South Africa, soya

packages are commonly used, whereas in Burkina Faso, this
product is unknown, and soya refers to the widely used soya
beans (Figures 6 and 7). In contrast to the mothers who saw the
original videos, mothers who saw the adapted version were
excited to recognize local foods: they repeated the food names
and confirmatively clicked their tongues during video viewing.

JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 11 |e13604 | p.31http://mhealth.jmir.org/2019/11/e13604/
(page number not for citation purposes)

Isler et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

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


Respondents said that seeing depictions of well-known and
locally available foods in videos made it seem like the video’s
message was within reach. Especially MMs and mothers showed
reactions of surprise and excitement upon learning that many
foods that they were used to eating and that could be obtained
locally had nutritional value (such as baobab leaves and beans).

Rural women highlighted that they could eat everything that
they planted, whereas foods that they must buy were difficult
to obtain. Urban women were more accustomed to buying food.
However, in both cases, the local market is far more frequented
than the rare grocery stores. Markets were, therefore, featured
in the videos (Figures 8 and 9). Our illustration of the market

received positive attention because women recognized local
foods and the market (designed based on photos of actual
Burkinabe markets).

We worked with a local speaker to respect syntax and cadence
of the local language. As Dioula is a second language for many
people in our target population, some respondents had problems
understanding certain foods in Dioula. Therefore, we used
photos taken at the local market as a basis to make recognizable
food illustrations. We also included zoom-ins to allow for quick
identification of several foods.

Finally, we adapted the videos to reflect the climate of Burkina
Faso (Figures 10 and 11).

Figure 6. Soya before adaptation.

Figure 7. Soya after adaptation.
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Figure 8. Market before adaptation.

Figure 9. Market after adaptation.

Figure 10. Seasons before adaptation.
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Figure 11. Seasons after adaptation.

Discussion

Principal Findings
This study used the principles of HCD to adapt maternal
nutrition videos designed in urban South Africa to the context
of Nouna, Burkina Faso. The HCD process led to essential
modifications to address 3 priority spheres: end recipients, health
workers, and environment. Respondents guided us to match the
protagonist’s (1) appearance, (2) actions, and (3) priorities to
those of the end recipient and to adapt to their economic
situation, health profile, educational background, and knowledge
retention. Health workers (who differed in age, educational
background, technical proficiency, and engagement) directed
us to retrain them on tablets to simplify the nutrition messages
and to increase their number of engagements with end recipients.
In terms of the environment, locally available foods, how they
are grown, packaged and sold, and the climate informed
adaptation. We changed recordings and illustrations to reflect
how communities, vegetation, and households look in Burkina
Faso and to accommodate for cadence and syntax of the local
language.

Relation to Other Frameworks in Health and Mobile
Health
Our adaptations largely reflect the priorities and insights of
those who are intended to enact the videos, whether as health
providers or mothers. This approach reflects both a principle of
HCD and the actor-centered perspective emphasized by Walt
and Gilson [38] who, in seminal research on health policy
reforms, argued that an overemphasis on content masked
important considerations regarding who was involved in a given
reform, the process of how reforms were developed and
implemented, and the context in which a reform took place. The

desires and needs of end recipients and health workers, coupled
with recognition of the environment within which these actors
operate (rural Burkina Faso), proved instrumental in the
adaptation process and in the development of our Video
Adaptation Framework.

More recent work by Maar et al [39] in 2017 reflects our
findings in relation to mHealth adaptations specifically. Maar
et al’s [39] work on hypertension management in Canada and
Tanzania emphasizes 4 human organizational levels of influence
on a health outcome: patients, providers, community and
organization actors, and health systems and settings. Maar posits
that those 4 levels influence the outcome of mHealth
interventions. Our data led us to modify the understanding of
community and organization actors and narrow the definition
of health system and settings, but similar to the framework of
Maar et al [39], our findings highlight that patients and providers
critically influence mHealth interventions, and their perspectives
thus merit consideration.

The Concept of Surface and Deep Structure of Cultural
Sensitivity
Many of the changes that were feasible for us entailed surface
changes such as portraying local food, climate, and communities,
but ideally, deep changes would take place that adapt the videos
to the family structures, economic realities, and locally informed
gender roles in a given setting. Through studies with African
Americans and Hispanics in the United States, Resnicow et al
[40] categorized cultural sensitivity in 2 layers: the surface
structure and the deep structure. Surface structure changes
include changes to observable differences between cultures such
as brands, foods, or locations [40]. Surface changes are needed
to increase the acceptability of an intervention [40]. The
adaptation of the maternal nutrition videos falls almost
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exclusively into the category of surface structure adaptation.
The positive reactions of respondents toward our adapted
maternal nutrition videos align with Resnicow et al’s [40]
observation that surface structure changes increase the
acceptability of an intervention.

In contrast, deep structure changes include all influences on the
health behavior of the target population such as family
structures, religion, politics, and economics. Deep structure
changes are necessary for program impact [40]. For example,
parental attitudes have a stronger influence on substance use
initiation among African American youth compared with
European American youth [41]. In this study, we found that the
tense economic situation of our target population needed to be
respected in maternal nutrition videos. The pregnant and
breastfeeding women in our study underlined similarly that they
were part of a family structure and their lives were embedded
in social norms and gender rules that could inhibit their range
of choices (despite personal preferences).

In 2010, Mier et al [42] reviewed 18 nutrition and exercise
interventions tailored to Hispanics and examined the surface
and deep structure features that interventions had in common.
The most salient surface structure components were the usage
of bilingual (and bicultural) delivery agents and materials (78%),
inclusion of ethnically matched foods (33%), intervention
delivery in a group setting (24%), and working with CHWs
(24%) [42]. In our adaptation process, we incorporated nearly
all of these surface structure components, except for the
approach of delivering the intervention in a group setting, which
in our case often occurred naturally. In addition, we found it
crucial to provide a role model who appeared ethnically similar
and to adapt the video to align with differing climates and
population health profiles. Mier et al [42] do not mention or
emphasize these components, possibly because the interventions
in Mier et al’s review took place among an ethnic minority
within the same country rather than across countries.

The most salient deep structure components described by Mier
et al included the following: family integration into the
intervention (such as partner support; 47%); adjusting for
participants’ literacy levels (39%); integrating (Hispanic)
cultural values such as familism, fatalism,
simpatia/agreeableness, and confianza/trust (29%); and using
networks and social support systems (29%) [42]. Our video was
adapted along several deep structure lines. We invited cowives
and men to also view the videos, although this was not our initial
plan. We also adjusted videos to reflect participants’ literacy
levels. We did not explicitly integrate cultural values but sought
to ensure that the video resonated with mothers and drew on
core values, such as a sense of family and maternal pride.
Moreover, we did not address networks or social support
systems outside of the family in our study. Looking ahead, we
aim to further refine the intervention to account for gender and
to more deeply examine how men’s roles in fostering child
nutrition could be bolstered in our videos.

Adaptation of Video Illustration Across Countries
In this study, we found that it was not feasible to use South
African maternal nutrition videos without adapting both the
voice-over and the illustrations. At least two examples from the

gray literature, however, maintain illustrations while changing
language. The HealthPhone project, which provides a library
of videos mainly on mother and child health, maintains the same
video while changing languages globally [43]. The Scientific
Animations Without Borders (SAWBO) project, which develops
videos about health, agriculture, and socioeconomics [44], has
an animated video about the armyworm that uses the same video
but adapts the audio for several Asian and African languages
[45]. SAWBO argues that the same illustrations can be used
across cultures because people are willing to learn from
not-local-looking characters as long as the audio’s speaker has
a local dialect [46]. Our differing conclusion may be because
nutrition is more culturally sensitive, and more variable, than
pest management. We emphasize, however, that we do not find
essential guidance regarding which topics necessitate video
modification and which do not.

Study Strengths and Limitations
One of the strengths of this study is that we invested
considerable time in empathizing with end recipients and health
workers of the maternal nutrition videos; we considered their
ideas and concerns not only on the original videos but also on
the adapted versions, which gives us the assurance that the
videos are attractive and relevant in this specific context.
Another strength is that we observed the video viewing multiple
times under real-life circumstances; we observed the abilities
and struggles of health workers and could incorporate those
insights into the planning of the intervention. In addition, the
Video Adaptation Framework that we propose may be
generalizable to other interventions that aim to adapt health
communication across settings. The results of this study should,
however, be seen within its limitations. First, the mothers who
saw the original videos did not see the adapted videos in a
pre-post sense, instead, we showed the adapted videos to
different mothers. Second, we only did 2 rounds of edits instead
of being able to constantly prototype as would have been ideal.
Third, a disproportionate amount of insights regarding
adaptations stem from FGDs with CHWs and observations of
health workers and end recipients. End recipients themselves
were less forthcoming about how they would like to see the
videos changed. Finally, the transcripts were translated from
Dioula into French and analyzed in French; thus, text could be
lost or compromised in the shift from Dioula to French to
English.

Conclusions
Past research examining surface and deep structure changes in
nutrition interventions has focused on outreach among ethnic
minorities in high-income countries [42,47-51]. In this study,
we found that there are also valuable points to consider when
transferring interventions across LMIC contexts. For adaptations
generally, we found that it is essential to consider the priorities
and perspectives of end recipients, health workers, and the
environment. End recipients guided the adaptation in terms of
appearance and practices of the protagonist. Health workers’
background knowledge and technical know-how further guided
adaptation, particularly of video delivery. Finally, the
environment guided adaptation in terms of portraying the look
and feel of Burkina Faso in terms of food, climate, and language.
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We hope our findings in terms of surface and deep structure
changes as well as the development of a Video Adaptation

Framework can serve as a guide to other interventions adapting
health communication material across settings.
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Abstract

Background: The use of mobile technology in health care (mobile health [mHealth]) could be an innovative way to improve
health care, especially for increasing retention in HIV care and adherence to treatment. However, there is a scarcity of studies on
mHealth among people living with HIV (PLHIV) in West and Central Africa.

Objective: The aim of this study was to assess the acceptability of an mHealth intervention among PLHIV in three countries
of West Africa.

Methods: A cross-sectional study among PLHIV was conducted in 2017 in three francophone West African countries: Côte
d’Ivoire, Burkina Faso, and Togo. PLHIV followed in the six preselected HIV treatment and care centers, completed a standardized
questionnaire on mobile phone possession, acceptability of mobile phone for HIV care and treatment, preference of mobile phone
services, and phone sharing. Descriptive statistics and logistic regression were used to describe variables and assess factors
associated with mHealth acceptability.
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Results: A total of 1131 PLHIV—643 from Côte d’Ivoire, 239 from Togo, and 249 from Burkina Faso—participated in the
study. Median age was 44 years, and 76.1% were women (n=861). Almost all participants owned a mobile phone (n=1107,
97.9%), and 12.6% (n=140) shared phones with a third party. Acceptability of mHealth was 98.8%, with the majority indicating
their preference for both phone calls and text messages. Factors associated with mHealth acceptability were having a primary
school education or no education (adjusted odds ratio=7.15, 95% CI 5.05-10.12; P<.001) and waiting over one hour before
meeting a medical doctor on appointment day (adjusted odds ratio=1.84, 95% CI 1.30-2.62; P=.01).

Conclusions: The use of mHealth in HIV treatment and care is highly acceptable among PLHIV and should be considered a
viable tool to allow West and Central African countries to achieve the Joint United Nations Programme on HIV/AIDS 90-90-90
goals.

(JMIR Mhealth Uhealth 2019;7(11):e13741)   doi:10.2196/13741

KEYWORDS

acceptability; mHealth; PLHIV; West Africa

Introduction

In 2017, the number of people living with HIV (PLHIV) was
estimated to be approximately 36.9 million people worldwide,
and the number of new HIV infections was estimated to be 1.8
million [1]. In the fight against the HIV epidemic, considerable
progress has been made, including an increase in the number
of patients on treatment, a decrease in the number of new
infections, and a reduction in morbidity and mortality [1]. The
Joint United Nations Programme on HIV/AIDS (UNAIDS)
Fast-Track proposes a framework for achieving a set of
ambitious targets for HIV prevention (reduce the number of
new infections to <500,000), treatment (reduce the number of
AIDS-related deaths to <500,000), and zero discrimination by
2020. As part of this strategy, the world has embraced the
90-90-90 treatment target for the post-2015 era, setting the goal
that by 2020, 90% of all PLHIV know their HIV status, 90%
of all people with diagnosed HIV infection receive sustained
antiretroviral therapy (ART), and 90% of all people receiving
ART have durable viral suppression [2].

Today, if treatment is initiated early, adherence is maintained,
and quality of care is high, the life expectancy of a person living
with HIV is nearly the same as that of a person without HIV
[3]. This is true in high-income countries and
low-/middle-income countries where some disparities still exist
between men and women [4]. As a result, HIV infection is
increasingly becoming a chronic disease. Within this paradigm
of HIV as a chronic disease, mobile technology can help health
systems improve the quality of the HIV treatment cascade. In
addition, the World Health Organization (WHO) has endorsed
text messaging or short messages service (SMS) interventions
for supporting individual-level adherence to ART and for
improving linkage of people diagnosed with HIV to HIV-care
services [5]. A WHO survey reported that 83% of the Member
States used a mobile health (mHealth) initiative for promoting
HIV issues [6].

Several pilot projects using mHealth for infectious diseases
such as tuberculosis, malaria, and Ebola and for chronic diseases
such as hypertension and diabetes have been proven to be
feasible and acceptable in the African context, demonstrating
the potential of mHealth in contributing to chronic patients’
treatment and care [7-12]. These technologies are also used in
HIV treatment and care to improve retention in care and

adherence to treatment, which are major challenges to care
programs in sub-Saharan Africa, where retention is estimated
to be less than 75% at 12 months and 60% at 24 months [13,14].
A systematic review of SMS interventions found that 73% of
the studies used “SMS only” interventions, and in only 27% of
studies, the use of SMS was associated with other interventions
[15]. In sub-Saharan Africa, most interventions using mHealth
have mainly used SMS as a way to improve retention of PLHIV
in care and adherence to ART. In Cameroon, two interventions
among PLHIV used text messages to improve adherence: one
used once-per-week motivational messages and the other used
four-times-per-week educational messages [16]. Another study
in South Africa used an electronic adherence monitoring device
and text reminders if patients were late in taking their
medications [17]. Text messages reminders for appointments
were used to assess retention among PLHIV in Mozambique
and were found to improve retention among urban patients and
those who newly initiated ART [18].

As part of the standard of care, some interventions were used
to improve retention and adherence such as phone calls to
patients missing their appointments and home visits in some
countries [19]. However, home visits and phone calls, despite
their relative effectiveness, constitute a significant financial
burden and are not sustainable in the long term [20]. mHealth
interventions could decrease this financial burden, especially
since mobile phone penetration in sub-Saharan Africa is high
and represents an opportunity for the continent [21]. Therefore,
there is a need to identify simple, acceptable, and sustainable
interventions to improve retention in care and adherence to ART
for PLHIV. As a systematic review of mHealth interventions
in Africa indicated, successful mHealth interventions would
yield positive outcomes if they are accessible, accepted, and
low cost while adaptable to the local context [20].

In sub-Saharan Africa, the scientific literature on mHealth has
been concentrated in East and Southern Africa, while there is
a scarcity of studies in West Africa, especially francophone
West Africa countries [22]. A systematic review of mHealth
interventions in low-and middle-income countries identified 34
publications from Africa, only two of which were from West
Africa including one from a francophone country [22]. Before
suggesting mHealth interventions, it is essential to assess the
acceptability and feasibility of an mHealth intervention in HIV
care and treatment among PLHIV in francophone West Africa.
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The aim of this study was to explore the social and financial
acceptability, which has not been reported yet in Francophone
Africa, and the feasibility of an mHealth intervention for the
improvement of care among PLHIV in West Africa. We
hypothesize that the rates of acceptability would be similar to
that found in other regions of Africa.

Methods

Study Design and Setting
A cross-sectional study was conducted from September to
December 2017 in three francophone West African countries:
Côte d’Ivoire, Burkina Faso, and Togo. Six HIV clinics in Côte
d’Ivoire, one HIV clinic in Burkina Faso, and one HIV clinic
in Togo participated in the study. These centers are reference
centers for the three countries, with a significant number of
PLHIV in care.

Participants
Inclusion criteria were age≥18 years, receiving ART for at least
1 year, and receiving follow-up at one of the HIV clinics
participating in the study. Participants were selected in each
clinic by using a systematic random sampling procedure. Each
day of the survey, eligibility criteria for the study were checked
by a social worker. Sequential numbers were issued to eligible
participants in the order in which they arrived at the HIV clinic.
The first eligible participant of the day was included, and a
sampling interval of five was applied to select subsequent
participants. This procedure was repeated every day in each
participating HIV clinic. To avoid possible duplicates, each
selected participant received a marked sticker on his medical
record.

Study Size
We hypothesized that mHealth coverage would be around 80%
according to the results from previous studies conducted in
sub-Saharan Africa [23,24-25]. Considering a relative risk of
α=5% and a precision of 5% of the value of the expected
acceptability, and taking into account an assumption of 10% of

missing data, based on the formula n=z2 p(1-p)/α2 (with z=
confidence level; p=estimated proportion of mHealth coverage
in sub-Saharan Africa; α=precision level) for estimation of the
sample size, the minimum sample size was estimated at 246
PLHIV on ART in each of the three participating countries for
a total of 738 PLHIV [26]. This allowed comparison of the
acceptability of mHealth per country.

Data Collection
A questionnaire was elaborated by a multidisciplinary team of
epidemiologists, clinicians, sociologists, social workers, and
members of networks of PLHIV. After obtaining informed
consent, this standardized questionnaire was administered
face-to-face to each participant by trained social workers

involved in HIV care and treatment using classical pen and
paper material. The questionnaire explored five aspects:
sociodemographic characteristics, HIV characteristics,
possession of mobile phone, phone sharing, and acceptability
(of mobile health). The main outcomes for this study were
possession of a phone and acceptability of mHealth (phone
calls/text messages).

Statistical Analysis
The data collected were entered into a Microsoft Access 2013
database (Microsoft Corporation, Redmond, WA) developed
for this purpose. Data analysis was performed using STATA
(version 11.0; Stata Corp, College Station, Texas). Quantitative
variables were described using means and medians, while
categorical variables were describing using numbers and
proportions. Kruskall-Wallis and Wilcoxon nonparametric tests
were used to compare medians for quantitative variables.
Chi-square or Fisher exact tests were used to compare
categorical variables. Univariate and multivariate regression
analyses were carried out to assess factors associated with
acceptability of text messages or phone calls to improve health
conditions. Regression analyses assessed the factors associated
with the acceptability of mHealth on the basis of the towns
(Abidjan, Bouaké, Bobo-Dioulasso, and Lomé).

Ethical Considerations
The protocol for this study was approved by the National Ethics
Committee of the Ministry of Health in Côte d’Ivoire, Togo,
and Burkina-Faso.

Results

Sociodemographic Characteristics
A total of 1131 PLHIV from Côte d’Ivoire (n=643, 56.9%),
Togo (n=239, 21.1%), and Burkina Faso (n=249, 22.0%), with
a median age of 44 years (interquartile range [IQR]=38-51;
Côte d'Ivoire: median=43, IQR=38-50; Burkina-Faso:
median=43, IQR: 38-50; Togo: median=44, IQR=37-49; P=.04)
participated in the study. Among them, 861 (76.1%) were
women and about half (n=578, 51.1%) were single. A total of
640 (56.6%) participants had no formal education or a primary
educational level and nearly one-third (n=393, 34.7%) could
not read or write. Participants from Burkina Faso had the lowest
rate of literacy, with 65.1% (n=162) of PLHIV being unable to
read and write compared to 25.5% (n=61) from Togo and 26.4%
(n=170) from Côte d’Ivoire (P<.001). The monthly income of
three-quarter of the participants (n=837, 74.0%) was less than
60,000 Franc Communauté Financière Africaine (FCFA)
(approximately US $120), which corresponds to the minimum
wage in most countries of francophone West Africa. With regard
to the HIV treatment status, 785 (69.4%) had been on ART for
over 5 years. Other patient characteristics are summarized in
Table 1.
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Table 1. The sociodemographic characteristics of patients in the three participating countries (N=1131).

P valueTotal

(N=1131), n (%)

Togo

(n=239), n (%)

Burkina-Faso

(n=249), n (%)

Côte d'Ivoire

(n=643), n (%)

Characteristic 

.02Age (years)

 141 (12.5)38 (15.9)23 (9.2)80 (12.4)18-34

 671 (59.3)148 (61.9)160 (64.3)363 (56.5)35-49

 319 (28.2)53 (22.2)66 (26.5)200 (31.1)≥50

<.001Sex

 270 (23.9)51 (21.3)40 (16.1)179 (27.8)Male

 861 (76.1)188 (78.7)209 (83.9)464 (72.2)Female

.07Marital status

 578 (51.1)131 (54.8)112 (45.0)335 (52.1)Single

 553 (48.9)108 (45.2)137 (55.0)308 (47.9)In a relationship

<.001Level of education

 640 (56.6)134 (56.1)194 (77.9)312 (48.5)No education and primary school

 491 (43.4)105 (43.9)55 (22.1)331 (51.5)Secondary school and university

<.001Literacy

738 (65.3)178 (74.5)87 (34.9)473 (73.6)Can read or write

393 (34.7)61 (25.5)162 (65.1)170 (26.4)Cannot read or write

<.001Monthly income (in FCFAa,b)

 837 (74.0)215 (90.0)222 (89.2)400 (62.2)<60,000

 220 (19.5)20 (8.3)24 (9.6)176 (27.4)60,000-199,999

 74 (6.5)4 (1.7)3 (1.2)67 (10.4)>200,000

<.001Duration of antiretroviral therapy (years)

 346 (30.6)85 (35.6)59 (23.7)202 (31.4)<5

 443 (39.2)101 (42.3)135 (54.2)207 (32.2)5-10

 342 (30.2)53 (22.1)55 (22.1)234 (36.4)>10

aUS $1=576.90 FCFA; 60,000 FCFA is the minimum wage in most West African countries.
bFCFA: Franc Communauté Financière Africaine.

Mobile Phone Possession and Access to the Internet
Table 2 summarizes mobile phone possession, mobile internet
access, and phone sharing. Overall, the rate of mobile phone
possession was 97.9% (n=1107), with a small difference
between countries (98.8%, 95.6%, and 97.9% for Côte d’Ivoire,
Burkina Faso, and Togo, respectively; P=.01). More men owned
a mobile phone than women (99.6% vs 97.3%; P=.03). With
regard to the level of education status, more PLHIV who could
read or write possessed phones than PLHIV who could not read
or write (99.4% vs 96.7%; P=.002). A total of 140 (12.6%)
participants shared phones with somebody: 15.4% (n=99) in
Côte d’Ivoire, 8.0% (n=20) in Burkina Faso, 8.8% (n=21) in
Togo (P=.002). Mobile phone sharing was also higher among
women and among those with high monthly incomes.

Among PLHIV, 282 (25.5%) had mobile internet access: 30.7%
(n=195) from Côte d’Ivoire, 29.9% (n=70) from Togo, and 7.1%
(n=17) from Burkina Faso (P<.001). Most of those who had a
secondary school or university education had better mobile
internet access, including young people, women, and those with
a higher monthly income (n=208, 42.6%; P<.001).

Among mobile phone owners, 33.4% (n=370) owned a
smartphone, with a significant difference between countries
(73.5%, 3.3%, and 23.2% for Côte d’Ivoire, Burkina Faso, and
Togo, respectively; P<.001). Among those who owned a
smartphone, 83.7% (n=236) had access to mobile internet
through mobile phones, with a difference between countries
(71.2%, 2.5%, and 26.3% for Côte d’Ivoire, Burkina Faso and
Togo respectively; P<.001).
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Table 2. Description of mobile phone possession among patients living with HIV in the three participating countries (N=1131).

Mobile phone sharing with someone
else (n=140)

Internet access on mobile phone
(n=282)

Mobile phone possession  (n=1107)Description

P valuen (%)P valuen (%)P valuen (%)

0.002N/A<.001N/A0.013N/AaCountry

N/A99 (15.4)N/A195 (30.7)N/A635 (98.8)Côte d’Ivoire 

N/A20 (8.0)N/A17 (7.1)N/A238 (95.6)Burkina Faso 

N/A21 (8.8)N/A70 (29.9)N/A234 (97.9)Togo 

0.59N/A<.001N/A0.31N/AAge (years)

N/A20 (14.2)N/A61 (44.9)N/A136 (96.5)18-34 

N/A85 (12.7)N/A175 (26.5)N/A660 (98.4)35-49 

N/A35 (11.0)N/A46 (14.8)N/A311 (97.5)≥50 

0.03N/A<.001N/A0.03N/ASex

N/A23 (16.4)N/A106 (39.4)N/A269 (99.6)Male 

N/A117 (83.6)N/A176 (21.0)N/A838 (97.3)Female 

0.24N/A0.38N/A0.26N/AMarital status

N/A65 (11.3)N/A137 (24.3)N/A563 (97.4)Single 

N/A75 (13.6)N/A145 (26.7)N/A544 (98.4)In a relationship 

0.89N/A<.001N/A0.002N/ALevel of education

N/A80 (12.5)N/A74 (12.0)N/A619 (96.7)No education and primary
school

 

N/A60 (12.2)N/A208 (42.6)N/A488 (99.4)Secondary school and universi-
ty

 

0.51N/A<.001N/A<.001N/ALiteracy

N/A95 (12.9)N/A256 (34.9)N/A733 (99.3)Can read or write 

N/A45 (11.5)N/A26 (7.0)N/A374 (95.2)Cannot read or write 

. 01N/A<.001N/A0.18N/AMonthly income (in FCFAb,c)

N/A91 (10.9)N/A147 (18.0)N/A815 (97.4)<60,000 

N/A33 (15.0)N/A92 (42.2)N/A218 (99.1)60,000-200,000 

N/A16 (21.6)N/A43 (58.1)N/A74 (100.0)>200,000 

0.34N/A0.04N/A0.25N/ADuration of antiretroviral therapy
(years)

N/A48 (13.9)N/A97 (29.0)N/A335 (96.8)<5 

N/A47 (10.6)N/A93 (21.4)N/A435 (98.2)5-10 

N/A45 (13.2)N/A92 (27.3)N/A337 (98.5)>10 

aN/A: not applicable.
bUS $1=576.90 FCFA; 60,000 FCFA is the minimum wage in most West African countries.
cFCFA: Franc Communauté Financière Africaine.

Mobile Health Acceptability and Preferred Way of
Communication
The overall rate of mHealth acceptability (patients’acceptability
of receiving text messages or phone calls from their physicians)
was 98.8% with no variation by country (98.3% in Côte d’Ivoire,
99.1% in Togo, and 100.0% in Burkina Faso; P=.08). A total
of 386 (34.9%), 708 (63.9%), and 11 (1.0%) patients were
willing to receive phone calls only, text messages and phone

calls, and text messages only, respectively. Thus, there was a
total of 1083 (97.8%) PLHIV who wished to receive phone calls
and 708 (63.9%) who wished to receive text messages and phone
calls.

There was no statistically significant difference between
countries for preference for phone calls (n=618 [57.1%], n=234
[21.6%], and n=231 [21.3%] in Côte d’Ivoire, Burkina Faso,
and Togo, respectively; P=.47) and for sex (n=260 [24.0%] and
n=823 [for men and women, respectively; P=.12).
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Among participants who preferred text messages, 60.7% (n=430)
had a secondary or higher education level, while 39.3% (n=278)
had a lower educational level (P<.001). Conversely, 56.1%
(n=607) of those who preferred phone calls had primary school
level or no educational background (P=.55).

Financial Acceptability and Willingness to Pay
Financial acceptability (answers to the question, “How much
would you be willing to spend per month, if you could contact
your health care worker for your care?”) was also considered,
with 50.1% (n=322), 88.7% (n=212), and 92.8% (n=231) of
PLHIV in Côte d’Ivoire, Togo, and Burkina Faso, respectively,
likely to financially support out-of-pocket expenditures
generated by the adoption of a mHealth solution, if any. The
options given for the level of monthly contribution each patient
was willing to pay for a mHealth intervention varied from 0 to
3000 FCFA (nearly US $0 to $6). A total of 20.1% (n=227) of
PLHIV were willing to pay less than 1000 FCFA (nearly US
$2), 35.7% (n=404) were willing to pay between 1000 and 3000
FCFA (nearly US $2 to $6), and 11.8% (n=134) were willing

to pay more than 3000 FCFA (>US $6). However, there was
no significant relationship between financial acceptability and
monthly income: 67.4% (n=362) of those who had less than the
minimum wage were willing to financially contribute to mHealth
costs, and 68.4 (n=201) of those who had more than the
minimum wage were also willing to financially contribute to
mHealth costs (P=.47).

Factors Associated With Mobile Health Acceptability
In multivariate analysis, factors significantly associated with
acceptability of “phone calls” to improve HIV treatment and
care were as follows: living in Bouaké, the second town of Côte
d’Ivoire (adjusted odds ratio [aOR]=6.24, 95% CI 3.98-9.79;
P<.001), in Lomé (aOR=0.57, 95% CI 0.37-0.88; P<.01), or in
Bobo-Dioulasso (aOR=3.06, 95% CI 2.11-4.43; P<.001); having
a primary school education or no education (aOR=7.15, 95%
CI 5.05-10.12; P<.001), and waiting over 1 hour before meeting
a medical doctor on the appointment day (aOR=1.84, 95% CI
1.30-2.62; P=.01; Table 3).
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Table 3. Factors associated with acceptability of “phone calls” among patients living with HIV in the three participating countries (N=1111).

Multivariate analysisBivariate analysis Total, n (%) Factor

P value95% CIORP value95% CIORa   

Town

  1  1478 (43.0)Abidjan (Côte d’Ivoire) 

<.0013.98-9.796.24<.0015.29-11.957.95150 (13.5)Bouaké (Côte d'Ivoire) 

0.0110.36-0.870.560.80.63-1.400.95234 (21.1)Lomé (Togo) 

<.0012.11-4.433.06<.0013.77-7.395.28249 (22.4)Bobo-Dioulasso (Burkina Faso) 

Age (years)

     1136 (12.2)18-34 

N/AN/AN/Ab0.080.95-2.171.44659 (59.3)35-49 

N/AN/AN/A0.060.98-2.381.53316 (28.4)≥50 

Sex

     1264 (23.8)Male 

N/AN/AN/A<.0011.34-2.511.84847 (76.2)Female 

Marital status

     1566 (50.9)Single 

N/AN/AN/A0.690.82-1.341.05545 (49.0)In a relationship 

Level of education

  1  1480 (43.2)Secondary school and university 

<.0015.04-10.107.14<.0016.3-12.228.83631 (56.8)No education and primary school 

Time to go to the health center (hours)

     1765 (68.8)≤1 

N/AN/AN/A0.290.88-1.501.15346 (31.1)>1 

Time to meet a doctor (hours)

  1  1330 (29.7)≤1 

<.0011.29-2.621.840.0031.16-2.031.53781 (70.3)>1 

Monthly income (in FCFAc,d)

     1824 (74.2)<60,000 

N/AN/AN/A<.0010.30-0.610.43215 (19.3)60,000-199,999 

N/AN/AN/A<.0010.08-0.400.1872 (6.5)>200,000 

aOR: odds ratio.
bN/A: not applicable.
cUS $1=576.90 FCFA; 60,000 FCFA=minimum wage in most West African countries.
dFCFA:Franc Communauté Financière Africaine.

Discussion

Principal Findings
This study on PLHIV is the first one conducted in francophone
sub-Saharan Africa that explores the acceptability of introducing
an mHealth solution to better manage HIV treatment and care.
In this study, almost all PLHIV reported their acceptability to
introduce mHealth into their treatment and care. In addition,
acceptability of mHealth was not dependent on sex, age, and
level of literacy despite majority of the sample being illiterate.
The level of literacy was not a barrier to the acceptability of

mHealth, as demonstrated by the fact that almost all indicated
their acceptability of mHealth, although the level of literacy
conditioned the choice of mHealth services.

Consistent with our findings, previous studies conducted in East
and Southern Africa have found the use of mobile phones in
the framework of HIV treatment and care acceptable. A 2007
study in South Africa among 300 PLHIV explored the patterns
of mobile phone use to improve adherence to ART and reported
that 81% had a mobile phone, 99% indicated their acceptability
for verbal clinic contact through their mobile phones, and 96%
agreed to contact through text messages [27]. The same trend
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was observed in Kenya, where 99% of the sample supported
the use of mobile technology in the management of HIV
infection, with calls being the preferred method [28]. Those
results suggest that the integration of mobile phone into the
treatment and care of PLHIV in sub-Saharan Africa is an
opportunity that should be considered.

Our study reported a mobile phone possession rate of 97.9%
despite an unequal mobile network coverage across the three
countries and confirmed important disparities in access to mobile
internet between the countries, as defined by the Global System
for Mobile Communications Association mobile connectivity
index [21]. In Burkina Faso, a mobile internet-based solution
would reach less than 1 of 10 people, while it would reach 3 of
10 people in Côte d’Ivoire and Togo. In these three countries,
introducing a non–Web-based solution seems to be the most
appropriate intervention. In addition, in a regional context where
patients’ fees have been pointed out as a main barrier to access
HIV treatment [29,30], our study reported a readiness to pay
for better quality health care or at least to support the additional
out-of-pocket expenditures generated by the use of their mobile
phone to improve the quality of their care, with no significant
relationship between financial acceptability and monthly income.
Even if our study did not focus on willingness to pay (WTP) as
a measure used in the field of health economics, our findings
are aligned to the conclusion of a randomized controlled trial
carried out in Bangladesh, demonstrating patients’ WTP to
benefit from an SMS-based service for managing their type 2
diabetes [31]. In the same country, a previous study already
showed patients’ WTP for an improved patient-clinician
relationship [32]. However, as there is a scarcity of studies
conducted in sub-Saharan Africa in the field of HIV, which
target the WTP for digital health services, it seems to be
preferable to implement an mHealth solution with a business
model that does not increase the user fees, but rather generates
benefits to the patients in reducing transportation time, improves
waiting time at the clinic, and allows savings on out-of-pocket
expenditures.

In our study, participants generally indicated a preference for
phone calls, and the acceptability for phone calls was
significantly associated with levels of education, such that
participants with no education or a primary school level
education were more likely to prefer phone calls compared to
text messages. This finding of preference for phone calls, and
its association with education levels, has been corroborated by
other studies in the sub-Saharan region [28,25]. Another study
among PLHIV reported that almost all participants indicated
their preference for a two-way communication with doctors or
nurses, rather than SMS reminders [33]. These findings suggest
that mHealth could respond to the need of restoring or
strengthening the interface patient-clinician through an improved
and personalized relationship. In this way, mHealth could be
an appropriate tool to address the issue raised by Tran et al [34]
who showed that listening to patients should lead decision
makers to improve the quality of health services and decrease
the burden of HIV treatment [34]. There is also a need for
adaptation of types of communication (text messages or phone
calls) to the target PLHIV according to their literacy level.
Tailoring text messages interventions to fit with those specific

needs of PLHIV is an example of how this adaptation could be
implemented. The preference for phone calls could also be
explained by several factors including the issue of
confidentiality. A qualitative study on PLHIV indicated that
although SMS reminders are helpful for treatment adherence,
the main concerns are on the delivery mode and the need for
confidentiality [35]. This could suggest the importance of using
strategies that would protect privacy, ensure confidentiality,
and respect human rights for PLHIV.

Strengths and Limitations
This study was conducted in three countries of West Africa,
with a sample of more than 1000 PLHIV from six HIV treatment
and care programs, including approximately one-third (34.7%,
n=393) who could not read nor write. Findings from this study
thus suggest a very good feasibility and acceptability of the use
of mHealth in all types of HIV populations. In addition, financial
acceptability of mHealth among PLHIV, rarely explored in the
literature in West Africa and documented in our study, confer
to it an important strength. Furthermore, this study was patient
centered, with the involvement of PLHIV from the design and
elaboration of the study to the interpretation of the results, as
recommended for the design of digital health tool [36]. Most
PLHIV organizations of Cote d’Ivoire including the Reseau
Ivoirien des organisations de Personnes vivant avec le VIH/Sida
(RIP+) and the Coalition des Organisations des Femmes vivant
avec le VIH/Sida (COFCI) have been involved in this study
since the beginning. In addition, focus groups and interviews
were conducted as part of this study among 20 PLHIV and
revealed that although messages are highly acceptable, message
contents need to be further explored. In fact, PLHIV indicated
that contents should be short, highly coded, and customized
based on literacy levels.

However, this study has a few limitations. First, it occurred
mainly in economic and administrative capitals where mobile
network coverage is close to 100% and sharing of mobile phone
is limited, even if in these settings, a significant number of
people cannot not read or write. If an intervention were to be
set up in those cities, further studies would be needed before
scaling up to rural and remote areas. Second, only PLHIV
already receiving ART were included in the study, of which
nearly 70% were stable patients who initiated their treatment
over 5 years ago. This could lead to underestimation of the
demand for the introduction of an mHealth solution and the
willingness to financially contribute, as the targeted population
is already adherent and can self-perceive the benefits of the
treatment. A bias could have also been introduced with the
cross-sectional nature of the study and the fact that recruitment
of participants occurred in HIV care and treatment center,
systematically including those who are naturally inclined to be
retained in care and to adhere to treatment.

Further research, such as qualitative studies, are needed to better
understand expectations and perceptions of PLHIV on the
contents of text messages or phone calls, especially in terms of
confidentiality, privacy, and respect of human rights.

Qualitative studies should also explore health care workers’
perception of the introduction of mHealth into care to assess
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whether it would be considered a tool to ease their workload or
hinder their performance.

Finally, considering that implication of end users is a key factor
of success when designing a digital health tool and the need to
prevent any potential harm that may result from the use of an
mHealth solution in a stigmatizing environment, further
qualitative studies shall be conducted in these francophone cities
to consider frequency, timing, and content of the SMS in the
design of mHealth interventions, as these factors could influence
efficacy [36,37].

Conclusions
Based on a considerable sample size, this study demonstrated
that mobile technology is accessible in francophone low-income
countries and could be used as a tool to improve the quality of
HIV care and treatment. In such a context, mHealth could
potentially help francophone West and Central African countries
to bridge their treatment gap in the aim to achieve the 90-90-90
goal.
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Abstract

Background: Mobile health (mHealth) technology dissemination has penetrated rural and urban areas alike. Yet, health care
organization oversight and clinician adoption have not kept pace with patient use. mHealth could have a unique impact on health
and quality of life for rural populations. If organizations are prepared to manage mHealth, clinicians may improve the quality of
care for their patients, both rural and urban. However, many organizations are not yet prepared to prescribe or prohibit third-party
mHealth technologies.

Objective: This study explored organizational readiness for rural mHealth adoption, the use of patient-reported data by clinical
care teams, and potential impact on improving rural health care delivery.

Methods: Semistructured, open-ended interviews were used to investigate clinicians’current practices, motivators, and perceived
barriers to their use of mHealth technologies in rural settings.

Results: A total of 13 clinicians were interviewed, and 53.8% (7/13) reported encouraging use of mHealth apps or wearable
devices with rural patients. Perceived barriers to adoption were categorized into three primary themes: (1) personal (clinician),
(2) patient, and (3) organizational. Organizational was most prominent, with subcodes of time, uniformity, and policy or direction.
Thematic analysis revealed code-category linkages that identify the complex nature of a rural health care organization’s current
climate from a clinician’s perspective. A thematic map was developed to visualize the flow from category to code. Identified
linkages guided the development of a refined rural mHealth readiness model.

Conclusions: Clinicians (including physicians) have limited time for continuing education, research, or exploration of emerging
technologies. Clinicians are motivated to learn more, but they need guidance through organization-led directives. Rural health
care institutions should consider investing in mHealth analysis, tool development, and formal recommendations of sanctioned
tools for clinicians to use with patients.

(JMIR Mhealth Uhealth 2019;7(11):e11915)   doi:10.2196/11915

KEYWORDS

mHealth; clinician; physician; rural; patient; mobile health; health care

Introduction

Background and Significance
Out of an unprecedented adoption of mobile communication
technologies and the progressive advancement of their

application to personal and population health management, a
new field of science, research, and health care has emerged—the
study of mobile health (mHealth). The World Health
Organization defines mHealth as “medical and public health
practice supported by mobile devices, such as mobile phones,
patient monitoring devices, personal digital assistants (PDAs),
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and other wireless devices” [1]. Evolving in recent years, the
Knowledge for Health project describes the discipline by stating,
“mobile health, or mHealth, is broadly the use of mobile and
wireless technologies to support the delivery and utilization of
health care services.” mHealth is a young field, and a limited
evidence base exists for demonstrating its efficacy, effectiveness,
and comparative effectiveness, especially its cost-effectiveness
[2]. Both these definitions imply an organizationally driven or
practice-driven approach to health care. In addition, the
definitions suggest that the process is merely enhanced by the
use of these new technologies.

Applications (apps) are software programs. Mobile apps are
software developed specifically for a mobile device, such as a
mobile phone or tablet. Native apps are software programs
developed to be installed directly onto a device, typically
downloaded through an app store. In this paper, mHealth apps
include software accessible through websites and native mobile
apps.

mHealth also includes wearable activity monitors (WAMs).
Hundreds of WAMs are on the market and being used by
consumers across a wide range of industries and occupations
[3]. WAMs include a multitude of devices that are worn in and
on various body parts or clothing, such as the wrist or pocket.
Some companies offering these devices include Apple, Fitbit,
Under Armour, Garmin, Jawbone, Pebble Time, LG, and Misfit
[3].

The treatment of many chronic conditions takes place primarily
outside the purview and physical environment of a doctor’s
office. Although clinicians often require patients to recall
detailed information about their symptoms and condition, the
appointments may be spread apart, and recollection of specific
situations can be challenging for patients [4]. Innovative
mHealth apps provide the opportunity to enhance and improve
the data collection and reporting processes, the patient-clinician
interaction, and health outcomes [5-9]. Furthermore, the
technology may make self-reporting easier for the patient and
possibly more accurate and complete as well [10,11].

Some clinicians and organizations may argue that they should
not base clinical decisions on patient-reported data. This study
sought to uncover barriers to the use of patient-reported data
and also motivators for clinicians who are already practicing in
this manner. The opportunity exists for patient-driven health
management and is readily available through a number of
consumer software. The number of mHealth apps in publicly
available app stores has grown exponentially in recent years to

more than 325,000, with Android as the leading platform in
2017 [12,13].

iTunes and Google Play stores are the 2 largest in terms of apps
available [14], as well as in number of available mHealth apps.
iTunes is a publicly available app store where Apple device
users can access software apps and directly install them onto
their personal devices. Some apps are free, whereas others
charge a fee for the installation, and some have a monthly or
annual subscription [15]. Google Play is very similar, although
the apps available in that store are for Android users. Although
the public has access to an increasingly large number of apps,
there appears to be limited traction among rural health care
organizations to actively prescribe or engage patients with
mHealth technologies, much less adopt and integrate
patient-reported data into an existing electronic medical record
(EMR). Therefore, despite the public’s easy access to hundreds
of thousands of mHealth apps, they are not widely implemented
by rural health care providers.

A Framework for Readiness
In a rural community of Bangladesh, Khatun et al [16] surveyed
4915 randomly selected household members aged 18 years and
older. The research team found that only 5% of participants had
internet connectivity, only 50% were aware of SMS apps, and
only 37% generally read them. Literacy was the primary barrier.
In addition, 21% needed to charge their phones at someone
else’s home, as there was no electricity in their own homes.
Despite these barriers, the majority (73%) showed an interest
in using mHealth technology in the future.

The team developed a framework for assessing community
readiness for mHealth. The developed framework, further
described herein and seen in Figure 1, has led to some interesting
findings that have helped guide other studies, including this
paper. The framework identified 3 high-level areas of readiness
that are described here in greater detail. Furthermore, a model
assessing clinician readiness was developed.

Previous literature is encouraging, but it should be noted that
many of those studies were single interventions, often focused
on isolated communities. There is currently a gap in the
knowledge and literature around clinicians’ unofficial use of
these types of technologies with rural patients. It may be that
clinicians doing so are acting in silos with limited or no
organizational direction, oversight, or approval processes. The
purpose of this study was to create a model for assessing the
necessary conditions for rural health care’s mHealth readiness
through a qualitative assessment of clinician-perceived barriers.
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Figure 1. Conceptual model for mHealth readiness, developed by Khatun et al [16]. mHealth: mobile health; SES: socioeconomic status.

Methods

Overview
mHealth technologies, such as apps, are widely available, along
with the personal devices needed to run them. Clinicians and
researchers have had successes with mHealth in urban and rural
settings at various locations worldwide. However, limited
organizational adoption has emerged in rural Wisconsin.

As a result, there are rarely formal policies and procedures to
evaluate when assessing the use and impact of mHealth
technologies. Therefore, this study team conducted
semistructured, open-ended interviews with clinicians, as they
were seen as the primary decision makers as to whether mHealth
was used in patient care. Clinicians were recruited based on
availability and not whether they were actively using mHealth
technology. The open-ended nature of the interview allowed
clinicians to explore their thoughts about using mHealth without
assuming any prior beliefs or commitments on the part of the
researcher [17]. These open-ended discussions provided
qualitative data that were later used to refine a technology
readiness model.

The 2-part methodology included consultations and interviews
as the primary data collection and refinement of an mHealth
readiness model using this study’s findings. Clinicians who see
patients are particularly busy and may be unlikely to complete
an electronic or paper-based survey without an incentive [18-20].

Theory
The Diffusion of Innovation theory is one of the oldest social
science theories and was developed by E.M. Rogers in 1962
[21]. The theory originated in communications, and the concept
guided explanations of how ideas may gain in popularity and
momentum to spread through a population or social system.
This theory informed and guided the project and will be further
assessed in its relation to the newly refined conceptual model

for mHealth readiness, particularly as a framework for clinician
and organizational adoption of mHealth technologies.

Recruitment
Interviews and consultations were conducted at Marshfield
Clinic Health System (MCHS), Wisconsin. Interviews were
one-on-one interactions. Clinicians were recruited via phone
and email, and interviews were scheduled at their convenience.

Data Collection
Data collection was carried out between February and April
2016. Sessions were recorded using a battery-powered Olympus
DM-620 audio recorder. Handwritten notes were also taken.

Consultation interviews were conducted as a way to refine the
interview schedule. A total of 3 MD clinicians were interviewed
as consultations for the project. Each represented a different
clinical specialty and background.

The principal method of investigation was open-ended,
semistructured interviews. The interviews were loosely bound
around questions that asked informants to reflect on their
participation in mHealth. Open-ended, semistructured interviews
are largely conversation driven, and clinician time was a
constraint. Thus, it was difficult to predict exactly which
questions may come up with individual subjects and at what
point in the flow and under what context. The initial proposal
called for 10 interviews or until data collection reached the point
of theme saturation.

Coding: Identifying Themes and Categories
Following the consultations and interviews, additional notes
were taken, notes were reviewed, and the audio recording was
reviewed for additional note-taking and thematic analysis. The
primary method of analysis was audio coding [22]. On the basis
of the literature review and the first author’s experience, codes
were identified. These experiences also formed the basis of the
study and the research questions. Deductive reasoning
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techniques, coding qualitative data with pre-existing codes
already in mind, were used to construct theme and category
linkages.

The following existing theme categories, identified by Khatun
et al in their study of barriers to rural community readiness to
adopt mHealth [16], were used as a starting point: (1)
technological readiness, (2) motivational readiness, and (3)
human resource readiness. These was a natural fit for the
evaluation of community readiness, particularly a rural
community. The researchers in a study by Khatun et al were
also interested in the individuals within that community and
had surveyed residents, using door-to-door, in-person data
collection methods.

The abovementioned categories were modified for this study
to (1) clinician readiness, (2) patient readiness, and (3)
organizational readiness. As noted, these 3 categories were
identified through the first author’s experience in the field and
through the literature review, including a study by Khatun et al
[16]. The themes themselves were identified as relationships
between the codes and the categories, such as the relationship
between the organization and the legal/liability barriers to
mHealth adoption, which is described in further detail in the
Results section.

The review of the audio recordings allowed for inductive
reasoning [23]—the possibility that other themes and subthemes
would emerge. This process was used to identify additional
themes.

Mobile Health Readiness Model Refinement
The description of the work by Khatun et al [16] was also used
here as the basis for the readiness model refinement. The
refinement of the model was assessed before the interviews,
and several new categories were identified. The refined model
is focused on clinician readiness with data collected from
clinician interviews. In addition to modifying category titles
and influencers, each category was further assessed for thematic
linkages to codes. Those linkages or relationships encompass

the core of this study, and the recommendations are built into
a newly refined model.

Institutional Review Board Approval
This study was approved as minimal risk after review by the
institutional review board of the University of
Wisconsin-Milwaukee. The protocol has been granted Exempt
Status under Category 2 as governed by 45 CFR 46.101(b). This
study was also reviewed by the Office of Research and Integrity
of Marshfield Clinic Research Institute and approved as minimal
risk and exempt from further review (45 CFR 46.101(b)(2)).

Results

The patient base of this study was primarily Marshfield,
Wisconsin, and the surrounding area. Generally, their patients
lived within a 20-mile radius of the medical center, with some
exceptions.

Interviews
The interviews uncovered a strong personal interest and passion
for the participants’ patients, and the conversations exposed
uses of the technology that are already in their practice or that
they are considering for future patient care (see Table 1). There
were 12 different clinical specialties represented. Given the
small sample and the other reported demographics, for the
protection of the participants’ anonymity, clinical specialties
have been omitted.

Of the 13 clinicians interviewed, 12 were physically located at
the Marshfield center, Marshfield, Wisconsin, and 1 was located
in Eau Claire, Wisconsin, but they saw patients remotely through
telehealth and in person in Marshfield and Eau Claire.
Additional 10 clinicians were contacted during recruitment, but
they were unable to participate. There were 5 female and 8 male
participants. At the time of the interviews, 100% of participants
owned tablets, and 92% owned mobile phones, and the 1
clinician who did not own a mobile phone was planning on
purchasing one within the next few weeks. In addition, 77%
were parents, and 30% of those were grandparents.
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Table 1. Descriptive demographics of interview participants.

Examples
used or plan to
use

Prescribing/encouraging
mHealth app/technology

Percent of patients
viewed as rural (%)

Patients seen
per month
(n)

Tablet ownerMobile
phone
owner

GenderAge (years)Process

Fitbit and My-
FitnessPal

YesQuestion not askedQuestion not
asked

YesYesFemale61Consultation

—aNo10014-22YesYesMale62Consultation

FitnessNo; but hopes to10-20200YesYesMale37Consultation

—No90200YesYesMale58Interview

MyFitnessPalYesMost14-22YesYesMale37Interview

FitbitYes95-100100YesYesFemale47Interview

MyFitnessPalYes10040YesYesMale43Interview

OmittedYes75200YesYesFemale47Interview

Blood pres-
sure

No; but hopes to7540YesYesFemale53Interview

Physical Re-
hab

No; but hopes to6010YesYesMale40Interview

Apple iWatch
and Fitbit

Yes100200YesYesMale40Interview

Blood sugar,
fitness, and
others omitted

Yes10048YesYesFemale46Interview

FitnessNo; but plans to90200YesYesMale37Interview

aNot applicable.

Demographics
Although all participants were clinicians, few had an
understanding of the term mHealth or its scope, with only 23%
responding that they were familiar with the term before the
interview. Although once described and examples given, all
participants knew of other cases and gave examples of mobile
devices or wearables used for personal health-related activities.

Barriers
The analyses and coding of the data showed that barriers to
adoption were one of the most important factors affecting
clinician readiness to adopt. At this stage of the model
refinement, we have focused on the issues of clinicians’
perceived barriers, further described in the sections below.

Table 2 describes the top barriers identified during the interviews
and consultations combined. This question specifically asked,
“Now that we’ve talked for a while, I want to ask again—what
do you think are the top three barriers to clinicians using
mHealth technologies with rural patients?” Several clinicians
listed more than 3 barriers: this table only shows the top 3
responses tallied (the remaining answers were omitted).
Clinician familiarity and clinician time accounted for 38.4% of
identified barriers (15/39) to using mHealth apps or technologies
with rural patients. Of the next 10 barriers, 8 were
organizationally based, including EMR/data with 12.8% (5/39),
and Health Insurance Portability and Accountability
Act/Protected Health Information (HIPAA/PHI) with 10.2%
(4/39) of total responses. Patient connectivity was combined
with technology adoption and accounted for 10.2% (4/39) of
the total responses, which was higher than anticipated.
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Table 2. Top three barriers to mobile health adoption, identified during interviews and consultations (n=13; 39 responses).

Responses, n (%)Barriers

9 (23.1)Clinician familiarity

6 (15.4)Clinician time

5 (12.8)Electronic medical record/data

4 (10.1)Health Insurance Portability and Accountability Act/Protected Health Information

4 (10.1)Patient connectivity/technology

2 (5.1)Organizational direction

2 (5.1)Patient acceptance

2 (5.1)Patient affordability

2 (5.1)Uniformity of use

1 (2.6)Hindering patient-provider communication

1 (2.6)Technology reliance and limited patient face time

1 (2.6)Usability of the app/technology

Clinician Adoption
As shown in Table 1, 53.8% of participants reported encouraging
the use of apps or WAMs with patients. When discussing
MyFitnessPal, one clinician said the following:

I’ve had a fair amount of success by cueing people
into some things like My Fitness Pal. If I’ve assessed
a patient and they have some readiness to change,
I’ll do some motivational interviewing around that
and get people to buy into it and committed to making
a lifestyle change. I’ll specifically call out a tool to
help them. I’ve had the patient pull it up in the app
store and download it in the office and kind of get
them started in terms of what you need to do. Both I
and my spouse have used that tool in our practices
and have had patients that have had tremendous
results because of it.

According to the participant, the couple had heard a speaker
giving a presentation on this mHealth tool at a continuing
medical education event, and also noted the following:

...it wasn’t driving patients to alter drug therapy; it
was a way to track, record, and provide feedback. So,
it was just a great way to engage patients. My spouse
and I started using it, and then started recommending
it to patients.

Although the participants did note limitations and that it is not
a one size fits all approach, they described notable successes
and a positive outlook on the technology and its use in patient
care:

Does it help everybody? No. But a much higher
percentage of patients had a positive change as a
result of using that, than I ever saw had a positive
change by me speaking with them and giving them a
pamphlet to take home. It gave them something
actionable, something that they had to report into.
And when they would come back in, they would
actually pull it up on their smartphones. We could
kind of walk through and I could see they were

actually doing it and we were seeing the results, in
terms of what their numbers looked like.

This participant compared the data collection with a patient’s
home blood sugar monitoring:

I don’t go through all of those [data], I look at their
average or I look at a range and say their blood sugar
over the past two weeks ranged from fasting morning
sugars of 100 up to 150 and I record things more
globally that way.

Although noting that he/she does put some of the
patient-reported data into the EMR, he/she did prefer to have
some type of automatic feed.

Clinicians’ Perceived Barriers Category 1: Personal
(Clinician)
This category was established as a division of themes relating
back to the clinician’s personal barriers and not necessarily
influenced by the organization or the patient. Of the 3 categories,
this category yielded the smallest number of responses.

Personal/Clinician: Familiarity With Mobile Health Options

Although a majority of the participants reported engagement
with mHealth on a personal level, a lack of familiarity with
appropriate and effective clinical apps of mHealth apps and
technologies was common. This also was the leader in the top
three barriers question, with 23% of all possible answers being
familiarity. In addition, 66.6% (2/3) of consultations also
reported this barrier, including one who stated that “taking the
time to learn about what apps might be useful” is a challenge
for them.

Unless they were a personal adopter, mHealth technologies
were not something these clinicians were actively looking for,
including trying to find new tools that might help with their
clinical practice. Of those that were not currently using mHealth
or WAM technologies with patients (46.1%), familiarity was
one of the biggest barriers. One clinician was quoted saying:

How do you learn about it? To me that’s a barrier.
It’s a time issue. I’m not going to spend my free time
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looking for it. And if the clinic doesn’t offer it to me
I’m probably not going to learn a lot about it. If
someone put on a continuing education course on
mobile apps that you can use with your patients, I
would probably go, but I have never seen one. There’s
never been one offered here. I’m not sitting around
at my desk a lot in my medical practice doing nothing,
where I would have time to look these things up.

Clinicians’ Perceived Barriers Category 2: Patient
One clinician who spoke at length about patient barriers was
also an adopter of mHealth and frequently promoted the use of
several technologies with her patients. The majority of the
patient barriers she identified during the interview were based
on experience, not speculation. Those barriers are described in
this section, although these barriers were not highlighted across
all interviews or specialties. The data are not exclusively
described in a way in which the patient barriers are assumptions
based on speculation of the clinician or based on actual attempts
to implement mHealth technologies. The results described here
are a mix of both.

Patient: Affordability

Patient affordability emerged early on but was limited, and it
was mentioned only once in the top three barriers of clinicians’
question, although it was discussed during 2 other interviews
as a potential barrier. Affordability does not appear to hold a
strong argument for barriers to adoption. An assumption is that
this was likely a more significant barrier 5 to 10 years ago as
the mobile phone adoption rates were just starting to climb.

Patient: Willingness and Adherence

Coded as a patient acceptance response to the top three barriers
question, the willingness and adherence of patients were
discussed with 2 participants. One of those participants did use
mHealth technologies with his/her patients, but he/she also saw
a unique patient population not representative of the whole
patient population. Although, as noted above, the specialty is
omitted to protect the identity of the participant, in this case,
further research with regard to barriers related specifically to
the participants’ specialty is warranted.

Patient: Access and Connectivity

Access and connectivity was a barrier identified on 10% of the
responses to the top three barriers question. It also emerged
throughout the interviews. Although conversations touched on
this topic at some point, it was not always in a way that access
and connectivity were viewed as barriers. For example, one
participant talked about access and connectivity as a barrier
when they had first started to promote MyFitnessPal with
patients. This was, in part, because many of the patients still
had flip phones at the time and were encouraged to use their
home computer to keep track of activity. Use of home computers
had limited success. However, since the increased adoption of
mobile phones among that participant’s patient population, the
participant has seen this particular theme of access and
connectivity fade as a barrier. Others also noted that access and
connectivity is no longer a hurdle because cell coverage is so
well spread across Marshfield Clinic’s service area.

Clinicians’ Perceived Barriers Category 3:
Organizational

Organizational: Limited Time and Existing Knowledge

All 3 consultations noted time limitation as a barrier to
understanding, locating, evaluating, or implementing mHealth
technologies with patients. Time also accounted for 15.3% of
the responses to the top three barriers question. Clinicians,
particularly physicians, have tight schedules with very limited
time for continuing education, research, or exploration into new
technologies. One participant was concerned about the potential
time sink that an app, which facilitates patient-to-physician
interaction, might impose. When asked what he thought other
clinicians’ barriers might be, he said:

Once I’ve initiated the use of the app, will I be
overwhelmed by the amount of information that’s
provided to me? More than I can handle, and at times
disappoint the expectations of my patients because I
can’t? You know, they’re emailing me or texting me,
or doing whatever it is that this app is going to do,
and I don’t have time to respond to all may patients
who are using the app. That’s another potential
barrier I think.

Organizational: Uniformity

A lack of uniformity across clinicians and departments emerged
from the interviews. Uniformity in this context is described as
a common and guided practice among different clinicians to
use similar mHealth tools. Clinicians who commented on
uniformity noted that it should be considered in any type of
organizational model moving forward. Several participants
noted they did not have any type of departmental process in
place but felt they would benefit from some type of uniformity
or common footing. This concept links closely with the next
section, which more specifically defines an organizational piece
that is missing.

Organizational: Lack of Policy/Direction

The tone of the interviews highlighted a number of different
concepts and ideas that were not necessarily identified in the
participants’ top three barriers. Lack of policy/direction
emerged from every interview and consultation as a point of
discussion. Although when asked the question of top three
barriers, only 23% mentioned this as a top barrier. If asked,
none of the participants were aware of a policy or specific
process, either departmental or organizational, in regard to the
review or screening of a new mHealth technology that a clinician
would like to put into practice with his/her patients. As it stands,
those that are currently encouraging patient use of some type
of mHealth technology have done so with no authoritative
oversight other than their own or sometimes peer
recommendation and review. Nevertheless, of all the
technologies mentioned, the majority were health and fitness
related (eg, MyFitnessPal and Fitbit), with others that were more
specialty focused (data omitted to protect participant
anonymity).

Clinicians also discussed additional challenges of understanding
organizational policy and procedures, especially regarding
instances where precedence has not already been established.
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One conversation that followed a question regarding the process
for integrating a new mobile technology led to one clinician
stating that:

I came here and I now understand Dilbert cartoons,
because you can’t just do it. In fact, in my first year
I innocently tried to do a few things and got my hand
slapped because I was going outside of channels and
I didn’t even know channels existed yet and that
wasn’t mHealth sorts of things, but other things.

The participant did note that this was in regard to another type
of issue, not mHealth, but still held weighted and influenced
the subjects’ perception of approval processes. Another
participant noted that the act of “trying to get all the different
people on board, and even knowing who to ask sometimes, is
really difficult.”

In the absence of a formal written policy, the policy section can
be further broken down into the following sections: (1)
information systems security and related policies, (2) legal
concerns with liabilities, and (3) app quality and patient safety.
Surprisingly, none of these 3 sections were discussed by
participants with any significance. Policy was discussed from
an organizational direction perspective. Security was discussed,
but from a patient data and patient privacy perspective, and
legal concerns and liabilities were discussed and are further
noted below. There were just 2 mentions of app/WAM quality,
which are mentioned later in the paper, and there was no
discussion about patient safety.

Organizational: Health Insurance Portability and
Accountability Act/Protected Health Information

Responses that were combined into this code included HIPAA,
PHI, privacy, security, confidentiality, and patient privacy.
Clinicians were outspoken about this as a barrier to how they
practice or how they would like to practice medicine, with
10.2% of responses in the Top 3 barriers question. One clinician
noted that “HIPAA turns out to be a barrier, because everyone
is so afraid of messing it up,” and another clinician referred to
the general concept as “HIPAA-phobia” and often a prohibitive
element within the health care industry. Another participant
referred to HIPAA regulations as “very confusing and difficult
to interpret.”

Organizational: Data and the Electronic Medical Record

Almost all the interviews and consultations voiced their desire
to integrate patient-reported data into the EMR. Clinicians also
noted that the current system would not be able to handle it in
an efficient way. None of the participants commented in detail
on the constraints and technological challenges of mapping

patient-reported data to clinical systems or how best to store
that data for later retrieval and how it would be used with
clinical decision support. In summary, clinicians are already
using that data and would like to have them somehow integrated
into the EMR.

When talking with one of the participants about the current
Cattails MD and My Marshfield Clinic System that is used at
MCHS, the clinician was quoted saying:

We have to learn how to leverage tools like that, in
concert with some of these apps and other things, to
say how can we exchange information out of your
Fitbit that helps connect your care team with how
you’re doing? Are you getting your steps every day?
Are you on track with your caloric intake and all of
that stuff? So, I think there’s some opportunity to
marry those through a tool like the Portal.

Another participant who was interested in using that data noted
he/she often would make a note of using the MyFitnessPal with
the patient, but there is no structured or uniform method of
capturing such data. When asked about the process of recording
it, the clinician noted that he/she did not transfer detailed data
such as weights, steps, and activities, “mostly because it’s just
an onerous task to transcribe those over.”

Organizational: Legal and Liability

Legal refers to the Legal Department within the organization.
As just a code, legal/liability holds little meaning and could be
easily linked to a clinician barrier, as personal liability or
malpractice; that particular linkage was only identified as a
barrier during the interviews once. One clinician noted that
“some are afraid that by recommending something, if anything
ever went wrong, that they would somehow be personally
liable.” Meanwhile, the linkage between the organization and
legal/liability was more frequent.

All 3 consultations noted specific organizational constraints in
regard to using mHealth apps and technologies with patients.
Of the 3 consultations, 2 cited legal as one of the barriers in
trying to get an organizational decision. One of the consultations
suggested departmental consensus and recommendations as a
way to move new techniques through legal and into practice.

Thematic Map
Figure 2 displays the coded responses of the top barriers
identified throughout the interview process as well as the
thematic placement in identified categories of personal, patients,
and organizational.
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Figure 2. Thematic map of clinician-identified barriers. EMR: electronic medical record; HIPAA/PHI: Health Insurance Portability and Accountability
Act/Protected Health Information; mHealth: mobile health.

Mobile Health Readiness Model Refinement
The original model of mHealth readiness was based on a study
by Khatun et al [24]. As the refinement process began, 3 pillars
and primary dimensions of readiness were formed:
technological, motivational, and clinician. Technological is
primarily the technical ability for the clinician and his/her
patients to be able to connect and engage with an mHealth app.
Both would need to have a device (eg, mobile phone or tablet),
connectivity (home for patients, office/examination room for
clinicians) through mobile broadband, and/or connectivity
through broadband (eg, Wi-Fi). This study did not seek to assess
the connectivity and overall readiness of the patients, just the

perceived patient readiness in the opinion of clinicians.
Motivational refers to the willingness of clinicians to engage
with patients in mHealth. Clinician and organizational readiness
are the key areas of inquiry for this project; thus, the refinement
began.

As the interviews unveiled thematic linkages between codes
and categories, the framework refinements began to take shape
as the model displayed in Figure 3. The technological pillar was
eliminated early, as the data showed this is a very small barrier,
if at all. The motivational barrier was also eliminated from the
framework once enough data showed that clinicians who
participated in this study were adopters themselves and
promoters of mHealth technologies with patients.

Figure 3. Conceptual model for assessing necessary conditions for rural health care’s mHealth readiness, with an emphasis on clinician-perceived
barriers. EMR: electronic medical record; HIPAA/PHI: Health Insurance Portability and Accountability Act/Protected Health Information; mHealth:
mobile health.
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This is a framework that has not yet been tested. The model
should be used with the assumption that patients and clinicians
are already motivated and that technology is not a barrier to
adoption. As both those pillars were eliminated from the original
model, they are not to be included in assessments using the new
model.

The coded barriers form a basis of decision making and
readiness for each of the 3 categorical pillars, now labeled as
clinician, patient, and organizational. These 3 primary
dimensions have been defined as pinnacle and foundational
elements of assessing overall readiness to adopt mHealth in
patient care. The double-wide arrows represent an informational
flow from organization to clinician to patient and back to the
organization in the form of feedback and patient experience.
This framework was developed for MCHS specifically and for
other health care organizations generally.

There is an arrow connecting time from the clinician and the
organizational categories. This represents a unique barrier that
can be placed in either or both of the categories. For example,
the clinician’s time was a clear barrier to adoption, but it is not
known if that is an organizational barrier related to not enough
time allowed in the schedules for research/education. The other
complexity is that time and priority are potential barriers for
the organization itself. Owing to the current cultural climate
and the competitive expansion into new markets, including the
acquisition of a hospital and its thousands of staff members, the
organizational priority and available administrative time to
dedicate to mHealth may be limited.

Although created based on international work, the model may
not be as easily adaptable to international health care
organizations. It could possibly serve as a framework, but it
would have to be thoroughly tested, as there is so much variation
in external variables and the potential for different barriers in
each organization, region, or country.

Discussion

Principal Findings
This project sought to understand the barriers to adoption, with
a strong assumption that some innovative clinicians were already
using mHealth tools with rural patients. This assumption was
confirmed during the interview process, and in fact, an even
higher rate of adoption was found than anticipated. The small
sample size of our study is not statistically significant, and it is
likely not representative of the entire MCHS clinician body.
Nevertheless, our results strongly suggest that health care
organizations should consider investing in mHealth analysis,
tool development, and the promotion/recommendation of
sanctioned tools for clinicians to use with their patients.

Many studies have investigated effectiveness and progress of
mHealth adoption, particularly in developing and low-income
countries [25-29]. Yet, much work remains to be done in the
United States, particularly among rural health care organizations,
which is a rapidly changing landscape as mergers, acquisitions,
and hospital closures have shaken up the industry in recent
decades [30,31].

Organizational mHealth readiness depends on a number of
factors, not all of them addressed in this study. However, the
readiness of clinicians was identified, as well as barriers
preventing them from furthering their mHealth practices. A
follow-on study could help to ascertain the perceived relative
importance of the barriers identified. For example, it will be
useful to discover whether time and familiarity fall under
personal/clinician or under organizational category. It could be
argued that the organization is responsible for the education,
training, and communication about new technologies for its
physicians and staff. It could as well be argued that the clinician
is responsible for keeping abreast of new opportunities,
including mHealth, for improving patient care.

One of the initial consultation interviews was with a participant
who was very interested in the project and what our team might
learn about mHealth adoption. Near the end of the interview,
the author described more about some of what researchers and
clinicians have been using, as described in the literature. The
participant was very interested, saying, “you’ve been holding
that back this whole time?” The interview schedule, as described
earlier, was semistructured. Later in the interview process, as
in this case, there was often additional discussion about what
falls within the realm of mHealth and what some clinicians and
organizations have had success with, as available in the scientific
literature. The clinician also said, “these are things that we
should start talking about as a group, immediately. These are
inspiring.”

The same clinician continued to describe some of the
possibilities where mHealth would be useful. The clinician then
added, “I think about maybe kids that are in that tween to
teenager years that are having challenges to get more active and
curb their weight, lose weight, do something like that. I’m
inspired; I think I should start something like this. That would
be great.” The author had not planned on discussing mHealth
as a way to influence the participant in any way. The tone of
any information was neutral, as much as possible, so as to not
persuade or motivate the participant to consider mHealth
technologies. Limitations, challenges, and barriers were
discussed, as well as some of the interventions in the literature.
This particular physician’s reaction is another example that
suggests health care organizations should consider investing in
mHealth adoption.

Other interviews yielded similar results and further showed that
the organization is not yet prepared for innovative clinicians.
mHealth as a tool for improving patient outcomes is already
being embraced by some, and others may be very interested in
its potential. One clinician’s perceived value was described as
the time between visits, which is otherwise unmonitored and
loosely reported with unknown accuracy during the next
appointment. That clinician commented:

Where I see the real value, is in between visits. So, I
may only see a patient with diabetes every 6 months
or see a patient with high cholesterol once a year.
So, you might cue them in to My Fitness Pal and talk
about lifestyle modifications. But do I bring them back
in two months specifically to say, are you using your
app? No. If there’s no clinical reason to bring them
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back and it’s just preventative care, you might not
see that person for a year. But if that was then
connected and you have the ability to make that link
you could actually have some tracking of patients’
in-between time and provide some positive
reinforcements. So let’s say the patient starts using
a tool like My Fitness Pal and they hit a ten pound
weight loss. Well, that would be great if that could
somehow trigger onto my worklist so that our practice
could do an outbound communication to that person
as a “thumbs up” you hit the ten pound weight loss!
That’s awesome! Let us know how we can help. Let
people know that you’re involved in their care and
you’re recognizing and applauding them for their
efforts and helping to fuel the fire.

Although there are some risks that would need to be managed
and mitigated, if organizations were prepared to manage
mHealth, it is very likely that clinicians could improve the
quality of care for their patients. Our preliminary results suggest
that many physicians may see such benefits of mHealth
technologies. However, many organizations, including MCHS,
are not yet prepared to prescribe or prohibit the use of mHealth
technologies. Having said that, there are some recommendations
that come from this study, particularly the formation and
promotion of a Resource menu. Those details are further
described in the section Unexpected Outcomes.

Unexpected Outcomes
The project yielded a number of unexpected outcomes from the
interviews. These outcomes suggest potential future projects as
well as immediately practical actions to take based on
recommendations from the participants in this study. Outcomes
are also discussed in the section below.

Mobile Health Resource Menu
Participants showed a desire for guidance and instruction,
especially with regard to recommendations on what to use with
patients, what others are having success with, and what has
positively affected patient outcomes. Several participants noted
that a seminar, webinar, or presentation on mHealth apps would
be helpful, and they would attend. Participants were interested
in a menu that offers the organization’s recommended mobile
apps or technologies. One of the participant’s responses
included:

I would love to have some sort of databank of vetted
apps that we could recommend for our patients,
without each and every one of us just playing around
and trying to figure it out for ourselves. To say that,
if you’re going to motivate patients for weight loss,
here are some good apps that have been looked at by
the organization, are as free of bias as you can be,
and safe. I know there has been some discussion, and
once in a while I hear bits and pieces, but I don’t
think there’s anything formal in place.

After several subjects requested this type of document during
interviews, it was added to the schedule as a question for others.
Of those who were asked if they would be interested in seeing

such a list, all the participants said they would. One was quoted
saying:

I think having some of that stuff sanctioned and
clarified for our providers who are generally mystified
by all of this, because most of them only know what
they’ve taken initiative to learn on their own. And as
an organization, I think we can do a lot better job of
steerage and helping people to go through those
thousands of different options and say here’s what
we consider to be the cream of the crop. And give
providers, and maybe even patients, a library of things
that they could go to that might be helpful for them.

Although app and technology quality never arose as a solidified
theme, some clinicians hinted to it in ways such as this
participant’s comment:

I don’t think we want to promote an app that is a
30-day grapefruit diet. So who’s going to vet all that
stuff when the world of apps is just exploding. I think
it’s a real issue for us.

A quality review of mHealth technologies certainly needs to be
a part of any type of formal vetting and recommendation
process.

Accuracy and Honesty in the Data
The honesty of participants is often critiqued in qualitative
research, questioning the integrity of participant responses, and
thus the data. This study was able to eliminate some of that
critique through the context that bookended said responses.
Participants were honest about experiences that they would have
been behooved to lie about. For example, the use of
unsanctioned apps and technologies in patient care was
described at length by clinicians who knowingly were practicing
outside the purview of higher authority, guidance, or direction.
Therefore, it seems as though all participants were providing
candid responses.

Limitations
Clinicians noted they were using various mHealth technologies
with patients, and they also expressed excitement of those
interventions’ results. Several examples were intentionally
omitted from this paper because of the possibility of identifying
participants through their clinical specialty and the specificity
of the mHealth apps being used with patients. Multiple
institutions and a broader geographic reach for participant
recruitment would be ideal. Not only would data be more
representative of the population, we would also more
descriptively report the findings. Specifically, we could have
described participants’ clinical specialties and the unique
technologies and apps that are being used therein. Those
identifiers were stricken from this paper.

Sample Size and Time of Clinicians
Recruitment was a challenge, as is often the case in health care
research [32]. Clinicians, particularly physicians, have a
demanding schedule and are often tasked with seeing as many
patients as possible throughout their workday. Even the
nonphysician staff who were contacted (eg, physical therapists,
clinical psychologists, and nurse practitioners) were either
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nonresponsive or not able to accommodate a 45-min to 1-hour
interview. Those who did participate were interested in
shortening it during the scheduling process. Several interviews
were interrupted for a patient care issue that needed to be
addressed, but they were reconvened minutes later. The only
participants who were not interrupted had dedicated research
time as part of their contract, were currently traveling, or were
meeting at the end of their workday.

Conclusions
Mobile technologies are not often restricted by geographic
boundaries or distance, traffic conditions, or weather. On the
basis of these factors alone, rural populations may have more
to gain through the use of these technologies. Beyond rural, the
application of these technologies may also be critical to other
populations, such as parents with two jobs who have a difficult
time taking vacation for appointments.

Research needs to further assess organizational/administrative
perceptions, which may include interview with legal teams and
decision-making administrative leaders of health care
organizations. What has been found through this research and
a review of the literature is that clinicians are interested in or
already using mHealth technologies with patients. In addition,
patients are interested in or already using mHealth technologies,
and some research has shown positive outcomes from mHealth
interventions. Meanwhile, health care organizations have not
yet actively embraced or supported its use. Organizational
leadership should review these studies and the results so that
they can make more informed decisions to proceed with
formalized and sanctioned adoption of secure and safe
evidence-based mHealth tools. Removing the identified barriers
is necessary for adoption, but not sufficient for successful
implementation or readiness.
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Abstract

Background: Advances in experimental psychology have led to a better understanding of unconscious, automatic processes
that result in individuals relapsing into their substance-using habits. While some reviews have demonstrated the effectiveness of
bias retraining of these unconscious biases, there have been other reviews that have highlighted that bias retraining is not always
effective. Other studies have revealed there was no baseline biases among some participants. An examination of mobile bias
retraining interventions has also revealed mixed results, with some reporting effectiveness and others null findings. A recent
feasibility and acceptability study, done by the authors, revealed that 53% of participants have had no baseline biases and 21%
of those with positive baseline biases did not have a positive change in magnitude following intervention.

Objective: The aim of this paper was to explore potential variables (demographic and clinical) that could account for the negative
baseline biases in the prior feasibility and acceptability study, and to discuss some of the factors that could account for the absence
of baseline biases. We also explored potential reasons for why there was no reduction in the magnitude of attentional biases
among individuals with baseline biases.

Methods: Participants who were in the rehabilitation phase of their treatment were invited to participate. During the study they
had to complete a set of baseline questionnaires, and on each day that they were on the ward they had to complete an attention
bias assessment and modification task and rate their cravings using a visual analogue scale. Attention bias was deemed to be
present if individuals had a positive score.

Results: In our study, 53% (16/30) of individuals did not present with baseline attentional biases, and among those with positive
baseline biases a total of 21% (3/14) of participants did not have a reduction in the overall magnitude of attentional biases.
Chi-square analyses undertaken to compare the demographic characteristics of participants with and without baseline biases did
not reveal any significant findings. However, with respect to clinical characteristics, those who had positive baseline biases had
experimented with more substances.

Conclusions: Our study is one of the first to have explored negative findings in attention bias modification interventions for
individuals with addictive disorders. We postulate that several factors could account for the absence of baseline biases and there
being no changes following bias retraining. Future research ought to take into consideration these factors.

(JMIR Mhealth Uhealth 2019;7(11):e16325)   doi:10.2196/16325
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Introduction

Advances in experimental psychology over the years have led
to a better understanding of unconscious, automatic processes
[1] that result in individuals relapsing into their substance-using
habits. Such processes include attentional biases and approach
biases. Attentional biases refer to the automatic tendencies for
attention to be preferentially allocated towards substance-related
stimuli [2], whereas approach biases refer to the automated
tendencies that result in individuals reaching out for substance
stimuli [3]. The dual-process theoretical model explains that
automatic biases develop as the chronic use of a substance
results in increased automatic processing of the substance cue,
with a resultant inhibition in the normal conscious cognitive
control processes [4]. Tasks, such as the visual probe task and
the Stroop task, are used in the assessment and modification of
these automatic biases. The effectiveness of bias modification
has been extensively evaluated. In a previous review, which
considered studies involving participants with alcohol and
tobacco use problems, bias modification interventions were
deemed to be effective with a moderate effect size [5]. In a
recent review from Heitman et al [6], they reported that only
10 of the identified 18 studies provided evidence for symptom
change and effectiveness of attention bias modification. Of these
18 studies, 9 were focused on alcohol use, 6 were on nicotine
use, and 3 were on opiate use [6]. Overall, the review found
that multi-session interventions were more effective, especially
for those who had adopted the alcohol attention control program
[5].

Conventionally, attention bias modification interventions have
been delivered in the laboratory, but advances in electronic and
mobile health technologies have transformed the delivery of
these interventions [7]. Zhang et al [8], in a review of a mobile
cognitive bias intervention, reported that there had been at least
7 studies reporting that using the intervention with new
technologies was more effective. However, one study (Robinson
et al [9]) examining attention bias modification among smokers
reported bias training to be ineffective, as the mobile
intervention did not produce any changes in attentional biases.
Similarly, Zhu et al [10], in their study examining the
effectiveness of a mobile-based, computerized, cognitive
addiction–therapy intervention, reported that their intervention
led to no reduction in overall attention biases despite there being
improvements in cognitive impairment and impulse control. In
our recently published feasibility and acceptability study of a
mobile attention bias intervention for inpatients with various
addictive disorders (alcohol, opioids, cannabis, or stimulants)
[11], we found that 16/30 participants (53%) did not have
baseline attentional biases. Among those with baseline biases,
attentional retraining did reduce the magnitude of the biases in
all but three of the participants [11].

Negative findings are common in attention bias modification
interventions. Negative findings are found in two contexts: at
baseline assessment where there is an absence of biases, and
when bias retraining fails to reduce the magnitude of attentional
biases. Negative findings (the absence of effectiveness of bias
modification) were highlighted in Heitman et al’s [6] review of
the effectiveness of bias retraining for individuals with opioid

use disorders. Sharpe [12], in his commentary, highlighted a
recent study involving attention bias modification for pain in
children which also had negative findings. In this study [13],
participants did not present with baseline biases. One of the
factors that Sharpe [12] highlighted was that the experimental
procedure was not appropriate for children, and prior
meta-analysis has highlighted the need to present stimulus of
longer presentation rates [14] for these biases to be detected.
Factors like the quantity and frequency of substance use and
cravings could also affect the magnitude of attentional biases
[15].

In our prior feasibility and acceptability study, there were at
least 53% (16/30) of individuals who did not present with
baseline biases, and of the participants with baseline biases,
21% (3/14) did not have a reduction of biases following bias
intervention [10]. Thus, the aim of this paper is to explore
potential variables (demographic and clinical) that could account
for negative baseline biases, and to discuss some of the factors
that could account for the absence of baseline biases. We also
explored potential reasons for there to be no reduction in the
magnitude of attentional biases among individuals with baseline
biases. An exploration of these negative findings is pertinent,
as it has a consequential implication on future attention bias
research.

Methods

Overview
The methods for this study have been previously published as
a study protocol [16] and in Zhang’s published feasibility and
acceptability study [11]. Participants, who were in the
rehabilitation phase of their treatment program at the National
Addictions Management Service, Institute of Mental Health,
were invited to participate. Participants who agreed to participate
completed an informed consent form. The minimum recruitment
target for the study was set at 30 participants.

Ethical Approval
This study has been approved by the National Healthcare
Group’s Domain Specific Research Board with the following
reference number (2018/00316) on May 2, 2018.

Inclusion and Exclusion Criteria
Patients were included in the study if they were aged between
21-65 years old, were diagnosed with a primary psychiatric
disorder of alcohol, opioid, cannabis, stimulants, or
polysubstance dependence, were diagnosed with polysubstance
dependence, with alcohol, opioid, cannabis or stimulants as the
main substance of use, were able to read and write in English,
and were capable of using a smartphone or tablet device. Patients
were excluded from the study if they had a known history of
cognitive impairment or dementia, if they had a history of
seizures or a prior history of withdrawal seizures, if they had a
history of migraines triggered by flashing lights, and if they had
any moderate to severe comorbid psychiatric disorders based
on clinical assessment.
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Measures
Upon recruitment into the study, baseline demographic and
clinical information were acquired from the participants,
including: nationality, gender, marital status, race, religion,
highest level of education, housing conditions, current substance
use, previous treatment history, chronic diseases (psychiatric
or physical disorders), and any current psychiatric medication
use. Participants also completed the modified Addiction Severity
Index (ASI)–Lite, the Severity of Drug Dependence Scale
(SDS), and the Short Form (SF-12) questionnaires. The ASI-Lite
collects information about the participants’ drug and alcohol
use. All participants were asked about their alcohol and
substance use in the last 30 days, in the last last month, and over
their lifetime. The SDS questionnaire has 5 questions, all of
which are focused on the psychological components of
dependence. The SF-12 assessed the participants’ self-reported
quality of life.

Upon the completion of these questionnaires, participants were
oriented on how they should use the application. On the first
day of the intervention, participants were required to undertake
an assessment task, then an intervention task, and then rest for
15 minutes before completing another assessment task. On the
subsequent days of the intervention, participants were asked to
complete an intervention task and then rest for 10 minutes before
completing the assessment task. All participants were also asked
to complete a visual-analogue craving scale before and upon
the completion of each of the bias modification tasks.
Participants were to undertake the tasks only if it was a weekday
and were exempted from undertaking these tasks on weekends
or public holidays.

In the assessment task, participants were presented with a central
fixation cross for 500 milliseconds. Following the disappearance
of the fixation cross, they were presented with a set of images,
with one image being a substance image and the other a neutral
image. The images would then disappear, and a probe would
replace the position of one of these images. Participants were
instructed to indicate the position of the probe by pressing on
buttons within the application as rapidly as they could. In the
assessment task, the probe would replace the substance-related
image and the neutral image equally. In the intervention task,
the probe would always replace the neutral image for the
successful retraining of the attentional processes.

Statistical Analyses
Data collated was analyzed using SPSS Version 22 (IBM Corp,
Armonk, New York, United States). Baseline demographic
information of the subjects was summarized using descriptive
statistics. The presence of attentional biases was determined
based on the mean reaction times taken to respond to the position
of the probes that replaced either the drug or neutral stimuli.
The formula used for the computation of attentional biases was

, where T1 refers to the time for probes that replaced the

neutral stimulus, n1 refers to the number of trials for probes
that replaced the neutral stimulus, T0 refers to the time for
probes that replaced the substance stimulus, and N0 refers to
the number of trials for probes that replaced the substance
stimulus. A chi-square test was conducted to compare the
demographic characteristics of those with and without baseline
attentional biases.

Results

Summary
40 participants were screened and invited to participate in the
study, of which 10 declined, thus leaving 30 who participated.
A total of 11 of these participants failed to complete all the
planned interventions, 10 of whom elected for premature
discharge from the ward and 1 who withdrew from the study
following the initial intervention. Table 1 (previously published
in Zhang et al’s feasibility and acceptability study) [11] provides
an overview of the baseline attention bias scores for each of the
participants and their change in scores across time.

Baseline Attentional Biases
It is evident from Table 1 that only 14/30 participants presented
with positive attentional biases at baseline. The remaining 16
participants did not have any underlying attentional biases.

Changes in Attentional Biases Over Time for
Individuals With Positive Baseline Biases
Among those with baseline attention biases, there was a general
decrease in their attentional bias scores from baseline till the
end of the intervention, except for three participants (numbers
8, 19, and 20). The changes in attentional biases scores ranged
from 12.0 to 409.5 milliseconds.

Participants with and without baseline attentional biases were
compared. Table 2 provides an overview of the baseline
demographic characteristics of participants with and without
attentional biases at baseline. The mean age of those with
positive baseline attention bias was 46.3 years old, while those
without attention bias had a mean age of 45.8 years. In terms
of substance use, among those with positive baseline attention
bias, 3 were diagnosed with alcohol use, 9 with opioid use, and
2 with stimulant use. Among those without baseline attention
bias, 3 were diagnosed with alcohol use, 8 with opioids use, 2
with cannabis use, and 3 with stimulant use. Most of the
participants were Singaporean. There was one female in the
positive group and three females in the negative group. Most
of the participants had a primary or secondary school education,
and most were unemployed. Physical disorders were more
common (43.8%) among those with negative baseline attention
bias. The mean scores for the severity of substance dependence
were comparable (10.93 for the positive group and 10.31 for
the negative group).
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Table 1. Overview of baseline attention bias scores and changes in scores over time.

Overall change in atten-
tional bias

Post fifth
session

Post fourth
session

Post third
session

Post second
session

Post first ses-
sion

Baseline

 

 DrugParticipant

17.013.3–23.69.336.370.630.3Stimulants001

10.7 (increased) — ——b–11.7–23.4–22.4Stimulants002a

14.0–7.34.1–11.3–28.9–3.66.7Stimulants003

12.0 —20.131.212.228.732.1Opioid004c

124.4 —–33.2–5.3–37.4–23.391.2Alcohol005c

130.4 —–31.5–9.714.533.498.9Opioid006c

22.9 (increased)–7.6–28.2–27.7–23.4–13.5–30.5Stimulants007

26.4 (increased) — — — —85.158.7Opioids008a

12.3 — — — —13.525.8Opioids009a

38.5–48.4–22.9–14.1–54.6–20.7–9.9Cannabis010

38.2 (increased)7.314.2–7.4–15.42.4–30.9Opioids011

53.1 — —–52.4–15.334.80.7Opioids012a

27.7–48.6–75.8 — —–12.3–20.9Alcohold013

409.4 –11.7–32.045.344.2397.7Alcohol014a

42.6–50.3–31.8–33.68.6–40.5–7.7Cannabis015

 — — — — — —–27.4Opioids016a

69.2 (increased)26.7–15.58.963.4–64.8–42.5Opioids017

37.1–9.2–104.6–22.63.2–17.827.9Opioids018

28.6 (increased)32.413.735.13.8Opioids019a

10.2 (increased)20.3–1.754.1105.29.410.1Opioids020

117.4107.0130.3176.773.361.5224.5Alcohol021

129.6 (increased)76.636.539.15.610.9–52.9Opioids022

77.7 (increased)41.335.974.845.018.0–36.4Opioids023

50.8 (increased) —33.93.81.4945.2–16.9Opioids024a

5.4 — — — —–82.5–77.1Opioids026a

13.6 (increased)–1.6–25.7–27.010.1–11.6–15.2Stimulants027

21.8 (increased)–11.6–15.6–10.9–48.3–29.4–33.3Alcohol028

69.6 (increased) — —28.220.6–18.0–41.4Alcohol029a

10.2–8.913.011.57.938.61.3Opioids030

151.6 — —–190.1–166.4–282.7–38.4Opioids031a

aParticipants who did not complete the study as they left the voluntary program.
bNot applicable.
cThere was a holiday during the assessment period and thus the maximum number of sessions completed was 4.
dDue to a technical issue, Participant 13 was not administered an assessment task following the second intervention so the participant took another
intervention task instead. Attentional bias assessment was performed only after the fourth session.
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Table 2. Baseline demographic characteristics (n=30).

Negative baseline attention bias (n=16)Positive baseline attention bias (n=14)Demographic characteristics

45.8 (10.7)46.3 (12.7)Age (years), mean (SD)

Substance use, n (%)

3 (19)3 (21)Alcohol

8 (50)9 (64)Opioids

2 (13)0 (0)Cannabis

3 (19)2 (14)Stimulants

Nationality, n (%)

15 (94)12 (86)Singaporean

1 (6)2 (14)Others

Gender, n (%)

13 (81)13 (93)Male

3 (19)1 (7)Female

Race, n (%)

3 (19)4 (29)Chinese

7 (38)6 (43)Malay

6 (38)3 (21)Indian

1 (6)1 (7)Others

Education, n (%)

3 (19)4 (29)Primary education

9 (56)7 (50)Secondary education

4 (25)1 (8)Junior college or polytechnic/technical studies

0 (0)2 (14)Undergraduate studies

Employment, n (%)

13 (81)10 (71)Unemployed

2 (13)1 (8)Part-time employment

1 (6)3 (21)Full-time employment

Housing, n (%)

2 (13)4 (29)Homeless

4 (25)4 (29)1 room

0 (0)2 (14)2 rooms

2 (13)1 (7)3 rooms

7 (44)0 (0)4 rooms

0 (0)2 (14)5 rooms

1 (6)1 (7)Others

1 (6)2 (14)Psychiatric disorders, n (%)

7 (44)4 (29)Physical disorders, n (%)

10.31 (3.28)10.93 (3.33)Severity of substance dependence scores, mean (SD)

Using chi-square (χ2) analysis to compare the categorical
demographical variables amongst those with and without
baseline attentional biases, we found no significant differences

between the two groups with respect to nationality (χ2
1=0.536;

P=.46), gender (χ2
1=0.871; P=.35), substances (χ2

3=1.875;

P=.60), race (χ2
3=1.014; P=.80), education status (χ2

3=4.078;

P=.25), employment (χ2
2=1.598; P=.45),

accommodation/housing (χ2
6=11.92; P=.06), psychiatric
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diagnoses (χ2
1=0.536; P=.46) and physical diagnosis (χ2

1=1.916;
P=.38).

Table 3 and Table 4 provide an overview of participants with
and without baseline attentional biases and their reported drug
use, recorded on the modified ASI-Lite questionnaire. As
evident from Table 2, Table 3, and Table 4, both the two

participants with cannabis use disorder did not present with any
baseline attentional biases. Most of the participants had started
using their substance of abuse at a young age, and most of them
were using daily prior to admission. Individuals in the group
with positive baseline attention bias had experimented with
more substances, as compared to individuals in the group
without baseline attention bias.

Table 3. Substance use history of participants with positive baseline attention bias.

Frequency prior to
admission

Age of problematic
use

Age of onsetDrug historyCurrent drugBaseline biasAgeParticipant

Daily (1-2 grams,
once per day)

4545Polysubstance (9)aStimulants30.346001

Daily (0.5 grams,
once per day)

3131Polysubstance (7)Stimulants6.735003

Daily (30-40 mL,
1-2 times per day)

1714Polysubstance (12)Opioids32.146004

Daily (750 mL, 2-
3 times per day)

2120Alcohol (1)Alcohol91.226005

Daily (2 Straws,
once daily)

2220Polysubstance (11)Opioids98.964006

Daily (1 Straw, 2
times daily)

1313Polysubstance (4)Opioids58.760008

Daily (1.5 straws,
6 times daily)

1917Polysubstance (5)Opioids25.828009

Daily (5 tablets, 5
times daily)

2518Polysubstance (5)Opioids0.728012

Daily (3 tall cans,
2 times daily)

2713Polysubstance (5)Alcohol397.761014

*Patient did not fill
up

3434Polysubstance (5)Opioids27.954018

Daily (90 mL, once
per day)

4040Polysubstance (3)Opioids3.857019

Daily (1 straw, 3
times daily)

2323Polysubstance (4)Opioids10.145020

Daily (8 cans, once
daily)

5015Alcohol & tobacco (2)Alcohol224.550021

Daily (4 Straws, 4
times daily)

1616Polysubstance (3)Opioids1.348030

a(n): This refers to the total number of substances the individual has experimented with.
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Table 4. Substance use history of participants with negative baseline attention bias

Frequency prior to
admission

Age of problematic
use

Age of onsetDrug historyCurrent drugBaseline biasAgeParticipant

Daily (Unknown
quantity, 6 times
daily)

4038Polysubstance (4)aStimulants–22.444002

Daily (0.3 grams,
5 times daily)

3029Polysubstance (3)Stimulants–30.532007

Daily (2 joints
once per day)

5959Polysubstance (5)Cannabis–9.959010

Daily (4 straws, 4
times per day)

2424Polysubstance (3)Opioids–30.950011

Daily (3-4 bottles,
3 times per day)

1818Alcohol and tobacco
(2)

Alcohol–20.942013

Daily (1 joint, 20
times per day)

5757Polysubstance (7)Cannabis–7.757015

Daily (1 joint, 6-7
times per day)

1717Polysubstance (6)Opioids–27.447016

Daily (0.5 straws,
3 times per day)

1716Polysubstance (4)Opioids–42.563017

Daily (2 straws, 2
times per day)

1716Polysubstance (6)Opioids–52.943022

Daily (3 straws, 10
times per day)

1615Polysubstance (6)Opioids–36.454023

Daily (7 straws, 4
times per day)

2117Tobacco & heroin (2)Opioids–16.946024

Daily (1 straw, 2
times per day)

2817Tobacco & heroin (2)Opioids–77.157026

Daily (0.3 grams
throughout the
day)

2517Polysubstance (9)Stimulants–15.231027

Daily (750 mL, 16-
18 times per day)

2817Alcohol and tobacco
(2)

Alcohol–33.344028

Daily (9-10 cans, 9
times per day)

3014Polysubstance (3)Alcohol–41.439029

Daily (1 straw, 2
times per day)

2020Polysubstance (8)Opioids–38.425031

a(n): This refers to the total number of substances the individual has experimented with.

Discussion

Primary Findings
We are unaware of any other study that has examined negative
findings in attention bias modification intervention for
individuals with addictive disorders. In our study, 53% (16/30)
of individuals did not present with baseline attentional biases,
and among those with positive baseline biases, 21% (3/14) of
participants did not have a reduction in the overall magnitude
of attentional biases. Chi-square analyses undertaken to compare
the demographic characteristics of participants with and without
baseline biases did not reveal any significant findings. However,
with respect to clinical characteristics, those who had positive
baseline biases had experimented with more substances. We
postulate that there are four factors that could account for the
absence of baseline biases: the period of abstinence, the images

used in the mobile application, the stimulus timings, and the
clinical characteristics of the participants. With regards to the
lack of retraining effects, we theorize that this might be due to
practice effects or to the novelty of the other neutral stimulus.

The lack of baseline biases we observed may be due firstly to
the fact that our participants had received treatment and had
been abstinent for at least seven days prior to being recruited
into the study. This period of abstinence might have affected
their baseline attentional biases. In most of the published studies
[17,18], participants who had been recruited were in the
detoxification phase of treatment. In our study, participants
were considered for the intervention only upon the successful
completion of their detoxification program. Participants who
were in their detoxification phase were not recruited, as we
anticipated that them having withdrawal symptoms might affect
their ability to undertake the required interventions. The existing
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medication-assisted detoxification was highly effective in
ameliorating attentional biases among these participants.
Psychotropic medications prescribed in the acute detoxification
phase might have affected or reduced attentional biases.
Dopaminergic and serotonergic agents (such as antipsychotics
and antidepressants) could have reduced attention biases in the
acute phase, as highlighted in Zhang et al’s [19] prior review.
Some of these medications might have been used for
symptomatic relief of psychotic or affective symptoms in these
individuals during the withdrawal phase. Unfortunately, in this
current study we did not request ethical approval to extract
information from the medical records, and thus the association
between the prescription of medications and attentional biases
cannot be determined.

Secondly, the nature of the images/stimuli used in our
application may have contributed to a null finding at baseline
assessment. The images used in the application may not be good
representations of the substances participants were familiar
with, and thus did not manage to capture their attention. This
is in line with Field et al’s [20] report that one of the key factors
leading to the poor reliability of the visual probe task is that of
the nature of the stimulus used. Field et al [20] highlighted the
importance of personalization of the stimulus presented to the
participants, as it is postulated that a stimulus that is relevant
and identifiable to the participant could increase their baseline
attentional bias score and provide evidence of greater change
in the magnitude of attentional biases. Many of the images
included in the mobile application were extracted from the
internet via the United States Drug Enforcement Agency media
library. Fewer images came from Singapore’s Central Narcotics
Bureau’s website. It might be possible that the images included
do not approximate the real object and are not realistic enough
for participants.

Thirdly, as highlighted by Sharpe [12], the experimental
procedure that we used in our study might have affected the
detection of baseline biases, in regard to the duration of the
presentation of the images. In our study, we presented the
stimulus for 500 milliseconds, like most prior studies which
had evaluated the reliability of the visual probe task [21,22].
We are aware that there have been other studies, such as those
by Constantinou et al, Frankland et al, and two by Garland et
al [21-24], that have presented the stimulus for as little as 200
milliseconds to as long as 1500 to 2000 milliseconds. It has
been previously postulated in the literature that the short
stimulus interval helped in the evaluation of automatic
orientating tendencies, whereas the long stimulus interval helped
in the evaluation of controlled attentional processing. In some
of these previous studies [23-26], the stimulus was being
presented to individuals at both a short and long stimulus
interval. The fact that we had a fixed stimulus timing interval
of 500 milliseconds might have resulted in us not capturing

potentially controlled attentional processes, which might account
for individuals not having baseline biases. It is thus of
importance for there to be a review of stimulus timings that
have been previously used and to correlate the timings with the
effectiveness of bias detection and modification.

Lastly, with regards to the absence of baseline biases, Dean et
al’s [15] research has highlighted that clinical characteristics of
participants modulate their baseline attentional biases. In our
study, we did not manage to find any demographic variables
that could account for the differences among those with baseline
biases and those without. There were, however, more individuals
in the group with positive baseline biases that had previously
abused a larger quantity of substances. This observation is
congruent with previous research, which reported that the
frequency and quantity of drug use do moderate the magnitude
of the attentional biases. Field et al [21], in their previous study,
reported that there were more robust attentional biases among
individuals who were heavy drinkers when the alcohol images
were presented for 500 and 2000 milliseconds, respectively. In
another study by Noel et al [27], the authors reported that there
was an absence of attentional biases among those who were
abstinent from alcohol use. It is evident from these studies that
the amount of substance use affects the attentional biases, and
this should be an important consideration when planning for
future attention bias modification interventions for individuals
with addictive disorders since there may be individuals who are
abstinent and without baseline biases, so attention bias
modification might not be appropriate for them. It is important
that future studies consider evaluating individuals for baseline
biases before administration of bias modification.

Regarding the negative findings among those with positive
baseline attentional biases (ie, no impact of attentional
retraining), we postulate that the absence of effects could be
accounted for by practice effects. Thus, for some individuals,
over the course of the intervention they have learnt to focus
only on the position of the probe and not on the stimulus. There
is also the possibility that the neutral stimulus might have
appeared to be more novel and appealing to some individuals,
which lead to an increased focus on the neutral stimulus and a
resultant more rapid response in identifying probes that replace
the neutral stimulus.

Conclusions
Our study is one of the first to have explored negative findings
in attention bias modification interventions for individuals with
addictive disorders. We postulate that there could be several
factors that could account for the absence of baseline biases and
there being no changes following bias retraining. Future research
ought to take into consideration these factors, and it is especially
pertinent for clinical studies to evaluate for baseline bias prior
to administration of bias retraining interventions.
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Abstract

Background: Type 2 diabetes mellitus (T2DM) is a major public health burden. Self-management of diabetes including
maintaining a healthy lifestyle is essential for glycemic control and to prevent diabetes complications. Mobile-based health data
can play an important role in the forecasting of blood glucose levels for lifestyle management and control of T2DM.

Objective: The objective of this work was to dynamically forecast daily glucose levels in patients with T2DM based on their
daily mobile health lifestyle data including diet, physical activity, weight, and glucose level from the day before.

Methods: We used data from 10 T2DM patients who were overweight or obese in a behavioral lifestyle intervention using
mobile tools for daily monitoring of diet, physical activity, weight, and blood glucose over 6 months. We developed a deep
learning model based on long short-term memory–based recurrent neural networks to forecast the next-day glucose levels in
individual patients. The neural network used several layers of computational nodes to model how mobile health data (food intake
including consumed calories, fat, and carbohydrates; exercise; and weight) were progressing from one day to another from noisy
data.

Results: The model was validated based on a data set of 10 patients who had been monitored daily for over 6 months. The
proposed deep learning model demonstrated considerable accuracy in predicting the next day glucose level based on Clark Error
Grid and ±10% range of the actual values.

Conclusions: Using machine learning methodologies may leverage mobile health lifestyle data to develop effective individualized
prediction plans for T2DM management. However, predicting future glucose levels is challenging as glucose level is determined
by multiple factors. Future study with more rigorous study design is warranted to better predict future glucose levels for T2DM
management.

(JMIR Mhealth Uhealth 2019;7(11):e14452)   doi:10.2196/14452
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health lifestyle data

JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 11 |e14452 | p.75https://mhealth.jmir.org/2019/11/e14452
(page number not for citation purposes)

Faruqui et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

mailto:wangj1@uthscsa.edu
http://dx.doi.org/10.2196/14452
http://www.w3.org/Style/XSL
http://www.renderx.com/


Introduction

Diabetes mellitus is a serious health condition resulting from
defects of insulin secretion and/or insulin action [1]. Patients
with type 2 diabetes mellitus (T2DM) need to maintain strict
glycemic control to avoid the risk of hypoglycemia,
hyperglycemia, and consequential complications [2]. T2DM,
characterized by the combination of insufficient insulin secretion
and insulin resistance, accounts for approximately 90% to 95%
of all diabetes cases [3]. It has become a major public health
concern as it is burdensome for individuals, health systems, and
society [4]. Self-management of diet, physical activity, weight,
and medication and self-monitoring of blood glucose are
essential for glycemic control [5,6]. However, it is very
challenging to adhere to this self-management regimen [7].

Emerging evidence has demonstrated that mobile technologies
can promote a healthy lifestyle and medication adherence and
improve diabetes outcomes [8,9]. The underlying mechanisms
might include the frequent reminder for blood glucose
monitoring [10], self-awareness and control of diabetes [11,12],
or behavior adjustment based on tracked behaviors [13]. For
instance, Padhye et al [11] reported that in patients with T2DM,
smartphone users are more likely to adhere to self-monitoring
of diet, physical activity, blood glucose, and body weight when
compared with paper diary users. Many studies have evidenced
that compliance with self-monitoring of diet and physical
activity can lead to weight loss [14] and hemoglobin A1c (HbA1c)
improvement through behavior adjustment [8,15]. However,
digital diabetes care has shown only modest HbA1c improvement
in multiple studies [16]. Despite the modest effects of digital
self-monitoring on HbA1c, recorded lifestyle data may shed
light on improving glycemic control through predicting blood
glucose level.

There are several algorithms, such as Biostator (Miles-Ames),
for automated insulin delivery in order to improve blood glucose
control [2,17]. Meanwhile, with an ever-growing amount of
data, several machine learning techniques are being developed
to understand patterns and develop models that predict the health
conditions of patients [18]. For instance, Plis et al [19] described
a generic physiological model of blood glucose dynamics to
extract informative features to train a support vector regression
model on patient-specific data [20-22]. Model predictive control

is also used to avoid long delays and open-loop characteristics
of the control algorithms [23]. As the relation between input
features and glucose levels is nonlinear, dynamic, interactive,
and patient-specific, nonlinear regression models are used to
build the predictive models [24]. Specifically, neural networks
have increasingly been used to model glucose levels using
multilayer perceptrons [25,26], time series convolution neural
networks, recurrent neural networks [27], convolutional
recurrent neural networks [28], and deep convolutional neural
networks [29]. Quchani et al [30] compared multilayer
perceptron neural networks with Elman recurrent neural
networks for predicting the glucose level in patients with type
1 diabetes mellitus (T1DM) to show improvement in the
accuracy of the model using recurrent neural networks.

However, to what extent self-monitoring data on health
behaviors and weight can help predict blood glucose level in
T2DM patients has rarely been studied. Available literature
exploring glucose prediction in T2DM mainly focuses on
glucose responses to nutrition [31]. However, glucose level is
determined by a variety of factors [31-33], and a prediction
model incorporating multiple lifestyle factors in a real-world
setting is needed. In addition, most of the existing machine
learning models predict glucose level for a very short interval
(ie, a few minutes [34]), which makes it difficult to plan for
effective control strategies. By using long short-term memory
(LSTM)-based recurrent neural networks (RNNs), this study
aimed to dynamically forecast the next-day glucose levels in
individuals with T2DM based on their daily mobile health
lifestyle data on diet, physical activity, weight, and previous
glucose levels. The study also developed a transfer learning
strategy to cope with data scarcity and improve prediction
accuracy for individual patients. Additionally, the study used
the advanced design of experiments to optimize the
hyperparameters of the LSTM-based RNN model.

Methods

Forecasting the glucose level of a T2DM patient is critical in
planning for future medication and food habits. This study was
a secondary analysis of data collected by a randomized
controlled trial (RCT) consisting of several steps including data
collection, data preprocessing, model construction and
optimization, and prediction and evaluation (Figure 1).

Figure 1. General scheme of the proposed method of predicting blood glucose level. LSTM-RNN: long short-term memory recurrent neural networks.
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Data Collection
Our study used data collected from a smartphone group based
in a pilot randomized trial [11]. The details of the original pilot
RCT were published elsewhere [9]. In the randomized trial,

overweight/obese adults (BMI >25 kg/m2) who were literate in
English and diagnosed with T2DM for at least 6 months were
eligible to participate. A total of 26 participants aged between
21 and 75 years were enrolled and randomly assigned to a
smartphone group (n=11), paper diary group (n=9), and control
group (n=6). Participants in the smartphone group received a
standard behavioral lifestyle education. The Lose It! (FitNow,
Inc) smartphone app was used in this group to self-monitor
physical activity, diet, and weight. Blood glucose levels were
collected using MyGlucoHealth, a Bluetooth-enabled glucometer
(Entra Health Systems) and the DiabetesConnect app (PHRQL,
Inc). Informed consent was obtained from each participant, and
the study was approved by the Committee for the Protection of
Human Subjects at the University of Texas Health Science
Center at Houston. One participant in the smartphone group
withdrew and did not complete the study.

The data in the smartphone group included an abundance of
dynamically monitored lifestyle and health information that has
not been fully explored and deserves further mining and analysis
to generate study results and provide suggestions and directions
for future studies and practices to improve health outcomes.
The data collected from the clinical trial was a good fit for our

study objective of predicting glucose levels. The 10 participants
who were in the smartphone group and recorded at least 150
days of self-monitored data were included in this study. The
data for each participant include daily diet information, where
collected food intake data (breakfast, lunch, dinner, snacks) is
discretized into calories, macronutrient content (carbohydrates
and fat), physical activity (where exercise time is translated into
calories burned from standard food nutrient charts), weight, and
glucose levels. A descriptive summary of the data is presented
in Table 1. From the table, it can be seen that patients 1, 2, 4,
and 9 have the highest number of missing values in terms of
self-reported blood glucose values.

Patients were not required to take glucose readings at a fixed
time of day but were asked to be consistent in terms of collecting
blood glucose readings every day. Figure 2 shows the
distribution of each patient’s blood glucose recording time. For
patients 3, 5, 6, 7, 8, and 9, the recorded times are generally
between 8:00 am to 11:00 am. However, for patient 10, the
recorded times are divided between 8:00 am and 10:00 am or
8:00 pm to 10:00 pm. For this patient, we considered the
readings taken from 8:00 am to 10:00 am. For patients 1, 2, and
4, the number of recorded instances were fewer and scattered
throughout the day. Figure 3 shows the self-monitored collected
data for patient 1. While the patient has recorded their food
intake for the day, they haven’t adhered to a daily exercise
regimen, as can be seen from the calories burned (cb) subfigure.

Table 1. Descriptive statistics of glucose and weight levels for the patients in the study.

Weight (lbs)Glucose level (mg/dL)Number of missing
observations

Patient #

Mean (SD)MaxMinMean (SD)MaxMin

341.60 (6.39)356323110.99 (13.97)137801181

230.42 (4.94)241225136.15 (18.95)1711081612

145.62 (0.83)148144151.00 (27.64)87275733

178.38 (2.88)183170155.97 (17.27)1921371544

30.06 (3.88)312304132.79 (29.81)28773485

184.39 (4.02)191178196.62 (53.43)30685296

260.40 (6.17)248273119.95 (27.26)20072167

152.97 (1.41)155150138.10 (13.15)168111268

279.65 (3.15)285274118.33 (39.98)1770741029

226.97 (3.17)229222104.82 (10.80)147865310
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Figure 2. Time distribution of self-monitored blood glucose level collection by the patients over the clinical trial. The x-axis represents the date and
the y-axis represents the time of the day that data has been collected. If the same date has two recorded times, that means the patient has collected their
blood glucose twice in the same day.
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Figure 3. Patient 1 self-recorded data including calories consumed (cc), fat consumed (fat), carbohydratess consumed (carb), calories burned (cb),
recorded blood glucose level for the day (glucose), and recorded weight for the day (weight), where blue markers represent original data points and red
markers show the imputed data points.

Data Preprocessing
The study dataset is based on patient data entry with several
complicating factors, including missing values, (possible) wrong
entries, calculated features, and irregular sampling. Therefore,
major preprocessing steps are needed to clean the data and make
it compatible with the proposed deep learning model. The
preprocessing steps considered for this study include handling
of missing values, data scaling, and data splitting.

Handling Missing Values
The measurements in the database are sparse, irregularly
sampled, and presented with missing data points. To handle
missing values, assuming there is less chance of abrupt change
in glucose level on the following day, the missing values of data
were handled by replacing them with the last available data (last
observation). Meanwhile, we noticed that many patients had a

considerable number of missing values that could potentially
affect the performance of the methods. To address this problem,
we developed a transfer learning strategy to leverage the
similarity between the information of patients to improve the
predictions when dealing with data scarcity.

Data Scaling
The range of values for each feature in the dataset varies
extensively. Thus, the performance of the learning algorithm
might be dominated by features with a wider range of values.
The goal of this step was to scale the values of each feature
within a predefined limit without losing the inherent information.
For this purpose, we used data scaling based on min-max
normalization [35] (Figure 4), where X denotes the original
value of the feature of interest, Xmin denotes the minimum value
of the feature, Xmax denotes maximum value of the feature, and
R denotes the desired range of the scaled features, namely [–1,1].

Figure 4. Equation for data scaling based on min-max normalization.

JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 11 |e14452 | p.79https://mhealth.jmir.org/2019/11/e14452
(page number not for citation purposes)

Faruqui et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

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


Data Splitting
When making a dietary, physical activity, or medication plan
for a patient, it is important to consider the time it takes for
those changes to affect the patient. In order to provide enough
time to observe patient behavior and test the model, we consider
approximately 120 days of data for training, 30 days of data for
validation, and 30 days of data for testing, where possible. For
the patient with a smaller number of available records, we
reduced the size of training, validation, and test sets
proportionally. For example, for a patient with 41 days of
entries, we considered 27 days of data for training, 7 days of
data for validation, and 7 days of data for testing.

Model Construction and Optimization: Long
Short-Term Memory–Based Recurrent Neural
Networks
We constructed a specialized RNN known as LSTM for
predictive modeling of daily glucose levels using mobile health

time series data. RNNs use the concept of parameter sharing
across different layers and can effectively model data sequences
of different lengths. However, classical RNNs suffer from the
vanishing (often) or exploding (rarely) gradient information
problem. Here, we consider an LSTM network that is explicitly
designed to avoid the vanishing gradient problem by regulating
the information flow using three distinct gates: forget gate,

external input gate, and output gate. The forget gate (fi
t) is a

linear self-loop weight that decides which information to keep

and which to drop. The external input gate (gi
t) helps with

deciding which new information to update in an LSTM memory
unit/cell. The output gate controls the extent to which the values
in the cell are to be used to compute the output activation. The

state unit (si
t) is calculated based on the forget gate and external

input gate. The output unit (qi
t) then provides the necessary

information to predict the output (y’t), which is the predicted
glucose level for the next day (Figure 5).

Figure 5. Block diagram of the LSTM neural network, where the left portion of the figure shows how an LSTM regulates the information flow using
the three control gates and the right portion provides the mathematical equations for the key gates and units of the LSTM model. LSTM: long short-term
memory.

Knowledge Transfer Across Patients
It has been shown that transfer learning is useful in learning
tasks when the data are scarce, contain many missing/imputed
values, and/or suffer from complex patterns [36,37]. Here we
developed two transfer learning strategies for coping with data
scarcity and improving the predictions for individual patients.
The first strategy used all the patient data (training data) to
create the transfer learning dataset to pretrain a global LSTM
model. The global model was then personalized for each patient
based on their individual records. The second strategy used the
similarity in glucose patterns between patients to create a
transfer learning dataset for each patient. For that, a similarity
matrix was created for each patient comparing their glucose
patterns with all other patients using dynamic time warping

(DTW) [38]. DTW is often used to compare two dynamic
patterns and calculate their similarity by calculating the
minimum distance between the two time series and aligning the
significant patterns [39]. Next, it creates a transfer learning
dataset for each patient by sampling records from other patients
according to their similarity. It then uses the sampled data to
train a deep learning model for the patient of interest, where the
deep learning model weights of the trained model will be used
as the prior. Finally, we personalized the deep learning model
weights to the patient of interest using their own data. Figure 6
shows a visual representation of the proposed transfer learning
strategies. In the results section, we compare the performance
of the two transfer learning strategies to the no-transfer learning
strategy.
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Figure 6. General scheme of the proposed transfer learning strategy. For patients with fewer observations, we pretrain a model with observations
sampled from all the patients in the dataset (based on either no weighting or weighting strategy). The pretrained model is then fine-tuned with the data
of the patient of interest.

Model Selection and Parameter Tuning
The proposed LSTM model for prediction of glucose level has
three hyperparameters to be optimized to achieve the best
predictive performance. These three hyperparameters are
dropout rate, number of neurons in LSTM layers, and number
of neurons in the feed-forward neural network layers [40]. We
considered lower bounds of (0.10, 5, 5) and upper bounds of
(0.45, 60, 40) for the three hyperparameters, respectively.
Optimizing the hyperparameters involved building, training,
and validating many versions of the LSTM network based on
various choices of the hyperparameters.

Considering an allowable unit change of 0.01 for the dropout
rate parameter and 1 for the number of neurons in LSTM and
feed-forward layers, we had to test a total of (35*55*35=67,375)
combinations before finding the optimal hyperparameters, which
was time-consuming. Thus, to identify the optimal value of the
hyperparameters with a minimum number of trials and errors,
we used an advanced design of experiments method based on
Bayesian optimization [41]. The advanced design of experiment
process began by generating a small sample of 15 experimental
settings based on the three hyperparameters of the LSTM using
a Latin hypercube design [42,43]. Next, for each of the initial
set of 15 experimental settings, an LSTM network was built
and tested over the validation dataset based on the root mean
squared error (RMSE) of the actual versus predicted glucose
level. Afterward, using the hyperparameters of the LSTM
models as the input and the respective RMSE as the output, a
surrogate model was fitted based on a Gaussian process. Then,

the expected improvement criterion was used to identify the
optimal point of the Gaussian process which represented the
estimated optimal hyperparameter setting of the LSTM. The
estimate of the optimal hyperparameter was used as the next
hyperparameter setting to experiment [44]. This procedure
continued until no improvement in the RMSE was observed.
For the LSTM, expected improvement methods converged to
the global optimum point after five iterations or 24 total
evaluations (15 initial evaluations + 9 additional evaluations).

Results

Overview
We considered three variants of the proposed deep learning
models for evaluation. The three variants were (1) the base
LSTM-NN (without transfer learning), where the model was
trained using only the respective patient’s data, (2)
LSTM-NN-TF-ALL (first transfer learning strategy), where a
general model was trained using all patients’ data and then
personalized based on the target patient’s records, and (3)
LSTM-NN-TF-DTW (second transfer learning strategy), where
separate transfer learning datasets were created for training
individualized models for each patient using similarity-based
sampling from other patients’ records. We evaluated the
performance of the deep learning models along with several
baseline machine learning methods including an ANN [45],
k-nearest neighbors (KNN) regression, ridge regression, kernel
ridge regression with Gaussian kernel, and a moving average
model. The validation dataset was used for tuning the
hyperparameters of the comparing models, such as the optimal
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number of nearest neighbors in KNN (found at k=3), the sample
size in the moving average (n=3), and the optimal value of the
penalty term in the (kernel) ridge regression.

Evaluation Criteria
Mean squared error and mean absolute error are commonly used
to evaluate the performance of prediction models. However,
these criteria do not consider the clinical impact of the prediction
error and how it might affect medical decision making. Here,
we considered two criteria which were related to the mean
squared error and provided information about the clinical impact.
The first criterion was the Clark Error Grid [46], which
determined the acceptable error for the accuracy of blood
glucose prediction in comparison with the actual observation.
The second criterion, based on the prescription point of care
[47], was the prediction accuracy within the range of ±10% of
the actual value.

Prediction Accuracy Based on the Clark Error Grid
The Clark Error Grid [46] is one of the most widely used tools
to assess the clinical accuracy of blood glucose estimation. The
Clark Error Grid is a plot with five major zone of attention (zone
A, B, C, D, and E) for interpretation of the predicted glucose
levels. Zone A represents those values within 20% of the
reference value that generally lead to the appropriate treatment

of patients. Zone B represents those values that are outside zone
A, yet do not lead to inappropriate treatment of the patients.
Prediction values falling in zone C lead to inappropriate
treatment but without any dangerous consequences for the
patient. Prediction values on zone D lead to failure in detecting
hypoglycemia or hyperglycemia. Finally, prediction values in
zone E lead to the inappropriate treatment of hyperglycemia
instead of hypoglycemia and vice versa depending on the zone
location.

Table 2 summarizes the percentage of prediction points falling
in various zones of the Clark Error Grid for each of the
comparing methods. As shown in the table, the proposed
LSTM-NN-TF-DTW model has the highest percentage of
predicted values in zone A (84.12%), followed by the kernel
ridge regression (83.03%), and the moving average (82.01%).
On the other hand, the moving average and kernel ridge
regression have the lowest percentage of predicted values in
zone C, D, and E, followed by LSTM and artificial neural
network (ANN) models. Overall, ANN provides the lowest
performance among all methods, which may be attributed to
the large amount of data that it requires and the problem with
vanishing gradient in RNN. Multimedia Appendix 1 (Figure
C.1) complements Table 2 with visual illustrations of the Clark
Error Grid for each of the comparing methods.

Table 2. Percentage of prediction points on the Clark Error Grid zones.

Moving aver-
age (last 3
days) (%)

Kernel ridge
regression
(%)

Ridge regres-
sion (%)

KNNe regression
(%)

ANNd (%)LSTM-NNc

(without trans-
fer learning)
(%)

LSTM-NN-

TF-ALLb

(with transfer
learning) (%)

LSTM-NN-TF-DTWa

(with transfer learning)
(%)

Clark Er-
ror Grid
zone

82.0176.983.0371.1269.3175.8178.1784.12A

17.9923.116.2526.7129.9623.4721.1715.16B

00000000C

000.722.170.720.720.650.72D

00000000E

aLSTM-NN-TF-DTW: second transfer learning strategy.
bLSTM-NN-TF-ALL: first transfer learning strategy.
cLSTM-NN: without transfer learning.
dANN: artificial neural network.
eKNN: k-nearest neighbors.

Prediction Accuracy Based on the ±10% Range
Table 3 provides the predictive accuracy of the comparing
methods based on the ±10% range of the actual values. As
demonstrated in the table, LSTM neural networks generally
outperform other methods by a margin of significance. Also,
transfer learning strategies provide meaningful improvements

to the LSTM network, with DTW transfer learning (weighted
strategy) delivering better results. Meanwhile, there are a couple
of exceptions, such as patients 5 and 8, where the moving
average method makes better predictions. Further investigation
of such cases reveals that those patients suffer from many
(adjacent) missing values over a long period of time (see also
Multimedia Appendix 1, Part D).
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Table 3. Prediction accuracy of the proposed deep learning models along with other comparing methods based on the ±10% range of the actual glucose
level value.

Moving average
(last 3 days) (%)

Kernel ridge re-
gression (%)

Ridge regres-
sion (%)

KNNe regression
(%)

ANNd

(%)
LSTM-NNc

(without transfer
learning) (%)

LSTM-NN-TF-

ALLb (with
transfer learn-
ing) (%)

LSTM-NN-TF-

DTWa (with
transfer learn-
ing) (%)

Patient #

73.3343.3376.6746.6773.3373.3373.3376.671

76.6750.0086.6753.3386.6783.3386.6786.672

53.3343.3353.3350.0053.3360.0060.0060.003

71.4371.4371.4342.8671.4385.7185.7185.714

76.6666.6766.6736.6613.3316.6746.6763.335

43.3326.6736.6710.0026.6733.3336.6746.006

20.0026.6726.6733.3330.0033.3326.6733.337

80.0043.3360.0046.6756.6766.6756.6763.338

40.0020.0040.0026.6720.0060.0016.6760.009

63.3363.3356.6756.6773.3373.3370.0073.3310

aLSTM-NN-TF-DTW: second transfer learning strategy.
bLSTM-NN-TF-ALL: first transfer learning strategy.
cLSTM-NN: without transfer learning.
dANN: artificial neural network
eKNN: k-nearest neighbors.

Discussion

Principal Findings
The objective of this study was to dynamically forecast the
next-day glucose levels in patients with T2DM based on their
daily mobile health data including diet, physical activity, weight,
and glucose levels from the day before. To achieve this
objective, we developed an LSTM-based RNN that leverages
these data and finds the pattern of glucose level change. We
also developed two transfer learning strategies to deal with the
issue of data scarcity and/or when a new patient starts using our
model. The numerical results show the transfer learning model
provided better prediction accuracy, especially in cases where
there weren’t enough data available (and for patients with high
variability). This provided the intuition for building an initial
model that worked as a prior while collecting more data to
personalize the predictions. Additionally, we used advanced
design of experiments to optimize the hyperparameters of the
proposed deep learning models with minimum effort. The
proposed deep learning models performed well in comparison
with the baseline models such as Kernel ridge regression and
KNN. This pilot investigation has significant implications for
future research studies in using real-world patient-generated
lifestyle data to predict blood glucose changes to achieve optimal
diabetes management.

The modeling of our study was closer to daily life in the real
world involving dynamic data of physical activity, food intake,
calories burned, body weight, and blood glucose generated by
patients for 6 months. Previous studies have extensively focused
on predicting glucose level for T1DM by engineering an
artificial pancreas and simulating its insulin delivery to assist
with the glycemic control of T1DM, and most predicting

approaches are building upon physiological modeling [48].
Unlike T1DM, which is characterized as absolute inadequate
insulin secretion of the body, the management of T2DM is
largely determined by lifestyle [49-51]. Meanwhile, unlike the
existing literature on forecasting glucose for T2DM based solely
on food intake or glucose [52,53], our proposed model forecasts
future glucose level more comprehensively by considering
dietary habits, physical activity, weight, and previous glucose
levels for patients and might provide a practical guide to T2DM
management. We admit that blood glucose level can be affected
instantly by an extreme lifestyle event (eg, a large amount of
carbohydrate consumption or high levels of intensive physical
activity without sufficient carbohydrate supplementation)
[54,55]. However, our goal is to guide a patient through lifestyle
changes (or choices) steadily, considering changing lifestyle
choices takes time. Thus, the intention of this model was not to
predict short-term blood glucose level variation throughout the
day. Instead, it was designed to manage routine lifestyle in
T2DM patients, and it is important to help patients understand
how their lifestyle behaviors may change their blood glucose
level in the very next day.

Glucose prediction was personalized in this model. Even though
we have not counted all variations of each individual
(demographic conditions, family history of diseases, etc), the
prediction model does consider previous blood glucose level,
which is the result of the interaction of lifestyle included in the
model and other unexamined factors (eg, genes) [56]. In
particular, the current glucose level may improve our
understanding of glucose dynamics in patients with diabetes
and serve as a crucial predicting factor for a future glucose level.
For example, in T1DM patients, continuous glucose monitoring
(CGM) is evidenced to predict future glucose level with high
accuracy [49,57]. While CGM is generally not available and is
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not currently recommended for all T2DM patients [58], it is
promising that CGM will be available with low-cost and
noninvasive devices in the near future [59]. Using our model,
as more data are recorded by the patient, the model will become
more personalized to them, thus attaining higher accuracy in
terms of predicting glucose levels, especially short-term glucose
levels, throughout the day. Together with future advancements
in characterizing biological traits, a more personalized and
proactive diabetes management program will likely become
practical. Our study has provided a promising piece of precision
health, integrating dynamic lifestyle and daily glucose
monitoring. Moreover, by using the prediction model to
assimilate the massive amount of lifestyle data, health care
providers can provide T2DM management guidance to patients
without personally reviewing the data collected by mobile health
technologies. This further makes precision health more feasible.

However, it should be noted that the prediction accuracy was
low or modest for some participants. There are several possible
explanations. First, glucose levels are multifactorial, and it might
be hard to predict with limited input. Adding other patient
features (eg, age, genetic profiling, demographic conditions,
medication usage) [60,61] may increase the accuracy of
prediction. Second, individual variability, such as genes and
individual differences in glycemic response to lifestyle, further
complicate the prediction. Studies are needed to explore models
to mimic the interactions among predisposed traits (eg, genes),
new input (eg, lifestyle), and the interactions between the two.
Third, it could also be that blood glucose has a stronger
dependency on short-term lifestyle choices than on long-term
choices. For example, if a patient decides to consume a lot of
carbohydrates or consume carbs at irregular times or work out
irregularly, the glucose value would be unpredictable because
there is no such information in the model. This further reinforces
the importance of our study trying to predict future glucose
levels and guide individual lifestyle choices. We would suggest
that a more rigorous study design is needed to help identify the
right model to predict future glucose levels. In particular,
behaviors such as food consumption, physical activity, or
medication use performed right before the predicting glucose
level used to test prediction accuracy will need to be considered
in the model. A model developed from a rigorous study design
and data collection with high prediction accuracy may provide
significant clinical implications to manage T2DM.

Limitations
There are several limitations to this study. First, this study has
a relatively small sample size, which may limit our study
generalizability. Future studies with larger sample sizes are
needed. Second, there are substantial variations in terms of
accuracy when predicting blood glucose. Some underlying
mechanisms, such as individual variations of age, gender, gut
microbiota, and genetic traits [60-62], which are beyond the
scope of this study, may have contributed to the variations.
Future studies incorporating these factors are warranted. Third,
given the nature of using secondary data from a previous trial,
the data collection was not designed to predict future glucose
levels. For example, the time of glucose level testing and
diabetic medication use were not well documented and hard to
include in the model. Last, several study participants had a large
amount of missing data on glucose monitoring, and data were
imputed using standard imputation methods widely used in the
literature. Nevertheless, this is one of the first attempts of using
digital monitored lifestyle data, weight, and previous glucose
levels to predict future glucose levels in T2DM. It provides
important information for future studies regarding data
collection, model selection, and the implications of glucose
prediction for individuals living with T2DM.

Conclusion
In this work, we proposed a personalized dynamic forecasting
model for glucose levels in T2DM patients based on
LSTM-based RNN. We developed a transfer learning strategy
based on weighted sampling from all patients to improve
predictions, especially when dealing with data scarcity. We also
used an advanced design of experiments based on Bayesian
optimization and expectation maximization for efficient
optimization of deep neural network hyperparameters with the
minimum number of experiments. We tested our model using
a longitudinal mobile health lifestyle dataset of 10 patients who
provided self-monitoring data over 6 months on food intake
(carbohydrates, fats, and calories), physical activity (exercise
time and calories burned), weight, and previous glucose levels.
Predicting future glucose levels is challenging as glucose level
is determined by multiple factors. Future research with a more
rigorous study design is warranted to help identify a model or
models to predict future glucose levels.
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Abstract

Background: Mental disorders have been a great burden on health care systems, affecting the quality of life of millions of
people worldwide. Developing countries, including China, suffer from the double burden of both the increasing mental health
issues in population and the deficiency in mental health care resources. The use of mobile health technologies, especially for
mobile phone apps, can be a possible solution.

Objective: This review aimed to describe the features and assess the quality of mental health apps in major mobile phone app
markets in China and further discuss the priorities for mental health app development.

Methods: Keywords including psychology, psychological health, psychological hygiene, psychological health service(s), mental,
mental health, mental hygiene, mental health service(s), depression, and anxiety were searched in Chinese in 3 Android app
markets (Baidu Mobile Assistant, Tencent MyApp, and 360 Mobile Assistant) and iOS App Store independently. Mental health
apps were then selected according to established criteria for in-depth analysis and quality assessment by the Mobile App Rating
Scale.

Results: In total, 63 of 997 mental health apps were analyzed in depth, of which 78% (49/63) were developed by commercial
entities for general population, 17% (11/63) were for patients or clients of specialized psychiatric hospitals or counseling agencies,
3% (2/63) were by government or local Centers for Disease Control and Prevention for general information, and 2% (1/63) for
students of a university. Major built-in features of the apps included counseling services, mental health education, and
self-assessment of mental health status by validated self-rating scales. The overall quality score of the MH apps was acceptable.

Conclusions: Mental health apps are emerging in the area of mobile health in China. Popular mental health apps usually provide
a synthetic platform organizing resources of information, knowledge, counseling services, self-tests, and management for the
general population with mental health-related inquiries. The quality of the apps was rated as acceptable on average, suggesting
some space for improvement. Official guidelines and regulations are urgently required for the field in the future.

(JMIR Mhealth Uhealth 2019;7(11):e13236)   doi:10.2196/13236

KEYWORDS

mental health; mental disorder; quality assessment; mobile health; digital health; innovative health; smartphone application

Introduction

Background
The global burden of mental disorders has been estimated to
account for 32.4% of years lived with disability and 13.0% of
disability-adjusted life years [1]. The global lifetime prevalence
of any mental disorder ranges from 47.4% in the United States

to 12% in Nigeria [2]. In China, the lifetime prevalence of any
mental disorder is 16.6% [3].

Challenges, however, are critical for mental health care in China.
Clinical resources are limited, but the service demands are
increasing fast for mental health–related inquiries, including
anxiety and depression [4-6]. The lifetime contact rate of
patients with common mental disorders, such as depression,
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with any mental health care was around 2.7% in Beijing and
3.1% in Shanghai, which was strikingly low even in major
metropolitan areas, whereas for the treated patients with any
type of mental disorder, only 37.5% measured up to the
minimum treatment adequacy [7]. The gap in human resources
is also alarming, given that there are 1.7 clinical psychiatrists
per 100,000 people in China, compared with 12 to 15 per
100,000 people in countries such as Australia and the United
States [7,8]. The mental health resource distribution is also
uneven, as most mental health professionals and mental health
care facilities are concentrated in the Eastern China, having the
more developed regions [9]. Although the management of severe
mental disorders has been included in the basic public health
service (BPHS) package by the Chinese government, the
workload of frontline community health care workers is critical
[10,11]. In addition, mental disorders are still strongly
stigmatized, and people are reluctant to seek professional help
[12-15]. Supportive social environment is also lacking for
effective mental health education and early intervention [16].
Therefore, it is urgent to improve the access and delivery of
mental health services and reallocate the resources in China.

Objective
On the other hand, driven essentially by the development of
novel technology and the demands of mental health services,
mobile phone apps have given birth to the era of digitalized
mental health care globally [17-20]. Mental health apps also
expand exponentially, especially in developing countries
[21-23]. China has a gigantic and growing market of both
internet and mobile phone usage [24]. By the end of 2017, there
were 753 million Chinese people connected to the internet
through the mobile phone, accounting for 97.5% of all internet
users in the country [24]. Recently, fruitful research has been
done exploring contents and features of mobile phone apps in
mental health–related areas globally, for example, smoking
cessation, suicide prevention, and bipolar disorder treatment
[25-28]. There is a study investigating the features and
characteristics of apps on maternal and child health in China
[29]. However, no academic literature discussing mental
health–relevant apps in China was identified.

Therefore, this study aimed to investigate the features and
further evaluate the quality of mental health apps in major
mobile phone app markets in China and further discuss the
priorities for mental health app development in the future.

Methods

Overall Procedures
We adopted the following 4 steps to identify relevant mental
health apps and analyze the data: preselection, selection, data
extraction, and app quality evaluation. All the 4 steps or
procedures were conducted by 2 independent investigators
following established criteria and procedures. Any discrepancy
that occurred was resolved through discussion under the
supervision of a senior researcher.

Preselection of Mental Health Apps
We chose the top 3 Android app markets, Baidu Mobile
Assistant, Tencent MyApp, and 360 Mobile Assistant, with the
biggest market shares in China, and iOS App Store to identify
mental health apps [30].

Keywords psychology ( ), psychological health ( ),

psychological hygiene ( ), psychological health service(s)

( ), mental ( ), mental health ( ), mental hygiene ( ),

mental health service(s) ( ), depression ( ), and anxiety ( )
were searched in mandarin Chinese on May 14, 2019. Mental
health apps were preselected using the following process: (1)
for each keyword, the top 50 apps (if available) appeared were
reviewed based on their names and app description to identify
the relevant apps; and (2) for each app market, all the relevant
apps under the 10 keywords were collected, which gave the
number of preselected apps. Apps preselected from the 3
Android markets were combined into 1 group, whereas apps
from the iOS App Store were collected as a separate group
(Figure 1).

The number of apps listed in the results of keyword search is
unknown to customers in the iOS App Store, so we needed to
confirm a range for selection. Moreover, we tested and found
that the number of relevant apps appeared under each mental
health–related keyword was less than 50 when counting
downward from the top of the list. As searching through the 10
keywords, duplication was increasing. Therefore, we adopted
the strategy of searching for the top 50 apps for each of the 10
keywords in every app store and then conducting deduplication.
It is thus very likely to exhaust the relevant mental health apps
in the China market.
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Figure 1. Flow diagram of the preselection and selection procedures of mental health apps.

Selection of Mental Health Apps
All preselected apps were downloaded, installed, and registered
on an iPhone 8s Plus and a Huawei P30 Pro for further selection.
We accessed each app to further examine whether it was

adequate for feature analysis and quality assessment with regard
to the inclusion and exclusion criteria (Textbox 1). After
removing the inadequate and duplicate apps, the remaining apps
were combined for data extraction, analysis, and quality
evaluation (Figure 1).
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Textbox 1. Inclusion and exclusion criteria for mental health app selection.

Inclusion criteria

Mental health apps would be included if they were:

• accessible;

• targeted at the individual mental health consumer, excluding mental health professionals and companies;

• usable;

• focused on relevant contents for people seeking professional assistance; and

• developed in Chinese or has a Chinese version.

Exclusion criteria

Mental health apps would be excluded if they were:

• not accessible (requiring enterprise/school identification to access);

• end products for doctors or commercial enterprises;

• not usable due to technical errors;

• focused on irrelevant contents such as entertainment and gaming, training and education, social and communication, business and commercial,
romance and relationship, and e-books, which are irrelevant to mental health service; and

• duplication of apps with identical internal design or contents in the market.

Data Extraction and Analysis
A table sheet was generated and saved in a Microsoft Excel file
with specific variables to record the basic information and
potential features of different aspects of each of the included
apps. We extracted the data of apps regarding the themes and
contents of mental health–informative articles (emotion control,
depression, anxiety, stress management, and familial
relationship), self-assessment of mental health status (different
self-rating scales testing the level of depression, anxiety, autism,
sleep quality, and personality), counseling services (types of
counselors and ways of communication), mental health courses,
and meditation. Data calculation and analysis were performed
using SAS 9.4 on Microsoft Windows.

Quality Evaluation Using Mobile App Rating Scale
App Quality Criteria
The quality of included apps was evaluated using Mobile App
Rating Scale (MARS) [31]. MARS contains 23 individual items
sorted into the following 5 criteria categories: engagement,
functionality, aesthetics, information, and subjective qualities.
Each was rated by 2 independent investigators. The score of
each individual item was rated from 1 to 5 points (1: inadequate,
2: poor, 3: acceptable, 4: good, and 5: excellent). Mean scores
were calculated for the following 4 objective quality criteria:
engagement, functionality, aesthetics, and information. In
addition, a mean total score was calculated across the 4 objective
categories. The 2 investigators were trained to use MARS by
scoring a small group of apps individually and adjusting for
discrepancies in understanding of the criteria. Disagreements
were resolved by thorough discussions between the 2
investigators. We did not use the MARS app classification
because of the fact that all the apps included were classified as
mental health apps, and our focus was on app quality evaluation.

Results

Basic Information of Included Mental Health Apps
In total, 997 preselected mental health apps from Android and
iOS markets were found through keyword search in the
preselection (Figure 1). We found 327 relevant mental health
apps from the iOS App Store, 268 apps from 360 Mobile
Assistant, 276 apps from Baidu Mobile Assistant, and 126 from
Tencent MyApp. Through further selection with respect to the
inclusion and exclusion criteria, 63 unique apps were included
for quality assessment and in-depth analyses (Figure 1).

Of the included apps, 78% (49/63) were developed by
commercial entities providing mental health services, for
example, Web-based mental health articles, psychological
counseling, and mental health status assessment by self-rating
scales. There were also 17% (11/63) apps developed by
specialized psychiatric hospitals or psychological counseling
agencies, featured by relevant services including appointment
booking and consultation, for individual patients or clients of
the entity. The rest were 2 apps provided by government or
district-level Centers for Disease Control and Prevention (CDC)
in Beijing, and 1 app developed for the students of Chongqing
University.

Features Built in Mental Health Apps
According to the findings above, the mental health apps in China
were aimed to provide as broad range of mental health services
as possible to nonspecific users. We only found 1 app purely

for communication between depression patients (Snail/ ). No
apps were found purely for other common mental disorders, for
examples, substance abuse and anxiety. Simultaneously, there
has not been an app designed for the BPHS delivery in China
that involves extensive procedures for the management of
patients with severe mental disorders, including patient
identification and registration, home visits, and drug
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dissemination [10]. Therefore, the following features were
summarized with respect to the detailed services provided by
the mental health apps found in the China market: the common
features found in the mental health apps included were mental
health education (67%, 42/63) either by informative articles or
relevant courses, counseling services (65%, 41/63),
self-assessment of mental health status (44%, 28/63), and
question and answer (Q&A) module (40%, 25/63) providing
quick answer to mental health–relevant questions that were
available to all users. Other features included meditation (11%,
7/63) and self-management tools (16%, 10/63) such as drug
description and intake alert and hotline for general mental health
inquiries.

Mental Health Education
The mental health education component in the mental health
apps can be accessed by either reading informative articles
(38/63, 60%) or taking relevant courses (23/63, 37%).
Informative articles addressed the causes, risk factors,
symptoms, and coping skills of common psychological disorders
or conditions, for instance, depression (33/63, 52%), anxiety
(25/63, 40%), and emotion coping (34/63, 54%). For the apps
providing mental health–related courses, 18 apps offered lectures
with slides or recordings on the concise scientific knowledge
of common mental disorders. In addition, 7 apps contained
courses that were designed based on verified psychological
therapy or training, for example, cognitive behavioral therapy
(CBT) [32]. In total, 14 apps provided free courses. For paid
courses, fees ranged largely according to different types across
the apps.

Mental Health Counseling Services
Mental health counseling services were an essential feature in
the included apps. A total of 80% (33/41) of the counseling
services in these apps were provided by mental health
professionals with verification. Counselors were verified by
obtaining personally identifiable information or photocopy of
their Counselor Certificate, and clinical psychiatrists were
verified by obtaining the following information: name, title,
and the hospital they work with. The users can purchase
one-to-one counseling sessions through the apps. Web-based
counseling sessions were a common method, including audio
phone calls and video connection, available in 90% (37/41) of
apps with the feature. Users can also write reviews and rate the
counseling service, which was available to other app users. The
fee for an mental health counseling session varied from less
than 50 yuan to over 1000 yuan per hour.

Self-Assessment of Mental Health Status
Self-assessment of mental health status was conducted through
self-rating scales. There were 28 apps providing at least 1
verified scale for depression or anxiety. Zung Self-rating Scale
for Depression (21/28, 75%) and Zung Self-Rating Scale for
Anxiety (SAS; 22/28, 79%) were the most frequently used tests
for depression and anxiety detection, respectively [33,34]. Other
scales used for depression self-diagnosis included Symptom
Checklist 90 (15/28, 54%), Beck Depression Inventory (10/28,
36%), and Patient Health Questionnaire (PHQ) 9 (8/28, 29%)
[35,36]. Scales for anxiety assessment also included Generalized
Anxiety Disorder Screener (GAD-7; 4/28, 14%) and Beck
Anxiety Inventory (6/28, 21%) [37,38]. Moreover, half (14/28,
50%) of the apps provided validated self-rating scales on sleep
quality and somatization symptoms, including Athens Insomnia
Scale and PHQ-15 [39,40]. In total, 89% of these apps (25/28)
provided results for the self-rating scales.

Other Features of Mental Health Apps
Q&A section was available in 40% (25/63) of all the included
mental health apps. Users can post questions relevant to mental
health issues. Both mental health professionals and general users
can respond to the questions, and all answers were open to be
viewed by all users. Self-management–related features included
tools for self-monitoring and management, such as mood diary,
medication record, and reminder. There were also 11% apps
(7/63) designed with modules on meditation training for
everyday practice that aimed to improve stress coping, emotion
regulation, and sleep quality.

Quality Assessment Scores by Mobile App Rating Scale
The mean overall score of MARS was 2.96 for the total of 63
mental health apps (Table 1). Engagement was rated lowest of
the 4 objective app quality criteria, which was 2.72. The highest
was the mean function score, which was 0.53 higher than
engagement. The aesthetics and information were similar, and
both did not exceed the mean overall score.

In total, 56 apps can be classified as acceptable, and 8 apps as
good according to the mean overall MARS scores given by the
criteria (Table 2). However, there were still 7 apps rated as poor
quality. For apps in the engagement category, 42 apps were
classified into acceptable or above, whereas as high as 21 apps
were classified into the poor group. The aesthetics category was
similar to the mean overall group; the majority (55/63, 87%) of
apps were acceptable or above, leaving 8 apps in the poor group.
In the information category, 81% of the apps were acceptable
or above, but still 12 apps were in the poor group. The function
category was, in general, rated higher, given that 97% of all
apps were classified into acceptable or good groups.

Table 1. Mean Mobile App Rating Scale scores of mental health apps (N=63).

Mean (SD)MaximumMinimumMobile App Rating Scale category

2.72 (0.54)4.01.8Engagement

3.25 (0.06)4.32.3Function

2.99 (0.06)4.02.0Aesthetics

2.88 (0.54)4.02.0Information

2.96 (0.40)4.02.1Overall
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Table 2. Classification of mental health apps according to the mean Mobile App Rating Scale scores (N=63).

Excellent, n (%)Good, n (%)Acceptable, n (%)Poor, n (%)Inadequate, n (%)Mobile App Rating Scale category

—6 (10)36 (57)21 (33)—aEngagement

—23 (37)38 (60)2 (3)—Function

—11 (17)44 (70)8 (13)—Aesthetics

—9 (14)42 (67)12 (19)—Information

—8 (13)48 (76)7 (11)—Overall

aNo app fell into this category.

Discussion

Summary and Discussion of Major Findings
Through the investigation into 63 of 997 mental health apps
from iOS and 3 Android markets in China, major features and
characteristics have been summarized from informative details.
Features, including mental health education, counseling services,
self-assessment of mental health status, and Q&A section, were
commonly found in the apps across stores. The apps played the
role of a platform gathering the users and the mental health
professionals, allowing services to be delivered through the
innovative platform. Moreover, the mean of overall MARS
scores has shown that the quality was acceptable for the mental
health apps. Quality scores of the 4 objective categories of
MARS, engagement, aesthetics, function, and information, were
similar to the overall rating. However, the apps, in general, rated
better in the function category than others.

The rise of mental health apps in the China market might be
because of deficient knowledge and negative perception toward
mental disorders [12,41]. It has been a cultural stigma that
mental illnesses in China are often considered as abnormal, and
patients with mental disorders are shamed, especially in less
developed rural area [10,41]. Therefore, people more tend to
refer mental issues to physical symptoms, which may prevent
people from actively seeking professional help [10]. Mobile
health technologies, such as mental health apps, have the
potential to protect patients’ privacy and reduce the impact of
social stigma toward mental illnesses.

There were common features of mental health apps in China
compared with apps in the global market, which include
real-time communication through Web-based services and
mental health education [27]. From the analyses of this study,
most of the mental health apps provided Web-based counseling
services. People can make real-time communication with their
preferred mental health professionals in terms of mental health
inquiries. Moreover, mental health information offered by the
app can be an efficient tool to improve mental health literacy
[42]. On the other side, differences were also found between
mental health apps in China and global market. Apps in global
market were commonly seen to be designed for a specific mental
disorder or condition, for example, anxiety and depression
[43,44]. Contrastingly, mental health apps in China were very
likely to include information and services for a broad range of
mental disorders or conditions in 1 single app. They often
included a group of features in 1 app, such as counseling
services, self-tests, and other mental health education on a broad

range of psychological issues, instead of dealing with 1
particular disorder.

Moreover, most of the apps included in this study were
developed by commercial entities for commercial purpose.
Public health impact has hardly been stressed. More apps are
expected to pay more attention to the common advantage from
the public health perspective. For example, the patient
management of severe mental disorders is a critical component
of the BPHS in China, together with health records creation for
every resident, health education, immunization, chronic disease
(hypertension and diabetes) management, and so forth [11]. In
China, BPHS has been provided through a laddered system of
county hospital and CDC, township health care centers, and
village clinics [11]. The frontline community health care
workerss, who are more often called village doctors working at
village clinics in rural China, have critical workload of patient
finding and registration, home visit, and drug dissemination
[5,20,45,46]. However, no mental health app was found to assist
in such public health care services. Innovative health
technologies are promising in mental health care practice in
community and the whole mental health system of the country.

Implications From Features of the Mental Health Apps
The popularity of counseling services reflects the increasing
demand in mental health interventions of the general population.
The apps act as a platform bridging the gap between mental
health professionals and the app users, rather than directly
engage in interventions for patients with the need of mental
health care. Therefore, the mental health apps in China did not
involve much core psychological methodologies but more
incorporate functions of coordination and communication.

Web-based counseling outperforms traditional face-to-face
counseling in a few ways. One aspect is that it allows
reorganization of psychiatric resources, especially for available
professionals. This can indeed benefit the Chinese population
that is facing unbalanced and limited resources in mental health
care [9]. However, concerns have also been raised regarding
the quality of service provided by those psychological
professionals. There is no standardized guidelines or official
regulations for conducting Web-based counseling [47,48].
Moreover, it would be difficult for the mental health apps, as
commercial entities, to effectively supervise counselors for their
service.

Mental health apps can promote mental health education to lay
public by offering informative articles and relevant courses.
Low mental health literacy has long been considered as a major
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obstruction in help-seeking and treatment delivery for people
with mental disorders in China [42,49]. However, quality
concern has also been raised toward the mental health
educational materials provided by mental health apps. It is
necessary to establish more official guidance and promotion to
improve mental health literacy.

Only 2 apps (Alpha psychology/ and Jianxinjiayuan/ )
were found to be based on formal psychotherapeutic techniques
of CBT [32]. CBT has been found effective in a variety of
mental disorders and conditions, including affective disorders,
psychosis, gambling behavior, and substance abuse [50-53].
Many apps from global market were also designed to incorporate
the core techniques of CBT to elicit a cognitive and behavioral
change of mental disorder and conditions, such as substance
abuse and affective disorders [26,54]. More mental health
techniques and psychotherapy components, including techniques
used in CBT, are expected to be involved in designing the
feature modules.

Self-rating scales of common mental disorders, such as
depression and anxiety, were prevalent in mental health apps.
Verified self-rating scales were convenient tools for quick
assessment. Some apps even provided multiple rating scales for
1 disorder that allows users to compare GAD-7 and SAS for
anxiety testing. However, there were drawbacks in using the
Web-based version of self-rating scales. These include errors
in the questions, as well as misunderstanding and
misinterpretation of the test results. Most self-rating scales were
written originally in English and translated directly into Chinese;
therefore, the questions were asked in the way more suitable
for Western lifestyle and culture [55]. Translation errors and
discrepancies always occurred. Moreover, there are special
requirements for doing self-tests; for instance, some questions
may require intuitive answers, but some may involve precise
recalling. Therefore, it is better to have the presence of a trained
mental health professional when scoring the scales. In addition,
lay users may feel to be overlabeled for a mental disorder, and
unnecessary panic can occur [27,56].

In addition, features of self-management were found in some
apps, including mood diary, drug description, and medication
reminder. Those features can be practical tools to support regular
treatment for clinical patients already diagnosed with mental
disorders [20]. However, they were overall less smart and not
relevant to mental health, for example, a drug reminder is a
simple clock. Considering gaps currently in the mental health

services in China, the developers might put more efforts to
combine the potential of smart technologies and mental health
relevance [5]. Meditation is another growing aspect of mental
health app features. The apps provided simple guidance by
recorded audio clips. Therefore, it is 1-direction demonstration,
and no feedback was required from the users. However, the
users did not have the opportunity to correct or improve in
everyday practice.

Quality Evaluation by Mobile App Rating Scale
This study used MARS quality criteria to evaluate the 63
included mental health apps [31]. Both mean overall score and
individual score of the 4 objective categories had shown that
the majority of the apps were acceptable, which was the middle
of the 5-point scale. The quality did not vary much across the
4 trajectories of engagement, aesthetics, function, and
information, but the function category was rated to be slightly
higher. The mean scores of MARS suggested that there would
be space for improvement in the above trajectories. For instance,
mental health apps can pay more attention to the visual appeal,
content engagement, and display of app-relevant information
in the market.

Strengths and Limitations
This is the first academic review on the characteristics and
common features of mental health apps in China. Limitations
might include that we searched mental health apps by keyword,
following the default algorithm of each app market. This is to
simulate the real-world situation when mobile phone users
search for mental health apps in common app markets.
Moreover, built-in features that required in-app purchase to be
accessed were out of the scope of analyses. For example, one
should pay for a counseling session to communicate with a
counselor in an app with that feature. However, the analyses of
this study were purely descriptive. Further research on
experiences of the paid features is expected by qualitative study
in the future.

Conclusions
In conclusion, this study has systematically reviewed and
investigated the built-in features of mental health apps in current
China market. Moreover, the quality of the apps was also
evaluated using valid assessment criteria. Overall, the area of
mental health–related innovative technologies in China is
experiencing fast development, and appropriate guidance would
be beneficial to the growth of the field.
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Abstract

Background: Although several studies have investigated the effects of mobile health (mHealth) interventions on depression
among people living with HIV, few studies have explored mediators of mHealth-based interventions to improve mental health
in people living with HIV. Identifying influential mediators may enhance and refine effective components of mHealth interventions
to improve mental health of people living with HIV.

Objective: This study aimed to examine mediating factors of the effects of a mHealth intervention, Run4Love, designed to
reduce depression among people living with HIV using 4 time-point measurement data.

Methods: This study used data from a randomized controlled trial of a mHealth intervention among people living with HIV
with elevated depressive symptoms in Guangzhou, China. A total of 300 patients were assigned to receive either the mHealth
intervention (n=150) or a waitlist control group (n=150) through computer-generated block randomization. Depressive symptoms,
coping, and HIV-related stigma were measured at baseline, 3-, 6-, and 9-month follow-ups. The latent growth curve model was
used to examine the effects of the intervention on depressive symptoms via potential mediators. Mediating effects were estimated
using bias-corrected 95% bootstrapped CIs (BCIs) with resampling of 5000.

Results: Enhanced positive coping and reduced HIV-related stigma served as effective treatment mediators in the mHealth
intervention. Specially, there was a significant indirect effect of the mHealth intervention on the slope of depressive symptoms
via the slope of positive coping (beta=–2.86; 95% BCI –4.78 to –0.94). The indirect effect of the mHealth intervention on the
slope of depressive symptoms via the slope of HIV-related stigma was also statistically significant (beta=–1.71; 95% BCI –3.03
to –0.40). These findings indicated that enhancement of positive coping and reduction of HIV-related stigma were important
mediating factors of the mHealth intervention in reducing depression among people living with HIV.
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Conclusions: This study revealed the underlying mediators of a mHealth intervention to reduce depression among people living
with HIV using latent growth curve model and 4 time-point longitudinal measurement data. The study results underscored the
importance of improving positive coping skills and mitigating HIV-related stigma in mHealth interventions to reduce depression
among people living with HIV.

(JMIR Mhealth Uhealth 2019;7(11):e15489)   doi:10.2196/15489

KEYWORDS

mobile health; depression; HIV; randomized controlled trial; longitudinal studies

Introduction

Background
Depression is highly prevalent among people living with HIV
(PLWH) [1]. Data from a systematic review in China indicate
that the pooled prevalence of depressive symptoms is 50.8% in
PLWH [2]. In contrast, the prevalence of depressive symptoms
in the general population is 17.1% [3]. Depression is consistently
associated with impaired role functioning, worsened
antiretroviral therapy adherence, elevated risks of HIV-related
morbidity and mortality, and increased health care costs [4-6].
Although depression is highly prevalent and disabling, it remains
greatly undertreated worldwide with more than 90% of those
diagnosed with depression in China and India not on treatment
and more than 50% untreated even in many high-resource
settings [7,8].

Literature has shown that interventions such as cognitive
behavioral stress management (CBSM) are effective at reducing
depression in various populations including PLWH [9-11].
However, few studies have explored mediators of how such
interventions reduce depression. Mediators are statistical
constructs that constitute 1 type of mechanism for how an
intervention affects outcomes [12,13]. Understanding influential
mediators is critical for understanding how interventions may
achieve effective outcomes and help enhance and refine
intervention components for future implementation or scaling
up to improve mental health of PLWH [14].

Previous studies have indicated that factors such as coping and
stigma may be strong predictors of depression. Coping strategies
have been defined as individuals’ emotional, cognitive, and
behavioral attempts in response to stressful events [15,16].
HIV-related stigma is defined as processes that devalue, label,
negatively stereotype, or treat unfairly objects or people
associated with HIV [17,18]. Higher positive coping was
associated with lower depressive symptoms [19]. Higher levels
of HIV-related stigma and negative coping were associated with
higher depressive symptoms [19,20]. CBSM can instruct patients
to modify maladaptive cognitions such as HIV-related stigma,
acquire social support, and engage in more adaptive behaviors
such as positive coping to reduce depression and facilitate
adjustment [21,22]. In the Stigma and HIV Disparities Model
proposed by Earnshaw, enhancing positive coping could
improve resilience to stigma and ultimately improve health
outcomes among PLWH [23]. Existing studies have suggested
that coping and stigma might be important factors in influencing
the effects of psychological treatments on depression among
PLWH [19,24,25]. For example, Tshabalala and colleagues
observed that HIV-positive women randomized to cognitive

behavioral intervention group reported greater reduction in
depression than the control group. In addition, a significant
reduction in HIV-related stigma and negative coping and
improvement in positive coping were observed in comparison
with the control group [25]. Utilizing qualitative analysis, the
same study found that reasons for the effectiveness of the
cognitive behavioral intervention to reduce depression might
be the enhancement of participants’ coping and assertiveness
skills and reduction in HIV-related stigma during the
intervention. Similarly, another trial among HIV-seropositive
men who have sex with men in the United States also reported
that CBSM intervention was efficacious in improving cognitive
coping strategies and improved coping might be an important
determinant of both depression and anxiety reduction [21].

However, the few studies that explored intervention mediators
of depression reduction were mostly conducted within
interventions that occurred in clinic settings and were delivered
face-to-face. To the best of the knowledge of the authors, no
study has been done based on mobile health (mHealth)
interventions [21,25]. It is not clear that factors effective in
mediating intervention effects on depression reduction in
traditional delivery settings remain effective in mHealth
interventions. With the wide coverage of smart mobile phones
and emerging literature on the initial effectiveness of mHealth
interventions, it is important to understand the underlying
mechanisms and mediating factors for mHealth interventions,
especially in comparison with traditional face-to-face
interventions [26-29]. As mHealth interventions have the
potential to reach a large population with less stigma, lower
cost, and increased convenience, more research is needed for
greater understanding of mediators of effective mHealth
interventions [30-33].

In addition, existing studies mostly used qualitative analysis or
pre-post measurements to examine mediators of interventions
for depression reduction; longitudinal studies with multiple
waves are lacking [21,25]. As pre and post measurements
contain minimal information on individual changes, longitudinal
data with multiple (≥3) waves allow investigation on how factors
change and how these changes are related to health outcomes
over time [12,34]. Mediators should temporally precede the
outcomes to demonstrate causal temporal relationships [12,13].

Objectives
To bridge the gap in the existing literature, this study aimed to
examine mediating factors of the effects of an mHealth
intervention, Run4Love, designed for depression reduction
among PLWH based on CBSM with 4 time-point measurement
data. We hypothesized that both coping and HIV-related stigma
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would play important roles in mediating the effects of the
Run4Love mHealth intervention. Specifically, we hypothesized
that the intervention would improve positive coping and
decrease HIV-related stigma, which in turn would lead to
reduced depression among PLWH.

Methods

Design and Procedure
This study used data from a randomized controlled trial (RCT)
of an mHealth intervention, Run4Love, for depression reduction
among PLWH in China. This study is a secondary analysis of
the Run4Love RCT (ChiCTR-IPR-17012606) [35]. Participants
were recruited by trained research staff at the outpatient clinic
of a large hospital designated for HIV treatment. The study was
conducted from September 9, 2017, to October 1, 2018, at
Guangzhou Eighth People's Hospital in Guangzhou, China.
Details of study design and procedures can be found in the study
protocol [35]. Briefly, patients who met the eligibility criteria
were provided with a study pamphlet that described research
procedures and were invited to join the study. A total of 300
patients were enrolled in the study. Following enrollment, the
patients were assigned to either the Run4Love mHealth
intervention (n=150) or the waitlist control group (n=150)
through computer-generated block randomization with a block
size of 4 and an allocation ratio of 1:1. By the nature of the trial
design, neither research staff nor participants were blinded to
the Run4Love mHealth intervention. The allocation sequence
was not concealed from the research staff. The duration of the
intervention was 3 months, and participants were followed up
to 6 months after the intervention. Participants were assessed
at baseline, 3-month follow-up, 6-month follow-up, and 9-month
follow-up using electronic questionnaires on tablets. These
assessments were conducted during face-to-face sessions with
the (nonblinded) research staff at the outpatient clinic. The
primary outcome was depressive symptoms assessed by the
Center for Epidemiological Studies Depression Scale (CES-D)
[36]. Written informed consent was obtained from each
participant before data collection. Participants who completed
each of the study assessments received 50 RMB (ie, about US
$8) or gifts of equivalent value for completion of each survey.
The Consolidated Standards of Reporting Trials EHEALTH
checklist is shown in Multimedia Appendix 1.

Participants
Patients were eligible to participate if they were aged 18 years
or older, HIV seropositive, having elevated depressive symptoms
(CES-D≥16), willing to provide hair samples, and using
WeChat, the most popular application for instant communication
in China [37]. Hair samples were collected to test the cortisol
content as a biomarker of chronic stress. Patients were excluded
if they were taking psychiatric drugs, unable to finish
questionnaires because of mental or other illnesses or other
reasons, unable to read or listen to the materials sent via WeChat
(ie, short articles, audios, and posters), unable to engage in
physical activities because of medical reasons, or had hair
permed or dyed in the past 3 months. Those who refused to
participate provided information on specific reasons for refusal.

This study was approved by the institutional review board of
Sun Yat-sen University in Guangzhou, China.

Run4Love Mobile Health Intervention Program
Participants in the intervention group participated in a 3-month
mHealth intervention delivered by the enhanced WeChat
platform, consisting of the adapted CBSM course and regular
physical activity promotion [37]. The adapted CBSM course
consisted of 9 sessions and 3 review sessions on coping skills
and stress reduction management such as practices of effective
coping skills, cognitive distortions, meditation, and breathing.
Sessions were in multiple formats, including audio clips, articles,
and posters. On average, the articles were 1300 words and took
about 5 min to read; the audios were 5 to 10 min. The physical
activity promotion program included information about benefits
of and guidance on regular exercise and a healthy diet.
Participants in the intervention group received CBSM and
physical activity promotion information on their WeChat
account 3 to 5 times a week. Participants could review the
materials they had received at any time.

The Run4Love intervention also included 5 phone calls from
research staff at the first week and 1, 2, 5, and 8 months after
enrollment. The purpose of the phone calls was to confirm
participation and proper use of the platform at the first week
and to offer social support, facilitate intervention
implementation, identify barriers to adherence, and provide
feedback on mental health in subsequent months. All calls had
a script for reference. The calls lasted for an average of 10 min
during the first week and 15 min during subsequent weeks. The
intervention is described in detail elsewhere [35].

Control Program
Participants in the control group received a brochure on nutrition
and healthy living in addition to usual care for HIV treatment.
Moreover, they were offered to receive the Run4Love
intervention as soon as the study ended (ie, 9 months after
enrollment).

Measures

Depressive Symptoms
Depressive symptoms were assessed by the CES-D with good
reliability and validity [36]. The 20-item measure included 4
subscales: depressed affect, positive affect, interpersonal
relationship, and somatic and retarded activity. Higher scores
indicated higher levels of depressive symptoms. All items used
a 4-point Likert scale from 0 (“Rarely or none of the time”) to
3 (“Most or all of the time”). The total scores ranged from 0 to
60, with scores of 16 or above being considered as elevated
depressive symptoms. The CES-D scale demonstrated good
internal consistency, with Cronbach alphas ranging from .88 to
.93 across the 4 waves of assessment.

Coping
The 20-item Simplified Ways of Coping Questionnaire (SWCQ)
was used to assess coping with proven reliability and validity
[38]. The SWCQ assessed different attitudes and measures of
coping that people adopted in their daily lives using a 4-point
Likert scale from 0 (“Not used at all”) to 3 (“Used frequently”).
The SWCQ measurement consisted of 2 subscales: positive
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coping (12 items) and negative coping (8 items). The positive
coping scores ranged from 0 to 36, with higher scores indicating
better positive coping. Cronbach alphas for positive coping
ranged from .85 to .93 across 4 time points. The negative coping
scores ranged from 0 to 24. Higher scores indicated higher levels
of negative coping. Cronbach alphas for negative coping ranged
from .65 to .74 across 4 time points.

HIV-Related Stigma
HIV-related stigma was measured by 14 items derived from the
HIV Stigma Scale with good reliability and validity among
Chinese PLWH [39,40]. The measurement included 2 subscales:
perceived stigma (6 items) and internalized stigma (8 items).
Each item used a 4-point Likert scale from 1 (“strongly
disagree”) to 4 (“strongly agree”). The total scores ranged from
14 to 56, with higher scores indicating higher levels of
HIV-related stigma. An example of the items assessing
perceived stigma was “People with HIV lose their jobs when
their employers learn.” A sample item of internalized stigma
was “I feel guilty because I have HIV.” The HIV-related stigma
scale demonstrated good internal consistency, with Cronbach
alphas ranging from .92 to .96 across the 4 waves of assessment.

Demographic Variables
Demographic variables included age, gender, educational level,
sexual orientation, marital status, employment status, family
monthly income, and duration since HIV diagnosis.

Statistical Analysis
All analyses were conducted based on intention-to-treat
principle. Baseline characteristics were compared between the
intervention and control groups using t tests or Wilcoxon
rank-sum tests for numeric outcomes and chi-square tests for
categorical variables. All statistical tests were 2-sided, and P
value <.05 was considered statistically significant.

The latent growth curve model (LGCM) was used to examine
mediating factors of the effects of the mHealth intervention on
depressive symptoms among PLWH using 4 time-point
measurement data. As an extension of structural equation
modeling (SEM), LGCM allowed simultaneous analysis of
multiple time points, thus potentially providing more accurate
estimation of changes over time [41]. LGCM was suited in this
study because it accommodated longitudinal data with multiple
waves where both the mediator and the outcome changed
simultaneously over time, therefore allowing researchers to
address longitudinal mediation [42,43]. Though the framework
of LGCM was similar to that of SEM, LGCM allowed for
estimation of inter- and intraindividual variation over time and
exploration of predictors of these individual differences [34,43].
Repeated measurements collected at 4 time points (ie, at baseline
and 3-, 6-, and 9-month follow-ups) were included as observed
indicators, with the latent intercept (ie, initial status) and slope
(ie, rate of change) factors being estimated. With the longitudinal
data, the parallel-process LGCM allowed exploration of the
effects of the intervention on changes of variables of interest,
or the growth rates (ie, slopes) of the variables of interest.

A stepwise approach was used to examine the mediating effects,
which were widely used with longitudinal data [43]. First,

unconditional parallel-process LGCM of HIV-related stigma,
coping, and depressive symptoms were specified to estimate
growth trajectories and each construct’s temporal stability for
both groups. Factor loadings for the intercept at each time point
were set to 1. Factor loadings of the latent slope were set to a
model with an unspecified shape (ie, 0, 1, * and *) such that the
third and fourth factor loadings of the slope could be freely
estimated. Instead of assuming linear growth of each factor from
the baseline to 9-month follow-up, it was more reasonable to
have a model with an unspecified shape without such a strong
assumption [44].

Second, conditional LGCM was conducted to examine the
effects of the intervention on the outcome and potential
mediators. Intervention condition (ie, mHealth intervention vs
control) was explored as a predictor of changes in depressive
symptoms, coping, and HIV-related stigma across time (ie,
predicting the slope factor). A dummy variable was created to
represent group assignment. The mHealth intervention group
was coded as 1 and the control group as 0. A significant path
from the intervention condition to the slope of the variable of
interest would indicate a significantly larger change in that
variable over time in intervention group than in control group.

Third, a longitudinal mediation model was used to investigate
whether the mHealth intervention was effective in reducing
depressive symptoms via the potential mediators by examining
changes in the slopes of the outcome (ie, depressive symptoms)
and mediators (ie, coping and HIV-related stigma). The
mediating effects were estimated using bias-corrected 95%
bootstrapped CIs (BCIs) with resampling of 5000 [45-47].

All LGCMs were conducted using maximum likelihood
estimation. Model fit was assessed using the comparative fit
index (CFI) and the root mean square error of approximation
(RMSEA), the standardized root mean square residual (SRMR),
and the relative chi-square ratio (chi-square/df). A LGCM model
with a good model fit met the following criteria: CFI>0.90,
RMSEA<0.08, SRMR<0.08, and relative chi-square ratio<3.0
[48,49]. Preliminary statistical analyses were performed using
R software, version 3.5 (R foundation for Statistical Computing).
LGCM analyses were performed using Mplus software, version
7 (Muthén & Muthén).

Results

Participant Enrollment
A total of 1555 PLWH were assessed for eligibility, among
whom 1255 were excluded or withdrawn before enrollment. A
total of 1017 were excluded because of lower CES-D scores
(ie, CES-D<16), and 538 were further screened. Among the
538 participants, 164 declined to participate; 24 refused
eligibility interview, and 50 were excluded because of other
reasons such as currently taking psychotropic medication,
participating in other studies, or unable to read because of eye
problems. The RCT included 300 participants, with 150 in the
intervention group and 150 in the control group. Details of the
recruitment process are described in the study protocol [35].
Dropout rates for 3-, 6-, and 9-month follow-ups were 8.7%
(26/300), 11.7% (35/300), and 13.3% (40/300), respectively.
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All demographic characteristics displayed in Table 1 were
examined, and characteristics of dropouts were not statistically
different from those who completed the study, aside from being
slightly older. Reasons for dropping out included nonresponse
(n=29), refusing to continue (n=9), transferring to another
hospital (n=1), and imprisonment (n=1).

Descriptive Analyses
Descriptive statistics for baseline data are presented in Table 1
by group. There was no significant difference between the
intervention and control groups except for sexual orientation,
where more heterosexual participants were allocated in the
control group. The participants were primarily male (277/300,
92.3%), employed (251/300, 83.7%), and with a median age
(interquartile range) of 27.5 years (24.5-31.3). The majority

(245/300, 81.7%) were homosexual or bisexual or uncertain of
their sexual orientation. On average, participants in the
intervention group completed 55% (33/60) of the 12 total
Run4Love sessions at 3 months. Repeated measurements of the
outcome variable (ie, depressive symptoms) and potential
mediators (ie, HIV-related stigma and coping) at 4 time points
for the intervention and control groups are shown in Table 2.
The observed growth trajectories of mean depressive symptoms,
coping, and HIV-related stigma scores for the intervention group
and control group over 4 time points are presented in Figure 1.
Our RCT indicated that the Run4Love mHealth intervention
significantly reduced depressive symptoms and HIV-related
stigma and improved positive coping compared with the control
group at 3-, 6-, and 9-month follow-ups.

Table 1. Participants’ characteristics for the intervention and control groups at baseline.

P valueControl (n=150)Intervention (n=150)Total (n=300)Characteristics

.40a27.8 (24.6-32.2)27.4 (24.3-31.1)27.5 (24.5-31.3)Age (years), median (interquartile range, IQR)

.19b135 (90.0)142 (94.7)277 (92.3)Male, n (%)

.12b84 (56.0)98 (65.3)182 (60.7)Educational level > high school, n (%)

.04b115 (76.7)130 (86.7)245 (81.7)Homosexual/bisexual/uncertain, n (%)

.73b20 (13.3)18(12.0)38 (12.7)Married, n (%)

.53b128 (85.3)123 (82.0)251 (83.7)Employed, n (%)

.20b56 (37.3)68 (45.3)124 (41.3)Family monthly income ≥7000 (yuan), n (%)

.62c1.8 (0.6-3.9)1.7 (0.6-4.0)1.7 (0.6-3.7)Duration since HIV diagnosis (years), median
(IQR)

.68a24.3 (6.9)23.9 (6.4)24.1 (6.6)Center for Epidemiological Studies Depression
Scale, mean (SD)

.92a18.3 (6.2)18.4 (5.5)18.4 (5.8)SWCQd, positive coping, mean (SD)

.94a11.8 (3.9)11.8 (3.9)11.8 (3.9)SWCQ, negative coping, mean (SD)

.31a38.0 (7.5)37.1 (7.7)37.5 (7.6)HIV Stigma Scale, mean (SD)

aBased on t test.
bBased on chi-square test, the Fisher exact P values were used.
cBased on Wilcoxon rank-sum test.
dSWCQ: Simplified Ways of Coping Questionnaire.
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Table 2. Repeated measurements of depressive symptoms and potential mediators in the Run4Love randomized controlled trial.

9-month follow-up, mean (SD)6-month follow-up, mean (SD)3-month follow-up, mean (SD)Baseline, mean (SD)Variables, group

Depressive symptoms

17.86 (10.72)17.60 (10.06)17.87 (9.44)23.93 (6.39)Intervention

23.43 (11.45)24.11 (11.42)23.85 (10.11)24.25 (6.86)Control

Positive coping

20.95 (7.75)21.03 (7.48)20.79 (7.33)18.39 (5.45)Intervention

18.31 (6.41)17.38 (6.59)17.70 (5.88)18.32 (6.15)Control

Negative coping

11.71 (4.09)11.33 (4.38)11.12 (4.26)11.78 (3.85)Intervention

11.87 (4.09)11.32 (4.14)11.43 (3.71)11.75 (3.88)Control

HIV-related stigma

33.98 (9.01)34.30 (8.52)34.28 (9.19)37.10 (7.67)Intervention

37.79 (9.99)37.35 (9.92)37.50 (8.27)37.99 (7.54)Control

Figure 1. Measurements of depressive symptoms, coping, and HIV-related stigma over time. Error bars indicate 95% confidence intervals.

Latent Growth Curve Modeling

Intervention Effects
Conditional LGCM supported the beneficial effects of the
intervention on the outcome and potential mediators. Figure 2
presents the path diagram of each conditional LGCM. There
were significant effects of the intervention on the slopes of
depressive symptoms (beta=–4.93; P<.001), positive coping
(beta=2.43; P<.001), and HIV-related stigma (beta=–2.12;

P<.001). The results indicated that there was significantly more
reduction in depressive symptoms and HIV-related stigma and
significantly more improvement in positive coping over time
in the intervention group than in the control group. The LGCMs
for the abovementioned 3 variables showed good model fit.
Table 3 presents model fit indices for all LGCMs. In addition,
the intervention did not have a significant intervention effect
on the slope of negative coping (beta=–0.22; P=.49), indicating
that there was no significant reduction in negative coping over
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time in the intervention group compared with the control group.
Therefore, negative coping was not included in the final analyses

of mediating effects.

Figure 2. Conditional latent growth curve modeling examining the effects of the mobile health intervention on the outcome and potential mediators.
Continuous lines with arrows indicate statistically significant paths. Dotted lines indicate nonsignificant paths. The first and second factor loadings of
the latent slope of all models were set to 1, the third and fourth factor loadings of the latent slope of all models were freely estimated. Group: intervention
or control group; DS: depressive symptoms; HS: HIV-related stigma; PC: positive coping; NC: negative coping.

Table 3. Model fit indices of all latent growth curve models.

Relative chi-square ratio (df)SRMRcRMSEAbCFIaModel

<3.0<0.08<0.08>0.90Reference

1.4 (7)0.020.041.00LGCMd for depressive symptoms

0.8 (7)0.030.001.00LGCM for positive coping

1.1 (7)0.040.021.00LGCM for negative coping

0.8 (7)0.020.001.00LGCM for HIV-related stigma

1.7 (56)0.040.050.98Final LGCM

aCFI: comparative fit index.
bRMSEA: root mean square error of approximation.
cSRMR: standardized root mean square residual.
dLGCM: latent growth curve model.

Mediating Effects of Positive Coping and HIV-Related
Stigma
The path diagram of LGCM in Figure 3 shows how the mHealth
intervention reduced depressive symptoms via mediators of
positive coping and HIV-related stigma. Pathways and BCIs of
the final parallel-process LGCM are presented in Table 4. The
final model indicated good model fit (CFI=0.98, RMSEA=0.05,
SRMR=0.04, relative chi-square ratio (df)=1.7 (56). The results
of the parallel-process LGCM indicated significant mediating

effects of positive coping and HIV-related stigma on depression
reduction in the mHealth intervention.

The results indicated a significantly indirect effect of the
intervention on the slope of depressive symptoms via the slope
of positive coping (beta=2.275×(−1.257)=−2.86; 95% BCI −4.78
to −0.94). This means that the mHealth intervention significantly
improved participants’ positive coping over time, which in turn
significantly reduced depressive symptoms of the participants
over time. Similarly, there was also a significantly indirect effect
of the intervention on the slope of depressive symptoms via the
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slope of HIV-related stigma (beta=−1.962)×0.873=−1.71; 95%
BCI −3.03 to −0.40), indicating significant intervention effects
in reducing HIV-related stigma, which in turn significantly
reduced depressive symptoms of the participants over time.

The direct effect of the intervention on the slope of depressive
symptoms was not statistically significant (beta=−0.06; 95%

BCI −2.15 to 2.03) when the mediators were added, indicating
no direct effect of the intervention on depressive symptoms of
the participants. Therefore, the effects of the mHealth
intervention Run4Love in reducing depressive symptoms of the
participants might be largely explained by the indirect effects
of the intervention on enhancing positive coping and reducing
HIV-related stigma among PLWH.

Figure 3. Latent growth curve modeling examining mediating effects between the mobile health intervention and changes in depressive symptoms.
Continuous lines with arrows indicate statistically significant paths. Dotted lines indicate nonsignificant paths. The first and second factor loadings of
the latent slope of the model were set to 1, the third and fourth factor loadings of the latent slope of the model were freely estimated. Group: intervention
or control group; PC: positive coping; HS: HIV-related stigma; DS: depressive symptoms.
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Table 4. Coefficients and bootstrapping CIs of the final parallel-process latent growth curve modeling.

Standardized estimate95% BCIaEstimateEffect

Direct effect on the slope of depressive symptoms

−0.59−1.89 to −0.62−1.26bSlope of positive coping

0.520.48 to 1.270.87bSlope of HIV-related stigma

−0.00−2.15 to 2.03−0.06Group

−0.15−0.47 to 0.04−0.22Intercept of positive coping

0.08−0.06 to 0.220.08Intercept of HIV-related stigma

Direct effect on the slope of positive coping

0.371.06 to 3.502.28bGroup

0.370.04 to 0.360.20bIntercept of depressive symptoms

−0.21−0.22 to 0.02−0.10Intercept of HIV-related stigma

Direct effect on the slope of HIV-related stigma

−0.25−3.22 to−0.70−1.96bGroup

−0.40−0.57 to−0.13−0.35bIntercept of positive coping

−0.21−0.28 to−0.01−0.14bIntercept of depressive symptoms

Indirect effect of group on the slope of depressive symptoms

−0.22−4.78 to−0.94−2.86bVia the slope of positive coping

−0.13−3.03 to−0.40−1.71bVia the slope of HIV-related stigma

−0.35−7.01 to −2.14−4.57bTotal indirect effect

aBCI: bootstrapped CIs.
bCI does not contain zero.

Discussion

Principal Findings
Our study is among the first to examine mediating factors of
the effects of an mHealth intervention designed for depression
reduction among PLWH. In addition, this study is the first study
that has utilized latent growth curve modeling for examining
mediators in an mHealth intervention study using 4 time-point
measurement data among PLWH. We found that enhancement
of positive coping and reduction of HIV-related stigma were
important mediating factors of the mHealth intervention in
reducing depression among PLWH.

Previous studies using qualitative analysis have demonstrated
a mediating effect of positive coping on achieving depression
reduction in face-to-face interventions [25,50]. Results of the
LGCM in our quantitative analysis affirmed this finding in the
Run4Love mHealth intervention [25,50]. This finding
underscored the critical role of positive coping in depression
reduction and suggested that enhancing participants’ positive
coping may be an effective treatment strategy to reduce
depression among PLWH in mHealth-based interventions.

One reason for the significant enhancement of positive coping
among PLWH might be that the Run4Love mHealth intervention
was adapted from evidence-based CBSM program, with an
important component of training in coping skills [21]. In the

intervention, participants were instructed to practice positive
coping skills by listening to audio recordings and reading short
essays delivered via our enhanced mHealth platform [35]. The
short essays and audio recordings on effective coping skills
included problem- and emotion-focused coping and relaxation
exercises. As reported in the previous studies of face-to-face
CBSM interventions, problem- and emotion-focused coping
and relaxation exercises were effective ways of improving
positive coping among PLWH [51,52].

One advantage of the Run4Love mHealth intervention over
traditional face-to-face interventions may be that the materials
(eg, audio clips and essays) can be repeated, read, or heard at
any time or location of participants’ choice. The tracking and
monitoring functions of the Run4Love intervention can provide
timely feedback to both researchers and participants, such as
whether and for how long each participant read or listened to
the materials sent via the mHealth platform. Instead of recalling
what is learned in face-to-face sessions or seeking clinicians’
suggestions in traditional interventions, participants in mHealth
interventions are able to read, listen to, and review materials
related to positive coping skills whenever they encounter
challenges in their daily lives [53,54]. Therefore, as opposed to
traditional interventions, mHealth interventions such as
Run4Love have the advantage of delivering psychological
materials and support with increased accessibility, lower cost,
and increased privacy for participants. These characteristics, in
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turn, increase the potential to scale-up the intervention for
widespread implementation, especially in resource-limited
settings [28].

The results of this study also revealed that depression reduction
in the Run4Love mHealth intervention was significantly
mediated by reduction of HIV-related stigma. Previous studies
found that face-to-face cognitive behavioral interventions were
effective in reducing HIV-related stigma and depression in
PLWH [25,55,56]. For example, 1 study showed that a
face-to-face cognitive behavioral intervention was effective in
reducing stigma, which in turn led to alleviated emotional
symptoms in outpatients with anxiety and depressive symptoms
in a pre- and postintervention assessment design [57]. Our study
contributed to existing literature by demonstrating that an
mHealth intervention can significantly reduce HIV-related
stigma and also that reduced HIV-related stigma served as an
important mediator in the overall effect of the mHealth
intervention on depression reduction.

Although the specific features of the Run4Love intervention
that might explain the significant reduction in HIV-related
stigma are not clear, 2 possible elements might be (1) the
important component of HIV stigma reduction messages in the
CBSM and (2) the additional 5 phone calls from research staff
that occurred throughout the study. The phone calls may have
served as additional social support for the participants as
research staff helped to facilitate participation, improve
intervention adherence, and provide feedback and guidance on
participants’ mental health status. Previous research indicates
that social support is an important factor in reducing HIV-related
stigma [58]. Our study findings provided empirical evidence
that the Run4Love mHealth intervention decreased the
experience of HIV-related stigma, which in turn effectively
reduced depressive symptoms among PLWH.

Limitations
There were several limitations in this study. First, although our
study focused on positive coping and HIV-related stigma, other
factors such as stress, self-efficacy, physical activity, patient

satisfaction, guidance (working alliance), emotion regulation
skills, and expectations might also serve as potential mediating
factors for depression reduction among PLWH in the Run4Love
mHealth intervention. Social support that the research staff may
have provided with the phone calls might also serve as potential
mediators, but we did not measure social support in this study.
Future studies should further assess and explore the potential
mediating effects of these factors in mHealth interventions.
Second, data in this study were self-reported, which might
introduce recall and social desirability biases. More objective
measures such as biomarkers could be incorporated in the future
studies. Third, as the data in this study were collected in an
urban setting, caution should be exercised when generalizing
the results to other places such as rural areas. Fourth, as the
temporal sequence could not be identified between the mediators
and outcome in this study, a causal relationship between the
mediators and outcome cannot be confirmed. Fifth, selection
bias in enrollment may limit the generalizability of the findings.
Sixth, mediators only statistically narrow the mechanisms of
change and might not necessarily be congruent [12,13]. Despite
these limitations, this study provided additional empirical and
quantitative evidence for a better understanding of the effects
of an mHealth intervention on depression reduction among
PLWH through mediating factors.

Conclusions
In conclusion, this study revealed several mediating effects of
an mHealth intervention using latent growth curve modeling
and 4 time-point longitudinal measurement data. Positive coping
and HIV-related stigma were important mediating factors of
the Run4Love mHealth intervention in reducing depression
among PLWH. The study’s findings provided empirical
evidence for future research to enhance positive coping and
reduce HIV-related stigma in mHealth interventions to reduce
depression among PLWH. In addition, future interventions and
policies aimed at reducing depression among PLWH should be
designed with specific features that address positive coping and
stigma to maximize intervention efficacy.
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Abstract

Background: Cystic fibrosis (CF) continues to be the most common life-limiting chronic pulmonary disease in adolescents and
young adults. Treatment of CF demands a high treatment time investment to slow the progression of lung function decline, the
most important contributor to morbidity and mortality. Adherence is challenging in CF due to the high treatment burden and the
lack of immediate health consequences in case of nonadherence. Lung function decline is particularly pronounced in the transition
phase between 12 and 24 years of age. The improvement of self-management and self-responsibility and independence from
parents and desire for normalcy are conflicting aspects for many adolescents with CF, which influence adherence to the
time-consuming pulmonary therapy. Mobile health (mHealth) care apps could help to support self-management and independence
and thereby reconcile seemingly conflicting goals to improve adherence, quality of life, and ultimately CF life expectancy.

Objective: This study aimed to (1) assess user behavior and satisfaction among adolescents and young adults with CF over an
observation period of three months using an mHealth app; (2) identify areas of improvement for this mHealth app; and (3) compare
overall and disease-specific satisfaction, lung function, and anthropometry before and after using the mHealth app.

Methods: A total of 27 adolescents and young adults with CF (age range 12-24 years, mean age 16 years, SD 3 years; 14
females, 11 males) used a free mHealth app for three months of whom 25 provided questionnaire data for analysis at the end of
the study. Data collection was carried out using questionnaires on usage characteristics and life satisfaction, and standardized
assessment of lung function and anthropometry.

Results: The use of the reminder function for medication declined from 70% (15/21) of the participants at week 4 to 65% (13/20)
at week 8 of the observation period. At the end of the study, only 17% (4/23) of the participants wanted to continue using the
app. Nevertheless, 56% (14/25) of participants saw the mobile app as a support for everyday life. Potential improvements targeting
hedonistic qualities were identified to improve mHealth app adherence. Comparisons of satisfaction with different life aspects
hinted at improvements or stabilization for the subitem respiration and the subitem lack of handicap by CF, suggesting that app
use might stabilize certain CF-specific aspects of the weighted satisfaction with life. Lung function and anthropometry were not
affected consistently.
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Conclusions: Most of the patients did not want to continue using the app after the study period. Only a few CF-specific aspects
of weighted life satisfaction were possibly stabilized by the mHealth app; clinical parameters were not affected. Adaptation of
the functions to adolescent-specific needs could improve the long-term use and thus positively affect the disease course.

(JMIR Mhealth Uhealth 2019;7(11):e12442)   doi:10.2196/12442

KEYWORDS

mobile phone; mobile phone app; mHealth; self-management; adolescence; cystic fibrosis

Introduction

Background
Cystic fibrosis (CF) is the most common systemic metabolic
disease in Caucasians, affecting more than 70,000 patients
worldwide, about 8000 of whom reside in Germany, where
currently about 55% are in the adolescent or transition age, that
is, between 12 and 29 years old [1]. Despite progress, CF
remains life-limiting, mainly because of chronic pulmonary
disease, with a high morbidity burden.

Treatment of CF demands one of the highest treatment time
investments of all chronic diseases, which turns treatment
adherence critical and vulnerable [2,3]. Treatment time
investment in CF is high mainly because of the need for
stringent, twice daily inhalational therapy coupled with
physiotherapy techniques, but also because of the continuous
need of enzyme replacement therapy with every fat-containing
meal. Changes in everyday symptom load typically occur in the
context of common colds and need to be judged by the patient
for their severity, as they might necessitate treatment changes,
that is, additional inhalations or antibiotics. Adherence in CF
is particularly challenging, because of not only the high time
investment but also the lack of immediate changes in health
status in case of nonadherence, as disease progression is not
immediately palpable in case of lung function decline.

In CF, as in all chronic diseases, the transition phase, that is,
the period of life between approximately 12 and 24 years of
age, constitutes the period in life when the most rapid loss of
organ function can be observed [3], crucially setting the stage
for future health [4]. A large proportion of loss of organ function
is due to the psychological demands inherent to puberty.
Adolescents afflicted by a chronic disease, which demands a
high degree of treatment adherence, face the difficulty to meet
the requirements of their disease, including the development of
sufficient disease investment, in addition to the pubertal
requirements to develop self-responsibility, self-determination,
and independence [5]. During adolescence, patients with CF
must learn to assess changes in everyday symptom load by
themselves, to be able to take over this critical task from their
parents. Disease investment because of a high load of therapy
and the need to monitor health status versus parental
independence and the desire for normalcy create conflicting
situations for adolescents with chronic disease and turn
adherence into a particularly vulnerable quality during this
period of life [5-7]. Development of independent
self-management techniques, a goal for many adolescents, is
thus of an even higher priority in adolescents with chronic
diseases such as CF.

The adolescent population, regardless of having a chronic
disease, is difficult to approach, often coupled to a lack of
attainability via conventional communication venues.
Communication via mobile phones constitutes a promising
venue in that respect. In Germany, in 2015, 90% of adolescents
aged between 14 and 19 years owned a mobile phone, of whom
80% considered their mobile phone to be very important or
important to them [8], providing proof to the common
knowledge of high mobile phone affinity of this age group
worldwide [9]. Currently available mobile apps offer novel
approaches to support the daily therapy of patients with chronic
diseases. On those lines, systematic reviews show promise in
the use of mobile health (mHealth) apps to improve
self-management for chronic diseases [10], also in the area of
CF [7]. However, many of the existing mHealth apps are not
disease specific [11], or do not provide all the desirable functions
for the particular disease [12], although this is a typical demand
in user-centered surveys among CF patients [9,11]. Development
of CF-specific mHealth apps by pharmaceutical companies
introduces a bias, possibly conflicting with patients’actual needs
[13]. Some comprehensive mHealth apps have been designed
by CF patients themselves [14] or doctors involved in CF
patients’ care [14-16], yet language and differences in medical
systems provide barriers to extrapolation in different countries.
Stringent scientific evaluation of mHealth apps, specifically for
patients in the transition age, remains rare [9], even though
studies have shown age-dependent differences in usage of
mHealth apps [17].

Hypothesis
The studies cited above indicate that rigorous analyses of
mHealth app use in adolescents with CF are necessary when
aiming at the development of supportive mHealth apps for this
particular age group. We hypothesized that a positive assessment
of a mobile phone app would lead to sustained use over time.

Objectives
To address this hypothesis, we introduced a subgroup of our
CF patients in our transition clinic to a mobile phone app, the
KiOAPP [18], designed to support disease management. There
are several assets in KiOAPP that influenced our choice of this
specific app. As CF doctors, we consider self-management and
communication essential to develop sustained adherence,
regardless of patients’ age. KiOAPP addresses these aspects by
a diary, communication venue, a medication plan, and reminder
function. Moreover, the developers of KiOAPP claim
age-specific tailoring, for example, by using youth-specific,
less formal language, colorful and adaptable design, placing
emphasis on user autonomy [19], which might be essential to
improve user affinity and, thereby, promoting sustained use.
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We addressed our hypothesis in a pilot clinical trial that included
27 adolescent CF patients who were introduced to KiOAPP.
Here, we present analyses on usage characteristics, product
satisfaction, and clinical effects for 25 of them whose
questionnaire data were available at the end of the study.

Methods

The KiOAPP Mobile Health App
The mHealth app (KiOAPP) was developed by a German
nonprofit society for adolescents and young adults after solid
organ transplantation [18]. The app is available free of charge
in iOS and Android app stores. It offers the following features
(also see Multimedia Appendix 1):

• Individualizable medication reminder, including a bar code
scanner introduction aid and an audio reminder system
(medication reminder function);

• Diary functions for recording daily vitals and personal
observations (diary function);

• Communication platform for transmitting information to
the physician (contact function); and

• Individualizable user surface (design function).

The integration of a bar code scanning function, allowing
capturing bar codes on medication boxes as they are in use in
Germany, facilitates the inclusion of a large number of different
medications typical in CF into an individual mobile phone-based
medication and medication reminder plan. It obviates the need
for time-consuming preparation of an entry, which might deter
users from this function. We considered the diary function and
communication venue useful as they offer day-to-day
documentation of symptom load, which adolescents need to
learn to assess by themselves when taking over responsibility
for their disease from their parents and offers the possibility to
discuss changes with the attending physician. We considered
the medication plan to provide independence from parental
oversight and facilitate self-management of adolescents with
CF, thereby providing support in the conflict between
independence and disease investment.

Study Population
Patients were eligible for inclusion into the interventional study
via diagnosis of CF and age 12 to 24 years. The Hannover CF
center routinely tends to approximately 400 patients with CF
across all ages, of whom approximately 150 were of the required
age during the recruitment period of the study. All CF patients
at our center received a flyer explaining the app and the trial by
email and handout upon their clinical appointments at the CF
center. They were asked whether they wanted to participate in
the study at their next and the consecutive center appointment,
leading to a recruitment period of 9 months without
randomization and recruitment of 27 patients. Of these patients,
2 were not willing to follow-up via questionnaires after the
3-month intervention period, leading to datasets of 25
participants for analysis at the completion of the study. Not all
patients answered all items in all questionnaires. Numbers of
patients who replied are indicated in the respective analyses and
figures. For analyses on the effects of app use on forced
expiratory volume in 1 second (FEV1) and body mass index

(BMI), which were available for 25 of the 27 participants who
had utilized the app, a control group of 25 CF patients who had
not participated in the app study was randomly selected from
all CF patients at our center, 2 years after the study. For each
study participant, we selected 1 CF patient of similar age, sex,
FEV1, and BMI values at the time our interventional study had
started.

Study Design
The study was approved by the local ethics committee
(#2826-2015). Upon consent, patients were introduced to the
mHealth app, including an explanation of its different functions
and the possible usefulness of these function to the everyday
treatment burden and self-assessment necessary for patients
with CF. At the same time point, all participants were assessed
for life satisfaction via FLZ questionnaire (questionnaire on life
satisfaction [Fragebogen zur Lebenszufriedenheit]; Multimedia
Appendices 2-4), FEV1, and BMI. Within the next week, 4 and
8 weeks later, participants were contacted by phone to ensure
installment and understanding of the app. At week 4 and 8 post
installment, we systematically assessed app usage and
satisfaction via questionnaire III (Multimedia Appendix 5). At
these time points, not all participating patients were contactable
via phone, leading to 21 (4 weeks) and 20 (8 weeks) phone
interviews. Life satisfaction (Multimedia Appendices 2-4), app
usage (questionnaire I, Systems Usability Scale, Multimedia
Appendix 6) and satisfaction (questionnaire II, Multimedia
Appendix 7), and product quality (AttrakDiff questionnaire)
were consecutively assessed by questionnaires 3 months after
recruitment at the observation endpoint, with patients answering
paper and Web-based questionnaires during their waiting period
for an ambulatory appointment, and interrogation about open
questions or uncertainties by the physician during that
appointment.

Lung function and BMI were assessed in 3-monthly intervals
as part of routine care for the study group and the control group.
We compared lung function and BMI of the 25 study subjects
who provided questionnaire data at the end of the study and
matched 25 control subjects after 3 months, 1 year, and 2 years
post inclusion to investigate a possible time-dependent effect
after using the app, as lung function and BMI are clinical
parameters known to take some time to reflect changes induced
by clinical interventions [20].

Questionnaires
When possible, the authors chose well-established questionnaires
which have been evaluated regarding reliability, validity, and
reproducibility. Although the authors equally felt that for
description of usage characteristics and satisfaction with the
app, none of the established test systems offered appropriate
content and thus self-designed 2 additional questionnaires, which
thus lacked standardized assessment of their test qualities.

The established questionnaires were selected by 4 of the
coauthors (HN, UVA, AMD, and KP; with a combined CF
expertise of >95 years), each contributing unique backgrounds
(social worker, medical doctor and informatician, CF specialist,
and medical student within the age range of the target
population). The same authors co-designed 2 questionnaires
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(Multimedia Appendices 5 and 7). After incorporation of
feedback to these self-designed questionnaires by our
multidisciplinary CF team, including another social worker, a
psychologist, a data manager, a dietician, and a physiotherapist,
the questionnaires were finalized.

App Usage and Satisfaction
App usage and satisfaction were assessed by 3 questionnaires.
Questionnaires I (standardized system usability scale
questionnaire [21], see Multimedia Appendix 6) and II
(self-designed questionnaire, see Multimedia Appendix 7) aimed
at assessing user behavior. These questionnaires were handed
out after the intervention, that is, 12 weeks after the introduction
to the mHealth app, during a regular outpatient visit.
Questionnaire III (self-designed questionnaire, see Multimedia
Appendix 5) was used during telephone interviews with
participants, 4 and 8 weeks after the introduction to the mHealth
app.

Product Qualities of the KiOAPP
Qualities of the KiOAPP were assessed by the AttrakDiff
questionnaire, a Web-based questionnaire [22] 12 weeks after
the introduction to the mHealth appl during a regular outpatient
visit. AttrakDiff is a well-established tool for assessing a
product’s usability and design. [23-25]. To this end, it
differentiates between pragmatic and hedonic qualities.
Usefulness and usability are aspects contributing to pragmatic
quality, whereas features that help fulfill emotional needs such
as identification with the product, or simply curiosity, are
so-called hedonic factors. Both pragmatic and hedonic factors
are important for a product’s overall attractiveness. The
assessment itself is done via many opposing word pairs, such
as technical versus human or harmless versus challenging, with
participants being asked to rate the product via these word pairs
using a scale between −3 and +3.

Patients’ Life Satisfaction
Patients’ life satisfaction was assessed by the FLZ questionnaire
[26], a well-established questionnaire for the assessment of life
satisfaction which offers the additional asset that it includes a
CF-specific module and reference population. We assessed life
satisfaction at the time of inclusion into the study and 12 weeks
after the introduction to the mHealth app during regular
outpatient visits. We assessed 3 modules (FLZ): general life
(see Multimedia Appendix 2), general health (see Multimedia
Appendix 3), and CF life (see Multimedia Appendix 4), each
containing 8 categories [26]. The scores for the individual
modules were summed up as global scores. Reference
populations for the FLZ are CF patients aged 16 to 45 years,

n=251 [26]. Analysis of sum scores from study participants
aged 12 to 15 years versus study participants aged 16 to 24 years
were performed to assess age-specific differences.

Lung Function
Spirometry was performed according to American Thoracic
Society/European Respiratory Society criteria on a PowerCube
Body Plethysmograph (Ganshorn). Absolute values were
referenced according to Knudson providing percentages
compared with a standard reference population and provided
for the pertinent time points [27].

Body Mass Index
BMI measurements were obtained by measurements of weight
and height and provided as absolute values.

Statistical Analyses
Where indicated, arithmetic mean (MW) and standard deviation
(SD) were determined for all parameters. Normal distribution
was tested with the Kolmogorov-Smirnov test. P values were
calculated with a one-sample t test using the statistical software
SPSS (version 23, IBM) where indicated throughout the
manuscript. The significance level for all tests is indicated as
actual values. Hedge g values were used as an alternative
evaluation of effect size of the difference between the reference
population and our study population by comparing FLZ sum
scores between these 2 groups. Cohen d values were used as an
alternative evaluation of effect size of the intervention by
comparing lung function and anthropometry of our study group
versus the age and gender-matched control population at given
time points.

Results

Mobile Health App Usage Characteristics
Most of the patients used the app less than 50 times in a 4-week
interval, followed by more frequent utilization times. These
categories remained stable over the intervention (Figure 1,
assessment of question #2 “How often have you used the app
in the past 4 weeks?”, questionnaire Multimedia Appendix 3).
After completion of the observation period, most of the
participants reported that they had used the app several times
or at least once per day (Figure 1, assessment of question #2
“How often per day/per month/per three-month have you used
the app?”, questionnaire Multimedia Appendix 7). Most
participants reported low usage times of a few seconds to
minutes per opening of the app (Figure 1, assessment of question
#4 “How long have you used the app?”, questionnaire
Multimedia Appendix 7).
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Figure 1. Usage characteristics of the mHealth app. Patients reported number of app-openings per 4 week-interval, estimated overall frequency of app
use, reported opening times of app after study completion and use of different app functions. Numbers indicate percentages of participants and overall
numbers.

The medication reminder function was the most frequently used
(15/21, 70%, at 4 weeks), followed by the diary function (3/21,
15%, at 4 weeks), the contact function (1/21, 4%, at 4 weeks),
and the design function (2/21, 11%, at 4 weeks) (Figure 1,
assessment question #1 “Which function of the app have you
used in the last 4 weeks?”, questionnaire Multimedia Appendix
5).

Use of the medication reminder function declined between time
points from 70% (15/20) at 4 weeks to 65% (13/20) at 8 weeks
(Figure 1). Use of the diary function was much lower but
remained almost stable at 4 and 8 weeks (3/21 or rather 3/20).
The contact function and the design function were both used
by only a very limited proportion of participants (Figure 1).

Upon examining user patterns, we identified users who (1) used
all app functions and reduced use of the medication reminder
function over time; (2) used all apps at a steady level; and (3)
used only the medication reminder function and reduced its use
over time.

User Ratings: Continuation of Use and Perceived
Usefulness
After 4 and 8 weeks, most of the participants wanted to continue
to use the app (17/21, 81%, at 4 weeks; 15/20, 75%, after 8
weeks) (Figure 2, assessment question #10 “Can you image to
use the app after finishing the study?”, questionnaire Multimedia
Appendix 5).
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Figure 2. Continuation of use and perceived usefulness versus actual use of mobile health (mHealth) app. Patients reported wish to continue to use
app after 4 and 8 weeks and after completion of the study. Patients were queried for perceived usefulness and actual use of different mHealth functions:
medication reminder function, diary function, contact function and design function. Perceived usefulness (black bars) was plotted versus reported usage
(grey bars). Numbers indicate percentages of participants and overall numbers.

After the completion of the study, not all participants answered
the items on their desire to continue to use the app, leading to
23 datasets. Also, the number of participants who wanted to
continue to use the app declined to only 17% (4/23) of
participants who wanted to continue using the app (Figure 2,
sum of agree very much and agree, see assessment question #1
of the questionnaire in Multimedia Appendix 6) with a large
proportion being indecisive (8/23, 35%), and 48% (11/23) of
participants declining further usage (Figure 2, sum of decline
and decline very much), suggesting a critical window of attrition
between 8 and 12 weeks.

When asked which functions were regarded as useful, results
for the medication reminder function were most similar to the
actual use of this function (Figure 2, 100% (21/21) perceived
usefulness vs. 70% (15/21) actual use at 4 weeks, 100% (20/20)
perceived usefulness vs. 65% (13/20) actual use at 8 weeks,
composite figure of 2 questions of questionnaire Multimedia
Appendix 5: question #4=perceived usefulness, black bars and
question #1=actual use, grey bars). Discrepancies between
perceived usefulness and actual use were more pronounced for
the diary function and the contact possibility as useful (Figure
2). For the design function, the picture was the opposite: more
patients used this function than deeming it useful (Figure 2).

Still, the latter 2 functions were used and deemed useful only
by a small proportion of participants. Perceived usefulness
remained stable over the 8-week observation period, with only
the design function possibly being regarded more useful after
prolonged usage (Figure 2).

User Ratings: Operability, Hedonistic Qualities, and
Attractiveness
We used a subtest of the Web-based questionnaire, AttrakDiff
(opposing word pairs), which assesses product operability
(pragmatic quality, Figure 3), hedonic quality (Figure 3),
stimulation of the user by the app (Figure 3), and overall
attractiveness (Figure 3) of the mHealth app to further our
understanding of the attitudes which might underlie the attrition
we observed. Additionally, satisfaction of operability was
assessed after 12 weeks of study participation by direct
questionnaire. The overall good satisfaction with operability
characteristics of the app by the system’s usability scale [21]
(Figure 3, assessment of question #7; questionnaire, Multimedia
Appendix 6) was confirmed by results from the AttrakDiff
subtest pragmatic quality (Figure 3, first graph from top, mean
scores for opposing word pairs “as indicated, from top to bottom:
0.2, 1.5, 1.2, 0.9, 1.4, 0.8, 1.2; mean overall score for all 7 word
pairs =1.0).
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Figure 3. User ratings assessing operability, hedonic qualities, and attractiveness of mobile health app. Pragmatic, hedonic qualities, and stimulation
by app as well as overall attractiveness were assessed by the AttrakDiff test. Additionally, participants were queried by questionnaire for usability and
for terms describing their feeling upon app use. Numbers indicate percentages of participants and overall numbers.

Comparing user ratings of hedonic qualities (Figure 3, second
graph from top: mean scores for opposing word pairs as
indicated, from top to bottom: 0.8, 0.5, 0.9, 0.4, 0.9, 0.6, 1.5;
mean overall score for all 7 word pairs=0.8) and stimulation
(Figure 3, mean score overall 0.5) with ratings for operability
(Figure 3, third graph from top, mean scores for opposing word
pairs as indicated, from top to bottom: 1.0, 1.3, 0.6, 1.2, 0.3,−2.5,
1.4, mean overall score for all 7 word pairs=0.5) and overall
attractiveness (Figure 3, fourth graph from top, mean for
opposing word pairs as indicated, scores from top to bottom:
1.3, 0.9, 1.1, 1.2, 1.2, 1.2, 1.2; mean overall score for all 7 word
pairs=1.2), participants attributed more negatively connoted
words for hedonic qualities and stimulation. It was most
pronounced for the area of stimulation (Figure 3), attributable
mainly to the negative ratings for the word pair harmless versus
challenging, where participants viewed the app strongly
harmless rather than challenging. Overall attractiveness was
perceived most positively compared with the 3 other areas
(Figure 3).

Patients Feel Supported by Mobile Health App Use
Upon completion of the 3-month observation period, we
questioned the perceived usefulness of the app in supporting
better therapeutic adherence, trustworthiness, motivation,
promotion of safety, the informative quality and support by the
app, boredom, perceived control, and paternalistic quality

exerted by the app (Figure 3, questions #7-14, questionnaire
Multimedia Appendix 7). Again, not all participants completed
all items, leading to 23 to 25 analyzable items, as indicated in
Figure 3. The highest positive score was noted for feeling
supported (17/25, 68%), followed by a feeling of being informed
by the app (16/25, 64%), and a feeling of increased safety
(15/25, 60%). Motivation (13/25, 52%), trust (14/25, 56%), and
usefulness of the app for therapy adherence (14/25, 56%) were
also perceived positively by more than half of the study
participants. Fewer patients reported feelings of paternalism
(5/24, 20%) or control (10/25, 40%) by the app, or boredom
(11/25, 44%). These results suggest that most of the patients
perceived the app positively and supportive of therapy
adherence.

Mobile Health App Use Fails to Modulate Weighted
Satisfaction With Life and Health
To obtain results on our study populations’ satisfaction with
life and health, we assessed the 3 FLZ modules general life
(questionnaire Multimedia Appendix 2), health life
(questionnaire Multimedia Appendix 3), and CF life
(questionnaire Multimedia Appendix 4) in our study group (aged
12-24 years) before and after the mHealth app intervention. The
sum scores for different age subgroups of our study group (12-15
years vs 16-24 years) for the 3 domains general life, health life,
and CF life revealed no statistically important differences from
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the results we observed for the overall study population of 12
to 24-year-olds (Table 1).

Our patients showed higher sum scores than the published
reference population for weighted satisfaction in all 3 modules
at the beginning and end of the observation period, particularly
for general life and CF life. Similarly, our study population
received higher scores in several subdomain scores. Comparison
by Hedge g values supports these conclusions, as these attained
medium to large effect sizes for most parameters calculated
(Table 2). We attribute these differences to (1) inclusion of older
patients who have worse health status, since CF is a chronic

progressive disease, and (2) the fact that this cohort was sampled
>15 years ago [26], when CF patients had worse health status
in general. Calculating P values for the observed differences
never revealed P<.05, most likely because of the large standard
deviations of the sum scores, and the subitem scores of the FLZ
questionnaires [26]. However, the differences in these scores
between the study population and the reference population were
not a major research question of the study we present here, as
we aimed to focus on changes induced by the usage of the
mHealth app. In that respect, changes in the difference between
our study population and the reference population might indicate
effects of mHealth app usage, though, as we elaborate below.

Table 1. Questionnaire on life satisfaction (FLZ) sum scores weighted satisfaction for the modules general life, health life, and Cystic Fibrosis life for
the complete study group aged 12 to 24 years, and subgroups of 12 to 25 years and 16 to 24 years.

Study population (age 16-24 years),
sum scores

Study population (age 12-15 years),
sum scores

Study population (age 12-24 years),
sum scores

Modules

After completionAt inclusionAfter completionAt inclusionAfter completionAt inclusion

54.0958.5763.662.3358.460.04General life

70.457074.579.8972.3873.86Health life

60.3663.0775.284.667.4271.52Cystic fibrosis life

Table 2. Questionnaire on life satisfaction (FLZ) sum scores weighted satisfaction for the modules general life, health life, and Cystic Fibrosis (CF)
life, the health life subitems ability to relax and audition/vision and the CF life subitems feeling of being needed/appreciated, understanding/integration
of therapy, and lack of handicap by CF of our study population.

P valueaHedge g valueaStudy population (age 12-24
years, n=25), sum scores

Reference popula-
tion (age 16-45
years, n=251),
sum scores

Modules and subitems

After completionAt inclusionAfter completionAt inclusionAfter completionAt inclusion

Modules

.09.050.380.4458.460.0446General life

.17.110.250.3072.3873.8661.67Health life

.15.080.280.4167.4271.5256.01CFb life

Subitem for the module health life

.05.020.400.517.257.264.84Ability to relax

Subitems for the module CF life

.05.080.440.248.16.54.56Respiration

.12.020.480.618.395.63Feeling of being
needed/appreciated

.02.020.670.749.49.964.73Lack of handicap by
CF

.12.060.290.357.78.135.92Understanding/inte-
gration of therapy

aReference population versus study population.
bCF: cystic fibrosis.

Hedge g values were calculated to determine the effect size of
the intervention by comparing the designated sum scores of the
reference population versus the scores of our study population
at inclusion and after completion. P values were calculated with
a 1-sample t test between the sum scores of our study population
(all participants, ie, age 12-24 years) versus the published
reference population of the FLZ questionnaire (age 16-45 years).

The sum scores for general life remained the same during the
observation period (60.04 vs 58.4 points), whereas the sum
scores for health life and CF life declined during the observation
period (73.86 vs 72.38 points and 71.52 vs 67.42 points,
respectively, Table 2). These changes failed to attain statistical
significance, suggesting that the mHealth app use did not
modulate these general domains.
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Compared with the published reference population, the health
life subitem ability to relax was significantly higher in our study
population at the beginning of the observation period, but not
after the intervention (Table 2; P value .02 vs .05). In the domain
CF life, the subitems feeling of being needed/appreciated and
lack of handicap by CF were significantly higher at the
beginning of the observation period, compared with the
published reference population (P value .02 and .02,
respectively), which remained significant after the study period
for the subitem lack of handicap by CF (P value .01), suggesting
stabilization of this subitem by the app use. The CF-specific
subitem respiration was improved in our study population after
the intervention, compared with values obtained by our study
population before app use was assessed (6.5 points before
intervention and 8.1 after intervention; Table 2). This increase
was not statistically significant for our study population, yet the
score was significantly better before and after the intervention,
compared with the published reference population (4.56 points
reference population vs 8.1 study population before intervention;
P value .01; 4.56 points reference population vs 6.5 points study
population after intervention; P value .05; Table 2), again
suggesting stabilization of this value by the app use. The subitem
understanding/integration of therapy, however, was not

significantly different from the published reference population
either before or after study participation (Table 2).

Lung Function and Body Mass Index Are Not Affected
by Mobile Health App Use
Upon inclusion, the study participants had a mean age of 16
(SD 3) years, a mean FEV1 of 84% (SD 25%), and a mean BMI

of 20 (SD 3) kg/m2. The control group had a mean age of 15
(SD 3) years, a mean FEV1 of 85% (SD 22%), and a mean BMI

of 19 (SD 3) kg/m2, which did not differ significantly from the
study participants (Table 3). Comparisons of our study group
with the matched control group by P value or Cohen d value to
gauge effect sizes of the intervention revealed no differences
at 3 months (mean FEV1 for both groups 83%, SD 25% and
22%; Table 3), 1 year (mean FEV1 87%, SD 24% vs 86% SD
23%; Table 3), or 2 years (mean FEV1 79%, SD 25% vs 81%,
SD 27%; Table 3]. Comparison of the study group and the
control group revealed a small effect size by Cohen d value on

BMI directly after the study (study group 20 kg/m2, SD 3 kg/m2;

control group 19 kg/m2, SD 3 kg/m2; Cohen d value 0.33) but
no differences as per Cohen d values or P values at the other
time points, indicating no consistent effect on somatic
parameters.

Table 3. Age, forced expiratory volume in 1 second (% Knudson), and body mass index at inclusion of study subjects, and matched controls, 3 months,
1 year, and 2 years post inclusion.

Cohen d valuebP valuenaMatched control group,
mean (SD)

naStudy subjects,
mean (SD)

Controls

Prestudy/inclusion (D0)

—c.932515 (3)2516 (3)Age (years)

—.852585 (22)2584 (25)FEV1 (%)

—.372519 (3)2520 (3)BMId (kg/m2)

Poststudy (D0 plus 3 months)

0.732583 (23)2583 (23)FEV1 (%)

0.33.422519 (3)2420 (3)BMI (kg/m2)

1-year follow-up (D0 plus 12 months)

0.042.912586 (23)2587 (24)FEV1 (%)

0.772520 (2)2320 (3)BMI (kg/m2)

2-year follow-up (D0 plus 24 months)

0.08.382481 (27)2179 (25)FEV1 (%)

>99>.992320 (2)2120 (3)BMI (kg/m2)

aNumber of available measurements.
bStudy subjects versus matched control group.
cNot applicable.
dBMI: body mass index.

Numbers of analyzable data points changed throughout the
study because of missing values stemming from routine clinical
care. Mean values were calculated for percentage FEV1 and
BMI across the study group versus the control group. P values
were calculated with a 1-sample t test between the mean scores
of our study group (n=25) versus the control group (n=25).

Cohen d values were calculated to determine the effect size of
the intervention by comparing the FEV1 and BMI values
between the study group and the matched control group at the
given time points.
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Discussion

Principal Findings
The medication plan and reminder were the functions used most
frequently and perceived most useful (Figures 1 and 2). The
diary function and communication venue were used much less
frequently, with a larger discrepancy between actual use and
perceived usefulness (Figure 1). Finally, the design function
was used most infrequently and perceived as of little use. These
results might reflect the fact that the desire for independent
self-management typical of adolescents was indeed addressed
by the KiOAPP medication plan and reminder. Country-specific
incorporation of a bar code scanning function, which allows
quick incorporation of a large number of different medications
typical for CF into the medication plan—an asset for a patient
population under chronic time shortage—might have particularly
supported the use of this app function. Lesser use of the diary
and the communication functions could have been influenced
by the fact that the adolescents did not consider these support
measures important or that the app did not meet their demands;
the discrimination of which probably needs a more qualitative
approach to improve our understanding of which measures
might further improve disease investment and communication
for this age group.

The results indicate that the mHealth app is perceived attractive,
useful, and supportive. Nevertheless, upon evaluation over time,
we observed attrition in use, similar to other studies [9,10], and,
more pronounced, low willingness for continued app usage
(Figures 1 and 2). We can only speculate about the reasons for
the sharp decline in continued willingness to use the app.
Perceived usefulness did not match actual usage of some of the
app’s features, possibly because of competing support measures
(ie, well-established phone and email contacts in place at our
CF center vs the new app contact possibility). Parental (over-)
involvement, which did not leave room for adolescents’
involvement, and the well-known developmental challenge of
low disease involvement during adolescence [4-6] might have
also contributed. Finally, social desirability might have also
played a role in the questionnaire responses, leading to
overreporting of the perceived usefulness of certain features,
with those features the participants actually found supportive
likely achieving better matches of perceived usefulness and
actual use. Moreover, the least popular function of the app, that
is, the design function, only contains 3 options, which might
have contributed to its low attractiveness, corroborated by the
low ratings in hedonic and stimulation qualities we identified
via the AttrakDiff questionnaires.

Although we initially thought that the design function could
improve adolescents’ acceptance and sustained use of the app,
the unfavorable usage characteristics of this function suggest
that the KiOAPP addressed these aspects only insufficiently.
By assessing opposing word pairs in the AttrakDiff
questionnaires, we identified the domain of hedonic qualities
and stimulation as possible areas to address when aiming to
reduce attrition. In the area of hedonic qualities, the AttrakDiff
assesses the construct self-identification with the product
assessed. This area achieved lower ratings compared with

pragmatic qualities and overall attractivity (Figure 3). The least
positive scores in the 3 subdomains of the word pair test of the
AttrakDiff questionnaire were achieved in the area stimulation,
particularly because of the app being perceived as harmless
rather than challenging (Figure 3). On those lines, challenges
might improve the motivation of our target population to
continue using the app. Our results suggest that adding
gamification approaches [28], more sophisticated design
functions improving stimulation, or chat functions improving
self-identification might be useful to increase app use adherence.

Finally, our results suggest that use of the mHealth app might
stabilize satisfaction with the CF-specific item lack of handicap
by CF and respiration in our study group (Table 2), but that it
nevertheless has no consistent effect on the stringent clinical
parameters FEV1 or BMI (Table 3). These exploratory findings
are only insufficiently addressed by our approach and, therefore,
do not allow definite conclusions on these interactions but
instead require more detailed follow-up studies to address the
complex interplay of disease support, disease investment,
adherence, quality of life, and somatic function.

Limitations
Our study and comparisons have several limitations.
Methodological approaches such as the choice of questionnaires
to assess usage characteristics and user experience, as well as
the lack of randomization and blinding possibilities, in addition
to recruitment difficulties and the short observation period,
might also have precluded the identification of more significant
effects by the app use.

The quantitative questionnaires we used might not be ideal to
assess user experiences in the detail needed to explain some of
the discrepancies of our results, for example, concerning the
perceived usefulness and actual use of the app’s features (Figure
2), where qualitative approaches, such as structured interviews,
might be more informative. On the other hand, more objective
measures, such as electronic usage read-outs, might provide
more reliable usage characteristics than the patients’ reported
usage characteristics we chose to assess [9]. However, such an
approach raises particular ethical concerns as it deeply affects
patient privacy, possibly affecting recruitment possibilities, and
this was therefore not considered worthwhile exploring at this
early stage of the app evaluation. Also, about study design, the
difficulties in recruitment precluded random assignment of
patients willing to participate in the study into 2 groups
(intervention vs no intervention), which might have induced a
selection bias in participants. Refining our methodological
approach in these areas could be important tools to improve
results and reduce ambiguity of results in a future clinical trial.

Only one-sixth of the 150 eligible participants could be recruited
into the study, despite intensive recruitment efforts, including
hiring of additional personnel and a patient information flyer
sent and handed out to all eligible patients. This strongly
supports the well-known fact that adolescents and young adults
are particularly challenging to draw into clinical studies and to
motivate for higher disease investment [5,7], the primary reason
for our study. The reasons for this low motivation are most
likely multifactorial and correspond to similar findings by others
pertaining to CF patients [29], with the overall difficulty in
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motivation of this particular age group figuring prominently
among possible causes [5], potentially even more pronounced
in those affected by chronic diseases [4-6] because of a strong
desire for normality [5,7]. Numerous competing studies, as well
as numerous competing mHealth apps, might have also
contributed.

Use of an mHealth app is not a blinded intervention. We chose
a case-control design for the lung function and BMI comparisons
as an attempt to arrive at meaningful comparisons despite the
lack of blinding. Although for the FLZ questionnaires, assessing
these questionnaires in an additional cohort at our center was
not possible because of the amount of time and personnel
necessary, as these questionnaires are not part of the clinical
routine follow-ups as in the case of FEV1 and BMI. It left us
with a reference population which was not age-matched, and
thus we refrain from a comparison with the reference population
for the changes we observed.

The short observation period, small study size population, and
overall good health of our participants render a measurable
improvement or stabilization of FEV1, BMI, and weighted life
satisfaction due to any intervention difficult to attain [20]. To
identify lung function improvements within a CF patient
population with a well-preserved FEV1 as we had included,
more sensitive lung function measurements, such as wash-out
measurements (lung clearance index) [20], might be necessary,
which, unfortunately for the age group we recruited, had not
yet been implemented in everyday practice at our center at the
time of the study. These shortcomings forego any conclusions
about the effect of the mHealth app on somatic parameters, for
which larger and longer interventional trials with more sensitive
lung function methods are needed for this particular age group.

Comparison With Prior Work
An improved version of the app might serve to improve app
adherence. We chose the app we evaluated as we saw its
functionalities address several aspects which might improve
adherence in our target population. Still, several aspects might
have influenced user affinity, and thereby sustained use, and
could have thus impacted negatively on the support potential
of the KiOAPP.

User-centered approaches to delineate CF-specific needs for
mHealth app development suggest that a multifunctional app
incorporating different CF-specific functions such education,
enzyme dosage calculation, nutrition management, treatment
organization, health diary, treatment follow-up, and practical
guidelines for treatment [11], in addition to individuality and
adaptability, is a key aspect agreed upon by CF patients [30].
Some freely available CF-specific apps [13,16], as well as
current app developments [12,13,15,31], include CF-specific
functions identified by a user-centered approach, which has
been suggested to be crucial to improve acceptance and reduce
attrition of app use [32,33]. The app we evaluated lacks
CF-specific features which could reduce attrition. In a free-text
item in one of our questionnaires, we did receive feedback that
CF-specific features, such as a fat calculator or the possibility
to receive reminders for physiotherapy and sports, were
considered desirable additions to the existing app. However,

the number of answers to the free-text item were too few (n=3
total free-text answers) to address them statistically.

Communication with doctors and peers has also been identified
as desirable features by others [30]. Considering that some of
the cited studies included a significantly older study population
compared with our study [11] and user preferences might reflect
age-specific needs concerning mHealth apps [9,17], we suggest
including adolescent-specific features into existing
disease-specific apps to improve mHealth attachment for this
difficult-to-attract age group. Our results on perceived product
qualities give indications that, apart from the incorporation of
CF-specific needs, additional (age-specific) adaptations,
including the incorporation of hedonistic features typically
desired by adolescents and young adults, might constitute a
promising approach to provide adolescent-centered assets to
improve app attachment in this age group. While the
contribution of hedonistic features is not yet fully understood,
this is a notion also supported in the literature (see for example
the review presented by Diefenbach et al [34]).

Changes in quality of life have been perceived useful to assess
effects of medical interventions in CF, as studies have shown
that increases in adherence correlate with a more optimistic
view of life in CF [33,35]. Improvements in weighted life
satisfaction, measured by the FLZ questionnaire, could have
thus indicated improved adherence by mHealth app use.
However, as we did not observe such effects and, more
importantly, did not include a direct measure of adherence, we
cannot make such conclusions on this complex interaction.

Considering that the patient population between 12 and 29 years
of age constitutes the largest patient population of Germany’s
current CF population [1], our results apply to a significant CF
patient number and are probably also generalizable to CF
patients in that age group beyond Germany, as CF care is very
streamlined worldwide. While patients with other chronic
diseases face similar challenges during adolescence, due to our
results and those of others concerning disease-specific features
of mHealth apps, advocating the development of user-centered
approaches [32,33], we caution, however, against generalizing
our results to the larger population of adolescents affected by
chronic disease.

Conclusions and Outlook
Low contact availability and disease involvement are challenges
all physicians face when caring for adolescent patients with
chronic diseases [4-6]. We had postulated that offering support
in these areas via the mobile phone might improve
self-management for this target age, given their high mobile
phone affinity. We must acknowledge that at least in the current
form, the app we used might not be sufficient to increase disease
involvement of adolescents. However, given the relationship
of life satisfaction, optimism, and adherence [6,35], we suggest
that an improved version of the mHealth app might constitute
a promising tool to improve medication and therapy adherence
(via the medication reminder function), disease management
(via a fat calculator), and disease investment (via an improved
diary function, including at-home lung function monitoring),
ultimately improving life satisfaction and also clinical
well-being.
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Our results suggest that only an improved mHealth app, along
with an improved clinical trial design, could add proof to the
hypothesis that mHealth apps can constitute a suitable tool to

improve self-management and therapy adherence in adolescent
patients with CF.
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Abstract

Background: Comorbid anxiety and depression can add to the complexity of managing treatment for people living with chronic
obstructive pulmonary disease (COPD). Monitoring mood has the potential to identify individuals who might benefit from
additional support and treatment.

Objective: We used data from the sElf-management anD support proGrammE (EDGE) trial to examine: (1) the extent to which
the mood-monitoring components of a mobile health system for patients with COPD were used by participants; (2) the levels of
anxiety and depression symptoms among study participants; (3) the extent to which videos providing advice about coping with
low mood were viewed; and (4) the characteristics of participants with differing levels of mood and utilization of mood monitoring.

Methods: A total of 107 men and women with a clinical diagnosis of COPD, aged ≥40 years old, were recruited to the intervention
arm of the EDGE trial. Participants were invited to complete the Patient Health Questionnaire-8 and the Generalized Anxiety
Disorder-7 test every four weeks using a tablet computer. Mood disturbance based on these measures was defined as a score ≥5
on either scale. Participants reporting a mood disturbance were automatically directed (signposted) to a stress or mood management
video. Study outcomes included measures of health status, respiratory quality of life, and symptoms of anxiety and depression.

Results: Overall, 94 (87.9%) participants completed the 12-month study. A total of 80 participants entered at least one response
each month for at least ten months. On average, 16 participants (range 8-38 participants) entered ≥2 responses each month. Of
all the participants, 47 (50%) gave responses indicating a mood disturbance. Participants with a mood disturbance score for both
scales (n=47) compared with those without (n=20) had lower health status (P=.008), lower quality of life (P=.009), and greater
anxiety (P<.001) and increased depression symptoms (P<.001). Videos were viewed by 64 (68%) people over 12 months. Of the
220 viewing visualizations, 70 (34.7%) began after being signposted. Participants signposted to the stress management video
(100%; IQR 23.3-100%) watched a greater proportion of it compared to those not signposted (38.4%; IQR 16.0-68.1%; P=.03),
whereas duration of viewing was not significantly different for the mood management video.

Conclusions: Monitoring of anxiety and depression symptoms for people with COPD is feasible. More than half of trial
participants reported scores indicating a mood disturbance during the study. Signposting participants to an advisory video when
reporting increased symptoms of a mood disturbance resulted in a longer view-time for the stress management video. The
opportunity to elicit measures of mood regularly as part of a health monitoring system could contribute to better care for people
with COPD.

(JMIR Mhealth Uhealth 2019;7(11):e14946)   doi:10.2196/14946
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Introduction

Comorbid anxiety and depression affect as many as 50% of
people with chronic obstructive pulmonary disease (COPD)
[1,2] and can add to the complexity of managing treatment [3].
Depression and anxiety have been linked with mortality and
hospital readmission, respectively [4]. Digital health studies to
date involving people with COPD have focused on monitoring
physiological variables, including oxygen saturation and pulse
rate, symptoms, and identifying a practical daily measurement
regimen to support self-management of their condition [5].
There is scope, however, for people with COPD to monitor not
only vital signs and symptoms but also mood. Self-reporting
mood can result in a greater awareness of one’s own symptoms,
which could result in several outcomes such as preventing
deterioration in feelings of anxiety [6]. The use of digital
technologies to support remote patient monitoring has become
increasingly feasible for a wide range of health conditions due
to the use of tablet computers and other readily available devices
[7].

Monitoring mood is most often an active process that involves
the manual entry of information, including symptoms of anxiety
and depression [8]. Many mood-tracking mobile applications
are available and could improve mental health and well-being
but lack research evidence [9]. Technologies to self-report mood
have provided clinicians and patients with a rich understanding
of its variation among people with other conditions, and mental
health applications are particularly considered a promising tool
to extend mental health care beyond the clinic setting [10]. It
is anticipated that the act of self-monitoring mood may reduce
symptoms of anxiety and depression by increasing emotional
self-awareness [11]. Bipolar disorder offers an exemplar where
self-monitoring mood is prevalent [12], with self-monitoring
mood on a daily basis being described as being of little or no
inconvenience in people with bipolar disorder [13]. Digital
technologies can be used to report measures of mood responses
with ease. To date, there have been a number of such studies
with bipolar patients, and findings suggest the time taken to
complete mood questions is short [14], with rates of completion
ranging from 73.4-100% [14-17].

We are not aware of any published studies involving digital
health approaches to self-monitoring of mood in people with
COPD. Current nonpharmacological guidelines recommend
cognitive behavioral therapy, counselling, and self-help
approaches [18]. It is known that untreated comorbid anxiety
and depression can have overwhelming consequences on people
with COPD [19], such that it impacts their physical,
psychological, and social resilience [20]. For instance,
depression in patients hospitalized for an acute exacerbation (a
severe worsening of COPD symptoms) can adversely affect
chances of survival [21,22] and has been associated with longer
hospital length of stay, increased symptom burden, and reduced
quality of life [23], as well as a reduction in daily step counts
[24]. Consequently, monitoring of mood symptoms could be a
logical addition to self-management interventions involving

people with COPD; however, it is currently unclear how well
people with COPD might adhere to self-monitoring mood and
how their symptoms of anxiety and depression may vary over
time.

The aim of this analysis, carried out on data obtained as part of
a randomized trial which involved mood monitoring within a
wider mobile health (mHealth) self-management application
[25], was to examine: (1) the extent to which the mood
monitoring components of a COPD digital health system were
used by participants over 12 months; (2) the levels of anxiety
and depression symptoms among study participants; (3) the
extent to which videos providing advice about coping with low
mood were viewed; and (4) the characteristics of participants
with differing levels of mood and utilization of mood
self-monitoring.

Methods

Overview
A digital health system called sElf-management anD support
proGrammE (EDGE) was developed and customized for COPD
patients [25]. The system supports self-management for patients
by using a COPD symptom questionnaire, a Bluetooth-enabled
pulse oximeter, and multimedia content. A component of the
system included the collection of self-reported mood data by
patients.

Study Population
The data for this study was drawn from 110 participants
allocated to the intervention arm of a 12-month randomized
controlled trial of the EDGE COPD system. The trial recruited
patients with a confirmed diagnosis of COPD, aged ≥40 years
old, from primary care and community settings in the Thames
Valley (United Kingdom), between 2013 and 2015 [25]. Trial
eligibility criteria are reported in the protocol [26]. All
participants gave their informed consent to take part. Ethics
approval was received from the South Central‚ Berkshire
Research Ethics Committee of the UK National Research Ethics
Service (Ethics Ref: 12/SC/0437).

Intervention
Each participant received a low-cost, internet-linked Android
tablet computer (Samsung Galaxy Tab II 10.1) with the EDGE
mHealth application installed, and an accompanying pulse
oximeter (Nonin, Onyx II, 9560BT). All participants had
unrestricted access to the tablet computer and pulse-monitoring
device for 12 months. Participants were asked to complete a
series of standard questions relating to their COPD symptoms
daily and a mood questionnaire monthly. The mood
questionnaire was completed monthly to reflect clinical practice
and even though there are measures to capture daily variations
in mood, intensive self-monitoring of mood was not considered
necessary in our patient population. After completing the COPD
symptom diary, participants were encouraged to wear the pulse
oximeter for 30 seconds to record oxygen saturation levels and
heart rate.
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Participants were asked to use a mood monitoring tool
comprising the following mood questions: a 4-item scale which
included the Patient Health Questionnaire 2-item measure
(PHQ-2) and the General Anxiety Disorder 2-item measure
(GAD-2) [27]. These questions were first shown to participants
two weeks after they started using the system and then at
intervals every four weeks. Participants were prompted to
complete the questionnaire via the EDGE system and were
offered the opportunity to complete the questionnaire
immediately or later. The prompt would remain on the tablet
computer until the questionnaire was completed. If the anxiety
(GAD-2) or the depression (PHQ-2) measures were scored as
>1 point then the relevant full questionnaire (the PHQ-8 or
GAD-7) was shown, in line with national guidance [28-30].
PHQ-8 scores of 0-4, 5-9, 10-14, 15-19 and ≥20 were defined
as none, mild, moderate, moderate-severe, and severe,
respectively. GAD-7 scores of 0-4, 5-9, 10-14 and ≥15 were
defined as none, mild, moderate, and severe, respectively.
Participants were signposted to videos in the event scores of ≥5
points on either scale were reported by suggesting they might
find it helpful to view either the stress or mood management
video (or both). Participants were not able to track their mood
over time, but if they scored above the ≥5 threshold at any point
(or on multiple occasions) they would be signposted each time
to the videos. The stress and mood management videos (with
durations of 3 minutes 39 seconds and 1 minute 51 seconds,
respectively) were also accessible to participants on the tablet
computer at any time. A threshold of ≥90% of the duration of
the video was applied to define a video as watched to distinguish
them from brief video visualizations (<90%). The tablet
computer recorded the day and time of entering data, and the
day, time, and duration of viewing videos.

Study Procedures
Research nurses provided participants with brief details on use
of the EDGE system and gave out an information booklet
outlining how to charge the devices. Participants were informed
that the EDGE system was not a replacement for usual care,
and that in the event of any deterioration they should contact
their general practitioner (GP) or community respiratory nurse.
Data was reviewed by a clinician at no less than 4-day intervals,
and if either the PHQ-8 or GAD-7 scores were ≥10 then the GP
was informed by letter.

Data Collection
PHQ-8 and GAD-7 scores were recorded via the tablet
computer. Age, sex, body mass index (BMI), COPD severity
using the Global Initiative for Chronic Obstructive Lung Disease
(GOLD) staging [31], Forced Expiratory Volume in 1 second
(FEV1%), health status using the EuroQol 5-Dimension
Questionnaire (EQ-5D) [32], symptoms of anxiety and
depression using the Symptom Checklist (SCL10 and SCL20a,
respectively) [33], adherence to taking medications using the
Medication Adherence Report Schedule (MARS) [34], Beliefs
about Medications Questionnaire (BMQ) [35], respiratory
quality of life using the St George’s Respiratory Questionnaire
for COPD (SGRQ-C) [36], smoking status (current or exsmoker
of ≥2 years or exsmoker of <2 years), and number of pack-years
were recorded at baseline.

Data Management
Self-reported mood data was collected via the tablet computer
and linked to a study ID. All tablet computers were linked to
the Internet by a subscriber identity module (SIM) card. Data
was transferred from the EDGE mHealth application to a
database held on a secure web server. Anonymized data were
extracted for analysis. Participants who withdrew from the study
were excluded from analysis.

Statistical Analysis
Descriptive statistics (frequency, percentage) or mean (SD) or
median (IQR) are reported. Comparisons of continuous and
categorical variables used a two-tailed independent t test and a
Chi-square analyses, respectively. The Mann-Whitney U test
was completed for continuous variables when data were not
normally distributed. The threshold for statistical significance
was P<0.05 for all comparisons in this exploratory analysis.

Responses to the mood questions were assigned to the 4-week
period in which they were completed. Some participants
completed the mood questions on more than one occasion during
each period of 4 weeks; up to three responses for each period
were included, and the response with the greatest score was
used for that month. If a participant did not respond to the mood
questions for a given 4-week period, then this was recorded as
a nonresponse.

Characteristics of participants who provided ≥10 months of
responses and participants who provided <10 responses were
compared. A second comparison involved participants who
recorded a score of ≥5 for both the GAD-7 and PHQ-8
questionnaires on at least one occasion during the 12 months
compared to participants who recorded <5 for the tablet-based
mood measures throughout the trial.

A video session was defined as either: (1) happening after being
signposted; or (2) watched freely with no prompt to watch.
Signposted participants were immediately directed to the
relevant video(s) where a score of ≥5 was recorded. Video
visualizations that happened after a participant was signposted
were defined as occurring within 30 minutes of entering the
mood responses (within the range of observed response); other
video visualizations were defined as being watched without
being prompted. Participants signposted to the videos who
watched at least 90% of its duration were profiled for their
subsequent mood response to describe the short-term impact of
this intervention.

Results

Summary
Only one of the 107 participants allocated to use the EDGE
COPD system did not complete any mood questions. During
the 12-month study period, 12 (11.3%) participants withdrew
from the trial, of whom five gave the response, “too many things
were going on” as a reason for stopping, five died, and two did
not give a reason. Of these 12 participants, three withdrew
before three months, two withdrew before six months, and seven
withdrew before 12 months. In total, 94 participants completed
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the study. The characteristics of these participants are reported in Table 1.

Table 1. Participant characteristics.

Completing study (n=94)Characteristics

69.7 (9.3)Age (years), mean (SD)

57 (60.6)Male, n (%)

BMIa, n (%)

3 (5.9)Underweight

14 (27.5)Normal weight

16 (31.4)Overweight

18 (35.3)Obese

47.7 (15.9)FEV1%b, mean (SD)

GOLDc staging, n (%)

37 (39.4)Moderate

40 (42.6)Severe

17 (18)Very severe

Smoking status, n (%)

18 (19.2)Current smoker

13 (13.8)Exsmoker (<2 years)

63 (67)Exsmoker (≥2 years)

40 (29-55)Years smoking, median (IQR)

MRCd dyspnea score, n (%)

15 (16)2

64 (68.1)3

15 (16)4

0.6 (0.5-0.7)EQ-5De index, median (IQR)

3 (1-9)SCL10f, median (IQR)

10.5 (7-23)SCL20af, median (IQR)

56.5 (18.8)SGRQ-Cg, mean (SD)

32.6 (6.2)BMQh, mean (SD)

24 (23-25)MARSi, median (IQR)

aBMI: body mass index.
bFEV1%: Forced Expiratory Volume in 1 second.
cGOLD: Global Initiative for Chronic Obstructive Pulmonary Disease.
dMRC: Medical Research Council.
eEQ-5D: EuroQol 5-Dimension Questionnaire.
fSCL: Symptom Checklist.
gSGRQ-C: St George’s Respiratory Questionnaire for Chronic Obstructive Lung Disease.
hBMQ: Beliefs about Medications Questionnaire.
iMARS: Medication Adherence Report Schedule.

Use of the Mood-Monitoring Tool
In total, there were 1200 responses to the mood questions. The
distribution of responses is shown in Figure 1. The total amount
of missing data was 13.4%. There was a decline in response

over time, but 80 (85.1%) participants responded at least once
to the mood questionnaire in ≥10 of the 12 months. Smoking
status differed between those who used the system in each of
the ≥10 months (n=80) compared to those who used the system
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in <10 months (n=14) (P<.001), with no other differences observed (see Multimedia Appendix 1).

Figure 1. Monthly frequency of responses to the mood questionnaires completed every four weeks.

Levels of Mood Disturbance Over the Duration of the
Study
In the first month of using the system, 41 (43.6%) participants
recorded a PHQ-8 score of ≥5, and the total number of
participants recording at least one elevated score increased to
68 (72.3%) by 12 months (Figure 2). In comparison, 33 (35.1%)

participants reported a GAD-7 score ≥5 in the first month,
increasing to 53 (56.4%) participants by 12 months (Figure 2).
A detailed breakdown of participant responses for both the
PHQ-8 and GAD-7 scores, and their respective thresholds of
severity for each of the 12 months, is reported in Figure 3 and
Figure 4.

Figure 2. Cumulative frequency of participants with levels of anxiety and depression above their respective clinically defined thresholds. PHQ-8:
Patient Health Questionnaire 8-item measure; GAD-7: General Anxiety Disorder 7-item measure.
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Figure 3. Proportion of, and degree of elevation for, symptoms of depression over the 12 months. PHQ-8: Patient Health Questionnaire 8-item measure.

Figure 4. Proportion of, and degree of elevation for, symptoms of anxiety over the 12 months. GAD-7: General Anxiety Disorder 7-item measure.

Comparison of People with Mood Disturbance to Those
Without
Overall, 47 (50%) participants had elevated scores for both the
PHQ-8 and GAD-7 on at least one occasion and 20 (21.3%)
participants recorded no elevated scores on either measure. The
remaining participants only reported an elevated score for either
PHQ-8 (n=21) or GAD-7 (n=6) during the 12-month monitoring
period. Compared to those who reported no changes in the
scores, those who responded with an elevated score for both
scales during the 12 months (n=47) reported a lower health
status (median 0.7 [IQR 0.6-0.8]; versus median 0.5 [IQR
0.4-0.07]; P=.008), reduced respiratory quality of life (mean
50.7 [SD 16.8] versus mean 63.3 [SD 17.8]; P=.009), greater
symptoms of anxiety (median 1 [IQR 0-4] versus median 6
[IQR 2-13]; P<.001) and greater symptoms of depression
(median 6 [IQR 3-9] versus median 22 [IQR 10-43]; P<.001),
and no other differences were observed (see Multimedia
Appendix 2).

Accessing and Watching the Mood Management and
Stress Videos
In total, 51 (54.3%) participants accessed the mood management
video at least once while 41 (43.6%) participants accessed the
stress management video. A total of 64 (68.1%) participants
watched one of the two videos and 28 (29.8%) participants
watched both the mood and the stress management videos during
the 12 months. The mood and stress management videos were
watched an average of 0.8 (SD 1.0) and 0.9 (SD 1.1) times,
respectively. Of the 202 video visualizations logged during the
12 months (an average of 3.2 video visualizations per
participant), participants accessed the videos without being
prompted a total of 132 times (78 for the mood management
video and 54 for the stress video). The median proportion of
the duration of the video watched was 49.5% (IQR 12.2-81.1%)
for the mood video and 38.4% (IQR 16.0-68.1%) for the stress
management videos.

JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 11 |e14946 | p.132http://mhealth.jmir.org/2019/11/e14946/
(page number not for citation purposes)

Whelan et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

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


Proportion Watched by Those Signposted to the Mood
Management and Stress Videos
There were a total of 471/1200 responses that used the
mood-monitoring tool with a score of ≥5 points for the PHQ-8.
In total, 39 video visualizations were watched after being
signposted during the 12 months (recorded by 23 participants);
20 (51.3%) of these visualizations involved watching ≥90% of
the video duration. The median proportion of the duration of
the mood management video watched was 83.7% (IQR
23.2-100.0%). Similarly, 317/1200 responses recorded a score
of ≥5 points for GAD-7 and were signposted to the stress
management video. In total, 23 participants viewed 31 stress
management video visualizations after being signposted during
the 12 months and 20 (64.5%) visualizations were viewed for
≥90% of their duration. The median proportion of the stress
management video watched was 100% (IQR 23.3-100%).
Overall, 8 (14.3%) participants who reported an elevated score
for both anxiety and depression during the 12 months watched
≥90% of both videos, while 21 (37.5%) participants did not
watch either. In comparison, 4 (17.4%) participants who
responded with no elevated scores for symptoms of either
anxiety or depression watched at least one of these videos.

Effect of Signposting Participants Versus Watching
the Videos Freely
The proportion of the duration of the stress management video
watched was significantly greater for the video visualizations
that were signposted (median 100% [IQR 23.3-100.0%]; P=.03)
compared to those freely watched (median 38.4% [IQR
16.0-68.1%]; P=.03) but was not significant for the mood
management video. In total, 11 participants accessed the mood
and stress management videos upon being signposted for both
components at some point during the 12 months.

The Impact of Signposting on Subsequent Mood
Disturbance
Of the participants who were signposted to the mood
management or stress video and watched ≥90% of its duration,
12 (54.5%) entered a lower score in the subsequent month, 4
(18.2%) entered a higher score, and the remaining 6 (27.3%)
participants entered an identical score. In comparison, of the
participants who were signposted but did not watch ≥90% of
either video, 9 (52.9%) participants entered a lower score, 4
(23.5%) entered a higher score, and the remaining 2 participants
(11.8%) entered an identical score.

Discussion

Principal Findings
This study confirms that it is both feasible and acceptable for
people with COPD to complete monthly mood questions using
a tablet computer–based digital health system. Many participants
reported symptoms of anxiety and low mood at least once during
the 12 months. We report how this group of participants reported
a lower health status and quality of life compared to participants
who did not report any symptoms of anxiety or depression.
Signposting participants at the point of entering elevated mood
responses did result in longer viewing times for the
stress-management video but it remains unclear how to optimize

the process to make support available to people with COPD. In
principle, mood self-monitoring could form an important
component of future studies to consider the presence (and
severity) of mood disturbance in people with COPD.

To our knowledge, this is the first study to evaluate
incorporating longitudinal mood monitoring in digital health
systems for people with COPD. Participants in this study were
asked to answer a set of mood questions every 4 weeks over 12
months. Electronic self-monitoring of mood has been used
extensively in people with bipolar disorder previously [37],
with studies lasting 2 weeks [38], to 3 months [39], to 18 months
[40]. Participants in the 2-week study were asked to respond to
questions at 4 random times per day with no less than 2 hours
between each survey [38]. This intense data collection strategy
captured mood states and identified triggers in 10 people with
bipolar disorder, and the median percentage of completed
possible surveys was 78%. In comparison, Scharer et al asked
participants to complete daily questions via a mobile application
over 18 months and demonstrated its validity in recognizing
both manic and depressive episodes [40]. The amount of
reported missing data to date has ranged from 6.1-57.9% [37],
while in the present analysis 13.4% was missing. This suggests
that people with COPD were very compliant in self-monitoring
mood over several months. However, the intensity of required
reporting in this study was much lower compared with that in
the bipolar literature and it is unclear to what extent the amount
of missing data would increase if the required reporting was
more frequent in people with COPD.

Despite instructions asking participants to complete the
questions every four weeks in the current study, many
participants responded more frequently. The mode of accessing
the mood questions may have in part contributed to its ease of
use. Previous studies have used web-based interfaces, personal
digital assistants, and smartphones for data collection [37], but
the current study used a tablet computer and the mood
monitoring element was a part of a multicomponent digital
intervention. Participants were also reminded to complete the
questions after the 4-week period if they had not, and this
reminder persisted on the tablet computer interface until the
mood questions were answered. The high adherence rates may
also be in part because the mood self-monitoring component
formed part of a broader mHealth self-management system
which was comprised of daily symptom monitoring and access
to other information videos, including inhaler techniques and
physical exercises. With a high degree of compliance to use of
this element of the EDGE system, the findings support the use
of self-monitoring mood in people with COPD even though
systematic reviews [41,42] have highlighted that telemonitoring
studies more often monitor other symptoms, including dyspnea
and sputum [43-45], lung function [46], and physical activity
in this patient group [47,48].

Monitoring mood in people with COPD may not yet be common,
but the impact of mood disturbance is substantial. A
meta-analysis of nearly 40,000 people with COPD highlighted
that one quarter experienced clinically significant depressive
symptoms (compared with one eighth in controls) [49]. We
identified that half of people with COPD experienced clinically
significant symptoms of anxiety and depression on at least one
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occasion over the 12-month period. Not only is the prevalence
important but also its influence on self-managing the condition.

Elevated symptoms for anxiety and depression have been
associated with several markers of ill health. This includes
fatigue and shortness of breath [50,51], poorer health-related
quality of life [52-54], frequent hospitalization [55],
comorbidities [56], functional limitations, and reduced exercise
capacity [57-59]. People with a long-term condition, like COPD,
also living with depression or anxiety have a worsened health
status compared to people living with depression or anxiety
alone [60]. People who reported elevated scores for the PHQ-8
and GAD-7 on at least one occasion over the 12 months had a
significantly lower health status, reduced respiratory-related
quality of life and elevated symptoms for both anxiety and
depression. Symptoms of anxiety and depression are important
determinants of health outcomes and health care utilization [61].

Most participants who were signposted to the videos did not
watch the video. However, when participants did go on to watch
the stress video after being signposted, they watched it for
significantly longer. Signposting at the point of someone
receiving an elevated score is an important opportunity to deliver
relevant information. For instance, in the True Colours
longitudinal mood-monitoring study, people with affective
disorder were signposted to communicate with their relevant
health care team to highlight any concerns with their mood
symptoms [62]. In this analysis we focused on how people
engaged with the stress management and mood videos, but this
could extend to other domains of COPD, including self-reported
shortness of breath. In that example, individuals could be
directed to breathing technique videos, such as pursed lip
breathing techniques, or it could extend even wider to other
long-term conditions if people have comorbidities.

Implications for Future Research and Clinical practice
This analysis demonstrates the current potential of monitoring
mood in people with COPD. It appears a feasible and acceptable
parameter to monitor over 12 months with a high rate of
adherence. Previous work has suggested value in monitoring

several factors in people with COPD, including factors that
affect activities of daily living, like symptoms [63]. Monitoring
mood together with existing parameters of interest (including
oxygen saturation and COPD symptoms) may provide a better
insight into individual well-being. The findings also suggest
that signposting people at the point of reporting an elevated
score can lead to longer video viewing times and is a timely,
resource-light feature. The integration of signposting to
multimedia resources in digital health interventions is therefore
encouraged, using health care system–endorsed material where
possible, as is the presentation of feedback to allow participants
to track their mood scores over time.

Strengths and Limitations
The delivery of the mood monitoring component within the
EDGE system was easy to use and nonobtrusive for participants.
It formed part of a wider self-management system which
included daily questions around COPD symptoms,
demonstrating that the mood questions could be integrated with
other components of self-management. As all participants
received a reminder if they had an overdue response, we could
not comment on the adherence rates if no reminder was sent.
We were only able to determine if signposting resulted in an
immediate viewing of the video (within 30 minutes) but could
not comment on delayed watching habits. Participant insights
would have been valuable to decipher why those participants
did not follow the signposting.

Conclusion
Mood monitoring in people with COPD is feasible, with most
patients answering the mood questions over 12 months and with
some participants entering multiple responses each month. With
more than half of participants reporting elevated scores, plus
the association this has with health status and quality of life,
self-monitoring of mood could be an important, additional
component to COPD self-management strategies. In addition,
the incorporation of signposting for people with COPD to videos
when entering an elevated score demonstrated promise, but
further work is needed to optimize this approach.
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Abstract

Background: Although the increasing availability of mobile health (mHealth) apps may enable people with rheumatic and
musculoskeletal diseases (RMDs) to better self-manage their health, there is a general lack of evidence on ways to ensure
appropriate development and evaluation of apps.

Objective: This study aimed to obtain an overview on existing mHealth apps for self-management in patients with RMDs,
focusing on content and development methods.

Methods: A search was performed up to December 2017 across 5 databases. For each publication relevant to an app for RMDs,
information on the disease, purpose, content, and development strategies was extracted and qualitatively assessed.

Results: Of 562 abstracts, 32 were included in the analysis. Of these 32 abstracts, 11 (34%) referred to an app linked to a
connected device. Most of the apps targeted rheumatoid arthritis (11/32, 34%). The top three aspects addressed by the apps were
pain (23/32, 71%), fatigue (15/32, 47%), and physical activity (15/32, 47%). The development process of the apps was described
in 84% (27/32) of the articles and was of low to moderate quality in most of the cases. Despite most of the articles having been
published within the past two years, only 5 apps were still commercially available at the time of our search. Moreover, only very
few studies showed improvement of RMD outcome measures.

Conclusions: The development process of most apps was of low or moderate quality in many studies. Owing to the increasing
RMD patients’ willingness to use mHealth apps for self-management, optimal standards and quality assurance of new apps are
mandatory.

(JMIR Mhealth Uhealth 2019;7(11):e14730)   doi:10.2196/14730
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Introduction

Background
Mobile health (mHealth) connects patients, their families, and
health care professionals by creating a network with mobile and
specialized devices with wearable sensors, recording health
parameters, and gathering health data. Health information can
be subsequently converted and transferred to physicians and
other health care professionals involved in the care of patients
via medical application interfaces. By enabling patients to access
and share their health information, mHealth empowers patients
to become more engaged and to take initiative in
self-management and shared management of their health.

Since the first description of the concept of mHealth [1], its
popularity has exponentially increased. This is primarily because
of the fast expanding technological advances including the
development of smartphones and fourth generation mobile
communication system networks. The impressive popularity of
mHealth apps in the last decade is reflected by the number of
downloads in recent years, exceeding 200 million in 2010 [2].

On the wider mHealth market, various apps have been developed
for different purposes. The latter include apps for disease
prevention among healthy users [3] and apps for people with
existing chronic health conditions [4]. A recent study, for
example, demonstrated that apps can contribute to improve
disease control in people with diabetes [5], hypertension [6], or
asthma [7] and can help for the monitoring and self-management
of obesity [8], mental health diseases [9], and multimordbidities
[10]. A total of 17.3 million people report having rheumatic and
musculoskeletal diseases (RMDs), the most frequent being low
back pain and osteoarthritis (OA) [11]. As RMDs have
multidimensional consequences on health, the increasing
availability of apps has an important role to play in enabling
people with RMDs to better self-manage their health [12].
Moreover, in a recent study of people with rheumatoid arthritis
(RA), 86% agreed that an app to support self-management would
be useful and welcomed [13]. This being said, the dramatic
increase and adoption of mHealth apps and the business it
generates raise some fundamental questions, such as (1) How
is the scientific content controlled? and (2) How can we make
sure that apps are appropriate for patients?

Objectives
Despite the growing enthusiasm for this topic among physicians
and researchers, there is a lack of evidence describing the
development and evaluation of apps for people with RMDs that
fulfill quality requirements for their implementation as part of
routine care. This formed the rationale for this systematic review
of literature as part of a larger project to inform points to
consider for the development, evaluation, and implementation
of mHealth apps for self-management of RMDs. The
overarching aim of this systematic review was to obtain a clear
view on existing mHealth apps for patients with RMD. Specific
objectives were to better characterize (1) the target population
of available apps, (2) their purpose and content, and (3)
strategies of mHealth app development.

Methods

Search Strategy
A systematic literature review (SLR) was performed following
the preferred reporting items for systematic reviews and
meta-analyses methodology [14]. The search was performed
using the Cochrane Library, EMBASE, MEDLINE, PsychINFO,
Web of Science, and gray literature (internet and international
rheumatology societies’ websites) up to December 2017.
Relevant keywords and Medical Subject Headings terms relative
to 3 key domains were used: RMDs, self-management, and
mHealth (see Multimedia Appendices 1 and 2). The search
strategy was developed with support from 2 experienced
librarians (DB and CW). The clinical questions and inclusion
criteria were predefined according to the population,
intervention, control, and outcomes (PICO) statement [15].
PICO is a framework that allows to facilitate literature search
and to formulate the scientific questions. The target population
was patients with any RMDs. The intervention was the
description or use of any apps for self-management, irrespective
of whether these apps were connected or not to a device.

Any articles describing the development, evaluation, usability,
accessibility, effectiveness, and assessment of patient-reported
outcomes (PROs) collected through the internet or through
electronic apps, and satisfaction over the use of an app for
disease self-management, were included. English language was
applied as a limit for the articles. Double screening by 2
independent reviewers (AN and EN) was performed for all
abstracts against inclusion/exclusion criteria with agreement of
99% in selected papers. Disagreements were resolved by
discussion.

Data Analysis
Data regarding type of app, target population, country of
development, themes and objectives, development process,
funding sources, and functionality of the app were collected.
The development process was classified into 3 main categories:
(1) patients or health care providers involved in both design and
evaluation phases, (2) patients or health care providers involved
in the evaluation but not in the design process, and (3) neither
patients nor health care providers involved in the design or
evaluation phases.

The commercial availability of the app was also checked on
Google and Apple Store. Owing to the vast heterogeneity of
the included studies, a meta-analysis was not considered
appropriate. Descriptive statistics were performed using
GraphPad Prism (GraphPad Software, San Diego)

Results

Systematic Literature Search Output
The search identified 562 abstracts. Manual search through
screening of national societies and patient associations’ home
pages yielded 1 additional reference. After duplicate exclusion,
475 abstracts were screened based on title and abstract. From
these, 56 articles were identified as potentially relevant and
selected for full-text assessment. After full-text assessment, 32
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articles were considered suitable for inclusion in the analysis (Figure 1).

Figure 1. Flow chart summary of the systematic literature review, article identification, screening, and final selection. mHealth: mobile health.

General Study Characteristics
Out of the 32 included studies, 28 were observational studies
and 4 were randomized controlled trials (RCTs). Description
of the objective for each study, the target disease, the country
of origin, name of the app, and the type of data collected by the
app of each RCT [16-21] and observational studies [22-47] is
detailed in Multimedia Appendix 3 [48].

Target Disease of Mobile Health Apps, Country of
Origin, and Funding Sources
Out of the 32 included articles, 13 (40%) referred to an app
linked to a connected device. Most of the apps (26/32, 81%)
were designed for the use of patients living with a specific
rheumatic disease, distributed as follows: RA (11/32, 34%),
fibromyalgia (5/32, 15%), juvenile idiopathic arthritis (4/32,
12%), OA (3/32, 9%), psoriatic arthritis and ankylosing
spondylitis (AS; 1/32, 3%), spine disease (1/32, 3%), and ankle
sprain (1/32, 3%). The other apps (6/32, 18%) were either
designed for multiple diseases (eg, AS, RA, and systemic lupus
erythematosus) or for the general population but used by patients
living with RMDs in some studies. The great majority of the
apps were developed in the United States (11/32, 34%), Japan
(4/32, 12%), Canada (3/32, 9%), and Norway (3/32, 9%).

The funding sources were cited in 93% (30/32) of the articles
and reported to be private in 34% (11/32) of the cases. The
funding source was reported to be academic in 62% (20/32) of
the articles.

Purposes and Data Collected by Mobile Health Apps
Most of the apps were designed for self-monitoring and
collection of specific outcome measures (22/32, 68%), the latter
including patient-reported outcome measures (pain, fatigue,
sleep, mood, and global well-being) and disease activity scores.
Furthermore, many allowed self-visualization of the health data
as a trend (17/22, 77%), such as disease activity scores and
physical activity (measured by the number of steps). A few apps
(7/32, 21%) aimed to promote physical activity through daily
reminders and education on physical activity programs. For
instance, 2 apps were designed to support coping mechanisms
around pain management with relaxation therapy. Finally, 2
apps were designed primarily to help medication adherence
through a tick-box option on the app when the medication is
taken or through sending daily reminders with the possibility
for the patient to edit the frequency of the reminders. None of
the apps were reported as having the status of medical device.

Most of the apps addressed multiple disease features (detailed
in Table 1).
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Table 1. Features addressed by the different apps for rheumatoid arthritis and other rheumatic and musculoskeletal diseases.

Apps designed for other rheumatic and musculoskeletal diseasesRheumatoid arthritis appsFeatures addressed by the apps

Details on other diseasesValue, n (%)Value, n (%)

JIAa, OAb, fibromylagia, PsA/ASc, and spine disease13 (41)7 (22)Pain

JIA, OA, and fibromylagia9 (28)4 (13)Fatigue

JIA and OA9 (28)2 (6)Physical activity

JIA, OA, and fibromylagia8 (25)1 (3)Sleep

PsA/AS1 (3)8 (25)Disease Activity Score

JIA and PsA/AS2 (6)6 (19)Health Assessment Questionnaire

JIA, OA, and fibromylagia6 (19)0 (0)Mood

OA6 (19)1 (3)Global well-being (Short Form 36)

JIA and PsA/AS4 (13)1 (3)Morning stiffness

Fibromyalgia2 (6)1 (3)Depression/anxiety

JIA, OA, and fibromylagia3 (9)1 (3)Medication/adherence

JIA3 (9)1 (3)Tender joint count

—d0 (0)4 (13)Gait

JIA2 (6)0 (0)Social support

JIA2 (6)0 (0)Work

—0 (0)1 (3)Grip

aJIA: juvenile idiopathic arthritis.
bOA: osteoarthritis.
cPsA/AS: psoriatic arthritis/ankylosing spondyloarthritis.
dNot applicable.

Development Process of the Apps
The development process of the app was not described at all in
9% (3/32) of the studies (Table 2). Only 15% (5/32) of articles
stated that patients were included in the development of the
apps. A qualitative phase occurred in only 18% (6/32) of the
cases [19,27,30,33,36,37]. This qualitative phase consisted of

individual interviews (4 different studies), patient focus group
(1 study), or patients focus groups and individual interviews (1
study). A mixed method approach was undertaken in 2 of those
studies, with the addition of a patient survey or a Delphi
procedure.

Health professionals and/or physicians were involved in the
development or evaluation phase in 40% (13/32) of the studies.
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Table 2. Description of the development phase and funding sources of the apps.

Funding/developmentQualitative phasePatient involve-
ment

Health care
provider involve-
ment

Quality of design and
evaluation phase

Reference

PrivateN/AN/AN/AN/AaLi et al, 2017 [16]

Private−+d−cBbSkrepnik et al, 2017 [17]

Public++−AeKristjansdottir et al, 2013 [18]

Public++−AKristjansdottir et al, 2013 [19]

Private−+−BPaxton et al, 2018 [20]

Private−+−BHarmelink et al, 2017 [21]

Public−+−BBults et al, 2010 [22]

Public−+−BKvien et al, 2005 [23]

Not reported−+−BHeiberg et al, 2007 [24]

Public−++BRichter et al, 2008 [25]

Public+++AStinson et al, 2008 [26]

Public+++AStinson et al, 2006 [27]

Public−++BGarcia-Palacios et al, 2014 [28]

Public−+−BNishiguchi et al, 2016 [29]

Public+++Ade la Vega et al, 2018 [30]

Private−+−BSalaffi et al, 2013 [31]

Public−++BYen et al, 2016 [32]

Private++−AKhurana et al, 2016 [33]

Public−+−BKim et al, 2016 [34]

Public+++ACai et al, 2017 [35]

Public and private+++ARevenas et al, 2015 [36]

Public−++BSynnott et al, 2015 [37]

Public−+−BBromberg et al, 2016 [38]

Public−+−BBromberg et al, 2014 [39]

Private−+−BOkifuji et al, 2011 [40]

Public−++BNishiguchi et al, 2014 [41]

Not reported−+−BShinohara et al, 2013 [42]

Private−++BWalker et al, 2017 [43]

Public−+−BYamada et al, 2012 [44]

PrivateN/AN/AN/AN/AEspinoza et al, 2016 [45]

Public−++BKim et al, 2016 [46]

PrivateN/AN/AN/AN/ATwiggs et al, 2018 [47]

aNot applicable.
bPatients or health care providers involved in the evaluation but not in the design process.
cAbsent.
dPresent.
ePatients or health care providers involved in both design and evaluation phases.

Evaluation of the Apps
Physicians were rarely involved in app evaluation (5/32, 15%).
Patients were more frequently involved in app evaluation but
mostly indirectly through their adherence to the app (12/32,

70%). A total of 17 apps proposed a direct evaluation through
the use of a satisfaction scale (12/32, 70%) and/or an open or
closed questionnaire (9/32, 52%). Satisfaction scores and
comments were generally positive.
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Commercial Availability of the Apps
Moreover, 16 (50%, 16/32) articles included in this review were
published between 2016 and 2017. Only a few apps described
in the publications were commercially available (4/32, 12%) at
the time of our web-based search; all were free of cost.

Quality of the Available Apps
We performed quality score on the apps, which were existing
in the different online stores (iTunes and Google Play) using a
validated app quality score, the Mobile Application Rating Scale
(MARS) [48]. The MARS includes different quality subscale
scores, which rate engagement, functionality, aesthetics, and
information. The score was calculated for the available apps.
MARS for the ReaApp (Google Play) was 3.01 out of 5 and 3.8
out of 5 for the iGetBetter app (iTunes). The other apps were
either not available online (28/32) or not in English language
(1/32) or not accessible for free (1/32).

Effectiveness of the Apps
A total of 2 RCTs were included in the SLR, 1 study in OA [17]
and 1 in fibromyalgia [18,19]. In the trial by Skrepnik et al [17],
patients were randomized in 2 groups: a mobile OA app along
with a wearable activity monitor with (intervention group) or
without feedback (control group). A significant increase in the
number of steps per day (1199 vs 467, P=.03) as well as a
reduction in pain from baseline during the 6-min walk test was
shown in the intervention group. The trial by Kristjandottir et
al [19] included a smartphone-delivered intervention with diaries
and personalized feedback to patient living with fibromyalgia.
The primary endpoint was met with a reduction of
catastrophizing score in the treated group (mean 9.20, SD 5.85)
compared with the control group (mean 15.71, SD 9.11;
P<.001).

Discussion

Principal Findings
To our knowledge, this is the first piece of work to identify
literature published on self-management mHealth apps for
patients living with RMDs. Our search yielded heterogeneous
studies, referring to heterogeneous apps designed either for a
specific rheumatic disease or for multiple diseases and also for
the general public/healthy population. The large quantity and
variety of information that was collected by the app and the
relevance of collecting this information as part of a
self-management initiative are questionable and not always
clearly outlined.

The development process of most apps has been insufficient or
not described in the screened existing literature, which raises
questions around their credibility. Importantly, most of the apps,
despite being designed for patient use, involved neither patients
nor health care providers in their development phase. These
findings are in line with recently published work, showing that
health care professionals were involved in only 35% (n=7) of
the apps designed for RA patients [49]. This is a major concern
as the absence of involvement of the relevant stakeholders might
lead to inappropriate development tailored for the eventual user,
including lack of assurance of content approval by specialists.

Our results highlight the unmet need for a standardization
process to facilitate the convoluted and demanding processes
required to develop mHealth apps. This matter goes beyond the
scope of self-management apps for patients. For instance,
Buijink et al [50] showed in a previous study that most mHealth
apps designed for health care professionals were lacking
authenticity details; authors, manufacturers, and distributors
were not listed; and references were unavailable or out of date.
Indeed, as mHealth apps are considered as medical devices by
the US Food and Drug Administration, they should be subject
to rigorous regulation [50]. These findings are consistent with
our own findings and observations; indeed, the provenance and
design process of the app as well as developers and funding
sources are lacking details in many papers. Indeed, funding
sources were not cited in more than half of the studies, which
makes it difficult to identify clearly the nature of beneficiaries
of such apps.

Moreover, despite more than half of the studies included in this
review being published in the past 2 years, only a handful of
apps were commercially available at the time of our search.
This highlights the high turnover of apps developed for this
purpose. One speculation could be that some of the apps were
used in only 1 center and therefore have never been available
for public use.

Strengths and Limitations
It should be noted that our systematic review did not specifically
address the question of reviewing apps existing in the Apple
store. We focused on published literature on self-management
mHealth apps, regardless of the type of RMDs. The very
heterogeneous nature of the literature published on this topic
and the relatively low number of relevant publications on the
subject constitute the main limitations of this study. To ensure
a most informative literature review, aside from systematically
exploring the literature and other possible sources of
information, we extracted data from the apps’ content and
development procedure when it was provided. The latter
revealed that many apps were usually focusing on selected
aspects of disease self-management. Most were giving the
patients the opportunity to enter selected PROs, especially
fatigue, pain, and sleep, and also collected information on
physical activity. Disease activity scores were more rarely
(28.2%) collected by the apps. No relevant data were available
on the quantitative use of apps.

Our work is in line with a recent study by Grainger et al who
assessed the quality of RA apps specifically, highlighting the
fact that of the 19 apps analyzed, only 1 had functionality to
allow both the calculation of a validated composite disease
activity measure and the ability to track calculated patient data
[51]. Another recent work showed that most of the apps designed
for patients living with RA did not offer a comprehensive
experience. Comparably with what we found in the literature,
not all apps (75%) offered a symptom tracking experience, and
when it was the case, only a few apps allowed collecting PROs,
joint counts, and laboratory results [49].

Thinking forward, a development process under specific
guidelines or recommendations is mandatory to improve
physicians’ as well as patients’ confidence in future apps.
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Having a meticulous development process in place can enhance
appropriateness for the specific purpose they have been designed
for, their scientific content and accuracy. By regulating the
development process, the health care providers will also validate
reliability of the scientific content and regulatory rules to ensure
data protection and patient safety.

Conclusions
In conclusion, despite patient willingness to use mHealth apps
for self-management of their RMDs, better endeavors are needed

to provide an optimal standard and ensure the quality and safety
of new apps. This work will be used to further inform European
League Against Rheumatism (EULAR) points to consider for
development, evaluation, and implementation of mHealth apps
for self-management of RMDs by patients. We hope through
this work to stimulate some careful considerations around
mHealth app development and evaluation, which will lead to a
general effort to improve their value.
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Abstract

Background: Repeatedly pushing high-calorie food stimuli away based on joystick movements has been found to reduce
approach biases toward these stimuli. Some studies also found that such avoidance training reduced consumption of high-calorie
foods.

Objective: This study aimed to test effects of a smartphone-based approach-avoidance intervention on chocolate craving and
consumption, to make such interventions suitable for daily use.

Methods: Within a 10-day period, regular chocolate eaters (n=105, 86% female) performed five sessions during which they
continuously avoided (ie, swiped upward) chocolate stimuli (experimental group, n=35), performed five sessions during which
they approached and avoided chocolate stimuli equally often (placebo control group, n=35), or did not perform any training
sessions (inactive control group, n=35). Training effects were measured during laboratory sessions before and after the intervention
period and further continuously through daily ecological momentary assessment.

Results: Self-reported chocolate craving and consumption as well as body fat mass significantly decreased from pre- to
postmeasurement across all groups. Ecological momentary assessment reports evidenced no differences in chocolate craving and
consumption between intervention days and rest days as a function of the group.

Conclusions: A smartphone-based approach-avoidance training did not affect eating-related and anthropometric measures over
and above measurement-based changes in this study. Future controlled studies need to examine whether other techniques of
modifying food approach tendencies show an add-on benefit over conventional, monitoring-based intervention effects.

Trial Registration: AsPredicted 8203; https://aspredicted.org/pt9df.pdf.

(JMIR Mhealth Uhealth 2019;7(11):e12298)   doi:10.2196/12298

KEYWORDS

food; chocolate; craving; smartphone; mobile phone; mhealth; digital health; eating behavior

Introduction

Training individuals to avoid appetitive stimuli has been found
to reduce automatic approach tendencies toward these stimuli.
For example, repeatedly pushing pictures of alcoholic beverages

away on a screen based on joystick movements has been found
to reduce approach biases toward alcohol in heavy drinkers [1]
and patients with alcohol use disorder [2,3]. Similar results have
been obtained using pictures of high-calorie foods in samples
of high trait food cravers [4] or individuals with obesity [5-7].
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Although effects on actual consumption behaviors is less
consistent [8-10], several studies point toward a decrease in
craving for and consumption of appetitive substances through
approach-avoidance training [11].

While traditional approach-avoidance tasks (AATs) and training
are usually performed with joystick movements in front of a
computer monitor, methods that make these techniques suitable
for daily use are needed. One possibility for this is to implement
AATs or training on smartphones. For example, 2 recent studies
used a smartphone-based training during which participants
were required to swipe pictures away or toward themselves to
reduce body dissatisfaction [12] or procrastination [13].
Although these studies reported promising results (ie, changes
in behavior because of the approach-avoidance intervention),
interpretation was limited by the use of inactive (waitlist) control
groups and by combining the training with conventional
face-to-face treatment elements.

The aim of this study was, therefore, to evaluate a
smartphone-based approach-avoidance training for reducing
food craving and consumption in a randomized, fully controlled
trial (ie, by comparing active training effects to placebo and no
training groups). As chocolate is the most frequently craved
food in Western societies [14,15], we restricted our study to
chocolate-containing foods, similar to previous studies on
approach-avoidance modification [16-18]. Specifically,
participants were randomly assigned to 1 of 3 groups: during a
10-day period, they either performed five training sessions
during which they continuously avoided pictures of
chocolate-containing foods (upward swipes) and approached
pictures of neutral objects (downward swipes; experimental
group), performed 5 training sessions during which they
approached and avoided food and neutral stimuli equally often
(placebo control group), or did not perform an
approach-avoidance training (inactive control group). All
participants completed an AAT and reported their craving for
and consumption of chocolate-containing foods before and after
the 10-day period. Furthermore, previous studies found
short-term effects of approach-avoidance training on food
consumption (eg, reduced chocolate muffin consumption in a
taste test immediately after an avoidance training session [18]).
To capture such short-lived effects, participants reported their
craving for and consumption of chocolate-containing foods on
each evening during the 10-day period. This allowed us to
examine both short-term training effects by comparing chocolate
craving and consumption on intervention versus rest days during
the 10-day period and long-term training effects by comparing
pre- versus posttest values before and after the 10-day period.

We tested the following preregistered hypotheses (Multimedia
Appendix 1):

(1) Similar to findings showing that an approach bias
modification training decreased approach bias toward
high-calorie foods [4], we expected that approach bias toward
chocolate-containing foods would decrease from pre- to posttest
only in the experimental group but not in the 2 control groups.

(2) Similar to findings showing that self-monitoring of snacking
decreases snack food consumption [19], we expected that
self-reported chocolate craving and consumption in the past 10

days would decrease from pre- to posttest in all 3 groups, as all
participants were confronted with their chocolate consumption
behavior during the study. However, because of craving- and
consumption-reducing effects of approach-avoidance training
found in previous studies [4,18], we expected that these
decreases would be larger in the experimental group than in the
placebo control group and the inactive control group.

(3) Performing reaction time tasks involving palatable food
pictures usually increases food craving from immediately before
to immediately after the task [20,21]. Therefore, we expected
that performing a chocolate-related AAT would induce chocolate
craving, that is, current chocolate craving would be increased
immediately after having performed the task compared with
before. At pretest, we expected that these chocolate craving
increases during the task would be similar in all 3 groups. As
previous findings indicate that approach-avoidance training can
decrease such food cue–induced craving [4], we expected that
task-induced chocolate craving would be attenuated at posttest
in the experimental group but not in the inactive control group.
As participants in the placebo control group were confronted
with the chocolate pictures more often than participants in the
inactive control group, we expected that the placebo group
would show an attenuation of task-induced chocolate craving
at posttest as well because of habituation. Finally, we
hypothesized that current hunger would be unaffected by the
intervention, that is, would be similar across groups and
measurements.

(4) Given that short-term effects on food consumption have
been reported in approach bias modification studies (ie, reduced
consumption after a training session [18]), we expected that
chocolate craving and consumption would be reduced on
intervention days compared with rest days in the experimental
group, and this difference would be larger than in the placebo
control group.

In addition to these preregistered analyses, we also explored
changes in body mass index and body fat mass as a function of
group, examined whether any effects were moderated by
baseline levels of trait chocolate craving and restrained eating,
and tested whether groups differed in awareness of the study’s
aims.

Methods

Participants
A power analysis was conducted with G*Power version 3.1.9.2
[22] for repeated measures analysis of variance with a
within-between interaction. This revealed that a sample size of
102 (ie, n=34 participants per group) would be sufficient to
detect a small effect (f=0.1), given an alpha level of .05, power
of .80, 3 groups, 2 measurements, and a correlation of r=.80
between repeated measures.

Participants were recruited at the University of Salzburg and
through a local job advertisements website. Inclusion criteria
were speaking fluent German, aged between 18 and 50 years,
not being pregnant, and not having participated in similar studies
in our laboratory. Recruitment advertisements also indicated
that participants should be regular chocolate eaters (ie, several
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times per week) and should not be underweight or currently
dieting. A total of 117 individuals responded to the
advertisements. A total of 9 participants were excluded before
enrollment: 7 participants did not meet inclusion criteria (current
pregnancy: n=1, non–German-speaking: n=2, already
participated in similar studies in our laboratory: n=4), and 2
participants indicated that they recently decided to refrain from
eating chocolate because of lactose intolerance and health

reasons (n=2; Figure 1). Of the remaining 108 individuals, 2
did not participate because of technical problems, and 1
discontinued participation (Figure 1). The final sample
comprised 105 participants (85.7% female, 90/105) with a mean
age of 23.4 years (SD 5.07) and a mean body mass index of
23.3 kg/m² (SD 4.14). The majority of participants had German
(52.4%, 55/105) or Austrian (40.0%, 42/105) citizenship and
were university students (94.3%, 99/105).

Figure 1. Flow of participants throughout the study. Note that while sample size was n=105 for the majority of analyses, sample size was n=104 for
analyses involving body mass index at posttest and n=102 for analyses involving body fat mass at posttest because of missing data.
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Materials

Approach-Avoidance Task
An AAT was employed to examine whether approach bias
toward chocolate-containing foods changed from pre- to posttest
as a function of group. The task was programmed in unity (Unity
Technologies) and run on a 5-inch SAMSUNG Galaxy J3
smartphone (Samsung Electronics Austria GmbH). A total of
16 pictures of chocolate-containing foods and 16 pictures of
nonedible objects were taken from the food pics database [23]
(Multimedia Appendix 2). Pictures were matched regarding
color, size, brightness, contrast, complexity, recognizability,
and familiarity and have previously been used in a
joystick-based AAT with which an approach bias toward food
was found [24]. The task consisted of 2 blocks: participants
were instructed to swipe pictures of food upward (=“away from
yourself”) and swipe pictures of objects downward (=“toward
yourself”) with the thumb of their dominant hand in 1 block
and vice versa in the other block (block order was
counterbalanced across participants). Within each block, each
picture was presented twice in randomized order. Thus,
participants pulled food, pushed food, pulled objects, and pushed
objects in 32 trials each, totaling 128 trials. In each trial, 1
picture appeared in the center of the smartphone screen. Similar
to joystick-based AATs [25], a zoom effect was employed:
picture size increased when the picture was swiped downwards
and decreased when the picture was swiped upwards. The
picture then disappeared when reaching the border of the screen,
and the next trial started (Multimedia Appendix 3).

Sociodemographic and Anthropometric Data
Participants indicated their age, sex, handedness, education,
and nationality. Body height (in cm) was measured with a
wall-mounted stadiometer. Body weight (in kg) and fat mass
(in %) were measured with the OMRON Body Composition
Monitor BF511 (OMRON Healthcare Europe BV).

Chocolate Consumption
To examine whether chocolate consumption changed from pre-
to posttest as a function of group, participants responded to the
question “How often did you consume chocolate-containing
foods in the past ten days?” Responses were recorded on a rating
slider anchored 0=not at all and 100=very often.

Food Cravings Questionnaire-Trait-Reduced
The German, chocolate-adapted version of the Food Cravings
Questionnaire-Trait-reduced (FCQ-T-r) [26] was used to
examine whether groups differed at pretest, whether pretest
scores moderated any intervention effects, and whether scores
changed from pre- to posttest as a function of group. Participants
are usually instructed to indicate how frequently each statement
is true for them in general. However, to fit the purpose of this
study, participants were instructed to indicate how frequently
each statement was true for them in the past 10 days. The scale
has 15 items (eg, “If I am craving chocolate, thoughts of eating
it consume me” and “It is hard for me to resist the temptation
to eat chocolate that is in my reach”), which are scored from
1=never to 6=always. Internal reliability was α=.894 at pretest
and α=.921 at posttest.

Food Cravings Questionnaire-State
The German, chocolate-adapted version of the Food Cravings
Questionnaire-State (FCQ-S) [26] was used to measure current
chocolate craving and hunger before and after the AAT. The
scale has 15 items (12 items for the chocolate craving subscale
and 3 items for the hunger subscale), which are scored from
1=strongly disagree to 5=strongly agree. Internal reliabilities
of the chocolate craving subscale ranged between α=.873 and
α=.930, and internal reliabilities of the hunger subscale ranged
between α=.835 and α=.917 in this study.

Restraint Scale
The German version of the Restraint Scale [27] was used to
examine whether groups differed in dietary restraint and whether
dietary restraint moderated any intervention effects. The scale
has 10 items, which are scored from 0 to 4 (items 1-4 and 10)
and 0 to 3 (items 5-9) with different response options. Internal
reliability was α=.715 in this study.

Dutch Eating Behavior Questionnaire
The German version of the Dutch Behavior Questionnaire’s
(DEBQ’s) restrained eating subscale [28] was used to examine
whether groups differed in dietary restraint and whether dietary
restraint moderated any intervention effects. The scale has 10
items, which are scored from 1=never to 5=very often. Internal
reliability was α=.879 in this study.

Eating Disorder Examination-Questionnaire 8
The German version of the Eating Disorder
Examination-Questionnaire 8 (EDE-Q8) [29] was used to
examine whether groups differed in eating disorder
symptomatology. The scale has 8 items that are scored from
0=no days/never/not at all to 6=every day/every time/very much.
Internal reliability was α=.883 in this study.

End-of-Day Questions
On each evening during the 10-day period between pre- and
posttest, participants answered questions on their smartphone
using the application PsyDiary (MultimediaTechnology).
Chocolate craving intensity was assessed with the question
“How strong was your desire for chocolate-containing foods
today (on average)?” Answers were recorded on a rating slider
anchored 0=very weak and 100=very strong. Chocolate craving
frequency was assessed with the question “How often did you
have a desire for chocolate-containing foods today?” Answers
were recorded on a rating slider anchored 0=not at all and
100=very often. Chocolate consumption quantity was assessed
with the question “How many chocolate-containing foods did
you consume today?” Answers were recorded on a rating slider
anchored 0=none and 100=a great many. Chocolate
consumption frequency was assessed with the question “How
often did you consume chocolate-containing foods today?”
Answers were recorded on a rating slider anchored 0=not at all
and 100=very often.

Debriefing Questions
Awareness of the study’s aims was assessed with the questions
“Do you think that the aim of this study was to assess your
behavior in relation to chocolate?” and “Do you think that the
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aim of this study was to change your behavior in relation to
chocolate?” Response options for both questions were yes, no,
and I don’t know.

Procedure
The study was approved by the ethical review board of the
University of Salzburg, and study design and hypotheses were
preregistered at aspredicted.org. The study was advertised as a
study on “automatic reactions to chocolate-containing foods in
daily life.” That is, participants were not informed that the aim
of the study was to change chocolate craving and consumption.
Participants were randomly assigned to 1 of the 3 groups and
were tested in the laboratory individually.

Pretest
At pretest, participants signed informed consent and completed
the FCQ-T-r, the question on chocolate consumption in the past
10 days, and the FCQ-S. Afterward, participants practiced the
swipe movements in 2 blocks with 10 trials each (which
included pictures of animals and household items that were not
used in the main task) and then completed the AAT. Then, they
completed the FCQ-S again, responded to the sociodemographic
questions, and completed the Restraint Scale, the DEBQ, and
the EDE-Q8. Subsequently, body height, weight, and fat mass
were measured. Finally, participants installed the apps, and the
experimenter explained their use, the remaining study
procedures, and discussed any open questions. At the end of
the day of the pretest, participants received the first prompt (ie,
end-of-day questions) to familiarize them with the app (these
data were discarded from analyses).

Intervention Period
During the 10-day period between the pre- and posttest, all
participants received the end-of-day questions on each evening
at 9 pm and could respond to the questions until 10 pm. The
experimental group additionally performed 5 training sessions
(1 session on 5 days each). Training sessions were similar to
the AAT used at pre- and posttest, except that pictures of food
were always swiped upwards and pictures of objects were
always swiped downwards (ie, there was no reversal of
instructions between blocks). The placebo control group also
performed 5 training sessions (1 session on 5 days each). Here,
training sessions were equal to the AAT used at pre- and
posttest, that is, pictures of food and objects were swiped upward
or downward equally often. In both the experimental and
placebo control group, intervention and rest days were
pseudorandomized with a maximum of 3 consecutive
intervention or rest days. On intervention days, the training
session was available between 12 noon and 8 pm. (reminders
were sent every 2 hours). The inactive control group did not
perform any training sessions.

Posttest
At posttest, participants again completed the FCQ-T-r, the
question on chocolate consumption in the past 10 days, and the
FCQ-S; performed the AAT; and then completed the FCQ-S
again in the laboratory. Finally, they completed the debriefing
questions, and body weight and fat mass were measured.
Participation was reimbursed with course credits or €40. The
amount of course credits or money was reduced when

participants did not complete all signals (ie, training sessions
or end-of-day questions).

Data Analyses

Randomization Check and Compliance
We compared groups regarding baseline characteristics with
analyses of variance (age, body mass index, body fat mass,
chocolate consumption, FCQ-T-r scores, Restraint Scale scores,
DEBQ scores, and EDE-Q8 scores) and Fisher exact tests (sex,
handedness, education, and nationality). Furthermore, we
compared groups regarding the number of completed training
sessions (in %) and completed end-of-day questions (in %) with
Kruskal-Wallis tests.

Hypothesis 1
Erroneous trials (eg, swipes in the wrong direction) were
excluded from analyses. These accounted for 7.27% of all trials
at pretest and 10.4% of all trials at posttest. The number of valid
trials did not differ between groups (Kruskal-Wallis tests: pretest
P=.25, posttest P=.23). Owing to the task setup, we were able
to differentiate between 2 different reaction times: the time
between picture appearance and participants’ first touch on the
screen (touching time) and the time between participants’ first
touch on the screen and picture disappearance (dragging time).
Bootstrapped split-half reliability estimates for each condition
(pull food, push food, pull objects, and push objects) were
obtained using the R package splithalf [30] performing 5000
random splits. Reliability estimates for touching time ranged
between r=.70 and .77 (Spearman-Brown-corrected rsb=.82-.87)
a t  p re te s t  and  be tween  r=.79  and  .81
(Spearman-Brown-corrected rsb=.88-.90) at posttest. Reliability
estimates for dragging time ranged between r=.69 and .82
(Spearman-Brown-corrected rsb=.82-.90) at pretest and between
r=.63 and .83 (Spearman-Brown-corrected rsb=.77-.90) at
posttest.

In line with joystick-based AAT studies [25], median reaction
times were calculated. As outlined in the preregistration,
3×2×2×2 analyses of variance for repeated measures were
calculated with median reaction time data as dependent
variables, group (experimental vs placebo control vs inactive
control) as between-subjects factor and measurement (pre- vs
posttest), stimulus (food vs objects), and direction (pull vs push)
as within-subjects factors. This was done separately for touching
time and for dragging time (which was not explicitly specified
in the preregistration).

Hypothesis 2
As outlined in the preregistration, 3×2 analyses of variance for
repeated measures were calculated with self-reported chocolate
consumption and FCQ-T-r scores as dependent variables, group
(experimental vs placebo control vs inactive control) as
between-subjects factor, and measurement (pre- vs posttest) as
within-subjects factor.

Hypothesis 3
As outlined in the preregistration, 3×2×2 analyses of variance
for repeated measures were calculated with FCQ-S scores
(current chocolate craving and hunger) as dependent variables,
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group (experimental vs placebo control vs inactive control) as
between-subjects factor, and measurement (pre- vs posttest)
and task (before vs after the task) as within-subjects factors.

Hypothesis 4
Responses to the end-of-day questions on intervention days on
which participants did not complete the training session were
excluded from analyses. These accounted for 47 signals (6.71%)
of the possible 700 signals (10 days×70 participants
[experimental + placebo control group]). As outlined in the
preregistration, we applied linear mixed models using the R
package lme4 [31] to analyze the nested, longitudinal structure
of the data. Days (0=rest day, 1=intervention day; Level 1) and
group (0=experimental group, 1=placebo control group; Level
2) and their cross-level interaction group × days were used as
predictors for chocolate craving intensity/frequency and for
chocolate consumption quantity/frequency. We further explored
whether pretest scores of the FCQ-T-r, Restraint Scale, and
DEBQ at level 2 would modulate any effects. The level 1
predictor days was entered uncentered to the models, and the
level 2 predictors group, FCQ-T-r, Restraint Scale, and DEBQ
were grand-mean centered. The intercepts of all models were
allowed to vary randomly. The data files and R-script for these
analyses can be found in Multimedia Appendix 4.

Exploratory Analyses
Analyses of variance for repeated measures with group
(experimental vs placebo control vs inactive control) as
between-subjects factor and measurement (pre- vs posttest) as
within-subjects factor were calculated to examine changes in
body mass index and body fat mass as a function of group.
Moderation analyses were calculated with PROCESS [32] to
examine whether FCQ-T-r scores at pretest, Restraint Scale
scores, and DEBQ scores moderated any effects of group on
chocolate consumption, body mass index, and body fat mass at
posttest while controlling for pretest values. Restraint Scale
scores and DEBQ scores were also tested as moderators of
effects of group on FCQ-T-r scores at posttest while controlling
for FCQ-T-r scores at pretest. Fisher exact tests were calculated
to compare groups regarding the 2 debriefing questions. These
analyses were not included in the preregistration protocol.

Results

Randomization Check and Compliance
Groups did not differ in any baseline characteristics (Table 1).
Compliance was high for both completion of the training
sessions (86.6%) and completion of the end-of-day questions
(85.8%) and did not differ between groups (Table 1).

Table 1. Means and frequencies of study variables at pretest and compliance rates during the intervention phase as a function of the group (N=105).

P valueTest statisticsInactive control
group (n=35)

Placebo control
group (n=35)

Experimental group
(n=35)

Study variables

.53F2,102=0.64,
ηp²=.012

23.5 (5.37)24.1 (6.13)22.7 (3.36)Age (years), mean (SD)

.45χ2=1.8, Φ=.13328 (80.0)32 (91.4)30 (85.7)Sex (female), n (%)

.23χ2=3.5, Φ=.19433 (94.3)32 (91.4)28 (80.0)Handedness (right-handed), n (%)

.87χ2=1.1, Φ=.10134 (97.1)32 (91.4)33 (94.3)Education (students), n (%)

.47χ2=3.5, Φ=.18418 (51.4)21 (60.0)16 (45.7)Nationality (German), n (%)

.86F2,102=0.16,
ηp²=.003

23.0 (3.89)23.3 (3.62)23.5 (4.90)Body mass index (kg/m²), mean (SD)

.28F2,102=1.29,
ηp²=.025

29.5 (9.00)32.8 (7.52)31.6 (9.91)Body fat mass (%), mean (SD)

.52F2,102=0.65,
ηp²=.013

58.1 (22.8)61.5 (21.3)55.6 (20.9)Chocolate consumption (self-report), mean (SD)

.41F2,102=0.90,
ηp²=.017

44.2 (12.2)41.2 (10.5)41.4 (8.54)Food Cravings Questionnaire-Trait-reduced
(chocolate version), mean (SD)

.89F2,102=0.11,
ηp²=.002

11.7 (4.69)12.0 (4.53)11.5 (5.05)Restraint Scale, mean (SD)

.68F2,102=0.38,
ηp²=.007

2.16 (0.65)2.03 (0.60)2.04 (0.80)Dutch Eating Behavior Questionnaire (restrained
eating subscale), mean (SD)

.48F2,102=0.75,
ηp²=.014

1.23 (1.08)1.00 (0.72)0.97 (1.11)Eating Disorder Examination-Questionnaire 8,
mean (SD)

.22——a84.0 (19.3)89.1 (17.7)Training sessions compliance (%), mean (SD)

.22—80.6 (25.6)88.6 (16.1)88.0 (17.5)End-of-day questions compliance (%), mean (SD)

aNot applicable.
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Hypothesis 1

Touching Time
A main effect of direction (F1,102=13.3; P<.001; ηp²=.115)
indicated that participants touched the target stimuli faster in
pull trials (mean 599 ms, SD 55.3) than in push trials (mean
606 ms, SD 56.0). There were significant main effects of
measurement and stimulus and interaction effects measurement
× stimulus and group × measurement (all Ps<.001), which were
qualified by a significant interaction group × measurement ×
stimulus (F2,102=4.82; P=.01; ηp²=.086). However, as this
interaction effect was small, did not include any direction
effects, and post-hoc comparisons were inconclusive, it was not
further interpreted. More information and a graphical depiction
can be found in the supplementary material (Figure S1 in
Multimedia Appendix 5). There was no significant main effect
of group (F2,102=2.17; P=.12; ηp²=.041) and no other significant
interaction effects (all Ps>.16).

Dragging Time
A main effect of stimulus (F1,102=9.46; P=.003; ηp²=.085)
indicated that participants swiped food pictures (mean 248 ms,
SD 44.5) faster than object pictures (mean 252 ms, SD 53.3).
There were no other significant main or interaction effects (all
P values>.05).

Hypothesis 2

Chocolate Craving
A main effect of measurement (F1,102=11.7; P=.001; ηp²=.103)
indicated that FCQ-T-r scores decreased from pretest (mean
42.3, SD 10.5) to posttest (mean 40.1, SD 11.7). There was no
significant main effect of group (F2,102=0.48; P=.62; ηp²=.009)
and no significant interaction group × measurement (F2,102=0.79;
P=.46; ηp²=.015).

Chocolate Consumption
A main effect of measurement (F1,102=10.3; P=.002; ηp²=.092)
indicated that self-reported chocolate consumption decreased
from pretest (mean 58.4, SD 21.6) to posttest (mean 51.8, SD
20.2). There was no significant main effect of group
(F2,102=0.35; P=.71; ηp²=.007) and no significant interaction
group × measurement (F2,102=0.84; P=.44; ηp²=.016).

Hypothesis 3

Current Chocolate Craving
A main effect of task (F1,102=20.7; P<.001; ηp²=.169) indicated
that FCQ-S craving scores increased from before (mean 28.0,
SD 7.55) to after the task (mean 29.5, SD 8.65). A main effect
of measurement (F1,102=17.6; P<.001; ηp²=.147) indicated the
FCQ-S craving scores decreased from pretest (mean 30.1, SD
8.01) to posttest (mean 27.4, SD 9.20). There was no significant
main effect of group (F2,102=1.06; P=.35; ηp²=.020) and no
significant interaction effects (all P values>.46).

Hunger
A main effect of task (F1,102=11.0; P=.001; ηp²=.098) indicated
that FCQ-S hunger scores increased from before (mean 7.91,

SD 2.74) to after the task (mean 8.20, SD 3.01). There was no
significant main effect of measurement (F1,102=1.36; P=.25;
ηp²=.013), no significant main effect of group (F2,102=2.46;
P=.09; ηp²=.046), and no significant interaction effects (all P
values>.43).

Hypothesis 4

Chocolate Craving Intensity and Frequency
There was no significant effect of intervention versus rest days
as a function of group (see Table S1 in Multimedia Appendix
5). Higher FCQ-T-r scores at pretest related to higher chocolate
craving intensity and frequency, independent of days and group
(Table S2). Restrained eating did not relate to chocolate craving
intensity or frequency and did not interact with days or group
(Table S3, Table S4).

Chocolate Consumption Quantity and Frequency
There was no significant effect of intervention versus rest days
as a function of group (Table S5). Higher FCQ-T-r scores at
pretest related to higher chocolate consumption quantity and
frequency, independent of days and group (Table S6). In
addition, a significant days × FCQ-T-r interaction indicated that
participants with high trait chocolate craving scores consumed
chocolate-containing foods more frequently on intervention
than on rest days, irrespective of group (Table S6). Restrained
eating did not relate to chocolate craving quantity or frequency
and did not interact with days or group (Table S7, Table S8).

Exploratory Analyses

Body Mass Index
There were no significant main effects and no interaction effect
group × measurement (all P values>.56).

Body Fat Mass
A main effect of measurement (F1,99=4.43; P=.04; ηp²=.043)
indicated that body fat mass decreased from pretest (mean 31.4,
SD 8.49) to posttest (mean 31.1, SD 8.73). There was no
significant main effect of group (F2,99=0.80; P=.45; ηp²=.016)
and no significant interaction group × measurement (F2,99=0.30;
P=.74; ηp²=.006).

Moderation Analyses
There were no significant interaction effects between group and
FCQ-T-r, Restraint Scale, and DEBQ scores at pretest (all P
values>.24).

Debriefing Questions
A total of 93 participants (88.6%, 93/105) indicated that they
thought the aim of the study was to assess their behavior in
relation to chocolate, 4 participants (3.8%, 4/105) did not think
so, and 8 participants (7.6%, 8/105) indicated that they did not
know. There were no significant differences between groups

(χ2=4.6; P=.30; Φ=.224). A total of 29 participants (27.6%,
29/105) indicated that they thought the aim of the study was to
change their behavior in relation to chocolate, 61 participants
(58.1%, 61/105) did not think so, and 15 participants (14.3%,
15/105) indicated that they did not know. Here, responses did
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significantly differ between groups (χ2=9.63; P=.04; Φ=.317):
more participants in the inactive control group (n=26) did not
think that the study’s aim was to change their behavior than
participants in both the experimental group (n=18) and the
placebo control group (n=17), whereas the latter 2 groups did
not differ from each other (based on follow-up z tests using
α=.05).

Discussion

Summary of Results
This study examined effects of a smartphone-based
approach-avoidance intervention on approach bias toward
chocolate-containing foods and chocolate craving/consumption
relative to placebo and no training conditions. The 3 groups
were well matched at baseline, treatment adherence was high
(87% completed training sessions), and study attrition was low.
All dependent measures evidenced good-to-excellent reliability.
However, a smartphone-based AAT did neither reveal an
approach bias toward chocolate-containing foods at baseline
nor a modulation through training. In fact, chocolate craving
and consumption decreased throughout the study period in all
3 groups. This self-report finding was corroborated in that
participants in all groups lost body fat. Crucially, only a minority
of participants thought that this study’s aim was to change their
behavior, suggesting that these effects were not because of
demand characteristics. Comparing chocolate craving and
consumption on intervention versus rest days did not reveal any
short-term effects of the training.

Measuring and Modifying Approach-Avoidance
Tendencies With Swipe Movements
To the best of our knowledge, this is the first study that aimed
at measuring and changing an approach bias toward food stimuli
based on swipe movements on smartphones. Although there
are similar studies that examined effects of smartphone-based
approach-avoidance training with swipe movements on
procrastination and body dissatisfaction [12,13], these studies
did not measure effects of the training on approach-avoidance
tendencies. Thus, the lack of finding and modifying an approach
bias toward chocolate-containing foods may be related to an
insensitivity of our newly developed task to detect such effects.
However, several arguments speak against such an
interpretation. First, we used the same stimuli with which an
approach bias toward food was detected in a comparable sample
with a joystick-based AAT [24]. Second, the AAT in this study
had moderate-to-good internal reliability [33] and, thus,
unreliability of the task is unlikely to account for the current
lack of findings. Third, increasing evidence indicates that the
type of arm movements (flexion and extension; [34]) or distance
change [35] is not essential for measuring or modifying
approach-avoidance inclinations. For example, it has been found
that upward and downward movements or framing actions as
approach and avoidance suffice to modify stimulus evaluations
[36]. Nevertheless, future research needs to determine whether
other techniques such as moving the smartphone toward and
away with arm movements [37,38] or using tilt movements [39]
are better suited for detecting and changing approach-avoidance
tendencies with smartphones. In addition, it has recently been

found that combining approach-avoidance actions with affective
feedback produced stronger changes in food choices than
conventional approach-avoidance training [40]. Thus, using
such consequence-based approach-avoidance training may
similarly enhance training effects with smartphone-based
implementations.

Effects of Monitoring Food Intake
Another consideration is that—even if the approach-avoidance
training had an effect—it may have been masked by the general
decreases in outcome variables across the study period that were
observed regardless of group assignment. Specifically, we
included daily end-of-day-questions in the study design to be
able to examine short-term effects (ie, on the same day) of the
single training sessions. However, these questions may have
acted as a type of ecological momentary intervention [41]. For
example, it has been shown that keeping a daily snack diary
reduced snacking frequency, suggesting that cue monitoring
suffices to decrease unhealthy food intake (irrespective of
additional intervention modules; [42]), potentially through
increased awareness for one’s eating behavior. In fact, it has
been found that self-monitoring in terms of completing a record
of snacking once per day in the evening decreased snack food
consumption even in samples that are not particularly motivated
to change their behavior [19]. Thus, we cannot fully exclude
the possibility that the intervention may have effects—albeit
small—on eating behavior that were masked by effects of
monitoring food intake.

Limitations
Interpretation of results needs to consider the sample
investigated in this study. Although we included both men and
women with a body mass index ranging from underweight to
obese, the majority of the sample were normal-weight women.
It has been previously suggested that successful retraining of
appetitive reactions and consumption behaviors may primarily
be found in clinical samples [9]. Although we investigated a
nonclinical sample, it is worth noting that our participants had
above-average mean scores (>40; Table 1) on the FCQ-T-r
(mean scores were 35 in study 1 and 34 in study 2 in the
validation studies; [26]), and their eating behavior was clearly
impacted throughout the study period (ie, measures were
sensitive to detect training-induced changes). This renders
insufficient levels of trait chocolate craving as an explanation
for these findings unlikely.

Several other methodological considerations might account for
these results. For example, although we selected food stimuli
with which we have previously detected an approach bias in a
comparable sample using a joystick-based task [24], it may be
that approach-avoidance training work better when using
personalized stimuli, that is, pictures of foods that participants
actually crave and consume regularly in their daily life. In
related research on attentional bias, for example, it has been
found that internal reliability of reaction time tasks can be
increased when personalized stimuli are used [43]. Furthermore,
we used relatively few training sessions (5), which may have
been insufficient to produce meaningful changes in approach
bias and eating behavior. However, evidence from
joystick-based approach-avoidance training suggest that few
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sessions suffice to detect such effects in relation to alcohol [44].
Yet, other smartphone-based studies did indeed use more
frequent training sessions [12,13]. Thus, the number of training
sessions required in smartphone-based approach-avoidance
training need further examination. Finally, although we
instructed participants regarding the meaning of upward and
downward swipe movements, we did not assess whether they
actually perceived the movements as pushing or pulling the
pictures away from or toward themselves. Therefore, we cannot
rule out the possibility that participants did not perceive the
movements as intended, which could explain the lack of finding
an approach bias and training effects.

Conclusions
Repeatedly avoiding chocolate-containing foods in terms of
(zoom out) upward swipe movements on smartphones did not
change behavior related to these foods in this study. Owing to
several methodological considerations, there is an urgent need
for future research that determines the most effective way of
measuring and changing approach-avoidance tendencies in daily
life. General decreases in chocolate craving and consumption
as well as body fat mass in this study may be because of the
generally raised awareness of chocolate consumption throughout
the study period. Thus, receiving daily prompts for monitoring
food intake may be a cheap and efficient way to normalize food
intake in individuals with eating disorders and facilitate weight
loss in individuals with obesity.
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Abstract

Background: There is a growing interest in mobile technology for obesity management. Despite the known effectiveness of
workplace-based weight loss programs, there are few studies on mobile phone–delivered interventions.

Objective: This study aimed to develop and verify an integrated and personalized mobile technology–based weight control
program, named Health-On, optimized for workplaces.

Methods: A weight reduction algorithm was developed for calorie prescription, continuous monitoring, periodic feedback and
reevaluation, goal resetting, and offline intervention with behavior-changing strategies. A total of 30 obese volunteers (body mass

index ≥25 kg/m2) participated in the 12-week Health-On pilot program. The primary outcome was weight reduction, and secondary
outcomes were improved anthropometric measures, metabolic profiles, and fat computed tomography measures, all assessed pre-
and postintervention.

Results: Health-On incorporated proprietary algorithms and several strategies intended to maximize adherence, using compatible
online and offline interventions. The mean weight of 30 participants decreased by 5.8%, and median weight also decreased from
81.3 kg (interquartile range [IQR] 77.1-87.8) before intervention to 76.6 kg (IQR 70.8-79.5) after the 12-week intervention period
(P<.001). The metabolic profiles and fat measures (blood pressure, glycosylated hemoglobin, total cholesterol, triglyceride,
high-density lipoprotein, low-density lipoprotein, alanine aminotransferase, and visceral and subcutaneous adipose tissue; P<.05)
also improved significantly.

Conclusions: In this single-group evaluation of 30 participants before and after the Health-On program, body weight decreased
and metabolic profiles and fat measures improved. Follow-up studies are needed to assess effectiveness and long-term adherence.

(JMIR Mhealth Uhealth 2019;7(11):e11158)   doi:10.2196/11158
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Introduction

Background
Obesity is a major global health problem [1], the cause of
increased morbidity and mortality, and significant health care
resources are expended on managing and preventing obesity
and associated complications [2-5]. Of the options for the
treatment of obesity, lifestyle interventions are foundational
regardless of augmentation by drug therapy or bariatric surgery.
[6,7]. Two principles are central to obesity lifestyle
interventions: negative calorie balance and maintenance of it.
For physicians, a clinical setting of fragmentary visits and short
consultations makes individualized feedback and instruction
problematic. For patients, a daily food intake or physical activity
diary is intrusive and recollections are unreliable [8].

There is growing interest in lifestyle interventions using smart
devices [9], and they can be effective tools to combat obesity,
helping to overcome the limitations of current interventions
[10,11]. They can also be helpful to achieve comprehensive
lifestyle modification that is proved to be strongly effective to
manage obesity [7,12]. Comprehensive strategy includes group
intervention, online or offline interventions on diet and physical
activity, frequent monitoring and feedback, and education.

Considering these things, workplace is one of the most optimal
places for mobile-based comprehensive lifestyle interventions.
Employee numbers will be fairly constant over the intervention
period, and employer-provided resources (cafeteria and fitness
center), messengers, and periodic health checkup services can

be incorporated into the interventions. The features of mobile
health apps (eg, real-time lifestyle monitoring and participant
interactivity) can be easily integrated in workplace interventions
[13]. In addition, workplace lifestyle interventions are already
known to be effective for weight reduction and increased
productivity and in reducing financial burden on employees
[14-16]. Despite these advantages, mobile-based interventions
in practice are rare.

Objectives
Against this background, we developed a comprehensive mobile
app (Health-On) and embarked on a pilot study to verify its
workplace feasibility and assess the clinical outcomes before
and after the implementation of this program.

Methods

Development of the Health-On App
Health-On is a program that combines online devices (mobile
app and smart watch) and offline interventional resources
(cafeteria, fitness center, and peer support; Figure 1).

Researchers first developed the Health-On mobile phone app
using the Android software development kit (SDK r20.0.3) [17].

To accommodate the first principle, negative calorie balance,
we developed an equation to calculate total energy expenditure
(TEE) and an algorithm to prescribe diet and physical activities.
For the second principle, maintenance of negative calorie
balance, we created a daily diet or physical activity tracker and
applied behavior change strategies.

Figure 1. Main pages.

Equation for Calculating an Estimation of Total
Energy Expenditure
To identify the calorie consumption or expenditure negative
balance, we must calculate TEE and maintain a TEE greater
than calorie intake. TEE is obtained by summating resting
metabolic rate (RMR), the thermic effect of activity (TEA), and
the thermogenic effect of food (TEF). We chose the predictive
Cunningham equation for measuring RMR as it is an accurate
formula for estimating RMR using fat-free mass and is close to
measured values in Korea [18,19]. For measuring TEA, we used

the International Physical Activity Questionnaire Short Form
(IPAQ-SF) [20,21]. However, IPAQ-SF does not include
calories expended in daily activities, for example, showering
or speaking. Thus, we estimated calorie expenditure from these
to be 10% of RMR, on the premise that obese participants are
sedentary [22]. TEF was assumed to be 10% of RMR + TEA
[23].

TEE can be expressed as follows: TEE = RMR + TEA (1) + (2)
+ TEF, where (1)=kcal consumption from IPAQ-SF and
(2)=kcal consumption not included in the IPAQ-SF (eg, walking
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<10 min and other daily activities). This equation was used to
maintain the negative calorie balance between dietary intake
and physical activities.

Diet and Physical Activity Prescription Algorithm
Following accepted guidelines [7], we set a recommended goal
of 7% baseline body weight loss over 12 weeks, divided into
3.0%, 2.5%, and 1.5% targets for each 4-week period. We
assumed that a 7000 kcal expenditure is needed to lose 1 kg of
body weight [24]. Subjects themselves determined how many
negative calories they needed from their control variables, for
example, how much they should cut down on eating or how
much they should increase physical activity to achieve their
weight reduction goals. Then, the algorithm suggested the goals
of daily calories from dietary intake necessary to achieve weight
loss. These goals and variables were adjusted periodically to
reflect weight change during the process. To achieve safe weight
reduction, we set quantitative parameters of a minimum of 1200
kcal per day for women and 1500 kcal for men [7].

Convenient Method of Tracking Daily Diet and
Physical Activity

Diet
Dietary intake could be entered in the app either by inputs on
a pre-entered menu or by inputting using the search option.

Pre-Entered Inputs
We applied various methods to minimize user effort in keying
in calories. First, the workplace cafeteria daily menu nutritional
data were entered into the app. In addition, menus of restaurants
nearby the workplace were entered. Menus that were frequently
entered by app users were also pre-entered, thereby
automatically appearing in the app.

Input by Search
We embedded the Canpro4.0 and FanTasy (Food and Nutrition
Database System) databases [25,26]. When users consumed
foods not on the pre-entered menu, they could search in the app.
The typical Korean diet was provided in an easy-to-search
select-and-enter list. Meals not on the list could be entered
directly by the user.

Physical Activity
Physical activity could be entered in the app either by automatic
input or manually.

Automatic Input
Health-On enables connectivity with an activity tracker, for
example, a smart watch, to measure usual physical activity.
The collected data (expended calories and step count) were
automatically sent every hour to the app via Bluetooth and made
available to users.

Manual Input
The app enables entry of type, strength, and frequency and
duration of aerobic exercise, strength exercise, and common
sports, as activity is difficult to measure while using fitness
equipment or doing aquatic exercise. This type of user-provided

information was calculated and automatically converted into
expended calories based on user weight [27].

Behavior Change Strategies
This program contains several strategies for encouraging
behavior change that are effective for weight reduction [28].
We modified these strategies for mobile technology applicability
(eg, individualized tailored feedback based on personal life log
and ranking). We used resources available in the workplace,
for example, the cafeteria and fitness center, to optimize
advantages and maximize effectiveness [29].

Health Age
Health-On can calculate health age from basic health
information. We had previously found that a Web-based health
risk appraisal (factoring in health age) can be effective for
ascertaining health risks and motivating lifestyle modifications
[30], and we adjusted this tool for our purposes.

Health Information
A team of nurses, nutritionists, and exercise trainers devised
educational material with diet and physical activity tips. This
information was provided in the app daily to improve exercise
and dietary habits and ensure effective weight loss. In addition,
counseling with a nutritionist and an exercise trainer was made
available through social networks.

Feedback on the Life Log
We developed feedback for self-monitoring and self-reflection
on periodic results. Each day, calorie intake was compared with
the goal, and goal achievement provided an incentive for further
progress. A nutritionist provided feedback on participants’
dietary intake records. An exercise supervisor gave feedback
based on comparisons between burned calories and exercise
targets. Feedback was delivered via a pop-up.

History Query
With the history query function, users could monitor their health
examination results pre- and postprogram, weekly changes in
body composition and measurements, and weekly dietary and
exercise performance.

Competition
Good-natured competition, a useful weight loss motivation
method, was introduced for promoting Health-On continuous
usage. Health-On automatically adds users’ friends from contact
lists, enabling competition for achievement scores or step counts.

Ranking
The achievement score was based on the 7.0% weight loss
success or failure compared with the starting weight plus
proximity to monthly goals plus dietary input frequency or
activity tracker usage.

Step Counts
The cumulative number of steps over a period, recorded on the
activity tracker’s pedometer, was used to calculate rankings.
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Health-On Program Pilot Study

Study Population
The primary purpose of this study was to verify Health-On’s
workplace feasibility and assess the clinical outcomes.

In April 2012, an announcement targeting SK telecom workers
in a workplace about the recruitment of people with body mass

index of more than 25 kg/m2 [31] who were willing to control
diet and exercise for weight loss had been made on the intranet.
The Institutional Review Board of Seoul National University
Hospital approved this study (IRB No.: H-1204-041-405).

Exclusion Criteria
We excluded anyone from the recruited members (1) who had
answered at least one yes to the questionnaires of Physical
Activity Readiness Questionnaire [32], and their eligibility to
this study was judged ineligible after counseling, (2) who had
answered yes on the eating disorder survey and were judged
ineligible for this study after counseling with a doctor, (3) who
had systolic blood pressure (SBP) ≥160 mmHg or diastolic
blood pressure (DBP) ≥100 mmHg, fasting blood sugar (FBS)
≥160 mg/dl, triglyceride ≥500 mg/dl, low-density
lipoprotein-cholesterol (LDL-C) ≥190 mg/dl and judged
ineligible after counseling with a doctor owing to identification
of more than one abnormality, (4) who were obese and had
received any pharmacological, procedural, or surgical treatment
within a month, (5) who had undergone a drastic weight change
(more than 10% of body weight) within a month, (6) who had
suffered from or received a procedure because of severe illness
such as myocardial infarction, stroke, cancer-related disorders,
and hip surgery, (7) who had been suffering from thyroid
disease, and (8) who were judged by the researcher as ineligible
to participate. A total of 30 people were recruited for this study.

Measurements
Anthropometric data (height, weight, and percentage of body
fat were measured by Inbody 720), fasting blood samples, and
computed tomography (CT) scans were collected via
questionnaires. Data were collected twice, before and after the
12-week intervention. Participants provided written informed
consent, and the Institutional Review Board approved the
protocol.

The laboratory tests included alanine aminotransferase (ALT),
aspartate aminotransferase, creatinine, lipid profile (total
cholesterol, high-density lipoprotein-cholesterol (HDL-C), and
triglyceride [TG]), FBS, and baseline glycosylated hemoglobin
(HbA1c). Lipid profiles and blood glucose tests were performed
after fasting.

Abdominal adipose tissue mass was estimated using
cross-sectional images obtained by a standardized and validated
CT technique [33]. Participants were examined in the supine
position with a 16-detector row CT scanner (Somatom Sensation
16; Siemens Medical Solutions). A single umbilicus level 5-mm

slice image was obtained. The total abdominal adipose tissue
area (subcutaneous adipose tissue area plus visceral adipose
tissue (VAT) area was calculated using specialized software
(Rapidia 2.8; Infinitt) with the attenuation values within a range

of –250 to –50 Hounsfield Units. We used VAT ≥100 cm2 as
the criterion for visceral obesity [34].

Intervention
On the basis of these health indicators, weight reduction goals
and target net kilocalories were individually determined through
the Health-On algorithm.

For the first 4 weeks, a 600 to 700 kcal breakfast was provided
to create a habit of not skipping breakfast. Participants were
encouraged to join Group eXercise once a week at the company
gym. Participants were able to check goal achievement by taking
Inbody measurements regularly.

A specialist sent review data (LifeStyle Guide) every fortnight,
and personal contact was scheduled after the initial health
checkup, when checking monthly goals and during a poststudy
follow-up.

Outcomes
The primary outcome of the study was the change in weight of
participants before and after the program. We also measured
the change in percentage of body fat, lean body mass (kg), waist
circumference (cm), serum TG, HDL-C, LDL-C, non–HDL-C,
SBP and DBP (mmHg), fasting plasma glucose (mg/dL), and
visceral fat as the secondary outcomes.

Statistics
The continuous demographic variable and the baseline variable
were summarized using descriptive statistics (means with
standard deviations and medians with ranges). The categorical
demography characteristics were summarized by frequency
distribution and percentages. Comparison of the differences
between pre- and poststudy outcomes was done with a Wilcoxon
signed-rank test.

All analyses were conducted using STATA version 12.1 for
Windows (StatCorp), with a P value <.05 used to indicate
statistically significant differences.

Results

The interventions discussed in the Methods section are
incorporated into the app.

Health-On App (Online Intervention)
Health-On has 4 theme pages: main, diet, physical activity, and
challenge and ranking. Each page allows users to easily see
their achievements and to maximize user convenience and app
effectiveness with a simple user interface (UI). The theme icons
are on the tab menu, making movements between pages smooth
and convenient (Figures 2-5).
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Figure 2. Diet pages.

Figure 3. Physical activity pages: activity tracker.
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Figure 4. Physical activity pages: aerobic exercise.

Figure 5. Challenge and ranking pages.

Offline Intervention
Recommended face-to-face components in internet-delivered
weight reduction interventions are included; this increases
intervention use and effectiveness [35]. Therefore, the offline
intervention for Health-On enables nurses, nutritionists, and
exercise trainers to inspect goal achievements and provide
periodic feedback.

Pilot Study
Table 1 shows the baseline characteristics of the participants.
Median age was 39 (IQR 35-42) years, and 28 (93.3%) were
male. A total of 9 people (30%) had an education level above
Master’s degree, and the rest were college graduates, suggesting
a relatively high level of education.

JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 11 |e11158 | p.166https://mhealth.jmir.org/2019/11/e11158
(page number not for citation purposes)

Han et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

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


Table 1. Baseline characteristics of study participants (n=30).

ValueVariable

39 (35-42)Age (years), median (IQR)

28.0 (93.3)Male sex, n (%)

Academic background, n (%)

21 (70.0)Bachelor’s degree

9 (30.0)Graduate degree or higher

11 (36.7)Current smoker, n (%)

1.0 (1.0-2.0)Drinking frequency per week (days), median (IQR)

Anthropometry, median (IQR)

170.4 (166.5-173.0)Height (cm)

81.3 (77.1-87.8)Weight (kg)

96.8 (93.0-102.5)Waist circumference (cm)

28.0 (27.2-30.3)BMIa (kg/m2)

Bioimpedance measurement, median (IQR)

55.4 (51.6-58.3)Lean body mass (kg)

28.2 (25.5-30.8)Body fat (%)

Metabolic profile, median (IQR)

128 (118-132)Systolic BPb (mmHg)

75 (70-81)Diastolic BP (mmHg)

92 (87-98)Fasting plasma glucose (mg/dl)

5.6 (5.5-5.8)HbA1c
c (mg/dl)

205 (174-228)Total cholesterol (mg/dl)

159 (108-214)Triglyceride (mg/dl)

45.5 (37.0-53.0)HDLd cholesterol (mg/dl)

131.5 (97.0-155.0)LDLe cholesterol (mg/dl)

154 (129-195)Non-HDL cholesterol (mg/dl)

24 (19-31)ASTf (IU/L)

30.5 (18-59)ALTg (IU/L)

Fat CTh, median (IQR)

0.64 (0.50-0.94)CT fat ratio

140.5 (110.4-192.9)Visceral fat (mm2)

224.3 (184.0-292.8)Subcutaneous fat (mm2)

aBMI: body mass index (calculated as weight in kilograms divided by height in meters squared).
bBP: blood pressure.
cHbA1c: glycosylated hemoglobin.
dHDL: high-density lipoprotein.
eLDL: low-density lipoprotein.
fAST: aspartate aminotransferase.
gALT: alanine aminotransferase.
hCT: computed tomography.
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The median of variables was weight 81.3 kg (IQR 77.1-87.7),
abdominal circumference 96.3 cm (IQR 93.0-102.5), and BMI
28.0 (IQR 27.2-30.3).

Visceral fat and subcutaneous fat were measured by the fat CT,

with the median being 140.5 cm2 (IQR 110.4-192.9) and 224.3

cm2 (IQR 184.0-292.8), respectively.

Changes in anthropometric and metabolic profiles between pre-
and postintervention are shown in Table 2. The mean body
weight was decreased by 5.8%. The median of weight, waist
circumference, BMI, lean body mass, and body fat percentage
reduced significantly, as did most of the metabolic profiles,
especially HbA1c and non–HDL-C. The changes in visceral fat
and subcutaneous fat were statistically significant.

Table 2. Comparison of outcomes before and after Health-On program (n=30).

P valueaDifference, median (IQR)Final, median (IQR)Baseline, median (IQR)Outcomes

Anthropometric measurement

<.001–6.2 (–8.4 to 3.9)76.6 (70.8 to 79.5)81.3 (77.1 to 87.8)Weight (kg)

<.001–9.2 (–11 to 5.5)88 (84.5 to 95.0)96.8 (93.0 to 102.5)Waist circumference (cm)

<.001–2.2 (–3.4 to 1.5)25.7 (24.6 to 28.0)28.0 (27.2 to 30.3)BMIb (kg/m2)

Bioimpedance measurement

.003–1.0 (–2.1 to 0.3)54.0 (51.2 to 57.1)55.4 (51.6 to 58.3)LBMc (kg)

<.001–4.65 (–6.5 to 1.8)24.1 (20.9 to 27.6)28.2 (25.5 to 30.8)Body fat (%)

Metabolic profile

.002–5.5 (–14 to 2)121 (107 to 127)128 (118 to 132)SBPd (mmHg)

.08–4 (–10 to 2)70 (63 to 82)75 (70 to 81)DBPe (mmHg)

.38–1.5 (–8 to 3)90 (86 to 99)92 (87 to 98)Fasting plasma glucose (mg/dl)

<.001–0.2 (–0.4 to 0.1)5.4 (5.2 to 5.6)5.6 (5.5 to 5.8)HbA1c
f (mg/dl)

.001–15.5 (–31 to 7)185 (158 to 198)205 (174 to 228)Total cholesterol (mg/dl)

<.001-63 (–113 to 25)89 (57 to 124)159 (108 to 214)Triglyceride (mg/dl)

.0076.5 (1 to 10)51 (43 to 62)45.5 (37.0 to 53.0)HDLg cholesterol (mg/dl)

.001–17.5 (–31 to 3)107.5 (88 to 125)131.5 (97.0 to 155.0)LDLh cholesterol (mg/dl)

<.001–21.5 (–36 to 11)126.5 (107 to 145)154 (129 to 195)Non-HDL cholesterol (mg/dl)

.23–1.5 (–9 to 4)22.5 (17 to 32)24 (19 to 31)ASTi (IU/L)

.006–5 (–28 to 1)20.5 (16 to 30)30.5 (18 to 59)ALTj (IU/L)

Fat CTk

.09–0.05 (–0.19 to 0.06)0.63 (0.4 to 0.92)0.64 (0.50 to 0.94)CT fat ratio

<.001–39.4 (–60.3 to 16.3)95.6 (732.4 to 133.0)140.5 (110.4 to 192.9)Visceral fat (cm2)

<.001–56.4 (–77.0 to 20.6)165.0 (117.3 to 237.9)224.3 (184.0 to 292.8)Subcutaneous fat (cm2)

aWilcoxon signed-rank test.
bBMI: Body Mass Index (calculated as weight in kilograms divided by height in meters squared).
cLBM: lean body mass.
dSBP: systolic blood pressure.
eDBP: diastolic blood pressure.
fHbA1c: glycosylated hemoglobin.
gHDL: high-density lipoprotein.
hLDL: low-density lipoprotein.
iAST: aspartate aminotransferase.
jALT: alanine aminotransferase.
kCT: computed tomography.
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Discussion

Principal Findings
The purpose of this study was to develop and verify a
comprehensive mobile-based workplace weight reduction
program.

Health-On has several strengths compared with other weight
reduction apps. Although there are more than 10,000 such apps,
a recent review reported that many have insufficient
evidence-based content vis-a-vis US government diet and
exercise recommendations [35,36]. Health-On incorporates a
scientifically evidenced algorithm for estimating negative calorie
balance and behavioral strategies established as effective for
weight management. In addition, requiring people to complete
preprogram health questionnaires, enabled avoidance of
participants with health risks. Therefore, Health-On can
minimize possible adverse effects, often neglected by other
apps.

We created a more convenient method of keying in data. As
noted in previous self-monitoring studies, the less intrusive the
tool, the higher the rate of adherence [37]. We devised several
convenient ways to improve user adherence by collecting data
on dietary intake and physical activities. The accuracy and
sustainability of keeping a food diary is important; therefore,
we attempted to create a user-friendly and nonintrusive UI.
Instead of the food diary method, we installed a volume bar for
pre-entered diet fields so people can more conveniently record
food consumption. This significantly relieves the onerous task
of name searching and certainly increases adherence to and
sustainability of the program compared with a paper food diary.
As for monitoring physical activities, the entry method is more
convenient than the paper diary technique that most other apps
require. A better approach, such as activity tracking via wearable
devices and auto-synchronizing data via Bluetooth, can improve
program adherence and compensate for participant self-reporting
limitations. Furthermore, physical activities can be quantified
and evaluated more accurately.

This program incorporated clinically proven effective behavior
change strategies for facilitating weight loss, changes in diet
and exercise, and preventing relapse [24,28,37,38]. It is known
that if, when deciding the target weight loss, users’diet-exercise
preferences are reflected on the target, it will result in greater
success [39]. Furthermore, Health-On enables patients to
monitor their lifestyles through an everyday life log and allows
professionals to provide feedback and educational information.
Behavioral changes are promoted through self-monitoring,
education, feedback, and competition.

This comprehensive approach combines interventional
components that have the strongest effect on obesity (eg, healthy
meals) and workplace wellness [15,40]. Most apps do not
integrate diet, physical activity, and behavior change strategies
[15,41].

Workplace weight management is a highly effective approach
to intervention [3,7,16], and Health-On is one of the
mobile-based workplace interventions that maximize the
advantages and suitability of workplace lifestyle interventions.

Effective population-based weight management is feasible in
workplaces, from which supplementary benefits flow, for
example, increased productivity, lower absenteeism, and reduced
medical costs [3,7,15,16].

In a meta-analytic review, Verweij et al [42] analyzed the
effectiveness of workplace interventions targeting physical
activity and/or dietary behavior on outcomes. Their study
delivered moderate quality evidence that workplace physical
activity and dietary behavior interventions significantly reduce
body weight (9 studies; mean difference -1.19 kg [95% CI –1.64
to –0.74]) [43]. These studies did not use mobile interventions.
Stephans et al [43] performed a 3-month randomized controlled
trial using a behavior-based mobile phone app. They reported
that the difference in weight change between groups was
statistically significant (mobile phone group -1.8 kg vs Control
group +0.3kg; P=.03). Direct comparison is difficult owing to
research methodological differences, but the weight loss of
Health-On is considerable. Changes in anthropometry,
bioimpedance measures, metabolic profile, and visceral fat were
also significant [42].

During calorie restriction, muscle wasting prevention is
important because muscles play an important role in improving
metabolic profiles and reducing insulin resistance [44].
Nevertheless, without the simultaneous modification of diet and
physical activity, losing weight with a low-calorie diet alone
might reduce fat and also fat-free mass [45]. It may superficially
seem like a significant reduction in weight but resisting
metabolic rate and insulin sensitivity would become lower
because of a reduction in muscle mass, thus resulting in the
tendency of weight regain [45]. This study was characterized
with a body fat reduction –4.65% median difference (MD; IQR
–6.5 to –1.8), and a decrease in muscle mass 1.0 kg MD (IQR
–2.1 to –0.3). By preventing muscle loss that could generally
occur with a lower calorie diet, it could be concluded that there
had been an ideal weight loss achievement with decreased
tendency to long-term weight regain.

Interestingly, there was a significant reduction in visceral fat
levels despite the short intervention period. Accumulation of
VAT is a clinically important marker as it increases insulin
resistance to induce metabolic syndrome and heightens
cardiovascular risks; therefore, the results of this study
demonstrate that Health-On could be effective in managing
obesity and lowering the cardiovascular disease risks [46,47].

Through the reduction in obesity rates in workers, as many
studies’ results previously showed, improved productivity, and
reduced absent rates, a reduction in expenses could be expected
from the employer [48-50].

Limitations
This study had several limitations:

1. This study was designed as a pilot test so that direct weight
reduction effect of Health-On could be measured. This
design is limited in that it does not allow direct comparisons
with other forms of treatment. Prospective, randomized
trials with appropriate controls are needed.

2. Health-On was developed on an energy balance equation,
which was based on scientific evidence such as
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Cunningham’s equation, which estimates RMR indirectly
[51]. Metabolic rate and calorie expenditure are assumed,
not determined through individual differences such as
genetic susceptibility to obesity.

3. IPAQ-SF is the desired instrument to measure physical
activities, but it considers those within the previous 7 days.
There can be differences between daily calorie expenditure
calculated from IPAQ-SF and the actual level of physical
activity. Although we attempted to compensate for these
shortcomings with activity trackers, discrepancies could
occur [52].

Despite the short period of this Health-On study, weight
reduction was substantial. However, the persistence of weight
reduction was unpredictable. Thus, further research for
postprogram body weight changes and management is indicated.

Conclusions
Health-On is a promising workplace intervention tool that can
be used in similar environments, for example, universities and
the military, with minimal modifications. The results of this
study could form a base for designing randomized clinical trials
for comparison with conventional weight loss programs.
Henceforth, future research should focus on the additional
benefits and longitudinal effects of this program.
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RMR: resting metabolic rate
SBP: systolic blood pressure
TEA: thermic effect of activity
TEE: total energy expenditure
TG: triglyceride
UI: user interface
VAT: visceral adipose tissue
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Abstract

Background: TReaction is a mobile app developed to determine strike response time at low cost and with easy application in
combat sports. However, the validity and accuracy of the response time obtained by the TReaction app has not yet been evaluated.

Objective: This study aimed to test the validity and reliability of the TReaction app in measuring motor response time in combat
sports.

Methods: A total of two athletes performed 59 strikes to assess the response time upon visual stimulus using the TReaction
app simultaneously with a high-speed camera. Accuracy of the measure was verified using a computer simulator programmed
to discharge visual stimuli and obtain the response time. Pearson correlation, Student t test for dependent samples, and the
Bland-Altman analysis were performed. Accuracy was verified using the intraclass correlation coefficient. Effect size (g) and
the typical error of measurement (TEM) were calculated. The significance level was set at P<.05.

Results: No significant difference (P=.56) was found between both systems. The methods presented a very strong correlation
(r=0.993). The magnitude of differences was trivial (g<0.25), and TEM was 1.4%. These findings indicate a high accuracy
between the computer screen and the mobile app measures to determine the beginning of the task and the response time.

Conclusions: Our findings suggest that the TReaction app is a valid tool to evaluate the response time in combat sports athletes.

(JMIR Mhealth Uhealth 2019;7(11):e14641)   doi:10.2196/14641

KEYWORDS

reaction time; martial arts; mobile apps; software validation

Introduction

Background
The success of combat sports is often determined by fast motor
actions in response to a given stimulus [1-3]. Response time,
defined as the time required to perform a voluntary movement
after a stimulus [4,5], is an important variable that can be
improved and monitored in combat sports conditioning [6-9].

A greater success during competition could be associated with
faster response time value [10,11].

Technology Systems to Measure Response Time
To measure response time from a given visual or audible
stimulus, different systems have been proposed to determine
the time to perform a specific task or motor action. Most systems
use cameras with high sampling frequency [12,13] or

JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 11 |e14641 | p.174http://mhealth.jmir.org/2019/11/e14641/
(page number not for citation purposes)

Coswig et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

mailto:fernando.diefenthaeler@ufsc.br
http://dx.doi.org/10.2196/14641
http://www.w3.org/Style/XSL
http://www.renderx.com/


accelerometers [14,15] to obtain spatial and temporal
information of a determined motor gesture or task. Moreover,
some systems measure response time based on visual stimuli
shown on a computer screen in time intervals as previously
defined. In these cases, response time to visual stimulus is
measured from the moment that the user presses the computer
keyboard [16,17].

Limitations of Systems to Measure Response Time
Despite the quick results provided by those systems in which
computer keyboards are used, they lack specificity (specifically
motor gestures) and ecological validity, as combat sports actions
are not performed during the task. In addition, systems involving
kinematics (motion analysis) or accelerometry to measure
response time usually require more time to prepare, collect, and
analyze the data. Moreover, these systems are expensive and
often have low applicability to athlete training routines.

Objective and Research Questions
To minimize the aforementioned limitations, the use of a specific
mobile phone app (TReaction app, ETS4ME, São José, SC,
Brazil) has been proposed to determine the response time of
different motor actions (strikes) with a low-cost, highly
applicable, and ecologically valid solution. The TReaction app
measures the motor response time between the flash fire and
sound waves produced from contact with the target through the
mobile phone microphone. However, as far as we know, the
response time measurement validity obtained by the TReaction
app has not been tested. In fact, the use of mobile apps has been
growing exponentially in fitness, health, and sports science,
which raises the need for scientific evidence [18]. Therefore,
this study aimed to test the validity and reliability of the
TReaction app in measuring motor response time in combat
sports.

Methods

Experimental Design
Data collection for this study was performed in 2 sessions. In
the first session, a response time test was performed using the
TReaction app simultaneously with a high-speed camera (visual
system). In the second session, the TReaction app measurement
reliability was validated with a repeated measures design using
a simulator. This simulator was programmed to verify the
accuracy of the visual stimuli and the response time with
previously programmed fixed intervals.

Subjects
The 2 subjects of this study were selected intentionally. These
individuals were male black belt athletes with significant
experience in regional and national taekwondo competitions.
Furthermore, each selected subject had to have at least 10 years
of experience in a modality of combat sport. Before participating
in the study, all participants were informed and provided written
consent about the specific aims and methods of the study along
with possible study risks. The local research ethics committee
approved this study (protocol number 145.882). All procedures
were performed in accordance with the Declaration of Helsinki.

Procedures

Motor Response Time
The TReaction app was used to determine the motor response
time and the accuracy of the measurement was validated through
a repeated measures design that examined motor gesture
accuracy during contact with an impact pad. The measurements
of values obtained by the mobile app (TReaction app) were
compared with those obtained using a digital high-speed camera,
which is considered the gold standard method.

Mobile App
The response time obtained from the TReaction app is provided
as shown in Figure 1 and described below:

• Number 1 represents the mobile phone;
• Number 2 represents a play button via touchscreen

technology present in the mobile app interface and that
activates the mobile phone camera flash through an
algorithm software developed in Java programming
language using integrated development environment
Android Studio (Apache Software Foundation, Maryland,
EUA) and that allows to acquire and process data;

• Number 3 represents the mobile phone camera flash,
emitting the visual stimulus and indicates the beginning of
the response time to perform a gesture or task to reach a
contact target (ie, reach an impact pad for kicks);

• Number 4 represents when contact with the target occurs
and a sound wave is generated and processed through the
software developed to accurately identify and point response
time test results obtained;

• Number 5 represents the mobile microphone to audio
capture.
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Figure 1. Representation of the TReaction app system. See text above for explanation of numbered points.

High-Speed Camera
To accurately identify the strike response time (defined as the
time interval between the light signal and the moment of contact
with the target), we performed a simultaneous motion analysis
using a high-speed digital camera (Fastec TS4, Motion
Engineering Company) with a sampling frequency of 1000 Hz
and compared it with repeated measures. The response time
was determined using a software analysis (Fastec FasMotion,
Motion Engineering Company), capturing the first frame when
the flashlight appeared and the moment of the material
restitution caused by the contact of the foot with the contact
pad.

Motor Response Time Measurement Protocol
Both athletes performed a total of 59 strikes using the
roundhouse kick technique at the height of the trunk. To

calculate the response time, 2 different mobile phone devices
were used (30 strikes registered with a Samsung Galaxy J7 Neo
with Android 7.0 system, and 29 with a Motorola G Moto G
Play with Android 6.0.1 system). The tests were conducted as
shown in Figure 2, with strikes being performed aiming to reach
the impact pad in response to the visual stimulus (camera flash
signal). To perform the strike, the athlete positioned himself in
front of the impact pad that was held by an experienced
researcher. The mobile device with the TReaction app was held
by another researcher and positioned sideways to the impact
pad so that the camera flash was directed to the athlete’s vision
field. The high-speed camera was positioned perpendicular to
the task plane of motion and in such a way to include the athlete,
the impact pad, and the mobile’s camera flash. Both athletes
had previous experience with this protocol.
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Figure 2. Set up of the protocol test position to identify response time of the strikes.

Accuracy Measurement Protocol
To verify the accuracy of the measurement over repeated
measures, a software running with an algorithm developed in
Java language, simulating the strike sound and simultaneous
change in the computer monitor screen color (Notebook Acer
aspire E 15, Acer), was used. The monitor screen was alternating
between black and white with the following epochs previously
fixed at 3014, 3004, 3014, and 3002 ms. This configuration was
chosed to test the consistency of the changes in the monitor
screen. First, the TReaction app was set up in the consecutive
audio capture mode to verify response time reliability via audio
acquisition. Then it was set up in the flash drive mode repeatedly
for each auditory stimulus emitted by the computer, with
following epochs previously fixed at 3014, 3004, 3014, and
3002 ms. At this moment, the high-speed camera was used to
simultaneously record repeated responses of the mobile phone
camera flash and the color change of the monitor screen.

Statistical Analysis
Descriptive statistics (mean [SD]) were used to present the
results, and normality was verified using the Shapiro-Wilk test.
Pearson linear correlation was used to verify the relationship
between response time obtained by the TReaction app and
high-speed camera. A paired Student t test was used to test
differences between both methods. The magnitude of the

differences was verified from the effect size (g), and it was then
scaled for trivial (0.25), small (0.25 to 0.50), moderate (0.50 to
1.0), or large (1.0) effects [19]. The typical error of measurement
(TEM) was estimated by dividing the SD of the difference score
by √2 [20]. The Bland and Altman [21] analyses were used to
test agreement between the methods. The intraclass correlation
coefficient (ICC) was established to verify the accuracy of
repeated measures. Data processing and analysis were performed
using Microsoft Office Excel 2007, SPSS 17.0 (IBM Corp) and
GraphPad Prism 5.01. The statistical significance level was set
at P<.05.

Results

Table 1 shows the mean and SD values, level of significance
of the differences, the magnitude of the effect size, and the TEM
for the response time obtained by the high-speed camera and
the TReaction app.

For mean response time values between the high-speed camera
and the TReaction app, there was no difference, and the
magnitude of the differences obtained was classified as trivial.
The methods to determine the response time presented a strong
correlation, and the TEM pointed to the confidence in the
measurement obtained from the TReaction app in relation to
the high-speed camera.
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The Bland and Altman plots describing the agreement of
response time measurements obtained with a high-speed camera
and the TReaction app is presented in Figure 3. Response time
presented a bias of 13.05 ms. The 95% limits of agreement for

differences of response time between the high-speed camera
and TReaction app were 27.06 ms or −14.01 ms and 40.11 ms
(below and above bias, respectively).

Table 1. Mean and standard deviation for the response time obtained using the high-speed camera and TReaction app (n=59).

TEMd (%)g (ESb)cP valuera valueTReaction app, mean (SD)High-speed camera, mean (SD)Parameter

9.2 (1.4)0.113.560.993686 (116)673 (115)Response time (ms)

aPearson linear correlation.
bES: effect size.
cMagnitude of the differences.
dTEM: typical error of measurement (absolute and relative values).

Figure 3. Bland and Altman plots describing the agreement of measurements of response time obtained with high speed camera and TReaction app.

Table 2 shows the values of the repeated measures of audio
emission time and computer screen color change and the capture
of the audio system obtained with the TReaction app. There
was no difference in mean time values in comparison with the
values obtained by the repeated measures test for change in the

computer screen color and to the response time obtained by the
audio capture using the TReaction app. The magnitude of the
differences obtained was classified as trivial and the TEM
pointed to reliability showed a strong correlation established
by the ICC for the repeated measures.

Table 2. Mean and standard deviation for the comparison of the repeated measures of the audio emission time and the screen change of the simulator,
as well as the capture of the audio system obtained with the TReaction app (n=52).

ICCdTEMc (%)g (ESa)bP valueAudio TReaction, mean (SD)Audio and screen (computer), mean (SD)Parameter

0.9980.04 (0.001)0.011.373008 (5.6)3009 (5.5)Time (ms)

aES: effect size.
bMagnitude of the differences.
cTEM: typical error of measurement (absolute and relative values).
dICC: intraclass correlation coefficient.

Table 3 shows repeated measurement values of the mobile phone
camera flash opening time to trigger the motor response onset
and the computer screen change time. There was no difference
between mean values of the flash opening time and values
obtained by the repeated measurements test using the TReaction

app and the measures of the color change in the computer screen.
The magnitude of the differences obtained was classified as
trivial, and the TEM pointed to accuracy; a strong correlation
was established between the repeated measurements to
determine the visual stimulus to perform a motor response.
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Table 3. Mean and standard deviation for the comparison between values of the flash opening time and values obtained by the repeated measurements
test using the TReaction app and the measures of the color change in the computer screen (n=52).

TEMd (%)g (ESb)cP valuera valueScreen (Fastec)Flash (Fastec)Parameter

0.8 (0.03)0.103.430.8463009 (5.5)3007 (16.5)Time (ms)

aPearson linear correlation.
bES: effect size.
bMagnitude of the differences.
cTEM: typical error of measurement (absolute and relative values).

Discussion

Principal Findings
This study aimed to verify the validity of the TReaction app,
which was designed to evaluate the motor response time of
combat sports athletes. In addition, this study aimed to verify
if the setup used by the TReaction app to determine the
beginning of the task (flashlight stimulus) and the time of
contact with the target (time to perform the task) would reach
acceptable levels of accuracy. To the best of our knowledge,
this is the first study to investigate the validity of the TReaction
app. The main results showed no differences between the mean
response time of all strikes evaluated using the TReaction app
and those obtained by the high-speed camera, which is supported
by the effect size observed (trivial). The response time results
showed a strong correlation between both TReaction app and
high-speed camera (gold standard) methods. Besides, the TEM
in our study (9.2 ms) is lower than the value (30 ms) observed
previously with single-beam photocells across short-sprint
studies [22].

When using the TReaction app, considerations must be given
to the values of differences by the inference and the degrees of
agreement of the Bland and Altman plot. Our results show an
average difference of 13 ms for response time between
TReaction app and high-speed camera. Response time presented
a bias of 13.05 ms, and the 95% limit of agreement for the
differences between the high-speed camera and TReaction app
was 27.06 ms with 3 individual samples slightly outside the
limit of agreement. Although the response time observed in our
study presented bias higher than the value (0.35 ms) detected
by [23], the variance of the magnitude of different values can
be considered similar to the values observed by the authors
(95% limits of agreement −11.78 to 12.39 ms). In the
above-mentioned study, the authors also observed 3 individual
samples slightly outside the limit of agreement, and the
difference between systems to measure response time during
the task was higher than 17 ms for an average time of 246 ms.

This study demonstrated that the difference between the
TReaction app and high-speed camera observed is associated
with the distinct method that the TReaction app uses to calculate
the time between the visual stimulus (flash fire) to perform the
task and the moment to determine the motor response time. The
TReaction app calculates response time based on the sound
wave generated by the impact with the target object. This
measure presented a high ICC and no differences between the
audio output and the previously programmed computer software.

The kinematics is among the most accurate systems used to
measure motor gestures associated with performance such as
vertical jump [24,25], especially when the goal is to accurately
measure the performance of motor gestures in combat sports
[13,26]. However, high cost and low applicability of these
kinematics systems make it challenging to control essential
parameters in combat sports. Therefore, the cost-effectiveness
and high applicability of utilizing the TReaction app make it a
viable alternative for accurate response time measurements in
combat sports.

Study Limitations
One limitation of the TReaction app may be associated with the
small variability observed in the firing time of the flash over
repeated measures, which increases the probability of incorrectly
identifying the moment of the initial stimulus to perform the
task. However, in this study, a high-speed camera (1000 Hz)
was used to establish the response time with maximum accuracy,
and no differences were observed when compared with the
response time values obtained by TReaction app. Another aspect
to consider when interpreting our findings is regarding the
limited sample size, as a higher variability can be expected from
international and national level athletes (coefficient of variation
2.9% and 6.1%, respectively) in response time when repeated
measures of kicks are performed [27], which means that our
perspectives are limited for this group. Although we believe
that it did not reduce the strength of our findings, future studies
should be encouraged to investigate TReaction feasibility in
different modalities and subjects’ characteristics, such as
competitive levels.

Final Considerations
Finally, the reliability observed for computer screen color
change time, previously programmed to occur simultaneously
to the auditory stimulus at predefined times, was also verified.
Results observed allow the use of the screen color change as an
alternative to be used as a visual stimulus to initiate a motor
task. Therefore, we suggest that the TReaction app can
accurately measure response time during different techniques
used in combat sports. This is relevant because response time
is an important variable for combat sports [8,10,15,26]. As the
TReaction app is a viable alternative to obtain and control the
response time for combat sports athletes, it can possibly be used
by athletes in other sports, physical trainers, and coaches to
obtain time interval measurements between stimulus onset and
the response time required for contacting a target with a strike.
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Conclusions
The results of this study suggest that TReaction app is a valid
and reliable tool for measuring response time in combat sports.
However, the TEM and observed interference of agreement
should be considered when comparing the response time values
obtained by TReaction app with other kinematic measurements.

The TReaction app provides an easily executable test that
provides relevant sport-specific data regarding motor response

time. Outcomes from the TReaction app suggest that athletes
and coaches involved in combat sports can obtain reliable
continuous motivational feedback leading to accurate diagnostic
and performance criteria. The TReaction app can achieve and
better control training-induced adaptations as well as help
choose interventions that will help achieve maximum combat
sports success. In addition, the TReaction app showed to be a
valid tool that is both cost-effective and highly applicable to
combat sports practitioners.
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Abstract

Background: Effective treatment of obesity in children and adolescents traditionally requires frequent in-person contact, and
it is often limited by low participant engagement. Mobile health tools may offer alternative models that enhance participant
engagement.

Objective: The aim of this study was to assess child engagement over time, with a mobile app–based health coaching and
behavior change program for weight management, and to examine the association between engagement and change in weight
status.

Methods: This was a retrospective cohort study of user data from Kurbo, a commercial program that provides weekly individual
coaching via video chat and supports self-monitoring of health behaviors through a mobile app. Study participants included users
of Kurbo between March 2015 and March 2017, who were 5 to 18 years old and who were overweight or obese (body mass index;
BMI ≥ 85th percentile or ≥ 95th percentile) at baseline. The primary outcome, engagement, was defined as the total number of
health coaching sessions received. The secondary outcome was change in weight status, defined as the change in BMI as a
percentage of the 95th percentile (%BMIp95). Analyses of outcome measures were compared across three initial commitment
period groups: 4 weeks, 12 to 16 weeks, or 24 weeks. Multivariable linear regression models were constructed to adjust outcomes
for the independent variables of sex, age group (5-11 years, 12-14 years, and 15-18 years), and commitment period. A sensitivity
analysis was conducted, excluding a subset of participants involuntarily assigned to the 12- to 16-week commitment period by
an employer or health plan.

Results: A total of 1120 participants were included in analyses. At baseline, participants had a mean age of 12 years (SD 2.5),
mean BMI percentile of 96.6 (SD 3.1), mean %BMIp95 of 114.5 (SD 16.5), and they were predominantly female 68.04%
(762/1120). Participant distribution across commitment periods was 26.07% (292/1120) for 4 weeks, 61.61% (690/1120) for
12-16 weeks, and 12.32% (138/1120) for 24 weeks. The median coaching sessions (interquartile range) received were 8 (3-16)
for the 4-week group, 9 (5-12) for the 12- to 16-week group, and 19 (11-25) for the 24-week group (P<.001). Adjusted for sex
and age group, participants in the 4- and 12-week groups participated in –8.03 (95% CI –10.19 to –5.87) and –9.34 (95% CI
–11.31 to –7.39) fewer coaching sessions, compared with those in the 24-week group (P<.001). Adjusted for commitment period,
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sex, and age group, the overall mean change in %BMIp95 was –0.21 (95% CI –0.25 to –0.17) per additional coaching session
(P<.001).

Conclusions: Among overweight and obese children using a mobile app–based health coaching and behavior change program,
increased engagement was associated with longer voluntary commitment periods, and increased number of coaching sessions
was associated with decreased weight status.

(JMIR Mhealth Uhealth 2019;7(11):e14458)   doi:10.2196/14458

KEYWORDS

child obesity; mHealth; mobile apps; health coaching; health behavior; self-monitoring; behavior change

Introduction

Background
A total of 1 in 3 children in the United States is either
overweight or obese [1,2]. Obese children and adolescents are
at risk for carrying their excess weight into adulthood and
developing multiple comorbidities, including diabetes and
coronary disease as adults [3,4]. Clinical management guidelines
and treatment algorithms call for a staged approach to the
treatment of overweight and obese children, which aims to
promote healthy lifestyle changes through behavioral counseling
[4,5]. Effective behavioral interventions for pediatric obesity
involve multiple components focused on promoting healthy
eating and exercise habits [6]. The most effective interventions
involve supporting both children and parents to set goals,
incorporate stimulus control, utilize problem solving, and
participate in self-monitoring while working to achieve behavior
changes [6]. The US Preventive Services Task Force (USPSTF)
recommends primary providers to either provide or refer
children with obesity to comprehensive intensive behavioral
interventions aimed at decreasing excess weight and improving
overall weight status [6]. However, child participation in
comprehensive intensive behavioral interventions and clinical
weight management programs is often low, with considerably
high program attrition [7-9]. Common barriers to participation
in weight management programs identified by families include
concerns regarding affordability, inflexible scheduling, conflicts
with other activities, time commitment, distance and
transportation, and misalignment between expectations and
program services [8,10,11]. Conversely, facilitators of
participation for children and families may include tailored
treatment plans and individualized health coaching [10-12].
Mobile health (mHealth) and telehealth technologies may
provide a unique opportunity to overcome barriers to
participation in obesity treatment by providing individualized
interventions on a family’s timeline and in their home
environments [13-15].

Among obesity treatment trials for adults, mHealth tools appear
to successfully assist patients in managing comorbidities, such
as diabetes, improve physical activity and dietary behaviors,
and achieve meaningful weight loss [16-22]. mHealth
interventions in children and adolescents have been found to
be effective at improving health behaviors and health outcomes
across a wide reach of conditions [23]. In obesity treatment
trials for children, the effect of mHealth tools is less clear, as
they have been primarily studied as a component of larger,
multifaceted interventions [13,15,24,25]. mHealth tools

incorporated into obesity prevention and treatment trials for
children vary in their ability to improve weight outcomes
[15,24,25]. However, mobile technology has been shown to be
well accepted, feasible, and effective at supporting
self-monitoring and promoting changes of physical activity and
dietary behaviors [13,24-26]. However, overall, there is limited
evidence for the efficacy of mHealth interventions as stand-alone
treatment modalities for pediatric obesity and weight
management [13]. Although there are a number of commercially
available mobile apps targeting weight-related physical activity
and dietary behaviors in children, reviews of commercial apps
have found that most lack high-quality information, include
only a few behavior change techniques (BCTs), and are not
rooted in evidence-based behavior change theories [27,28]. As
a result, some have suggested the need to rigorously evaluate
commercial and stand-alone mHealth interventions aimed at
promoting health behavior change among overweight or obese
children [13,27,28].

Objectives
In this study, we aimed to assess the engagement of overweight
or obese children with a commercially available mHealth tool
(Kurbo), which provides individualized health coaching and
self-monitoring support designed to improve diet and physical
activity behaviors. The primary aim was to describe and
compare the engagement of participants with health coaching
sessions, as a condition of their commitment period. The
secondary aim was to examine the association between coaching
sessions received and the change in a participant’s weight status
over time. We hypothesized that participants with longer
commitment periods would engage in both more coaching
sessions and have a trend toward greater weight loss.

Methods

Design
This was a retrospective cohort study of participants in a
commercial, mobile app–based platform and program (Kurbo)
designed to promote health behavior change and weight
management through self-monitoring and health coaching
support. The research team and investigators had no role in the
development of the mobile app platform or the creation and
delivery of program content.

Program
The Kurbo mobile app platform (Figure 1) and program was
designed to promote behavior change and encourage healthy
lifestyle choices [29]. The program content and health coaching
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incorporate multiple BCTs, consistent with established
taxonomy for behavior change interventions [30]. The BCTs
emphasized in the program are linked to multiple theoretical
frameworks, including the theory of reasoned action, theory of
planned behavior, social cognitive theory, and control theory,
as well as operant conditioning and the information motivation
behavioral skills model [31].The program design was also

informed by a model of supportive accountability, which
emphasizes the essential role of human support in mHealth
interventions [32]. The mobile app and program include 2
primary components: (1) self-monitoring of eating and physical
activity behaviors through a mobile app interface and (2)
individualized coaching sessions through video chat.

Figure 1. Mobile app platform.

The self-monitoring component of the program employs the
BCTs of self-monitoring of behavior and monitoring of
outcomes of behavior [30]. Participants are encouraged to use
the mobile app to log their daily food intake, using food
categories adapted from the evidence-based traffic light system
[33,34]. The traffic light system categorizes foods into 3 groups:
unrestricted healthy green-light foods, less healthy yellow-light
foods that should be eaten with caution, and unhealthy red-light
foods that should be avoided [34]. The aim of this approach to
eating behaviors is to encourage participants to gradually
increase consumption of healthy foods (green lights) and
decrease unhealthy foods (red lights) over time. This approach
incorporates behavior substitution and habit formation [30].
Participants are also asked to self-monitor their physical activity
behavior by logging the duration of activities in the mobile app,
while working toward a goal of 60 min of moderate-to-vigorous
physical activity each day.

The individualized coaching sessions component is provided
by individuals who are hired and trained as coaches by Kurbo.
Participants are paired with the same coach for the duration of
their participation with the program, which aims to provide
social support and accountability [30,32]. Coaches monitor the
participant’s dietary and physical activity behaviors through a
Web-based dashboard, which serves to reinforce self-monitoring
and allows for feedback of behavior [30]. Each coaching session
lasts about 15 min, and it is made available on a weekly basis.
Coaching sessions emphasize review of past behavior and
outcome goals, as well as support future outcome and behavior
goal setting [30]. Coaches encourage self-talk and identification
of behavioral cues, as well as assist with tailored problem
solving and action planning [30]. For example, coaches may
discuss environmental cues and identification of triggers to eat
red-light foods while supporting goal setting and action planning
for choosing more green-light foods. Additional topics addressed
during coaching sessions may include understanding food labels

JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 11 |e14458 | p.184http://mhealth.jmir.org/2019/11/e14458/
(page number not for citation purposes)

Cueto et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

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


and portion sizes. After each coaching session, participants
receive an email from their coach, with praise for goals met and
a tailored plan regarding goals set for the next week. Of note,
parents are strongly encouraged to participate in coaching
sessions; however, the program is not prescriptive regarding
parental involvement. Similarly, the program allows for
individually tailored coaching, but it is not specifically designed
to address family dynamics or the age of participant.

In addition to coaching sessions, participants are also able to
contact their coach between coaching sessions, via short message
service text messages, email, or in-app messaging. Independent
of the Kurbo mobile app platform, participants also have access
to supplementary resources, including an emailed e-workbook,
biweekly email newsletter, physical activity demonstration
videos, blog posts, and downloadable healthy-eating cookbooks.
These supplementary resources highlight BCTs by providing
instructions on how to perform behaviors, support restructuring
of the physical environment, and allow for social comparison.

Finally, the program also makes use of the BCT of a behavioral
contract [30].

Participants and Data Source
The study examined a retrospectively identified cohort of
participants who initially utilized the Kurbo mobile app and
program between March 15, 2015 and March 15, 2017.
Participants were not recruited for the purpose of conducting
the study. Deidentified participant data from the Kurbo data
registry were provided to the investigators for the purpose of
the study. The study received an exemption from the Stanford
University School of Medicine Institutional Review Board. All
data were independently reviewed and inspected by the research
team to confirm that the predetermined inclusion and exclusion
criteria were met before analysis.

Inclusion Criteria
The inclusion criterion (Figure 2) applied was participation
during a defined 2-year period from March 15, 2015, to March
15, 2017.

Figure 2. Cohort flow diagram.

Exclusion Criteria
The exclusion criteria (Figure 2) included age less than 5 years
or age greater than or equal to 19 years upon initial use of the
program. Additional exclusion criteria included a normal weight

status (body mass index; BMI<85th percentile) at baseline, as
well as any data measurement errors, including missing baseline
height, missing baseline weight, or any height velocity
measurements exceeding 15 cm increase or 5 cm decrease (on
the basis of established height velocity reference values) [35].

Commitment Periods
Study participants were voluntarily subscribed or assigned to
1 of 3 commitment periods: 4 weeks, 12 to 16 weeks, or 24
weeks. Each participant was supported by either an
employer-benefited plan, a health insurer–benefited plan, or a
self-paid plan. The cost of the program is covered by either the
parent (self-pay), a parent’s employer, or a family health
insurance plan. Self-pay rates are dependent on the commitment
period. Participants in self-paid plans voluntarily chose from 1
of 3 commitment periods: 4 weeks, 12 weeks, or 24 weeks.
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Those in employer- or health insurer–benefited plans were
contractually assigned to 1 of 2 commitment periods: 12 weeks
or 16 weeks. Of note, there were only 16 participants in the
16-week commitment period, and for analytic purposes, these
participants were combined with the 12-week period to form a
12- to 16-week commitment period group. All participants had
the ability to renew or change their plan at the end of the initial
commitment period; however, data regarding renewals or
changes were not available for analysis.

Measures

Baseline Characteristics
Participant demographic characteristics were limited to
self-reported age and sex, provided by either child or parent.
Age in years at baseline was used to create 4 distinct age group
categories. The age group categories were defined as 5 to 11,
12 to 14, and 15 to 18 years old. These age groups were
informed by commonly reported groupings from population
prevalence and large intervention studies [2,36]. The data
registry objectively captured the payment source used for the
program. Socioeconomic data, such as race, ethnicity, family
income, or education were not reported. Self-reported baseline
weight and height measurements were combined with age and
sex, to calculate and derive the corresponding age and
sex-specific BMI, BMI percentiles, and BMI expressed as a

percentage of the 95th BMI percentile (%BMIp95) at baseline.
This was accomplished using SAS code, developed by the
Centers for Disease Control and Prevention (CDC) for this
purpose. All participants’ baseline weight was categorized
according to CDC criteria, on the basis of age and sex-specific
BMI percentile thresholds for children and adolescents.
According to these criteria, weight status was defined as either

overweight (≥85th to <95th BMI percentile) or obese (≥95th BMI
percentile). Obese participants were also categorized according
to %BMIp95, a measurement of relative BMI, which is
recommended by the CDC for children and adolescents with
severe obesity [37]. This recommendation is based on analyses
that have shown BMI scores to be poorly reflective of adiposity
in youth with very high BMI measures and severe obesity. The
measure of %BMIp95 is a more reliable measure of adiposity
among obese youth and recommended for studies with a
significant proportion of severely obese (%BMIp95≥120)
children or adolescents [38]. Obese participants were
additionally categorized according to 3 distinct classes of
obesity, that is, Class I to III obesity, which are reflective of
cardiometabolic risk and commonly used in obesity prevalence

studies [2,4,39]. Class I is defined as ≥95th BMI percentile;
Class II corresponds with %BMIp95 ≥120 to <140% or BMI
≥35, whichever is lower; and Class III applies to %BMIp95
≥140 or BMI ≥40, whichever is lower.

Primary Outcome: Participant Engagement
The primary outcome and measure of participant engagement
was coaching sessions, defined as the total cumulative number
of individual coaching sessions received by a participant during
the participation period.

Other measures of participant engagement included participation
period, program retention, coaching messages, dietary events,

and physical-activity events. Participation period was defined
as the total number of weeks between when the participant
signed up for the program and the last recorded interaction with
the app. The last recorded interaction with the app included
logging of dietary or physical activity, an in-app text message
sent to a health coach, or a coaching session. Program retention
was defined as having a total participation period that was
greater or equal to the intended commitment period in weeks.
Coaching messages was defined as the cumulative total number
of individual in-app text messages sent by each participant to
his/her assigned health coach during the participation period.
Dietary events was defined as the cumulative total number of
self-reported individual foods logged by a given participant.
Physical activity events was defined as the cumulative total
number of self-reported individual physical activities logged
by each participant during the participation period. The data
registry did not capture whether dietary or physical activity
events were self-reported by the participant or a parent.

Secondary Outcome: Change in Weight Status
A secondary outcome of the study was change in the
participant’s weight status, defined as the change in %BMIp95
between the self-reported baseline and endpoint measurements
recorded during the participation period. The baseline
measurement of %BMIp95 was derived from the participant’s
initial self-reported weight and height measurement entered
into the mobile app. The endpoint measurement of %BMIp95
was derived from the participant’s last self-reported height and
weight measurement. There was no predetermined time interval
between baseline and endpoint measurements.

Analysis
Descriptive statistics were used to compare baseline
characteristics (age, age group, sex, BMI percentile, %BMIp95,
weight category, obesity class, and payment source), primary
outcome (participant engagement), and secondary outcome
(change in weight status) across the 3 commitment periods.
Categorical variables were expressed as absolute values and
corresponding percentages. Normally distributed continuous
variables are reported as a mean with standard deviation (SD).
The continuous engagement measures analyzed had nonnormal
distribution patterns, each of these are reported as a median with
interquartile range (IQR). Differences of measures across
commitment period groups were explored using Chi-square
tests for categorical variables and analysis of variance for
normally distributed continuous measures. Similarly, differences
across commitment periods for nonparametric continuous
measures were analyzed using Kruskal-Wallis tests. Significance
of change in weight status within commitment periods was
analyzed using paired two-tailed t tests.

Multivariable linear regression models were constructed to
examine 2 sets of associations: (1) between the primary outcome
(number of coaching sessions) and each commitment period
(reference of 24-week period) and (2) between the primary
outcome (number of coaching sessions) and the secondary
outcome (change in %BMIp95). Each multivariable model
included adjustment for significant baseline differences in age
group and sex. A sensitivity analysis, excluding involuntary
participants (ie, health plan or employer supported), was
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performed to isolate differences associated with voluntariness
of commitment period (Multimedia Appendix 1). All analyses
were conducted using SAS Institute Inc software (SAS
University Edition/SAS Studio 3.71).

Results

Participants
Of the 3242 participants assessed for eligibility, 1579 met the
inclusion criteria. Of those, 305 participants were excluded for
being outside the age range, normal weight at baseline (79),
missing baseline data (46), or data measurement error. This
yielded a final analytic sample of 1120 study participants,
displayed in (Figure 1).

Baseline Characteristics
The baseline characteristics for the study sample by commitment
period are displayed in (Table 1). Overall, 292 participants were

in the 4-week commitment period, 690 participants were in the
12- to 16-week group, and 138 participants were in the 24-week
commitment period. Mean age at baseline was 12 years (SD
2.5), and most participants 68.04% (762/1120) were female.
There were no statistically significant differences across the 3
groups in age or sex. The majority of participants 76.61%
(858/1120) were categorized as obese, with mean BMI percentile
(SD) of 96.6 (3.1) and mean (SD) %BMIp95 of 114.5 (16.5).
Children in the 24-week group were more likely to be classified
as obese, when compared with those in the 4- and 12-week
groups (118/138, 85.5% vs 218/292, 74.7% and 522/690, 75.7%,
respectively, P=.03). The predominant payment source
(743/1120, 66.34%) was self-pay. The distribution of baseline
characteristics for the study sample by age group are displayed
in Multimedia Appendix 1. Except for payment source, all
baseline characteristics differed significantly across age groups.
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Table 1. Baseline participant characteristics by commitment period.

P value24 weeks (n=138)12-16 weeksa (n=690)4 weeks (n=292)All periods (N=1120)Baseline characteristics

.89b12.0 (2.4)12.0 (2.7)11.9 (2.2)12.0 (2.5)Age (years), mean (SD)

.61cAge group, n (%)

73 (52.9)350 (50.7)150 (51.4)573 (51.16)5-11 years

46 (33.3)237 (34.4)109 (37.3)392 (35.00)12-14 years

19 (13.8)103 (14.9)33 (11.3)155 (13.84)15-18 years

.20cSex, n (%)

37 (26.8)218 (31.6)103 (35.3)358 (31.96)Male

101 (73.2)472 (64.1)189 (64.7)762 (68.04)Female

.009b97.3 (2.5)96.5 (3.1)96.4 (3.3)96.6 (3.1)Body mass index percentile, mean (SD)

.01b118.8 (19.3)114.1 (19.3)113.4 (17.5)114.5 (16.5)%BMIp95d, mean (SD)

.03cWeight categorye, n (%)

20 (14.5)168 (24.4)74 (25.3)262 (23.39)Overweight

118 (85.5)522 (75.7)218 (74.7)858 (76.61)Obese

.39cObesity classf, n (%)

65 (55.1)315 (60.3)128 (58.7)508 (59.21)Class I

31 (26.3)140 (26.8)65 (29.8)236 (27.51)Class II

22 (18.6)67 (12.8)25 (11.5)114 (13.29)Class III

<.001cPayment sourceg, n (%)

138 (100)314 (45.5)292 (100)743 (66.34)Self-pay

—278 (40.3)—h278 (24.82)Health plan

—99 (14.3)—99 (8.84)Employer

a12 to 16 weeks includes n=674 participants with 12-week and n=16 participants with 16-week commitment periods.
bAnalysis of variance.
cChi-square test.
d%BMIp95: percentage of the 95th BMI percentile.
eCategories by Centers for Disease Control and Prevention body mass index percentile for Age and Sex. Overweight (BMI Percentile ≥85 and <95th),
Obese (BMI Percentile ≥95th).
fObesity Class I (≥95th to <120 %BMIp95), Class II (≥120 to <140 %BMIp95, or BMI ≥35), Class III (≥140 %BMIp95, or BMI ≥40), inclusive of N
858 participants categorized as obese.
gThe 4 weeks and 24 weeks commitment periods consisted entirely of Self-pay participants, accordingly data for Health plan and Employer are not
applicable.
hNot applicable.

Participant Engagement
The engagement of participants with the mobile app program,
compared across commitment periods, is displayed in (Table
2).

The primary outcome of median number of coaching sessions
received was 8 (IQR 3-15) for the 4-week group, 9 (IQR 5-12)
for the 12- to 16-week group, and 19 (IQR 11-25) for the
24-week group (P<.001). Overall, the median number of
coaching sessions per participant was 9, with an IQR of 5 to
15. The median (IQR) values for other engagement measures
were as follows: participation period, 15 weeks (IQR 12-30);
the number of coaching messages, 3 (IQR 0-10); the number

of logged dietary events, 174 (IQR 83-325); and the number of
logged physical activity events, 42 (IQR 15-91). Median weeks
of participation differed across commitment periods: 16 weeks
(IQR 8-36) for the 4-week group, 14 weeks (IQR 12-22) for the
12- to 16-week group, and 30 weeks (IQR 22-51) for the
24-week group. Overall, program retention was high, with
79.91% (895/1120) of participants remaining engaged with the
program for at least the duration of their commitment period.
Program retention across commitment periods was 92.5%
(270/292) for the 4-week group, 76.8% (530/690) for the 12-
to 16-week group, and 68.8% (95/138) for the 24-week group
(P<.001). In addition, the engagement of all participants
stratified by age group is shown in (Table 3). There were no
statistically significant differences in engagement by age group.
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Table 2. Engagement of participants with mobile app–based program by commitment period, among all participants (N=1120).

P value24 weeks (n=138)12-16 weeksa (n=690)4 weeks (n=292)All periods (N=1120)Engagement measures

<.001d19 (11-25)9 (5-12)8 (3-16)9 (5-15)Coaching sessionsb, median (IQRc)

<.001d6 (1-14)3 (0-9)4 (0-11)3 (0-10)Coaching messagese, median (IQR)

<.001d335 (188-596)153 (76-278)163 (80-321)174 (83-325)Dietary eventsf, median (IQR)

<.001d76 (33-152)36 (13-78)42 (15-98)42 (15-91)Physical activity eventsg, median (IQR)

<.001d30 (22-51)14 (12-22)16 (8-36)15 (12-30)Participation periodh, median (IQR)

<.001j95 (68.8)530 (76.8)270 (92.5)895 (79.91)Program retentioni, n (%)

aIncludes 674 participants with 12-week and 16 participants with 16-week commitment periods.
bMedian of total number of coaching sessions between participant and coach.
cIQR: interquartile range.
dKruskal-Wallis Test.
eMedian of total number of text messages from participant to coach.
fMedian of total number of dietary event food logs recorded by participants (n=1100), otherwise missing.
gMedian of total number of physical activity event logs recorded by participants (n=1078), otherwise missing.
hMedian of total weeks between sign up and last recorded interaction with the app.
iProportion of participants who completed equal or greater weeks than initial commitment period.
jChi-square test.

Table 3. Engagement of participants with mobile app–based program by age group, among all participants (N=1120).

P value15-18 years (n=155)12-14 years (n=392)5-11 years (n=573)All age groups, (N=1120)Engagement measures

.77c10 (6-15)9 (5-14)10 (5-15)9 (5-15)Coaching sessionsa, median (IQRb)

.94c3 (0-10)3 (0-12)3 (0-10)3 (0-10)Coaching messagesd, median (IQR)

.68c177 (87-342)175 (84-330)171 (80-318)174 (83-325)Dietary eventse, median (IQR)

.89c36 (13-102)41 (15-92)44 (15-89)42 (15-91)Physical activity eventsf, median (IQR)

.33c14 (12-27)15 (11-27)15 (12-32)15 (12-30)Participation periodg, median (IQR)

.62i128 (82.6)314 (80.1)493(79.1)895 (79.91)Program retentionh, n (%)

aMedian of total number of coaching sessions between participant and coach.
bIQR: interquartile range.
cKruskal-Wallis Test.
dMedian of total number of text messages from participant to coach.
eMedian of total number of dietary event food logs recorded by participants (n=1100), otherwise missing.
fMedian of total number of physical activity event logs recorded by participants (n=1078), otherwise missing.
gMedian of total weeks between sign-up and last recorded interaction with the app.
hProportion of participants who completed equal or greater weeks than initial commitment period.
iChi-square test.

Results of unadjusted and adjusted models for the primary
outcome (number of coaching sessions per participant) are
displayed in Table 4. After adjustment for child sex and age
group (with the 24-week group as reference), the 12- to 16-week
group was associated with the fewest number of coaching
sessions per participant, with a beta-coefficient of –9.34 (95%
CI –11.30 to –7.39), in contrast to the 4-week group, with a
beta-coefficient of –8.03 (95% CI –10.19 to –5.87). The results

of sensitivity analyses restricted to only self-pay (voluntary)
participants are included in Multimedia Appendix 1. In this
subpopulation, the 4-week group was associated with the fewest
number of coaching sessions per participant, with a
beta-coefficient of –8.06 (95% CI –10.56 to –5.56), in contrast
to the 12-to 16-week group, with a beta-coefficient of –6.02
(95% CI –8.48 to –3.56).
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Table 4. Factors associated with total number of coaching sessions, among all participants (N=1120).

P valueAdjustedb beta-coefficient (95% CI)P valueUnadjusteda beta-coefficient (95% CI)Participant factors

Age group (years)

.89–0.13 (–2.03 to 1.78).86–0.17 (–2.14 to 1.79)Age 5-11 years (reference: 15-18 years)

.59–0.53 (–2.53 to 1.46).56–0.59 (–2.68 to 1.44)Age 12-14 years (reference: 15-18 years)

Sex

.09–1.15 (–2.50 to 0.19).05–1.38 (–2.77 to 0.01)Male (reference: female)

Commitment period

<.001–8.03 (–10.19 to –5.87)<.001–8.15 (–10.31 to –5.98)4 weeks (reference: 24 weeks)

<.001–9.34 (–11.30 to –7.39)<.001–9.41 (–11.36 to –7.46)12-16 weeks (reference: 24 weeks)

aUnadjusted bivariate linear regression model of coaching sessions outcome as a function of age group, sex, or commitment period.
bAdjusted multivariable linear regression model of coaching sessions outcome adjusted as a function of age group, sex, and commitment period.

Change in Weight Status
Within each commitment period, the mean change between
baseline and endpoint for %BMIp95 was –5.4 (95% CI –6.2 to
–4.5) for 4 weeks (P<.001), –4.8 (95% CI –5.3 to –4.3) for 12
to 16 weeks (P<.001), and –6.9 (95% CI –8.3 to –5.6) for 24
weeks (P<.001). Compared across age groups, the mean change
of %BMIp95 was –5.6 (SD 7.9) for 5 to 11 year olds, –4.7 (SD
5.9) for 12 to 14 year olds, and –5.2 (SD 5.6) for 15 to 18 year
olds (P=.09). Adjusting for age group and sex within each
commitment period, the beta-coefficient per coaching session
was –0.25 (95% CI –0.32 to –0.18) for the 4-week group, –0.16
(95% CI –0.21 to –0.11) for the 12-week group, and –0.26 (95%
CI –0.34 to –0.18) for the 24-week group (P<.001). The
multivariable model of all participants, adjusted for initial
commitment period, age group, and sex, demonstrated an overall
beta-coefficient decrease of –0.21 (95% CI –0.25 to –0.17) in
%BMIp95 per each coaching session received (P<.001).

Discussion

Principal Findings
This retrospective study described the engagement of a large
cohort of children and adolescents, with a multicomponent
mobile app–based comprehensive behavioral program aimed
at promoting healthy dietary and exercise lifestyle behaviors.
Unlike traditional behavioral interventions and clinical weight
management programs, which largely rely on in-person visits
and sessions [6,40,41], mHealth programs, such as the one
studied, enable participants to self-monitor health behaviors
and receive health coaching at their own pace. As such, the
findings of this study generally add to the growing evidence
base for mHealth tools, more specifically for mobile app–based
comprehensive behavioral programs to support health behavior
change for overweight or obese children and adolescents.

Our findings of overall engagement with a median of 9 (IQR
5-15) coaching sessions during the participation period is notable
for an mHealth program. This level of engagement, although
considered low intensity by USPSTF criteria, is comparable
with contact levels of in-person weight management programs
[40,41]. We also documented consistent levels of participant
engagement with other measures, such as self-monitoring of

physical activity and dietary habits. The documented
engagement of participants with both individualized coaching
and self-monitoring is an important finding, given that these
components represent behavioral change techniques that are
known to be effective in managing pediatric obesity [42].
Furthermore, overall program retention with this mHealth
program was high, and attrition was 20.9%, which is
considerably lower than attrition rates of between 37% and 41%,
reported for traditional in-person (non-mHealth) weight
management programs [8].

Finally, in this observational study, we found a significant
association between the number of coaching sessions and the
change in self-reported weight status during participation in the
program. This association suggests that greater exposure to
coaching sessions in this study was correlated with increased
weight reduction. USPSTF analyses of intensive in-person
interventions suggest a dose-response relationship between
intervention hours received and beneficial changes in weight,
with effective programs requiring at least 26 contact hours [6].
Although this study design was unable to capture a participant’s
absolute contact hours with the app or coaching sessions, the
observed association between weight change and coaching
sessions suggests a possible lower dose or lower threshold effect
for this mHealth intervention, when compared with traditional
in-person interventions. However, further research is necessary
to validate the nature and magnitude of this association, as well
as to rule out other explanations, including selection bias or
reporter bias.

Strengths and Limitations
The study has limitations common to other studies of digital
health and mHealth interventions [15]. As an observational
retrospective study design, the study also lacked an independent
control or comparison group. The study is subject to some
reporting bias, as all measures, including anthropometrics, were
self-reported by participants. The study is also subject to
selection bias, both because enrollment and participation were
self-directed and because full functionality required access to
an internet-connected mobile device. Another limitation was
unmeasured confounders, including race/ethnicity, parental
educational attainment, and household income, which limits
adjustment and generalization, particularly for low-income
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populations [2]. However, the inclusion of employer-benefited
and health plan–benefited participants, which may have included
both commercial and government sponsored plans, likely
increased the heterogeneity of the sample. Finally, the study as
designed was unable to fully account for other factors that may
influence intervention fidelity, including quality of coaching
sessions, role of parents, clustering by coach, or use of other
resources. Specifically, the study could not account for the
degree of parental involvement and supervision among younger
participants as compared with older participants. Nonetheless,
the findings do not support a significant difference between age
groups.

Still, rigorous and independent studies of digital health and
mHealth interventions are limited, and this study meaningfully
contributes to the literature on digital health and mHealth
interventions focused on obesity treatment and prevention. First,
the intervention was comprehensively designed with multiple
components that have been shown to be effective strategies for
weight management and behavior change in pediatric
populations [6,30,33,34,42]. This is in contrast to the often
limited BCTs employed in other mHealth tools [27,28]. Second,
the intervention leveraged effective BCTs to support self-guided
behavior change and utilized health coaches in a family context
[24]. Third, the study population included a broad distribution
of age groups, including preadolescent children, adolescents,
and late adolescents. In fact, the age, sex, and weight
characteristics of the study population are similar to that of
traditional in-person medical weight management programs
[40,41]. In addition to obese participants, the intervention also
included overweight participants, which suggests
generalizability of the findings beyond this study. Finally, it is
notable that engagement with the program and change in weight

status was consistent across age groups that include children,
preadolescents, and adolescents.

Implications
Our findings have implications for clinical care, population
health, and public policy. Clinicians providing obesity treatment
may consider the incorporation of mHealth programs, such as
the one studied here, as an adjunct to clinic visits and traditional
medical management strategies. Health care systems aiming to
improve population health management efforts might find these
types of mHealth solutions more accessible for providing access
to care for patients in rural areas where availability of providers
may be limited or to patients in urban areas, who may be
restricted by long commute times or have limited transportation
options. Finally, public health leaders and policy makers may
be encouraged by the role that emerging digital technologies
could play in addressing obesity at the community level.

Conclusions
This study of a mobile app–based health behavior change and
health coaching program among a large cohort of overweight
and obese participants demonstrated high participant
engagement. Increased engagement with coaching sessions was
associated with longer voluntary commitment periods. Overall
program retention was higher than that reported for similar
in-person intensive behavioral interventions and weight
management programs. Participant engagement with coaching
sessions was associated with decreases in weight status
(%BMIp95). Taken together, these findings highlight the
potential of mHealth platforms as a promising model for
delivering behavioral interventions that support weight
management and behavior change for overweight or obese
children and adolescents.
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CDC: Centers for Disease Control and Prevention
CHRI: Child Health Research Institute
HRSA: Health Resources and Services Administration
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Abstract

Background: China is the largest market for infant formula. With the increasing use of smartphones, apps have become the
latest tool used to promote milk formula. Formula manufacturers and distributors both have seized the popularity of apps as an
avenue for marketing.

Objective: This study aimed to identify and analyze milk formula ads featured on Chinese pregnancy and parenting apps, to
build the first complete picture of app-based milk formula marketing techniques being used by milk formula brand variants on
these apps, and to more fully understand the ad content that potentially undermines public health messaging about infant and
young child feeding.

Methods: We searched for free-to-download Chinese parenting apps in the 360 App Store, the biggest Android app store in
China. The final sample consisted of 353 unique formula ads from the 79 apps that met the inclusion criteria. We developed a
content analysis coding tool for categorizing the marketing techniques used in ads, which included a total of 22 coding options
developed across 4 categories: emotional imagery, marketing elements, claims, and advertising disclosure.

Results: The 353 milk formula ads were distributed across 31 companies, 44 brands, and 79 brand variants. Overall, 15 of 31
corporations were international with the remaining 16 being Chinese owned. An image of a natural pasture was the most commonly
used emotional image among the brand variants (16/79). All variants included branding elements, and 75 variants linked directly
to e-shops. Special price promotions were promoted by nearly half (n=39) of all variants. A total of 5 variants included a celebrity
endorsement in their advertising. A total of 25 of the 79 variants made a product quality claim. Only 14 variants made a direct
advertisement disclosure.

Conclusions: The purpose of marketing messages is to widen the use of formula and normalize formula as an appropriate food
for all infants and young children, rather than as a specialized food for those unable to breastfeed. Policy makers should take
steps to establish an appropriate regulatory framework and provide detailed monitoring and enforcement to ensure that milk
formula marketing practices do not undermine breastfeeding norms and behaviors.

(JMIR Mhealth Uhealth 2019;7(11):e14219)   doi:10.2196/14219

KEYWORDS

infant formula; food policy; health promotion; marketing; mobile app; parenting; breastfeeding; advertisement

Introduction

Despite the strong health message that breast is best for growing
infants [1-4], and breastfeeding also benefits mothers [5], no

country in the world fully meets the recommended breastfeeding
guidelines according to a 2017 report by the United Nations
International Children’s Emergency Fund and the World Health
Organization (WHO) [6]. In the 194 nations evaluated in the
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report, only 40% of children younger than 6 months are
breastfed exclusively, and only 23 countries have exclusive
breastfeeding rates above 60% [6]. One of the powerful
environmental factors influencing breastfeeding is the ubiquitous
presence of breast milk substitutes (BMS) marketing [7-9]. The
global milk formula market, which is primarily composed of
BMS, reached sales of US $44.8 billion in 2014 and is set to
reach US $70.6 billion by 2019 [10]. China’s, including Hong
Kong, contribution to the global sales growth was over 50%
during 2010 to 2015 [11]. China is the largest market for infant
formula, valued at US $17.8 million in 2016 and is projected
to more than double in value by 2019 [10].

Omnipresent marketing of BMS negatively affects breastfeeding
practices [10]. Examples of this harmful marketing include
provision of free products in maternity facilities [12], promotion
by health workers [13], and mass media [12] and Web-based
advertising [14]. With the increasing use of smartphones, apps
have become the latest tool used to promote milk formula.
Women utilize pregnancy and parenting apps as primary sources
of information and emotional support [15-17]. In China, the
number of active users of the most popular parenting app,
Babytree, has reached 20 million per month in 2018 [18]. BMS
manufacturers and distributors have seized parenting app
popularity as an avenue for marketing. In a previous study
involving the content analysis of Chinese infant feeding apps,
20 out of 26 apps were found to host infant formula banner ads
on their homepages, and 12 apps included e-commerce stores
that both sold and advertised infant formula [19]. Although
there is emerging research on how milk formulas are being
marketed in digital media, little of this research has closely
examined apps [9] or focused on China. Given the exponential
growth in popularity of pregnancy and parenting apps, there is
a need to understand the milk formula marketing techniques on
these apps. Equally, although marketing case studies of specific
formula companies or specific types of BMS help to highlight
the issue in China [20], a more complete picture of milk formula
marketing strategies on digital media is needed.

The International Code of Marketing of Breast Milk Substitutes
(the Code), published by the WHO in 1981, is an international
health policy framework to regulate the marketing of BMS [21].
The Code prohibits all advertising to the public of BMS,
including in digital media [21]. The Code recognizes that BMS
have a legitimate role to play, when these are necessary. What
the Code aims to do is to protect parents from irresponsible and
biased marketing of BMS, to make sure that their choices are
made based on full, impartial information, rather than
misleading, inaccurate, or biased marketing claims, with the
goal of protecting breastfeeding and promoting a healthy diet.
There should be no advertising or other promotion to the general
public of products within the scope of the Code, that is, BMS
(any milk formula up to 3 years of age) and pictures or text that
idealize the use of BMS should not be used. However, the Code,
on its own, is not legally enforceable. The Code states that
governments should take action to enforce the principles and
aims of the Code, including the implementation of legislation.
The Code has been adopted by more than 70% of countries,
including China [22]. The Chinese Rules Governing the
Administration of Marketing of Breast Milk Substitutes were

adopted by 6 government sectors in 1995 [13]. However, driven
by commercial interests, China repealed these legal measures
in 2016, without any replacement, substantially weakening
protection from harmful BMS promotion [21]. The industry
uses its immense financial resources to impede country’s efforts
to adopt the Code [21] and the money spent on marketing BMS
dwarfs that invested by governments promoting breastfeeding
[22]. In the United States, for example, BMS companies spend
an average of US $30 per infant every year on product
promotion, compared with the US $0.21 per baby invested in
breastfeeding promotion [23].

Given that this marketing heavily influences infant and young
child feeding preferences and choices [10], understanding how
all milk formula products are being promoted on pregnancy and
parenting apps is essential. The primary aim of this study was
to identify and analyze milk formula ads featured on Chinese
parenting apps. To begin to build the first complete picture of
the milk formula marketing techniques being used by milk
formula brands on these apps, in this study, we assessed the
range of milk formula brands being advertised on apps,
advertising techniques employed by these brands, and the scope
of health and nutrition claims embedded in app ads. Our aim
was to more fully understand the ad content being deployed by
formula brands that potentially undermines public health
messaging about infant and young child feeding.

Methods

App Selection
Android is the most popular smartphone operating system in
China, with an almost two-thirds share of the total market [24].
In February 2018, we accessed the monthly free-download
ranking list in the Pregnancy and Parenting category of the 360
App Store, the biggest Android app store in China. In that list,
apps were ranked by monthly number of times downloaded and
all publicly available for free download. We included apps that
targeted mothers or mothers-to-be, provided pregnancy and
early parenting information, featured tools, like vaccine and
pregnancy reminders, and provided support through online
social forums. A total of 556 apps were initially included and
any apps that had been downloaded below 1000 times per month
shown in the ranking list were excluded. We also excluded any
apps that were focused on children above 3 years of age; broken
or contained a dead link; designed mainly for playing games,
reading bedtime stories, singing lullabies, or predicting
children’s height; or assisted in choosing a baby name. JZ
initially screened each app based on the description page and
its associated image in the 360 App store. When JZ was unsure
about including a particular app during screening, it was
discussed and screened together with ML. The final 79 apps
were selected for milk formula ad identification and collection.
No ethics approval was required for this study as all data
collected were publicly available.

Advertisement Identification
Ads promoting any type of milk formula were defined as
formula ads for this study. Between April and May 2018, we
scrolled through the entire app loading page and e-commerce
page of each of the included 79 apps to identify and document
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the formula ads. In addition, as banner ads have been shown to
capture audience attention [25], we included any formula ads
that appeared on each app opening home page. Initially, all of
the formula ads from the selected app pages were captured by
screenshot and kept as digital files for further screening analysis.
All of the formula ads were then screened, and any duplicate

ads and ads not related to milk formula products, such as those
for infant food products and milk bottles, were excluded. In
addition, any ads for milk formula designed for the elderly,
adult men, or teenagers were also excluded. The final sample
comprised 353 unique formula ads (Figure 1).

Figure 1. Flow chart for milk formula ads collection.

Advertisement Analysis
Manufacturers frequently offer different variations of the same
branded products known as brand variants [26]. In our analysis,
we observed that brand variants were very different in terms of
name, color, design, options, style, features, and packaging
portfolios. Brand variants are used to microsegment consumers
with highly differentiated product and also help to ameliorate
the effects of marketing restrictions [27]. Therefore, for this
analysis, we were most interested in how these brand variants
use a range of marketing elements and techniques.

The formula company, brand, and brand variants featured in
each ad were identified. Descriptive statistics were used to assess
the range of companies, brands, and variants of milk formula,
and the frequency of different milk types and target ages. If a
single ad promoted more than one type of formula milk or only
promoted a company or a brand itself, then that ad was
categorized as brand advertising.

On the basis of previous content analysis studies of infant and
toddler food ads in magazines [28], food and beverages on
Facebook [29], and Web-based advertising of infant formula
[30], we developed a content analysis coding tool for
categorizing the marketing techniques used in ads in our study.
Coding was completed manually by JZ. Initially, this tool was
pilot tested on 30 ads randomly chosen from the examined apps.
Each of the 30 ads were assessed against the coding tool
categories to evaluate appropriateness, completeness, and
relevancy to public health communication and also to determine
what data would be collected from the ads. After this pilot, we
deleted 2 options, fear emotional appeal and vouchers, offers,
rebates, and added 2 options, online shop and delivery, to the
coding tool. Finally, a total of 22 coding options were developed
across 4 categories, namely, emotional appeal, marketing
elements, products claims, and advertisement disclosure (for
details, see Table 1).
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Table 1. Coding categories and options of milk formula ad content.

Definition or examplesCoding category and coding options

Emotional imagery (based on ad imagery)

Image of a smiling baby.Happy child

Image of a parent hugging or kissing a baby.Parental love

Image of a cute baby drinking milk from a bottle or holding a milk formula can.Satisfied baby drinking from a milk bottle or holding a formula
can

Image of a mother or pregnant woman relieved or at ease.Relieved mother, pregnant women

Image of a mountain pasture, clear sky, and natural landscape.Beautiful natural environment, pasture

Marketing elements

Any logos, colors, and trademarks.Branding elements

Limited-time offers, discount, or other reduced price.Special price promotions

Consumers are given some quantity of a product for no charge (either new or es-
tablished products).

Sampling

A document or e-voucher exchanged for financial discount with product purchase.Coupons

Special packaging that provides consumers with extra quantities of products at
no extra charge.

Bonus packs

Any contest involving a participant entry, including content about the product or
the brand (such as photos and article) created by users.

Competitions, prizes, and giveaways

Any nonhuman characters that are used to promote a product or a brand—giraffes,
sheep, bees, bears, and other cartoon images.

Cartoon characters or spokes characters

Any events that the brand supports or other brands with which the brand partners.Sponsorships and partnerships

People with an entertainment or media profile.Celebrity endorsement

The ad is directly linked to the products in e-shop, and app user could buy the
product online.

Online shop

Products are delivered directly to consumer.Delivery

Claims

Purity, no contamination, imported milk source, good quality of milk source,
whole package imported, and a long brand history.

Food safety claim

Organic, goat milk, premium or gold or super package, scientific based or medical
evidence based or medical recommendations based or trusted by parents and
health professionals.

Product quality claim

Nutritionally balances, and provides good nutrition to, the infant or children,
supports healthy growth/better overall health, helps to support digestive system,
good for the brain/better brain power, and specialized for allergic baby.

Health claims

Contains DHAa or ARAb, Omega 3, or milk fat globule; contains fiber; contains
probiotics; contains protein or amino acids; contains lactose; contains vitamin.

Nutrition claims

Texts aim to idealize the use of milk formula, including wording closest to, inspired
by, and following the example of human breast milk; closer to breast milk.

Claims idealizing the use of milk formula

All advertising has to be identified with the word Advertisement.Advertisement disclosure

aDHA: docosahexaenonic acid.
bARA: arachidonic acid.

First, any emotional imagery included in the ads was coded.
Emotional images were coded to one of the following 5 options:
(1) happy child, (2) parental love, (3) satisfied baby drinking
from a milk bottle or holding a formula can, (4) relieved mother,
pregnant women, and (5) beautiful natural environment, pasture.
Any duplicate images that appeared in multiple ads were not
assessed. Next for each ad, the presence of any of the 11
marketing element categories was recorded. Marketing element

categories included branding, special price promotions,
sampling, coupons, bonus pack, contests, prizes and giveaways,
sponsorships, spokes characters and celebrity endorsement, and
free delivery. The third coding category, claims, was made up
of 5 coding options: food safety claims, product quality claims,
health claims, nutrition claims, and claims idealizing the use of
formula, with several types of claim under each option. Finally,
for the last coding category, disclosure, it was noted whether
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the ad included text identifying that it was advertising content.
According to China’s Interim Measures for the Administration
of Internet Advertising, which was launched in 2016, all digital
advertising must be clearly identified with the word advertising.
Ads were initially coded using the exact Chinese characters that
appeared in ads, and then the coding results are reported here
in English.

All content coding was completed by JZ and then tested for
accuracy by a research assistant independently coding 40 ads
randomly selected from the final sample. Cohen kappa was used
to measure intercoder reliability using SPSS version 22.0
statistical software (SPSS Inc, an IBM Company). Kappa value
was 0.81. Definitions for infant formula and substitutes is
provided in Textbox 1.

Textbox 1. Definitions of infant formula, follow-on formula, and breast milk substitutes.

• Breast milk substitutes refer to any food for children (up to 3 years of age) being marketed or otherwise presented as a partial or total replacement
for breast milk, whether suitable for that purpose or not [21]

• Milk formula refers to the wider range of milk powders for all ages available on the market [21]

• Infant formula refers to milk formula products intended for infants during the recommended exclusive breastfeeding phase (typically 0-6 months
of age) [21]

• Follow-on formula refers to milk formula products intended for older infants, as they begin to receive complementary foods, and young children
(typically 6-12 months of age) [21]

• Toddler milk: A fortified milk-based product only suitable for children older than 12 months (12-36 months) [21]

• Child milk: A fortified milk-based product only suitable for children older than 36 months [21]

Results

General Characteristics
In total, 353 unique ads from the 79 apps were collected for
analysis. The 353 milk formula ads were distributed across 31
companies, 44 brands, and 79 brand variants. Just over half of
the milk formula companies (15/31) were international
corporations with the remaining 16 Chinese-owned. Many of
the international companies marketed multiple brands and brand
variants with the majority of brands (27/44, 61%) and brand
variants (49/79, 62%) being produced by international
companies. In all, 70 of the 353 ads were distributed across 10
variants from 4 brands manufactured by the Danone Company.
This was followed by Nestle, with 52 ads across 11 variants
under 4 brands and then Mead Johnson with 34 ads across 7
brand variants under 6 brands.

More than one-thirds of brand variants (n=28) advertised more
than one type of milk formula. Multimedia Appendix 1 shows

the full distribution of the types of milk formula across brands
and brand variants that appeared in the ads. Infant formula was
advertised by 24 brand variants, follow-on formula by 30 brand
variants, and toddler milk formula by 40 brand variants. A
further 11 brand variants promoted formula for children, and 1
variant included a formula for older children. A total of 10 brand
variants were for milk formula that was promoted as being for
pregnant and breastfeeding women. Another 3 variants claimed
to have formulas that were specifically designed for babies born
prematurely. There were 11 brands and 15 variants identified
in general brand ads that were not for any specific type of milk
formula.

Emotional Imagery
An image of a natural pasture was the most commonly used
emotional image among all 79 brand variants (n=16). Followed
by an image of parental love (n=11), happy child (n=7), relieved
mother/pregnant women (n=5), and a baby drinking/holding
milk bottle (n=4; Table 2).
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Table 2. Emotional imagery, marketing elements, and advertisement disclosure presented in 79 milk formula brand variant ads.

Occurrencea, n (%)Coding category and option

Emotional imagery

16 (20)Beautiful natural environment, pasture

11 (14)Parental love

7 (9)Happy child

5 (6)Relieved mother, pregnant women

4 (5)Satisfied baby drinking milk bottle or holding formula can

Marketing elements

79 (100)Branding elements

75 (95)Online shop

39 (49)Special price promotions

27 (34)Competitions, prizes, and giveaways

23 (29)Delivery

20 (25)Coupons

17 (22)Bonus packs

16 (20)Cartoon characters/spokes characters

14 (18)Sampling

5 (6)Celebrity endorsement

4 (5)Sponsorships and partnerships

32 (41)Advertisement disclosure

aSome brand variants contained more than one emotional imagery or marketing element.

Marketing Elements
All variants included branding elements, such as logos,
trademarks, and brand colors, and linked directly to e-shops.
Special price promotions, such as discounts, sales, and
limited-time offers, were promoted by nearly half (39/79, 49%)
of all brand variants. Competitions, prizes, or giveaways on the
condition of supplying contact details were used by 27 variants.
A user-generated content (UGC) contest was held by one brand
variant (Enfinitas) where consumers were asked to submit a
photo of or a story about the milk formula to win a gift. A total
of 23 variants offered free delivery service. Coupons, distributed
either by the brand or online store, were available in the ads of
20 variants. A total of 17 variants offered a bonus pack and 16
variants included licensed characters to promote their products,
such as cartoon giraffes, sheep, bees, and bears. Time-limited
product sampling was identified in the ad of 14 variants of both
established formulas and new products. A total of 5 variants
included a celebrity endorsement in their advertising. These
celebrities were all well known in China, included an actress
who is a mother and is followed by nearly 30 million fans on
the social media site Weibo [31]. In all, 4 brand variants engaged
in sponsored activities, such as Wyeth Promama advertised its
official mothers’ club, Biostime Supreme sponsored an
education activity when traveling with young kids, Nan HA
promoted a Web-based parent personality test, and Aptamil
German sponsored a TEDx program titled Trust is visible in
China, where 5 well-known individuals shared their stories
about trust and relationships. The brand variant name and logo

were all displayed prominently in association with the sponsored
activities. Many brand variant ads contained more than one
marketing element, and some marketing elements appeared in
more than one brand variant advertising, but each brand variant
was counted only once for each element (Table 2).

Claims
Many brand variant ads contained more than one claim across
the 5 coding options. Although some type of claims appeared
in more than one ad for a single brand variant, each unique type
of claim was counted only once (Table 3). A total of 34 brand
variants made at least one type of food safety claim. A total of
27 domestic brand variants included at least one food safety
claim, with 7 stating to be 100% imported source and a further
20 highlighting 100% produced and packaged overseas. Overall,
9 brand variants claimed to use good quality of milk source,
and 8 brand variants claimed to have a long brand history. At
least one type of product quality claim was made by 25 brand
variants. The most identified product quality claim among brand
variants was super/gold/premium (n=20), then organic (n=7)
and scientific/evidence based (n=5), with the claim goat milk
being used in 4 brand variants. A total of 24 brand variants made
at least one health claim, with 8 claiming to improve digestion
and absorption, 7 claiming to protect against allergies, 6
claiming to support growth and development/better overall
health, and 3 claiming to improve brain development. For the
24 brand variants that made at least one nutrition claim, the
phrase “Contains DHA/ARA, Omega 3, or Milk Fat Globule
Membrane,” was the most frequently identified claim (n=7),
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whereas 5 variants highlighted the addition of sphingomyelin
or choline; 4 mentioned added protein or amino acids, 4 were
said to contain probiotics, 2 claimed to include
lactose-containing milk formula, and 1 claim related to each of
vitamins and fiber. In the claim category idealizing the use of

milk formula, 10 brand variants used words idealizing milk
formula and bottle-feeding, including thousands of mothers’
choice, similar to breast milk, or love. Multimedia Appendices
2 and 3 are typical examples of milk formula ads examined in
the study.

Table 3. Prevalence of 79 milk formula brand variants making claims by type of claim.

Brand variant making this

claim typea, n

Claim type

34Food safety claims

20Whole package imported

9Good quality of milk source

8Long brand history

7Imported milk source

2Purity, no contamination

25Product quality claims

20Premium, gold package, super

7Organic

5Scientific based, medical evidence based/medical recommendations based/trusted by parents and health professionals.

4Goat milk

24Health claims

8Helps to support digestive and absorption system

7Specialized for allergic baby

6Nutritionally balances and provides good nutrition to infant or children/supports healthy growth/better overall
health

3Good for the brain/better brain power

24Nutrition claims

7Contains DHAb/ARAc, Omega 3, or milk fat globule membrane

5Contains sphingomyelin or choline

4Contains protein or amino acids

4Contains probiotics

2Contains lactose

1Contains fiber

1Contains vitamin

10Claims idealizing the use of milk formula

10Including thousands of mothers’ choice/similar to breast milk/love

aSome brand variants made multiple types of claims under each claim option.
bDHA: docosahexaenonic acid.
cARA: arachidonic acid.

Advertisement Disclosure
In total, only 14 variants made a direct advertisement disclosure.
In addition, a further 18 variants included the Chinese character
for “product/commodity” instead of advertisement. A total of
2 variants (NAN Pro and S-26 Promil Ultima) stated breast
milk is the best at the bottom of their ads (see Table 3).

Discussion

The Influence of Milk Formula Branding on
Breastfeeding
This study identified a total of 79 brand variants that included
multiple types of milk formula, with 24 of these brand variants
advertising infant milk formula, 30 follow-on formula, and 40
toddler formula. This reflects a full-scale breach of the Code,
which applies advertising restrictions to any milk specifically
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marketed for feeding infants and young children up to the age
of 3 years. Since 1986, the WHO has maintained the position
that follow-on formula is nutritionally unnecessary, but most
countries only apply partial advertising restrictions to infant
formula [21]. Toddler milk formula is reportedly set to
outperform sales of infant and follow-on milk formula [20],
which might explain in part our findings that 40 variants
advertised toddler milk formula. Manufacturers are continuing
to focus on the growth prospects in the toddler milk formula
market to widen their consumer base to include older children.
Strikingly, we identified 3 brand variants of milk formula
marketed specifically for premature babies, which directly
contradicts the WHO advice that “preterm birth infants who are
able to breastfeed should be put to the breast as soon as possible
after birth when they are clinically stable and should be
exclusively breastfed until 6 months of age” [32].

In addition, 11 brand variants promoted child (aged >36 months)
milk formula, with one brand variant, Enfakid, only promoting
child milk formula; the remaining variants advertised more than
one type of milk formula. As the Code is only designed to
prevent companies from promoting milk formula and food for
children up to 3 years of age, these products and promotions
skirt advertising regulations. Moreover, China launched new
infant milk formula registration measures in 2015 that came
into effect on January 1, 2018. This legislation limits the number
of brands per manufacturer to 3 for each of the development
stages under 3 years of age [33]. This means child milk formula
is not explicitly regulated by the new regulation, which may
also help explain the 11 brand variants identified in our study
that included a child milk formula.

Brand extension and brand-focused advertising help to establish
brand awareness, preference, and loyalty to formula from fetus
through to early childhood, this includes influencing pregnant
women and mothers who are breastfeeding their infants. We
found 10 variants of a special type of milk formula marketed
as being for breastfeeding/pregnant women. Marketing an
increasing range of milk formulas for different age groups
weakens the impact of restrictions on infant formula (0-6
months). Sharing a brand that is identified with other life stages
of formula is likely to influence infant feeding behavior to the
same extent as direct advertising, as consumers are unable to
differentiate between the two [34]. Similarly, ads for follow-on
formula are perceived by pregnant women and mothers as
promoting infant formula [35]. Research carried out in Australia
[34], the United Kingdom [36], and Italy [35] showed how
difficult it is for pregnant women and mothers to identify the
difference between promotion of follow-on or toddler formula
and promotion of infant formula. As products in these older age
group categories are often branded, packaged, and labeled in
ways that resemble infant formula, they can also be erroneously
introduced in the first 6 months of life. Consumers then assume
that the claims made in these brand variants are also true for
the infant formula variants [35].

Manufactures use persuasive marketing techniques to reinforce
their brand identity, such as special price promotion, coupons,
prizes, and giveaways. This is despite the fact that the Code
prohibits any point of sale advertising or any promotional
technique to induce sales [21]. Of particular note is the UGC

contest, consumers were asked to submit photos and content
that expressed their love of the promoted milk formula. UGC
is a form of peer endorsement that increases brand authenticity
and enhances consumer trust. This distinctive social media
marketing tactic builds on the effectiveness of competitions by
allowing companies and consumers to collaborate and build
brands together [35]. The explosion of e-commerce and the
ubiquitous promotion and availability of milk formula in the
Chinese online environment encourages and enables consumers
to directly purchase products within pregnancy and parenting
apps. Both domestic and overseas manufacturers have enjoyed
strong sales through online shopping [37].

Some brand variants advertised with claims of love and similar
to breast milk in Chinese characters, which could increase
exposure to idealized bottle feeding and raise desire to use milk
formula. Pregnant women and new mothers exposed to BMS
ads containing the words close and similar believe infant
formula is nutritionally equivalent to human milk [38]. This is
another clear violation of the Code that states not to contain
pictures or text that idealizes the use of BMS. In addition, the
most commonly used (by 16 variants) image of beautiful natural
pasture and clear sky implies the pure source and high quality
of milk formula, which plays to Chinese mothers’ food safety
concerns around domestic brands [39]. This is due to the 2008
Chinese milk scandal where milk formula was found to contain
high concentrations of melamine and was estimated to cause
tens of thousands of infants and children to develop severe
kidney problems [40].

The Influence of Marketing Claims on Breastfeeding
The 2008 milk product scandal in China has also led to high
demand for imported infant formula. Large international
companies exploit these product fears to create a premium image
of their brands. Meanwhile, domestic companies are attempting
to rehabilitate their brand image while also making similar
reassuring claims that they use 100% imported source or 100%
produced and packaged overseas that are paired with emotional
images of nature. For example, the brand variant-NAN pro
claimed that its formula is imported from Switzerland and
included an image of a snow-capped mountain. Premium brand
variants featured heavily in our results. Marketing of so-called
premium products with the associated premium pricing is
leading to confusion among consumers and having a significant
financial impact on families, especially in Asian countries [8,11].
A case study from Singapore found that parents perceived that
more expensive or premium products are of higher quality, as
they lack sufficient understanding of the nutritional content of
formula milk [41]. A survey of Chinese bottle-feeding mothers
found that 65% of mothers chose organic infant milk because
they were willing to pay more for their baby’s food [42].

Heath claims also included the claim of formula with added
nutrients and associated benefits. For example, 3 brand variants
claimed to contain added ingredients that improve the baby’s
intelligence, which may leave some mothers with the impression
that their own breast milk is inferior to formula [9]. Again, this
is despite the Code clearly stating not to permit the formula to
be marketed as being equal to or comparable with breast milk
[21]. This violation is not unique to the Chinese market. In the
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United Kingdom, an analysis of 13 online parental chat rooms
found that the single most repeated idea across the sites was
that formula was closest to breast milk, a statement that was
originated from the Aptamil (Danone) marketing [43]. A
qualitative study of 4 focus groups reported that participants
found ads confusing in terms of how formula-feeding is superior
to, inferior to, or the same as breastfeeding [38]. We identified
7 brand variants that claimed to help preventing infants from
developing allergies, and 8 brand variants claimed their products
were good for the baby’s digestive health. However, the
evidence for these claimed benefits is not established [44]. A
US study found that more than half of the 22 infant formula
products reviewed were marketed with claims, whereas none
of which were backed by publicly available scientific evidence
[45].

Policy Change and Actions Needed
The Chinese national government must take responsibility for
ensuring the Code is implemented with adequate enforcement
measures. Advertising regulations that restrict a broader range
of marketing techniques are urgently needed. Monitoring
advertisers’ compliance with such restrictions forms a strong
basis for regulation and is particularly important for online and
digital media. Moreover, a significant monetary penalty should
be applied if milk formula companies or other app platforms
are found to be breaking laws. Concurrently, when compared
with the innovative strategies used by the milk formula industry,
a more active approach is needed to promote breastfeeding by
public health authorities, rather than the simple message that
breast milk is the best. Scaling up health professional advice to
breastfeed alongside engaging media campaigns or social
mobilization events such as the national breastfeeding day or
world breastfeeding week is crucial. Brazil, for example, is
widely recognized for implementing a successful National
Breastfeeding Program that has made a substantial improvement
in breastfeeding exclusivity and duration [46]. This society-wide
program includes regulation of the commercialization of infant
formula and foods, a strict enforcement of the Code, training
for health workers and the development of mother-to-mother
support groups, maternity leave extended to 6 months,

introduction of the Baby Friendly Hospitals Initiative, and
investment in over 200 human milk banks [46]. Public health
professionals should also learn from the milk formula industry
in terms of constructing messages and applying proven
marketing techniques in promoting breastfeeding. In China in
particular, there are few health professional–endorsed parenting
apps that advocate for breastfeeding and healthy infant feeding,
and the space is primarily occupied by commercial entities [19].

Strengths and Limitations
A key strength of the study is that we developed and established
a comprehensive coding tool to manually analyze milk formula
ad content, including text and images, in a non-English language
context. This content analysis also has some limitations. First,
this study is only a snapshot of a small number of available
free-to-download parenting apps. Second, although the ad
collection was not confined to one type of milk formula, we
may have missed some milk formula brands or variants, as many
products are being continually added and removed from the
market. Although a second independent coder was used to test
the accuracy of the ad coding and high agreement was achieved,
it is possible that ad characteristics could be missed or miscoded.

Conclusions
This is the first study to analyze milk formula ads found on the
popular Chinese parenting apps. Products that function as BMS
should not be freely advertised [10]. The purpose of these
marketing messages is to widen the use of formulas and
normalize formula as an appropriate food for all infants and
young children rather than as a specialized food for those unable
to breastfeed. The present analysis affirms a need for greater
efforts in implementation, monitoring, and enforcement of the
Code. Implementation of the Code is not possible without
adequate funds and allocated budgets from national and local
governments. As stated, China adopted the Code in 1995 but
repealed these legal measures in 2016. The government should
enshrine the Code in law to both ensure effective monitoring
and comprehensive enforcement of unethical BMS marketing
practices and to create an environment where breastfeeding is
normal, accepted, and protected.
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Multimedia Appendix 3
Example of NAN Pro formula advertisement featuring emotional imagery, marketing elements and claims.
[PNG File , 513 KB - mhealth_v7i11e14219_app3.png ]

References
1. Heinig MJ. Host defense benefits of breastfeeding for the infant. Effect of breastfeeding duration and exclusivity. Pediatr

Clin North Am 2001 Feb;48(1):105-23, ix. [doi: 10.1016/s0031-3955(05)70288-1] [Medline: 11236719]
2. Jones G, Steketee RW, Black RE, Bhutta ZA, Morris SS, Bellagio Child Survival Study Group. How many child deaths

can we prevent this year? Lancet 2003 Jul 5;362(9377):65-71. [doi: 10.1016/S0140-6736(03)13811-1] [Medline: 12853204]
3. Newton ER. Breastmilk: the gold standard. Clin Obstet Gynecol 2004 Sep;47(3):632-642. [doi:

10.1097/01.grf.0000136184.19927.98] [Medline: 15326427]
4. Quigley MA, Kelly YJ, Sacker A. Breastfeeding and hospitalization for diarrheal and respiratory infection in the United

Kingdom Millennium Cohort Study. Pediatrics 2007 Apr;119(4):e837-e842. [doi: 10.1542/peds.2006-2256] [Medline:
17403827]

5. Effect of breastfeeding on infant and child mortality due to infectious diseases in less developed countries: a pooled analysis.
WHO Collaborative Study Team on the Role of Breastfeeding on the Prevention of Infant Mortality. Lancet 2000 Feb
5;355(9202):451-455. [Medline: 10841125]

6. World Health Organization. Babies and mothers worldwide failed by lack of investment in breastfeeding. Saudi Med J
2017;38(9):974-975 [FREE Full text]

7. Mason F, Rawe K, Wright S. Save the Children. 2013. Superfood for Babies: How Overcoming Barriers to Breastfeeding
Will Save Children's Lives URL: https://www.savethechildren.org/content/dam/global/reports/health-and-nutrition/
baby-superfood-asia.pdf?vanityurl=BF-Report [accessed 2019-03-31] [WebCite Cache ID 77GoJ9M3D]

8. Baker P, Smith J, Salmon L, Friel S, Kent G, Iellamo A, et al. Global trends and patterns of commercial milk-based formula
sales: is an unprecedented infant and young child feeding transition underway? Public Health Nutr 2016
Oct;19(14):2540-2550. [doi: 10.1017/S1368980016001117] [Medline: 27211798]

9. Piwoz EG, Huffman SL. The impact of marketing of breast-milk substitutes on WHO-recommended breastfeeding practices.
Food Nutr Bull 2015 Dec;36(4):373-386. [doi: 10.1177/0379572115602174] [Medline: 26314734]

10. Rollins NC, Bhandari N, Hajeebhoy N, Horton S, Lutter CK, Martines JC, Lancet Breastfeeding Series Group. Why invest,
and what it will take to improve breastfeeding practices? Lancet 2016 Jan 30;387(10017):491-504. [doi:
10.1016/S0140-6736(15)01044-2] [Medline: 26869576]

11. Changing Markets. 2017. Milking It: How Milk Formula Companies Are Putting Profits Before Science URL: https:/
/changingmarkets.org/wp-content/uploads/2017/10/Milking-it-Final-report-CM.pdf [accessed 2019-03-29] [WebCite Cache
ID 77EVvYSWg]

12. Xu F, Liu X, Binns CW, Xiao C, Wu J, Lee AH. A decade of change in breastfeeding in China's far north-west. Int Breastfeed
J 2006 Nov 24;1:22 [FREE Full text] [doi: 10.1186/1746-4358-1-22] [Medline: 17123450]

13. Liu A, Dai Y, Xie X, Chen L. Implementation of international code of marketing breast-milk substitutes in China. Breastfeed
Med 2014 Nov;9(9):467-472. [doi: 10.1089/bfm.2014.0053] [Medline: 25026262]

14. Zhang Y, Carlton E, Fein SB. The association of prenatal media marketing exposure recall with breastfeeding intentions,
initiation, and duration. J Hum Lact 2013 Nov;29(4):500-509. [doi: 10.1177/0890334413487256] [Medline: 23686404]

15. Derbyshire E, Dancey D. Smartphone medical applications for women's health: what is the evidence-base and feedback?
Int J Telemed Appl 2013;2013:782074 [FREE Full text] [doi: 10.1155/2013/782074] [Medline: 24454354]

16. Hearn L, Miller M, Fletcher A. Online healthy lifestyle support in the perinatal period: what do women want and do they
use it? Aust J Prim Health 2013;19(4):313-318. [doi: 10.1071/PY13039] [Medline: 23899373]

17. Johnson SA. 'Maternal devices', social media and the self-management of pregnancy, mothering and child health. Societies
2014 Jun 13;4(2):330-350. [doi: 10.3390/soc4020330]

18. Useit. 2018. Seven Wheat Research Institute: 2018 Maternal and Child App Industry Analysis Report URL: https://www.
useit.com.cn/thread-19156-1-1.html [accessed 2019-03-30] [WebCite Cache ID 77EVImNqs]

19. Zhao J, Freeman B, Li M. How do infant feeding apps in China measure up? A content quality assessment. JMIR Mhealth
Uhealth 2017 Dec 6;5(12):e186 [FREE Full text] [doi: 10.2196/mhealth.8764] [Medline: 29212627]

20. SlideShare. 2016. Market Overview: Identifying New Trends and Opportunities in the Global Infant Formula Market URL:
https://www.slideshare.net/Euromonitor/
market-oveview-identifying-new-trends-and-opportunities-in-the-global-infant-forumla-market [accessed 2019-03-29]
[WebCite Cache ID 77EW8WAe4]

21. World Health Organization, UNICEF, IBFAN. Marketing of Breast-milk Substitutes: National Implementation of the
International Code. Geneva: World Health Organization; 2018.

22. Lutter CK. The international code of marketing of breast-milk substitutes: lessons learned and implications for the regulation
of marketing of foods and beverages to children. Public Health Nutr 2013 Oct;16(10):1879-1884. [doi:
10.1017/S1368980012004235] [Medline: 23034164]

JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 11 |e14219 | p.204http://mhealth.jmir.org/2019/11/e14219/
(page number not for citation purposes)

Zhao et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

mhealth_v7i11e14219_app3.png
mhealth_v7i11e14219_app3.png
http://dx.doi.org/10.1016/s0031-3955(05)70288-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11236719&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(03)13811-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12853204&dopt=Abstract
http://dx.doi.org/10.1097/01.grf.0000136184.19927.98
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15326427&dopt=Abstract
http://dx.doi.org/10.1542/peds.2006-2256
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17403827&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10841125&dopt=Abstract
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5654037/
https://www.savethechildren.org/content/dam/global/reports/health-and-nutrition/baby-superfood-asia.pdf?vanityurl=BF-Report
https://www.savethechildren.org/content/dam/global/reports/health-and-nutrition/baby-superfood-asia.pdf?vanityurl=BF-Report
http://www.webcitation.org/77GoJ9M3D
http://dx.doi.org/10.1017/S1368980016001117
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27211798&dopt=Abstract
http://dx.doi.org/10.1177/0379572115602174
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26314734&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(15)01044-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26869576&dopt=Abstract
https://changingmarkets.org/wp-content/uploads/2017/10/Milking-it-Final-report-CM.pdf
https://changingmarkets.org/wp-content/uploads/2017/10/Milking-it-Final-report-CM.pdf
http://www.webcitation.org/77EVvYSWg
http://www.webcitation.org/77EVvYSWg
https://internationalbreastfeedingjournal.biomedcentral.com/articles/10.1186/1746-4358-1-22
http://dx.doi.org/10.1186/1746-4358-1-22
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17123450&dopt=Abstract
http://dx.doi.org/10.1089/bfm.2014.0053
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25026262&dopt=Abstract
http://dx.doi.org/10.1177/0890334413487256
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23686404&dopt=Abstract
https://dx.doi.org/10.1155/2013/782074
http://dx.doi.org/10.1155/2013/782074
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24454354&dopt=Abstract
http://dx.doi.org/10.1071/PY13039
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23899373&dopt=Abstract
http://dx.doi.org/10.3390/soc4020330
https://www.useit.com.cn/thread-19156-1-1.html
https://www.useit.com.cn/thread-19156-1-1.html
http://www.webcitation.org/77EVImNqs
https://mhealth.jmir.org/2017/12/e186/
http://dx.doi.org/10.2196/mhealth.8764
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29212627&dopt=Abstract
https://www.slideshare.net/Euromonitor/market-oveview-identifying-new-trends-and-opportunities-in-the-global-infant-forumla-market
https://www.slideshare.net/Euromonitor/market-oveview-identifying-new-trends-and-opportunities-in-the-global-infant-forumla-market
http://www.webcitation.org/77EW8WAe4
http://dx.doi.org/10.1017/S1368980012004235
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23034164&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


23. International Baby Food Action Network. State of the Code by Country, 2006 URL: http://ibfan.org/code-watch-reports
[accessed 2019-03-29] [WebCite Cache ID 77EWoAxJI]

24. Statista. 2018. Market Share of Mobile Operating Systems in China From January 2013 to August 2019 URL: https://www.
statista.com/statistics/262176/market-share-held-by-mobile-operating-systems-in-china/ [accessed 2019-03-29] [WebCite
Cache ID 77EX4gIwz]

25. Sajjacholapunt P, Ball LJ. The influence of banner advertisements on attention and memory: human faces with averted
gaze can enhance advertising effectiveness. Front Psychol 2014;5:166 [FREE Full text] [doi: 10.3389/fpsyg.2014.00166]
[Medline: 24624104]

26. Bergen M, Dutta S, Shugan SM. Branded variants: a retail perspective. J Mark Res 1996;33(1):9-19. [doi: 10.2307/3152009]
27. Greenland SJ. Cigarette brand variant portfolio strategy and the use of colour in a darkening market. Tob Control 2015

Mar;24(e1):e65-e71. [doi: 10.1136/tobaccocontrol-2013-051055] [Medline: 23988859]
28. Chen Y, Chang J, Gong Y. A content analysis of infant and toddler food advertisements in Taiwanese popular pregnancy

and early parenting magazines. J Hum Lact 2015 Aug;31(3):458-466. [doi: 10.1177/0890334415576513] [Medline:
25766374]

29. Freeman B, Kelly B, Baur L, Chapman K, Chapman S, Gill T, et al. Digital junk: food and beverage marketing on Facebook.
Am J Public Health 2014 Dec;104(12):e56-e64. [doi: 10.2105/AJPH.2014.302167] [Medline: 25322294]

30. Abrahams SW. Milk and social media: online communities and the International Code of Marketing of Breast-milk
Substitutes. J Hum Lact 2012 Aug;28(3):400-406. [doi: 10.1177/0890334412447080] [Medline: 22674963]

31. Weibo. Zhang Ziyi URL: https://www.weibo.com/u/1914100420?is_hot=1#_rnd1545009243734 [accessed 2018-11-02]
32. Edmond K, Bahl R. World Health Organization. 2007. Optimal Feeding of the Low Birth Weight Infants: Technical Review

URL: https://apps.who.int/iris/bitstream/handle/10665/43602/9789241595094_eng.pdf?sequence=1 [accessed 2018-11-20]
[WebCite Cache ID 77EXwRpGN]

33. Chen E. mondaq. 2017. China: China CFDA Finalizes Infant Formula Registration Rules URL: http://www.mondaq.com/
china/x/659418/food+drugs+law/China+CFDA+Finalizes+Infant+Formula+Registration+Rules [accessed 2019-03-30]
[WebCite Cache ID 77EYEdUcY]

34. Berry NJ, Jones SC, Iverson D. Toddler milk advertising in Australia: infant formula advertising in disguise? Australasian
Mark J 2012;20(1):24-27. [doi: 10.1016/j.ausmj.2011.10.011]

35. Cattaneo A, Pani P, Carletti C, Guidetti M, Mutti V, Guidetti C, Follow-on Formula Research Group. Advertisements of
follow-on formula and their perception by pregnant women and mothers in Italy. Arch Dis Child 2015 Apr;100(4):323-328.
[doi: 10.1136/archdischild-2014-306996] [Medline: 25512963]

36. Family Health Service, The Department of Health Hong Kong SAR Government. Survey on Mothers' Views of Formula
Milk Promotion and Information on Infant and Young Child Feeding. 2013. URL: https://www.fhs.gov.hk/english/archive/
files/reports/Survey_on_Mothers_views_on_FM_promotion_full_2016_final.pdf

37. Mason FG. Save the Children. 2018. Don't Push It: Why the Formula Milk Industry Must Clean Up Its Act URL: https:/
/resourcecentre.savethechildren.net/node/13218/pdf/dont-push-it.pdf [accessed 2018-02-04]

38. Parry K, Taylor E, Hall-Dardess P, Walker M, Labbok M. Understanding women's interpretations of infant formula
advertising. Birth 2013 Jun;40(2):115-124. [doi: 10.1111/birt.12044] [Medline: 24635466]

39. Ji A, Wong YI, Cai T, Liu J. Infant formula safety concerns and consequences in China. World J Pediatr 2014 Feb;10(1):7-9
[FREE Full text] [doi: 10.1007/s12519-014-0447-3] [Medline: 24464657]

40. Parry J. China's tainted milk scandal spreads around world. Br Med J 2008 Oct 1;337:a1890. [doi: 10.1136/bmj.a1890]
[Medline: 18829644]

41. The Competition Commission of Singapore. 2017. Market Inquiry into the Supply of Formula Milk for Infants and Young
Children in Singapore URL: https://www.ccs.gov.sg/media-and-publications/publications/studies-research-papers/
market-studies [accessed 2018-08-08]

42. Cheryl N. Mintel. 75% of Chinese Mums Feed Their Baby Organic Infant Milk Formula URL: https://www.mintel.com/
press-centre/food-and-drink/three-in-four-chinese-mums-feed-their-baby-organic-infant-milk-formula [accessed 2018-05-09]

43. The Caroline Walker Trust. I Hear its Closest to Breastmilk: A Review of the Discussions of Parents and Parents to be
Around Formula and Formula Feeding on Web Discussion Sites URL: https://www.cwt.org.uk/wp-content/uploads/2014/
07/Formula_PTBReport.pdf [accessed 2018-07-04]

44. Abrams SA. Is it time to put a moratorium on new infant formulas that are not adequately investigated? J Pediatr 2015
Mar;166(3):756-760. [doi: 10.1016/j.jpeds.2014.11.003] [Medline: 25491093]

45. Belamarich PF, Bochner RE, Racine AD. A critical review of the marketing claims of infant formula products in the United
States. Clin Pediatr (Phila) 2016 May;55(5):437-442. [doi: 10.1177/0009922815589913] [Medline: 26054781]

46. Pérez-Escamilla R. Breastfeeding in Brazil: major progress, but still a long way to go. J Pediatr (Rio J) 2017;93(2):107-110
[FREE Full text] [doi: 10.1016/j.jped.2016.10.003] [Medline: 27816509]

Abbreviations
BMS: breast milk substitutes

JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 11 |e14219 | p.205http://mhealth.jmir.org/2019/11/e14219/
(page number not for citation purposes)

Zhao et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://ibfan.org/code-watch-reports
http://www.webcitation.org/77EWoAxJI
https://www.statista.com/statistics/262176/market-share-held-by-mobile-operating-systems-in-china/
https://www.statista.com/statistics/262176/market-share-held-by-mobile-operating-systems-in-china/
http://www.webcitation.org/77EX4gIwz
http://www.webcitation.org/77EX4gIwz
https://doi.org/10.3389/fpsyg.2014.00166
http://dx.doi.org/10.3389/fpsyg.2014.00166
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24624104&dopt=Abstract
http://dx.doi.org/10.2307/3152009
http://dx.doi.org/10.1136/tobaccocontrol-2013-051055
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23988859&dopt=Abstract
http://dx.doi.org/10.1177/0890334415576513
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25766374&dopt=Abstract
http://dx.doi.org/10.2105/AJPH.2014.302167
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25322294&dopt=Abstract
http://dx.doi.org/10.1177/0890334412447080
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22674963&dopt=Abstract
https://www.weibo.com/u/1914100420?is_hot=1#_rnd1545009243734
https://apps.who.int/iris/bitstream/handle/10665/43602/9789241595094_eng.pdf?sequence=1
http://www.webcitation.org/77EXwRpGN
http://www.mondaq.com/china/x/659418/food+drugs+law/China+CFDA+Finalizes+Infant+Formula+Registration+Rules
http://www.mondaq.com/china/x/659418/food+drugs+law/China+CFDA+Finalizes+Infant+Formula+Registration+Rules
http://www.webcitation.org/77EYEdUcY
http://dx.doi.org/10.1016/j.ausmj.2011.10.011
http://dx.doi.org/10.1136/archdischild-2014-306996
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25512963&dopt=Abstract
https://www.fhs.gov.hk/english/archive/files/reports/Survey_on_Mothers_views_on_FM_promotion_full_2016_final.pdf
https://www.fhs.gov.hk/english/archive/files/reports/Survey_on_Mothers_views_on_FM_promotion_full_2016_final.pdf
https://resourcecentre.savethechildren.net/node/13218/pdf/dont-push-it.pdf
https://resourcecentre.savethechildren.net/node/13218/pdf/dont-push-it.pdf
http://dx.doi.org/10.1111/birt.12044
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24635466&dopt=Abstract
http://europepmc.org/abstract/MED/24464657
http://dx.doi.org/10.1007/s12519-014-0447-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24464657&dopt=Abstract
http://dx.doi.org/10.1136/bmj.a1890
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18829644&dopt=Abstract
https://www.ccs.gov.sg/media-and-publications/publications/studies-research-papers/market-studies
https://www.ccs.gov.sg/media-and-publications/publications/studies-research-papers/market-studies
https://www.mintel.com/press-centre/food-and-drink/three-in-four-chinese-mums-feed-their-baby-organic-infant-milk-formula
https://www.mintel.com/press-centre/food-and-drink/three-in-four-chinese-mums-feed-their-baby-organic-infant-milk-formula
https://www.cwt.org.uk/wp-content/uploads/2014/07/Formula_PTBReport.pdf
https://www.cwt.org.uk/wp-content/uploads/2014/07/Formula_PTBReport.pdf
http://dx.doi.org/10.1016/j.jpeds.2014.11.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25491093&dopt=Abstract
http://dx.doi.org/10.1177/0009922815589913
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26054781&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0021-7557(16)30238-8
http://dx.doi.org/10.1016/j.jped.2016.10.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27816509&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Code: The International Code of Marketing of Breast Milk Substitutes
UGC: user-generated content
WHO: World Health Organization

Edited by G Eysenbach; submitted 31.03.19; peer-reviewed by D Vollmer Dahlke, N Bartle, H Yang; comments to author 08.08.19;
revised version received 06.09.19; accepted 24.09.19; published 29.11.19.

Please cite as:
Zhao J, Li M, Freeman B
A Baby Formula Designed for Chinese Babies: Content Analysis of Milk Formula Advertisements on Chinese Parenting Apps
JMIR Mhealth Uhealth 2019;7(11):e14219
URL: http://mhealth.jmir.org/2019/11/e14219/ 
doi:10.2196/14219
PMID:31782743

©Jing Zhao, Mu Li, Becky Freeman. Originally published in JMIR mHealth and uHealth (http://mhealth.jmir.org), 29.11.2019.
This is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in JMIR mHealth and uHealth, is properly cited. The complete bibliographic information,
a link to the original publication on http://mhealth.jmir.org/, as well as this copyright and license information must be included.

JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 11 |e14219 | p.206http://mhealth.jmir.org/2019/11/e14219/
(page number not for citation purposes)

Zhao et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://mhealth.jmir.org/2019/11/e14219/
http://dx.doi.org/10.2196/14219
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31782743&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Original Paper

An Interactive Parent-Targeted Text Messaging Intervention to
Improve Oral Health in Children Attending Urban Pediatric Clinics:
Feasibility Randomized Controlled Trial

Belinda Borrelli1,2, PhD; Michelle Henshaw2,3, DDS; Romano Endrighi1, PhD; William G Adams4, MD; Timothy

Heeren5, PhD; Rochelle K Rosen6,7, PhD; Beth Bock6,8, PhD; Scott Werntz9

1Center for Behavioral Science Research, Boston University Henry M Goldman School of Dental Medicine, Boston, MA, United States
2Center for Research to Evaluate & Eliminate Dental Disparities, Department of Health Policy & Health Services Research, Boston University Henry
M Goldman School of Dental Medicine, Boston, MA, United States
3Office of Global & Population Health, Boston University Henry M Goldman School of Dental Medicine, Boston, MA, United States
4Department of Pediatrics, Boston Medical Center & Boston University School of Medicine, Boston, MA, United States
5Department of Biostatistics, Boston University School of Public Health, Boston, MA, United States
6Centers for Behavioral and Preventive Medicine, The Miriam Hospital, Providence, RI, United States
7Department of Behavioral and Social Sciences, Brown University School of Public Health, Providence, RI, United States
8Department of Psychiatry and Human Behavior, Alpert Medical School at Brown University, Providence, RI, United States
9Agile Health, Inc, Lincolnshire, IL, United States

Corresponding Author:
Belinda Borrelli, PhD
Center for Behavioral Science Research
Boston University Henry M Goldman School of Dental Medicine
560 Harrison Ave, 3rd floor
Boston, MA, 02118
United States
Phone: 1 617 358 3358
Email: belindab@bu.edu

Abstract

Background: Effective preventive treatments for dental decay exist, but caries experience among preschoolers has not changed,
with marked disparities in untreated decay. Despite near-universal use of SMS text messaging, there are no studies using text
messages to improve the oral health of vulnerable children.

Objective: This randomized controlled feasibility trial aimed to test the effects of oral health text messages (OHT) versus a
control (child wellness text messages or CWT). OHT was hypothesized to outperform CWT on improving pediatric oral health
behaviors and parent attitudes.

Methods: Parents with a child aged <7 years were recruited at urban clinics during pediatric appointments (79% [41/52] below
poverty line; 66% [36/55] black) and randomized to OHT (text messages on brushing, dental visits, bottle and sippy cups, healthy
eating and sugary beverages, and fluoride) or CWT (text messages on reading, safety, physical activity and development,
secondhand smoke, and stress) groups. Automated text messages based on Social Cognitive Theory were sent twice each day for
8-weeks. Groups were equivalent on the basis of the number of text messages sent, personalization, interactivity, and opportunity
to earn electronic badges and unlock animated characters. Assessments were conducted at baseline and 8 weeks later. Data were
analyzed with linear mixed–effects models.

Results: A total of 55 participants were randomized (28 OHT and 27 CWT). Only one participant dropped out during the text
message program and 47 (24 OHT and 23 CWT) completed follow up surveys. Response rates exceeded 68.78% (1040/1512)
and overall program satisfaction was high (OHT mean 6.3; CWT mean 6.2; 1-7 scale range). Of the OHT group participants,
84% (21/25) would recommend the program to others. Overall program likeability scores were high (OHT mean 5.90; CWT
mean 6.0; 1-7 scale range). Participants reported high perceived impact of the OHT program on brushing their child’s teeth,
motivation to address their child's oral health, and knowledge of their child's oral health needs (mean 4.7, 4.6, and 4.6, respectively;
1-5 scale range). At follow up, compared with CWT, OHT group participants were more likely to brush their children’s teeth
twice per day (odds ratio [OR] 1.37, 95% CI 0.28-6.50) and demonstrated improved attitudes regarding the use of fluoride (OR
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3.82, 95% CI 0.9-16.8) and toward getting regular dental checkups for their child (OR 4.68, 95% CI 0.24-91.4). There were
modest, but not significant, changes in motivation (F1,53=0.60; P=.45) and self–efficacy (F1,53=0.24; P=.63) to engage in oral
health behaviors, favoring OHT (d=0.28 and d=0.16 for motivation and self–efficacy, respectively).

Conclusions: The OHT program demonstrated feasibility was well utilized and appealing to the target population and showed
promise for efficacy.

(JMIR Mhealth Uhealth 2019;7(11):e14247)   doi:10.2196/14247

KEYWORDS

oral health; mHealth; text message; dental caries; health behavior

Introduction

Background
Although there are effective preventive treatments for dental
decay, caries experience among preschoolers has remained
relatively unchanged for the past two decades [1]. However,
not all populations share the burden of the disease equally,
demonstrated by the persistent and marked disparities in caries
experience, untreated decay, and the lack of dental care access
by both race or ethnicity and income [1]. Finding innovative
strategies to reduce the prevalence and severity of this disease
in high–risk populations is essential to reducing disparities. For
young children, the role of the primary caregiver is especially
important in reducing caries risk [2].

Community health centers provide comprehensive and
cost–effective primary health care for America's most
underserved communities. Nationally, there are almost 1400
community health centers with over 11,000 locations that treat
28 million patients per year, of which 8.4 million are children
[3]. Community health centers provide care primarily to
low–income persons (91%), the under- or uninsured (49%
Medicaid; government–funded medical and dental insurance
for low–income individuals; and 23% uninsured), and racial
and ethnic minority groups (63%) [3]—the same groups that
are at highest risk for caries. Despite guidelines that the first
dental visit should occur by age 1 year, less than 2% of children
enrolled in Medicaid meet this recommendation, and only 9%
of 1- and 2-year olds receive preventive dental visits [4]. In
contrast, almost 90% of US children attend well–child primary
care visits [5]. This high attendance rate, coupled with the fact
that during the first 3 years of life, children have 12 well–child
visits scheduled, provides an infrastructure with the potential
to reach both children at high risk for caries and their parents.

Short message service (SMS) text messaging may be one way
to reach busy parents in their everyday lives with
evidenced–based information. Over 95% of adults in the United
States regularly use SMS text messaging, with no disparities in
race, ethnicity, and income [6,7]. The advantages of an SMS
text messaging intervention are as follows: access anytime and
place, ability to tailor to content timing and intensity, provision
of real–time coping strategies to users in everyday settings, few
barriers to participation, interactive functionality in real time,
low participant burden, reduced cost burden on the health care
system [8,9], and high potential for dissemination.

SMS text messaging interventions have been effective across
a wide variety of behaviors, such as smoking cessation [10],

medication adherence, diabetes care [11], and weight
management [12,13]. Although there are 3 studies that use SMS
text messaging to improve pediatric oral health, they have small
samples and short–term outcomes (1 week-3 months) and lack
rigorous controls [14-16]. Only 1 was conducted in the United
States and was limited in that it used text messages as reminders
only, and text messages were sent for only 7 days [14].

We developed a text message program focused on motivating
adherence to pediatric oral health behaviors. The program
content and structure was based on clinical guidelines [17,18]
and recommendations from a multidisciplinary scientific
advisory board [19]. We also interviewed medical assistants,
nurses, and pediatricians (n=9) to assess their opinions about
the program and on how to integrate it into the clinic flow. We
conducted 11 focus groups with parents (n=63) to develop text
message content, match content to participants’ literacy levels,
design program preferences (ie, features, structure, length, and
badges), incorporate cultural considerations, identify knowledge
gaps, and map text message content onto a theoretical model
and mediators (Social Cognitive Theory) [20-22]. To ensure
functionality, we conducted an internal pilot (9 users) followed
by a usability study during which participants from the target
population (n=21) used the text message program for one month
and completed self–report questionnaires and qualitative
interviews at the middle and end of the month regarding their
opinions on program content, badges, and structure as well as
satisfaction, comprehension, and perceived impact on
hypothesized mediators and behavior.

Objective
In this paper, we report the results from the text message
program that we developed using the iterative process outlined
above. Parents who attended the target pediatric clinics and
have children under the age of 7 years were randomized into
the pilot feasibility randomized controlled trial employing a
parallel design and using a 1:1 allocation ratio to receive the
oral health text messages (OHT) or child wellness text messages
(CWT) for 2 months. Our comparison group, CWT, was
developed by our team and scientific advisory board, using
clinical guidelines [23,24]. The aim of the pilot was to test
recruitment processes and assess participant satisfaction and
the potential impact of OHT on putative Social Cognitive Theory
mediators, oral health knowledge and attitudes, and pediatric
oral health behaviors. We hypothesized that participant
satisfaction would be equivalent between conditions (to preserve
internal validity), and participants randomized to OHT group
would experience positive changes in relevant Social Cognitive
Theory constructs (eg, motivation, self–efficacy, and outcome
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expectations) and report improved knowledge, attitudes, and
oral health behaviors (tooth brushing).

Methods

Participants
Potential participants were parents (or caregivers) of children
who were patients of pediatric clinics in 2 community health
centers in an urban area of Boston, United States. The majority
of patients in these clinics receive Medicaid (>88%). Participants
were recruited to participate in our study, described as a child
wellness study, by research assistants in pediatric waiting rooms
and clinic staff referral. The research assistants administered
informed consent to potential participants, and those who
consented documented the consent in writing and were asked
to complete baseline questionnaires. Participants were then
randomized (using random number functions in a 1:1 allocation
ratio using the statistical package SAS 9.4 (TS1M5) platform
by SAS Institute Inc) to receive either OHT or CWT.
Randomization triggered a text message asking the participant
to opt into the program. A permutated randomized block design
was used, stratified by clinic, child age, and history of caries.
Research assistants were masked to treatment condition, as
participants’ first text messages were delivered 24 hours after
enrollment.

Parents were considered eligible if they met the following
criteria: aged ≥18 years and had a child aged 6 months to 7 years
who received medical care at one of the target community health
centers; lived in the greater Boston area and were not planning
on moving for 8 weeks; spoke, understood, and read either
English or Spanish fluently; had a mobile phone with unlimited
SMS text messaging capability; texted at least one time in the
past month; adequate ability to read health–related material
[25]; were not enrolled in another mobile phone child health or
wellness study; reported no abuse of alcohol or drugs [26]; and
no previous serious mental illness. The study received ethical
approval from our human subject institutional review board
along with review and approval by the ethical committees at
the community health centers. Participant recruitment and follow
up assessment took place from March through May 2017.

Procedure

Structure of the Programs
OHT and CWT were matched on program duration (8 weeks)
and dose (2 text messages per day for 1 month followed by 1
text message per day for 1 month), engagement strategies
(quizzes on fun facts, birthday text messages, ability to earn
child–friendly animated badges for goal achievement, and ability
to unlock higher levels of animated badges for engaging in the
target behavior), and personalization and customization that
allowed for the tailoring of message content. Text messages in
both conditions were interactive, focusing on problem–solving
barriers to behavior change. For OHT, the target goal was
brushing every day, twice per day, and for CWT, the target goal
was reading every day. Both programs provided feedback on
progress toward goal attainment via ability to electronically
view a trophy case of badges earned so far and motivational
text messages. Participants could also participate in challenge

weeks during which they were given daily electronic badges for
achieving the target behavior. The text messages were fully
automated, but all incoming text messages could be monitored
and responded to in real time via a dashboard interface.
Responding to participants directly was necessary if the system
did not recognize a text and, therefore, could not produce an
automated response—for example, some participants sent a
smiley emoji or asked a study–related question. The dashboard
interface also allowed the study team to respond to participants
who did not respond to assessments and allowed for rapid
adjustment of personalization settings, such as changing the
language of the text messages (ie, English to Spanish or Spanish
to English). The dashboard was not used to communicate
additional intervention content to participants. Text messages
were delivered by Agile Health, Inc. Their system is Health
Insurance Portability and Accountability Act compliant, and all
data are encrypted in transit and at rest.

Oral Health Text Messages
OHT received core topic text messages (tooth brushing and
cleaning gums and visiting the dentist) and choice topic text
messages (bedtime routine, bottle and sippy cup use,
sugar–sweetened beverages, healthy eating, getting fluoride,
and fun facts). In month 1, participants received 1 text message
from the core topics and 1 text message from the choice topics
each day; in month 2, only 1 text message was sent per day,
alternating between core and choice topics. Participants earned
weekly badges depicting colorful dental–related images if they
met the goal of brushing twice each day, working toward the
goal of earning a SuperTooth Hero badge at the end of each of
the 2 months (Charlie Chew and Molly Molar). Participants
could also opt into a challenge week in which they were cued
daily to brush their child's teeth to unlock bonus SuperTooth
Heroes (Faye Fluoride and Captain Chomp) upon achieving
brushing twice a day. SuperTooth Heroes were 4 different
anthropomorphized teeth wearing capes and holding
toothbrushes. The badges and heroes were accompanied by a
description of the goal that was achieved. Other text message
features specific to OHT included a dentist finder (geared to
find pediatric dentists), photos and video of brushing technique,
and Web links (eg, amount of sugar in popular food and drinks).

Child Wellness Text Messages
Participants who were randomized to CWT received core topic
text messages focused on the promotion of reading and safety
in the home. Choice topic text messages were as follows: healthy
sleep and behavior, safety hazards, child development, physical
activity, stress tips, and eliminating second hand smoke. CWT
earned weekly badges depicting cartoon animals for reading to
their child every day. If they earned 4 different weekly badges
(each badge specifying the reading goal achieved), they were
entitled to book buddy badges (anthropomorphized books) each
month. They could also earn 2 mystery book buddies for the
completion of challenge weeks. The badges and buddies were
accompanied by a statement of the goal that was achieved. Other
text message features specific to CWT included strategies for
handling challenging child behaviors, Web links for community
resources for parents, and photos or video of important concepts.
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Measures
Surveys were self–administered on the Web at baseline, before
randomization, and at the 2-month follow up (after the end of
daily text message programs). Participants were compensated
a total of US $25 for completing the baseline survey and US
$40 for completing the follow up survey. To prevent participant
expectations from unduly influencing the results, assessments
of CWT (reading and safety) and OHT (oral health behavior)
outcomes were given to all participants. As the main purpose
of the study was to report on OHT, we have presented the
measures and results of only those outcomes.

Sociodemographics
Sociodemographics including age, sex, education, income, race
and ethnicity, marital and employment status, and child
characteristics were obtained through self–report at baseline.

Program Satisfaction
Program satisfaction measures were given at the conclusion of
the text message programs (2 months after baseline). We used
several indices of satisfaction because of the multidimensional
nature of program satisfaction. First, we measured the
share–worthiness of the text messages by asking whether
participants showed the text messages to others and the extent
to which they believed that the text messages would be helpful
to family and friends (ranges from 1=not at all helpful to 7=very
helpful). The perceived quality of the text messages were
measured with 2 items from the Mobile Application Rating
Scale (MARS) [27]; one assessing perceived quality through a
star rating (1 star=one of the worst text message programs, 3
stars=average, and 5 stars=one of the best text message
programs) and the other assessing how much longer they would
have liked to receive the text messages (range from 1=1 month
to 5=5 months). Satisfaction with each program component and
overall program satisfaction were assessed with 11 items, each
rated on a 1 to 7 scale (range from 1=not satisfied at all to
7=very much satisfied). The likeability of each program
component was assessed with 10 items, each rated on a 1 to 7
scale (range from 1=did not like it at all to 7=liked it very much);
we also computed an overall likeability score by averaging
across the items. We assessed the perceived impact of the text
messages with a 6-item scale from the MARS [27]. This scale
assessed the extent to which participants randomized to the
OHT group perceived that the program had an impact on their
knowledge about oral health, their motivation to brush their
child’s teeth, their attitude toward changing their oral health
practices, and likelihood of actual behavior change [27]. Each
item was rated on a 5-point Likert scale (range from 1=strongly
disagree to 5=strongly agree). We also assessed the perceived
impact of the program on 6 key behaviors that corresponded to
core and choice topics in the OHT. Participants rated the extent
to which the program had an impact on each behavior using a
7-point Likert scale (range from 1=not at all to 7=very much)
[27].

Child Brushing and Fluoride Use
Child tooth brushing was assessed as never, sometimes but not
every day, once a day, twice a day, and more than twice a day
[28]. Responses were collapsed into 2 levels: yes=achieved

brushing recommendations (twice a day or more than twice a
day) versus no (never, sometimes but not every day, or once a
day). In the OHT group alone, brushing was assessed weekly
through text messages in which participants were asked how
many days in the last 7 days were their child’s teeth brushed
and how many times each day (1, 2, or more). We computed a
brushing behavior variable by multiplying the number of days
(0-7) by the number of times per day the child’s teeth were
brushed each week. Use of fluoride toothpaste was assessed
with 1 item, “when your child's teeth are brushed, is fluoride
toothpaste usually used (yes/no)?” [28].

Attitudes Toward Oral Health
Attitudes toward oral health were assessed with 3 items from
the Basic Risk Factors Questionnaire [29-32]: (1) “Children
can get cavities as soon as their first tooth comes in,” (2) “It is
best to use toothpaste with fluoride when brushing a child’s
teeth,” and (3) “Children’s teeth should be brushed the last thing
before bed.” Participants rated each on a 4-point scale
(1=strongly disagree, 2=somewhat disagree, 3=somewhat agree,
and 4=strongly agree). For analyses, strongly disagree,
somewhat disagree, and somewhat agree were collapsed into
a not strongly agree category and compared against the strongly
agree group.

Social Cognitive Theory Constructs
Social Cognitive Theory constructs were assessed with measures
from the Basic Risk Factors Questionnaire [32]. Outcome
expectations or beliefs that engaging in a behavior will produce
a desired outcome was measured with 3 items: (1) “Limiting
my child’s intake of sugary foods and drinks can help prevent
cavities,” (2) “Drinking tap water can help prevent cavities,”
and (3) “Regular dental checkups help keep children’s teeth and
mouth healthy,” each rated on a 4 point scale (1=strongly
disagree, 2=somewhat disagree, 3=somewhat agree, and
4=strongly agree). Strongly disagree, somewhat disagree, and
somewhat agree were collapsed into not strongly agree and
compared against strongly agree. Motivation was assessed with
4 items measuring participants’ degree of desire to engage in
recommended oral health behaviors, each rated on a scale
ranging from 1 to 5 (higher scores reflect higher motivation).
Self–efficacy was assessed with 4 items that assessed
participants’ perceived degree of confidence in their ability to
engage in recommended oral health behaviors, each item rated
on a scale ranging from 1 to 5 (higher scores reflect greater
self–efficacy).

Program Engagement
Engagement was collected automatically through program
interaction. We computed dose received by dividing the number
of text messages sent to participants each week by the number
of participants and then averaging across all weeks. A total
response rate was computed by computing the number of
participant–submitted responses to texts in which a response
was expected and dividing this by the number of possible
responses. An assessment response rate was computed by
dividing the number of participants that responded to assessment
texts by the number of participants. The number of unsolicited
user texts (texts sent by users where a response was not expected
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such as emojis and thank you) was an additional index of user
engagement. We also tracked the number of participants who
opted into challenge weeks in which users were to set a daily
behavioral goal (for the OHT group participants, the challenge
was brushing their child’s teeth twice per day, and for the CWT
group participants, the challenge was reading to their child for
10 min each day). For OHT group, we also assessed the
proportion of participants choosing each choice module across
the 8-week program. This was computed by combining the
number of OHT participants that selected any given choice
module every week the module was available and dividing it
by the number of potential module choices (product of number
of weeks a module was made available and sample size).

Analytic Plan
At baseline, study groups were compared on sociodemographic
characteristics using independent sample t tests for continuous
variables or chi–square tests for categorical variables. The
baseline characteristics of participants who did not complete
the follow up survey (n=8) were also compared with the rest of
the sample using t tests or chi–square tests as appropriate. User
engagement and interaction with the program data were
summarized and compared between study groups. Program
satisfaction was compared between groups with t tests, and
perceived program impact descriptives are presented for the
OHT group.

Changes in oral health attitudes and behaviors from baseline to
follow up in the OHT group compared with the CWT group
were analyzed through models for longitudinal data with a
group–by–time interaction representing the intervention
effect. For binary outcomes, Generalized Estimating Equations
(GEE) logistic regression for longitudinal data estimated the
odds of achieving a behavior (eg, brushing recommendations
or use of fluoride toothpaste) at follow up compared with

baseline, for those in the OHT versus CWT group. For outcome
expectations and attitudes toward oral health, GEE logistic
regression estimated the odds of strongly versus not strongly
agreeing to each construct item at follow up versus baseline,
for the OHT versus CWT group. For continuous outcomes,
mixed–effects linear regression models were used to compare
changes in group means from baseline to follow up, in the OHT
versus CWT group. Effect sizes for continuous measures are
presented as Cohen d calculated on the change score between
baseline and follow up. Effect sizes for binary measures are
presented as odds ratios (OR) with 95% confidence intervals.
Analyses were conducted on participants who completed the
follow up assessment (n=47).

Results

Overview
As shown in Figure 1, 55 out of the 65 individuals (55/65, 85%)
who were eligible and signed the informed consent were
randomized and initiated the text messages programs; 47 out
of the 55 randomized participants (47/55, 85%) completed the
end of treatment assessment with no significant differences in
completion rates between groups. Participants who did not
complete the follow up survey (n=8) were significantly younger
(mean age in years 26.8 vs 31.6; P=.02). Satisfaction data were
completed by 48 participants. Only 1 participant dropped out
of the text message program. Owing to a technical problem,
there were 3 CWT that were scheduled to be delivered but were
not delivered. A total of 2 of these text messages applied only
to participants who had toddlers, and 1 text message applied
only to those who chose the stress management module.
Therefore, this technical problem affected <2% of the text
messages. There were no other unintended or harmful effect to
participants.
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Figure 1. Consolidated Standards of Reporting Trials diagram.

Sociodemographics
Compared with OHT, CWT group participants were more likely

to be employed (χ2
4=14.7; P=.005) and have received

information about children’s dental health at pediatric visits in

the past year (χ2
1=4.1; P=.04). The mean age of the child was

2.7 years (SD 1.7) in the OHT group and 3.0 years (SD 1.9) in
the CWT group. Out of the 28 children, 6 (6/28, 21%) in the
OHT group, and out of the 27 children, 5 (5/27, 18%) in the
CWT group had a history of cavities, reported via parent
self–report. The baseline characteristics of the participants are
shown in Table 1.
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Table 1. Baseline characteristics of participants by treatment group.

All (N=55), n (%)Child wellness text messages (n=27), n (%)Oral health text messages (n=28), n (%)Baseline characteristics

53 (96)25 (93)28 (100)Female

31.0 (6.6)31.0 (6.9)31.0 (6.4)Parent/caregiver age (year), mean (SD)

41 (79)18 (69)a23 (88)aBelow poverty line

8 (15)2 (7)6 (21)Less than high school education

29 (53)21 (78)8 (29)Full/part time employmentb

15 (27)5 (19)10 (36)Married/engaged/live together

Race/ethnicity

36 (66)18 (67)18 (64)Black—African American

4 (7)0 (0)4 (14)White—non-Hispanic

3 (5)1 (4)2 (7)Asian

9 (16)6 (22)3 (11)Hispanic (black/white)

3 (6)2 (7)1 (4)Multiracial/other

25 (45)16 (59)9 (32)Received dental health informationc

24 (47)12 (48)d12 (46)aUse fluoride toothpaste

Mobile communication preferencee

42 (78)21 (78)21 (78)Text message

4 (7)2 (7)2 (7)Phone call

8 (15)4 (15)4 (15)No preference

Texting frequencye

45 (83)24 (89)21 (78)Every day

7 (13)1 (4)6 (22)Most days

2 (4)2 (7)0 (0)Occasionally

Number of text messages sent per day

6 (11)2 (7)4 (14)1-3

16 (29)9 (33)7 (25)4-10

33 (60)16 (59)17 (61)≥11

an=26.
bP=.005.
cP=.04.
dn=25.
eOral health text messages, n=27.

Program Satisfaction
In the OHT group, 8 out of 25 participants (8/25, 32%) showed
the text messages to others compared with 11 out of 23 (11/23,

47%) in the CWT group (χ2
1=1.0; P=.32). Participants in both

groups believed that the text messages would be helpful to
family/friends (1-7 scale; OHT mean 5.7, SD 1.6; CWT mean
6.0, SD 1.0; t47=−0.9; P=.35), and 84% (21/25) of OHT group
participants said that they would recommend the program to
others. In the OHT group, 15 out of 22 (15/22, 68%) participants
rated the program 4 stars or more compared with 16 out of 21

(16/21, 78%) in the CWT group (χ2
1=0.6; P=.34). Out of 19

participants, 12 (12/19, 63%) in the OHT group wanted the
program to last up to 2 months longer, and 7 participants (7/19,
37%) indicated that they wanted the program to last ≥3 months
longer, which was not significantly different from the CWT

group (χ2
1=1.8; P=.18). Satisfaction ratings were generally high

for program components (Table 2). The mean overall level of
program satisfaction was also high with no significant group
differences (1-7 scale range; OHT mean 6.3, SD 1.4; CWT
mean 6.2, SD 0.9; t46=0.4; P=.70).
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Table 2. Participant's satisfaction with the text message program.

Child wellness text messages (n=23), mean
(SD)

Oral health text messages (n=25), mean
(SD)

Program satisfaction scale items

6.21 (1.0)6.29 (1.4)The ability to choose topics of interest to me

5.72 (1.2)5.66 (1.8)The ability to earn electronic badges

5.66 (1.3)5.63 (1.9)The ability to unlock levels of badges

5.78 (1.2)6.25 (1.4)The level of program customization to child

5.65 (1.0)6.20 (1.1)Receipt of support when needed

5.86 (1.3)6.24 (1.3)The amount of information in the text messages

5.86 (1.0)6.08 (1.4)The quality of the information in the text messages

5.95 (1.1)6.32 (1.4)Relevancy of program was for self and family

6.21 (0.8)6.00 (1.4)Age–appropriateness of the messages for child

6.17 (0.9)6.33 (0.8)The trustworthiness of the information

6.00 (1.0)5.96 (1.6)The degree to which the text messages apply to their family

With regard to the likeability of program components (Table
3), there were no significant differences between groups in
overall likeability scores (1-7 scale range; OHT mean 5.90, SD
1.40; CWT mean 6.00, SD 0.80; t46=−0.4; P=.70). Participants
in both groups liked the frequency of the text messages (mean
5.75, SD 1.60), timing of the text messages (mean 5.74, SD 1.4)
and text message features such as the ability to set goals (mean
6.21, SD 1.00), choose topics of interest (mean 6.40, SD 1.00),
earn weekly badges (mean 5.68, SD 1.60), and participate in
challenge weeks (mean 6.55, SD 0.70). With regard to the
perceived impact of the program, OHT group participants
indicated that taking part in the program increased their
awareness of their child’s oral health (1-5 scale range; mean
4.64, SD 1.10), increased their knowledge and understanding
of their child’s oral health needs (mean 4.64, SD 1.00), increased

their motivation to address their child’s oral health (mean 4.64,
SD 1.00), improved their attitude toward their child’s oral health
(mean 4.64, SD 0.80), encouraged them to bring their child to
the dentist for regular checkups (mean 4.48, SD 1.10), and
helped them ensure their child’s teeth were brushed (mean 4.68,
SD 1.0). OHT group participants also indicated that the program
had a positive impact on brushing their child’s teeth (1-7 scale
range; mean 6.40, SD 1.50), increasing the amount of their
child’s tap water consumption (mean 5.48, SD 2.00), and
decreasing their child’s consumption of sugar–sweetened
beverages (mean 6.32, SD 1.30) and sugary foods (mean 6.12,
SD 1.50). OHT group participants also indicated that the
program had a positive impact on their willingness to take their
child to the dentist (mean 5.84, SD 2.0) and overall knowledge
about their child's oral health (mean 6.20, SD 1.5).

Table 3. Likeability of the text message program.

Child wellness text mes-
sages (n=23), mean (SD)

Oral health text messages
(n=25), mean (SD)

Likeability scale items

5.82 (1.2)5.52 (1.8)Responding to text message questions on a daily basis

6.00 (1.0)5.88 (1.6)Responding to text messages about the frequency of the target behavior (brushing or reading)

6.00 (1.2)6.41 (0.9)Setting goals

6.56 (0.6)6.25 (1.4)The ability to choose text message topics of interest to you

6.30 (0.8)6.29 (1.4)Receiving information about a particular topic

5.86 (1.3)5.64 (2.0)The frequency with which texts were delivered

5.65 (1.2)5.83 (1.6)The time of the day texts were received

5.72 (1.4)5.65 (2.0)Earning weekly badges

5.47 (1.3)5.60 (2.0)Earning monthly animated characters (SuperTooth Heroes or Book Buddies)

6.30 (0.8)6.79 (0.5)Participating in a challenge week

Child Brushing and Fluoride Use
The proportion of participants meeting pediatric brushing
recommendations increased from baseline to follow up in both
groups, with the effect size favoring OHT (OR 1.37, 95% CI
0.28-6.50). In the OHT group, brushing was also assessed

weekly through text messages, and increased rates of brushing
was reported over the course of the 8-week program (time effect
F1,94=8.4; P=.005; see Multimedia Appendix 1). The proportions
of participants using fluoride toothpaste to brush their child’s
teeth increased from baseline to follow up in both groups, with
the effect size favoring CWT (OR 0.81, 95% CI 0.25-2.65).
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Attitudes Toward Oral Health
As shown in Table 4, the proportion of participants strongly
agreeing that “children can get cavities in baby’s teeth”
increased from baseline to follow up in both groups, with the
effect size favoring the OHT group (OR 1.98, 95% CI
0.54-7.18). The proportion of participants strongly agreeing

that “it is best to use toothpaste with fluoride when brushing a
child’s teeth” increased from baseline to follow up in the OHT
group alone (OR 3.82, 95% CI 0.90-16.80), and the proportion
strongly agreeing that “children’s teeth should be brushed the
last thing before bed” increased in both groups, with the effect
size favoring the OHT group (OR 2.07, 95% CI 0.10-41.50).

Table 4. Oral health behaviors and attitudes.

Odds Ratio (95% CI)Follow upBaselineOral health behavior and attitudes

CWT n/N, n (%)OHT n/N, n (%)CWTb n/N, n (%)
OHTa n/N, n
(%)

Oral health behavior

1.37 (0.28-6.5)16/23 (70)17/22 (77)15/24 (62)17/26 (65)Achieved child brushing recommendationsc

0.81 (0.25-2.65)14/21 (67)14/22 (64)12/25 (48)12/26 (46)Used fluoride toothpaste to brush child’s
teeth

Attitudes toward oral health (strongly agree)

1.98 (0.54-7.18)11/22 (50)11/24 (46)10/26 (38)6/25 (24)Children can get cavities in baby's teeth

3.82 (0.90-16.8)12/22 (54)15/22 (68)15/24 (62)9/21 (43)Best to use fluoride toothpaste for children

2.07 (0.10-41.50)21/23 (91)23/24 (96)22/26 (85)21/25 (84)Should brush teeth last thing before bed

Outcome expectations (strongly agree)

1.68 (0.23-11.80)18/23 (78)21/24 (87)19/26 (73)19/25 (76)Limiting sugary foods helps prevent cavities

1.42 (0.24-8.60)4/20 (20)8/22 (36)4/26 (15)5/22 (23)Drinking tap water helps prevent cavities

4.70 (0.24-91.40)21/23 (91)23/24 (96)23/26 (88)20/26 (77)Dental checkups help keep teeth healthy

aOHT: oral health text message.
bCWT: child wellness text message.
cBrushing twice per day, 6 or more days per week.

Social Cognitive Theory Constructs
With regard to outcome expectations, Table 4 shows that the
proportion of participants strongly agreeing that “limiting
children’s intake of sugary foods helps prevent cavities”
increased from baseline to follow up in both groups, with the
effect size favoring the OHT group (OR 1.68, 95% CI
0.23-11.80). There was a similar pattern for the belief that
“drinking tap water can help prevent cavities,” with the effect
size favoring the OHT group (OR 1.42, 95% CI 0.24-8.60), and
for “regular dental check–ups help keep children’s teeth and
mouth healthy,” with the effect size in favor of the OHT group
(OR 4.68, 95% CI 0.24-91.40).

Participants' motivation to engage in oral health promoting
behaviors score increased between baseline (OHT mean 4.31
and CWT mean 4.42) and follow up (OHT mean 4.64 and CWT
mean 4.52) in both groups, with the effect size favoring the
OHT group (d=0.28) and no significant between–group
differences (F1,53=0.60; P=.45). A similar pattern emerged for
self–efficacy. Scores increased between baseline (OHT mean
4.50 and CWT mean 4.60) and follow up (OHT mean 4.76 and
CWT mean 4.76) in both groups, with the effect size favoring
the OHT group (d=0.16) and no significant between–group
differences (F1,53=0.24; P=.63).

Program Engagement
The mean weekly number of texts sent was comparable between
groups (15.3 in OHT vs 15.4 in CWT), indicating dose
equivalence. Aggregating over the 8-week study period, in the
OHT group, there were 1040 responses out of the 1512
(1040/1512, 68.8% overall total response rate) possible
responses, whereas in the CWT group, there were 1167
responses out of the 1463 (1167/1463, 79.8% overall total
response rate) possible responses. Response to text messages
did not taper off as the program progressed, remaining consistent
across weeks for both groups (see Multimedia Appendix 2).
Averaging across the study period, of the 28 OHT group
participants, the mean number of participants responding to
weekly assessment texts was 19.3 (19.3/28, 69% overall
assessment response rate). Of the 27 CWT group participants,
the mean number of participants responding to weekly
assessment texts was 19 (19/27, 70% overall assessment
response rate). Of the 28 OHT group participants, 16 (16/28,
57%) opted into at least one of the 2 possible challenge weeks.
Of the 27 CWT group participants, 17 (17/27, 63%) opted into
at least one of the 2 possible challenge weeks. Participants in
the OHT group sent a total of 439 unsolicited text messages
and participants in the CWT group sent a total of 475 unsolicited
text messages during the 8 week program. With regard to
choosing choice topics, aggregating over 8 weeks when bedtime
routine was offered, 42% (35/84) selected the module; when
bottle/sippy cup was offered, 21% (23/112) selected the module;

JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 11 |e14247 | p.215https://mhealth.jmir.org/2019/11/e14247
(page number not for citation purposes)

Borrelli et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

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


when fun facts was offered, 30% (25/84) selected the module;
when getting fluoride was offered, 32% (27/84) selected the
module; when healthy eating was offered, 51% (57/112) selected
the module; and when sugar–sweetened beverages was offered,
26% (29/112) selected the module.

Discussion

Principal Findings
Sustainability of health behavior change is greatest if
interventions are integrated into existing channels and woven
into the fabric of people's lives. Our study incorporated both of
these elements by partnering with pediatric clinics regularly
visited by underserved families and using text messages, a
preferred and near–universal form of communication. Text
message interventions have the advantage of reaching large
segments of previously unreachable populations with
evidenced–based information, in real time and real–life settings.
No previous studies have tested text messages to improve the
oral health of at–risk children in a randomized controlled trial,
matching for treatment dose and intensity. Our pilot study
showed proof of concept of our OHT intervention with 4
principal findings: (1) OHT was perceived as highly acceptable
and satisfactory, (2) participants in both conditions demonstrated
a high level of engagement, (3) OHT had an impact on parent’s
attitudes toward oral health and social cognitive mediators, and
(4) the program showed preliminary effectiveness at increasing
brushing behaviors among those randomized to the OHT versus
CWT group.

The high levels of acceptability and satisfaction reported by
participants could be a function of the fact that we co–designed
the program content and structure with the target population.
Focus groups and interviews enabled us to ascertain participant
preferences about the surface structure of the program (look
and feel and images of the electronic badges) and the deep
structure of the program (values and beliefs of the population)
[33]. Collecting both quantitative and qualitative data during
program development helped ensure that the words and images
used were acceptable and incorporated cultural preferences and
ensure that we could address any knowledge gaps and myths
about oral health behaviors. We assessed satisfaction not only
for the program as a whole but also for each program
component, which has been rarely reported in the literature but
is essential for the design of effective programs. Aside from
self–report of satisfaction, another indicator of program
satisfaction is whether or not participants report sharing the text
messages with others. A large minority of our participants
indicated that they shared the texts with family and friends.
Thus, the program could also have a contagion effect, that is,
unmeasured effects within each person’s social network.

Our strategies for engagement not only included static strategies,
such as personalization and customization, but also included
dynamic strategies that required participant interaction, such as
quizzes on fun facts, the ability to earn child–friendly electronic
badges, and enticement to unlock access to other characters.
Program engagement was high on all 3 indicators and did not
significantly differ between groups. It is important to have
several indicators of engagement to avoid masking differential

engagement rates, such as those that might exist between overall
program responses and responses to research–related text
messages. In addition, few, if any studies, have reported on
unsolicited texts from participants, but this is also an important
indicator of engagement because proactive responding could
be an indicator of deeper processing of the text messages by
participants, rather than simply reacting to text messages. Of
the 3 studies that have used text messages for pediatric oral
health, only 1 reported on program engagement, but that
program was only 7 days in duration [14].

Few studies have examined the effect of a pediatric oral health
intervention on parental attitudes, and previous studies have
supported the association between attitudes and behavior [28].
Our findings indicated that, with the exception of using
fluoridated toothpaste to brush their child’s teeth, OHT
consistently showed promise for changing caregiver attitudes
and behaviors toward their child’s oral health. No studies to
date have used theory (Social Cognitive Theory) to develop a
comprehensive oral health intervention to improve children’s
oral health through text messages. It may be that the
development of text messages grounded in theory is an important
factor in improving both parental attitudes and behaviors toward
child’s oral health. This is supported by the fact that OHT also
showed promise for changing variables integral to the Social
Cognitive Theory, such as motivation, self–efficacy, and
outcome expectations.

Feasibility studies are used to determine whether an intervention
is appropriate for further testing, particularly when there are
few or no published studies on a particular intervention
technique [34]. Our study met the criteria for intervention
feasibility outlined by Bowen et al [34]. Specifically, we
demonstrated acceptability (satisfaction and perceived
appropriateness), demand (participants were engaged with the
program), implementation (successful execution; no technical
problems with the text messages), practicality (ease and quality
of implementation and low burden on patients and providers),
integration (fit into clinic work flow and lack of disruption of
clinical care), and limited efficacy (intended effects of the
program on key variables; perceived impact).

Limitations
The primary purpose of the study was feasibility rather than a
fully powered clinical trial, so caution should be used when
interpreting group differences because of the lack of power.
The small sample precludes generalization to the larger
population, and as the sample was mostly women and those
whose income was below the poverty line, it is unclear if the
program would also be acceptable to men and those having
higher incomes. Generalizability was also limited by our
inclusion and exclusion criteria, which included adequate ability
to read health–related material, no previous or current serious
mental illness, and no current alcohol or drug abuse. These
limitations are offset by the strengths of our study design, which
matched groups on text message dose, frequency, and features;
creative engagement strategies; objective measurement of
engagement; targeting a high–risk population; and
implementation in a real–world setting.
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Conclusions
Dissemination of text message interventions is highly viable
given the high rate of SMS text messaging and lack of disparities
by income, race, or ethnicity. Text message interventions could
be disseminated at low cost and are delivered exactly as

designed, resulting in 100% reliable intervention. This study
provides evidence that a larger fully powered randomized
controlled trial with objective outcomes (clinical exam) should
be conducted. If effective, the program could be disseminated
nationally to other federally qualified pediatric clinics that serve
vulnerable and high–risk populations.
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Abstract

Background: Nonadherence among patients with chronic disease continues to be a significant concern, and the use of text
message refill reminders has been effective in improving adherence. However, questions remain about how differences in patient
characteristics and demographics might influence the likelihood of refill using this channel.

Objective: The aim of this study was to evaluate the efficacy of an SMS-based refill reminder solution using conversational
artificial intelligence (AI; an automated system that mimics human conversations) with a large Medicare patient population and
to explore the association and impact of patient demographics (age, gender, race/ethnicity, language) and social determinants of
health on successful engagement with the solution to improve refill adherence.

Methods: The study targeted 99,217 patients with chronic disease, median age of 71 years, for medication refill using the mPulse
Mobile interactive SMS text messaging solution from December 2016 to February 2019. All patients were partially adherent or
nonadherent Medicare Part D members of Kaiser Permanente, Southern California, a large integrated health plan. Patients received
SMS reminders in English or Spanish and used simple numeric or text responses to validate their identity, view their medication,
and complete a refill request. The refill requests were processed by Kaiser Permanente pharmacists and support staff, and refills
were picked up at the pharmacy or mailed to patients. Descriptive statistics and predictive analytics were used to examine the
patient population and their refill behavior. Qualitative text analysis was used to evaluate quality of conversational AI.

Results: Over the course of the study, 273,356 refill reminders requests were sent to 99,217 patients, resulting in 47,552 refill
requests (17.40%). This was consistent with earlier pilot study findings. Of those who requested a refill, 54.81% (26,062/47,552)
did so within 2 hours of the reminder. There was a strong inverse relationship (r10=−0.93) between social determinants of health
and refill requests. Spanish speakers (5149/48,156, 10.69%) had significantly lower refill request rates compared with English

speakers (42,389/225,060, 18.83%; X2
1 [n=273,216]=1829.2; P<.001). There were also significantly different rates of refill

requests by age band (X2
6 [n=268,793]=1460.3; P<.001), with younger patients requesting refills at a higher rate. Finally, the

vast majority (284,598/307,484, 92.23%) of patient responses were handled using conversational AI.

Conclusions: Multiple factors impacted refill request rates, including a strong association between social determinants of health
and refill rates. The findings suggest that higher refill requests are linked to language, race/ethnicity, age, and social determinants
of health, and that English speakers, whites, those younger than 75 years, and those with lower social determinants of health
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barriers are significantly more likely to request a refill via SMS. A neural network–based predictive model with an accuracy level
of 78% was used to identify patients who might benefit from additional outreach to narrow identified gaps based on demographic
and socioeconomic factors.

(JMIR Mhealth Uhealth 2019;7(11):e15771)   doi:10.2196/15771

KEYWORDS

text messaging; SMS; refill adherence; medication adherence; Medicare patients; conversational AI; social determinants of health;
predictive modeling; machine learning; health disparities

Introduction

Background
Medication nonadherence is when patients are unable to follow
prescribed treatment dose, time of day, and frequency [1]. There
are a range of factors, including patient-related,
physician-related, and health system barriers, that contribute to
nonadherence [2]. Adherence has been shown to have a
significant effect on treatment outcomes [3,4] and has a major
impact in managing chronic conditions such as hypertension,
cardiovascular disease, and diabetes. The Centers for Medicare
and Medicaid Services (CMS) define an adherent patient as
someone whose proportion of days covered is greater or equal
to 80%. Put another way, patients are considered adherent when
they refill often enough to cover 80% or more of their
medication plan as prescribed by their health care provider and
as agreed to by the patient [5]. Dispensing or refill data is
commonly used to compute adherence levels because of the
validity, relative accessibility, and inexpensiveness of such data
[6].

The World Health Organization estimates a medication
nonadherence rate of 50% for patients with 1 or more chronic
conditions [2,7]. This staggering proportion of nonadherence
is estimated to annually cost between 100 to 290 billion dollars
in the United States [8]. Moreover, nonadherence is estimated
to cause approximately 125,000 deaths and at least 10% of
hospitalizations every year [9,10].

Medicare Patients and Adherence
Individuals suffering from multiple chronic conditions and
taking multiple medications are more likely to be nonadherent
[11]. Patients eligible for Medicare, who are individuals older
than 65 years and/or who have a disability, fit this description
of patients at greater risk of nonadherence. Older patients and
those with disabilities have more chronic conditions and are
usually on multiple medications. Of 586 Medicare recipients
offered medication therapy management, 575 (98.1%) completed
a survey that asked questions relating to adherence. Among
those who responded, 406 (69.2%) reported that they took their
medication regularly and as prescribed. Of the remaining 169
(30%), 123 identified forgetfulness as an issue, 18 (11%)
mentioned side effects, and 17 (10%) said the medication was
not needed. Lower adherence rates were associated with
difficulty paying for medication. Finally, subsidy recipients and
non-English speakers were significantly less likely to be
counseled about drug side effects [12].

Use of Mobile Technology for Adherence
In a 2018 press release, the CMS committed to supporting
modern and virtual methods of health care [13]. Furthermore,
in a multinational survey conducted in 2018, 77% of respondents
said the ability to request prescription refills via text message
would increase their likelihood of choosing a health care
provider. This percent is a 10-point increase over a 3-year span
[14]. The Deloitte Center for Health Solutions conducted a
nationally representative survey in which approximately a third
of individuals indicated interest in receiving text messages for
nutrition, exercise, sleep, and stress management [15]. These
trends represent a changing societal landscape, and the health
care field is poised to address this identified need. A recent
interactive mobile solution for appointment reminders within
the Department of Veterans Affairs (VEText) has been used to
send SMS text message reminders to over 6 million veterans
[16,17]. Text messages can also provide links to resources and
reminders toward adopting healthier behaviors. Several
meta-analyses corroborate the effectiveness of SMS for
medication adherence [18-20]. An earlier study by the authors
[21] measured the impact of SMS text reminders on refill rates
of nonadherent and partially adherent Medicare patients with
chronic disease. They found that text reminders increased refill
rates by 14 percentage points compared with those who did not
receive these reminders.

Important to the success of any intervention is its
implementation, scalability, and sustainability [22]. Text
messaging presents an effective, affordable, and scalable tool
[21] that can use conversational AI to greatly impact health
outcomes. More specifically, conversational AI (or
conversational agents) can encourage health care consumers to
engage with systems that imitate human conversations using
text [23,24]. For example, a fully automated conversational AI
system has been used to promote weight loss among overweight
and obese diabetic patients [25]. As conversational agents can
learn over time, interventions with thousands of users can be
used to inform and improve the quality of the conversations,
often within days or weeks. However, there is limited research
currently available on the use of conversational AI within SMS
(and not app-based) messaging for refill adherence.

Social Determinants of Health
The World Health Organization has defined social determinants
of health (SDOH) as the conditions or circumstances in which
people are born, grow, live, work, and age [26]. The most
commonly identified SDOH in the United States are housing,
income, food, transportation, education, race/ethnicity, and
unemployment [27,28]. Despite notable improvements in overall
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health over the past few decades, inequalities of SDOH
contribute to persistent disparities in life expectancy and health
outcomes [29,30].

Social determinants have also been linked to nonadherence, and
a recent study using data from the National Health Interview
Survey found that half of the adults with diabetes perceived
financial stress, while one-fifth reported financial insecurity
and food insecurity [30]. Since SDOH are not always
recognized, they might be overlooked by a clinician in a medical
setting. In a study of patients with chronic disease, two-thirds
of those who reported not taking medications as prescribed due
to cost never shared this with their physician [30,31]. The
National Academy of Medicine has published a framework for
educating health care professionals on the importance of SDOH
[32], but there is still limited research studying the specific ways
in which SDOH pathways interact to impact adherence,
particularly in older populations.

Objectives
A pilot study examining Medicare Part D patients over a period
of 3 months supported the value of using SMS text message
refill reminders to increase medication refill rates [21]. This
study increases the sample size of those receiving SMS refill
reminders to 99,217 Medicare recipients, includes both English
and Spanish language text messages (the pilot used only English
messages), and expands the duration to a 2-year follow-up
period. This analysis focuses on a few different questions:

• First, were the results from the pilot study replicable with
a much larger population using an enhanced version of the
text messaging solution with improved conversational AI?

• Second, is there a relationship between SDOH and refill
request rates, how large is this association, and do SDOH
attenuate the association?

• Third, how do other variations in patient characteristics
(age, gender, ethnicity, and language) moderate and predict

likelihood of requesting a refill using a text message
solution?

Methods

Participants
The SMS refill reminder program began as a 3-month pilot in
December 2016 and was expanded to include multiple regions
within a large integrated health system. The analysis covers a
2-year period from December 2016 to February 2019. It includes
a population of 99,217 English- and Spanish-speaking patients
(median age 71 years) targeted for medication refill by Kaiser
Permanente, Southern California. The Kaiser Permanente,
Southern California, Institutional Review Board determined
that this program did not require review and was exempt.

All patients had Medicare Part D as their pharmacy benefits
and had one or more chronic conditions (diabetes, hypertension,
high cholesterol, and/or anticoagulation). Patients in this
program refilled one or more of the following 4 classes of drugs:
oral diabetes medications, blood pressure medications
(renin-angiotensin system antagonists), statins, and direct oral
anticoagulants (DOAC).

Targeted patients were shared by Kaiser Permanente, Southern
California, in a weekly file, and they had varying levels of
nonadherence. The total number of patients targeted for refill
ranged from 1000 to 9000 patients per month. Note that these
patients were not distinct each month because they could be on
the list several times in a year. Patient records included first
name, date of birth (DOB), gender, spoken language, address,
race/ethnicity, mobile phone number, opt-in status, and refill
drug(s). These fields, when available, were used for all analysis.

Tables 1 and 2 provide age and race/ethnicity breakdowns for
this group.

Table 1. Age of text messaging group.

Reminders, n (%)Patients, n (%)Age band (years)

20,883 (7.64)6344 (6.39)<60

13,806 (5.05)4502 (4.54)60-65

79,349 (29.03)29,600 (29.83)65-70

75,902 (27.77)27,201 (27.42)70-75

42,221 (15.44)15,039 (15.16)75-80

22,247 (8.14)7899 (7.96)80-85

14,385 (5.26)5458 (5.50)>85

4563 (1.67)3174 (3.20)Unspecified

273,356 (100)99,217 (100)Total
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Table 2. Race/ethnicity of text messaging group.

Reminders, n (%)Patients, n (%)Race/ethnicity

81,544 (29.83)30,683 (30.93)White

67,266 (24.60)21,841 (22.01)Hispanic/Latino

28,365 (10.38)9124 (9.20)Black/African American

23,870 (8.73)8705 (8.77)Asian

3812 (1.39)1372 (1.38)Other/mixed

68,499 (25.06)27,492 (28.71)Unspecified/unknown

273,356 (100)99,217 (100)Total

Procedure
The intervention used the mPulse Mobile platform to deliver
SMS text messages to patients. Patients in the text messaging
group received a refill reminder dialogue that consisted of a
series of messages written at a sixth-grade readability level.

Text message refill reminders were sent out on a weekly basis
to patients who were due for a refill. The first message was a
greeting, reminding patients that they were due for a refill. They
were then prompted to validate their DOB (to ensure the person
was the intended recipient of the reminder) by choosing from
one of five options. If the patient validated their DOB
successfully, they could then view their medication(s) due for
refill and the last filling pharmacy. Patients did not get a second
chance if they did not validate correctly. In those cases, a
member from the pharmacy staff would reach out to discuss
barriers to nonadherence and/or complete the refill by phone.
As part of the refill workflow, patients could select whether to
receive their medication by mail (this was added as an option

in May 2018) or to pick up their medication(s) at a Kaiser
Permanente outpatient pharmacy. They could also change their
default pickup pharmacy. Pharmacy staff who were located at
a central location were involved with managing the responses
that came back from the patients. These patient responses were
categorized as “Refill request,” “Barriers,” “Date of birth issue,”
“Free text response,” “Side effects,” “Change Pharmacy,” and
“Help.”

As in the pilot study [21], we used mPulse Mobile’s Engagement
Console to support the pharmacy staff. This Web-based user
interface allows users to quickly identify and prioritize
subgroups of patients (as described above) for quicker follow-up.

Figure 1 provides a view of the refill reminder message flow
and the various steps or options within this dialogue. The initial
step reminds the patients to refill the medication(s) and requests
that they respond with the structured options “1” to continue
or “2” to end. However, in some instances, patients respond
with unstructured responses such as “I’ve already refilled” or
“No thanks.”

Figure 1. Overview of message flow within refill dialogue.

A patient would receive a maximum of 3 messages if they did
not respond (initial reminder, 2-hour reminder, and 24-hour
reminder). The patient could opt out at any point during the
messaging flow, and no subsequent messages would be sent.

Conversational AI was developed and used within the solution
to also automatically process the following types of unstructured
responses and patient requests:
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• Patient wants to unsubscribe from texting program but does
not reply “STOP” or 7867 (patients with older phones could
use number keys to correspond to letters).

• Patient confirms intent to request a refill by using an
unexpected phrase.

• Patient is experiencing side effects and might require
medical attention.

• Patient wants to change pharmacy location where they wish
to pick up the refill.

• Patient does not want to refill and provides a reason for not
refilling.

• Patient requests help or wants additional information.
• Patient provides correct DOB instead of selecting a numeric

option.
• Patient wants to switch language (English to Spanish or

vice-versa).

For purposes of the qualitative analysis, each response was
strictly coded as structured or unstructured. A response was
considered structured if it exactly matched any of the following
strings: 0, 1, 2, 3, 4, 5, 6, 7867, and case insensitive versions of
AYUDA, HELP, MAIL, RESUB, STOP, and STOPALL). All
other responses were coded as unstructured.

Two coders classified each conversational AI rule using the
description within the solution (eg, DOB validation and change
order). There were a total of 75 conversational AI rules. These
individual rules were then combined into 13 broader “rule type”
categories: initial reply, refill process, change pharmacy, DOB
validation, barriers, payment, subscription, language change,
member information, acknowledgment, feedback, help, and did
not understand. All rules belonged to the 13 rule types, and any
ambiguity about rule type were resolved by discussion and
agreement between the two coders.

An internally developed SDOH index was used to understand
how unmet needs might impact patient refill behavior. When
patient address was available, an SDOH index was computed.
Multimedia Appendix 1 outlines the factors that were used to
compute the SDOH index and to create low, medium, and high
SDOH clusters.

A neural network multilayer perceptron (MLP) model was used
to perform predictive analysis on factors that might impact refill
requests.

Results

The results of the scaled intervention are summarized in 3 parts:
(1) a replication of the analysis performed in the pilot study;
(2) results of subgroup exploratory analysis, including the use
of an SDOH index and a predictive model; and (3) a qualitative
analysis of the use and value of conversational AI and
interactivity.

Part 1: Analysis of Scaled Program
A total of 273,356 SMS reminders were sent over a 2-year
period to 99,217 Medicare Part D patients who had opted in to
texting. In response, 17.40% (47,552/273,356) refills were
requested. Figure 2 shows the conversion funnel from reminder
to refill request.

DOB validation was a necessary step to view the refill
information, and this step resulted in a drop-off (DOB validation
failures or did not attempt) of 6.55% (6288/95,121). Of those
who requested a refill, 54.81% did so within 2 hours after
receiving the initial reminder (N=26,062/47,552). As displayed
in Figure 3, there are spikes in refill activity immediately after
the initial message (“0”), after the 2-hour reminder (“2”), and
the 24-hour reminder (“24”).

Figure 2. Conversion of refill reminder to refill request. DOB: date of birth.
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Figure 3. Refills requests by hour from initial reminder.

Part 2: Exploratory Subgroup Analysis
We present the following subgroup analysis using 4 variables:
SDOH, language, race/ethnicity, and age (gender did not have
a significant moderating effect on refill rates).

Social Determinants of Health Analysis
Patients were grouped into 10 evenly spaced SDOH bands from
0 to 100. Refill requests were very highly inversely correlated
with SDOH bands (r=−0.93), as shown in Figure 4.

To further understand the impact of SDOH on refill process,
we grouped the SDOH bands further into 3 SDOH clusters

(high, medium, and low) using k-means clustering as described
further in Multimedia Appendix 1.

As can be seen in Table 3 and Figure 5, the negative correlation
of refill request rates to SDOH index is driven primarily by the
initial response rates (ie, after receiving the “Welcome” message
in Figure 1, the patient confirms their intent to move forward
in the dialogue). The difference in average SDOH between those
who reply and do not reply was statistically significant
(t252,834=−55.07; P<.001), but there was no impact of SDOH
for refill requests after the patient engages with the initial text
message (t87,234=1.71; P=.09). In other words, once a patient is
willing to engage with the texting program, they request refills
at the same rate regardless of SDOH levels.

Figure 4. Refill rates versus social determinants of health bands.
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Table 3. Refill request rate for text message group by social determinants of health level.

Percent of responders who requested refill, n (%)Percent who responded, n (%)Refill dialogues, NSocial determinants of health

23,623 (49.27)47, 949 (38.54)124,423Low (0-52.8)

15,464 (50.28)30,755 (32.55)94,489Medium (52.8-86.1)

4357 (51.07)8532 (25.15)33,924High (86.1-100)

Figure 5. Social determinants of health impact on response rates and percentage of responders who request refill. SDOH: social determinants of health.

Spanish Versus English
Spanish-speaking patients had significantly lower refill request
rates (5149/48,156, 10.69%) compared with English-speaking

patients (42,389/225,060, 18.83%; X2
1, [n=273,216]=1829.2;

P<.001). As with SDOH impact, the initial response rates also
vary by spoken language, where Spanish-speaking patients
(8984/48,156, 18.66%) were far less likely to engage with text
messaging than English-speaking patients (86,105/225,060,

38.26%; X2
1, [n=225,060]=6716.9; P<.001).

Interestingly, a difference in refill request rates by language
after the patient engaged with the reminder shows that
Spanish-speaking patients request refills at a higher rate
compared with English-speaking patients once they engage

(5149/8984, 57.31% vs 42,386/86,105, 49.22%; X2
1

[n=95,089]=212.5; P<.001).

We used a pointwise biserial correlation (point biserial
correlation rpb=0.27; P<.001; N=252,696) to find that higher
SDOH values are correlated with Spanish language preference.
Spanish speakers (N=44,869) had a higher average SDOH of
71.78 as compared with English speakers’ (N=207,827) average
of 55.65 (t =151.39; P<.001).

Age
Younger patients were significantly more likely to reply and
request refills compared with older patients (t83,415=−43.30;
P<.001). The older age group (75 years and older) responded
at a rate of 29.84%, whereas patients younger than 45 years
responded at a rate of 47.81%. There were also significantly

different rates of refill requests by age band (X2
7

[n=268,793]=1460.3; P<.001), with younger patients requesting
refills at a higher rate, as shown in Table 4. We do see a spike
in refill requests in the 85+ years group, and this suggests that
caregivers or family members might be more actively assisting
patients in this age band.
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Table 4. Response and refill request rates by age.

Request rate, %Refills requested, nDate of birth valida-
tion, n

Responded, nRefill dialogues, NAge band (years)

25.2752778929938820,883<60

20.3428085061544413,80660-65

18.9215,01427,78729,62579,34965-70

16.4112,45823,94925,70775,90270-75

14.45610311,781127,73242,22175-80

13.6630395780625622,24780-85

16.3423514242453814,385>85

10.98501136414314563Unspecified

17.4047,55288,89395,121273,356Total

Does Race/Ethnicity Have an Influence on Engagement
and Refill Request Rates?
Patient race/ethnicity had a significant effect on initial response

rates (X2
4 [n=204,857]=5282.40; P<.001). Patients who

identified as white responded at the highest rate (34,134/81,544,

41.86%), whereas Hispanic/Latino patients had the lowest
response rate (16,700/67,266, 24.83%). Once someone did
respond, race/ethnicity did not influence whether they refilled

or not (X2
4 [n=68,329]=2.37; P=.07), as reflected in Table 5

and Figure 6.

Table 5. Response and refill request rates by race/ethnicity.

Request rate, %Refills requested, nDate of birth validation,
n

Responded, nRefill dialogues, NRace/ethnicity

13.8132966233669523,870Asian

12.95871115,43016,70067,266Hispanic/Latino

16.5046788751947628,365Black/African American

17.10652121613243812Other/mixed

20.3016,55732,18134,13481,544White

Figure 6. Impact of race/ethnicity on response rates and percentage of responders who request refill.

Predictive Model to Improve Refill Adherence
An in-depth analysis of the results revealed that the reply rate
was the most important variable that we could influence to drive
refill rates. After replying to the reminder, about half of the

patients continue the conversation to validate their DOB and
then request a refill of their medication(s), while the other half
drop off and do not engage further.
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As we were uncertain of the interaction of age, gender, SDOH,
language, and race/ethnicity and how they moderate reply rates,
we built a machine learning model using these factors as inputs
to predict those least likely to reply. We trained a supervised
model to predict reply likelihood based on known attributes.
The model consisted of a neural network multilayer perceptron
(MLP) with 24 input units, 10 hidden units, and a single output
unit (to represent reply likelihood). The training set consisted
of 70% of the available data, and model validation was done
with the remaining 30%. The input vector consisted of features
representing age, race/ethnicity, gender, SDOH, language, drug
class, etc. We selected the most discriminative features to avoid
overfitting and to reduce multicollinearity and redundancy in
the feature space, and we used one-hot encoding to ensure
uniform scale across features. Finally, we excluded rows with
incomplete values. Each data row represented an instance of a
unique series of events after a reminder was sent to a patient.
This meant that if a member had been contacted 3 times to refill
a drug and they only replied twice, the “reply” value would now
be 0.66. This solved the problem of contradictory data and also
converted the reply variable into a continuous variable
representing reply likelihood.

Optimizing the Model to Predict Those Least Likely to
Engage and Request Refill
To develop an approach to impact refill adherence, we wanted
to first maximize the prediction accuracy for patients who were
not likely to reply at all. We were less concerned about
prediction accuracy for patients who were likely to engage and
request refills. For the model to have value in an applied setting,
we wanted to capture as many patients who were not likely to
engage and might require additional support to request a refill.
Figure 7 contains a visual representation of the confusion matrix,
which highlights only those predictions that relate to nonreplying
members.

To address these dual objectives (accurately predicting those
who require outreach while maximizing the number of people
who require outreach), we found a cut-off of 37% predicted
likelihood of replying as a good threshold. This means that a
patient whose predicted likelihood is less than 37% should fall
into a category of requiring additional outreach. In summary,
we can identify over 66% of those requiring outreach (because
they will not reply) at a model accuracy of 78%.

Figure 7. Minimizing the number of false positives.

Part 3: Qualitative Analysis of the Usefulness of
Conversational Artificial Intelligence
Our solution incorporated conversational AI (CAI) and natural
language understanding (NLU) to provide a robust and
successful interactive experience that ensures that the patient
is able to request their refill as quickly and conveniently as
possible.

We performed a qualitative analysis of all patient responses to
evaluate whether the more complex capabilities of CAI and
NLU were necessary and helpful for a better patient experience.
As part of this analysis, we coded 307,484 responses as either
structured or unstructured (as described in the Methods section).

Of the 307,484 responses that we received during the study
period, only 7.77% (n=23,886) were not understood by the CAI.
Table 6 provides a breakdown of structured and unstructured

responses as well as the steps in the refill reminder dialogue
where they typically occurred. All unstructured responses shown
in Table 6 were understood by the CAI engine, which triggered
the appropriate replies.

There were several instances when asked to provide structured
response (eg, text 1 to view the medication), a member replies
with additional information (eg, “1 – I only took this medication
for 1 day and it caused great muscle pain. In the meantime, my
cholesterol levels are now below 200”). Similarly, when asked
to validate DOB by choosing from 1 of the 3 options, members
will choose a number but also input the DOB as in “1 -
1950-05-30.” The system was largely successful in recognizing
responses and accurately categorizing them. In Table 7, we
present additional examples where the CAI was successful.

Textbox 1 includes a few sample responses that we failed to
understand but could have handled appropriately if the patient
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had responded when expected or provided more context. In
summary, our results indicate that despite the overall high
accuracy (over 92%) of handling patient responses by the CAI,

there are a number of instances (almost 8%) that were not
handled at all, and in these cases, the patient was informed that
the system was unable to understand their message.

Table 6. Counts of the type of responses that were handled by the conversational artificial intelligence (CAI).

Total, n (%)Unstructured responsesStructured responsesRole of CAI

284,598 (92.23)11,234272,364Supported by CAI

23,886 (7.77)20,8853001CAI could not handle

307,484 (100)32,119 (10.45)275,365 (89.55)Total

Table 7. Examples of unstructured patient messages when the conversational artificial intelligence successfully understood the message.

Response categorySample patient responses

Side effect barrier“1-I only took this medication for 1 day and it caused great muscle pain. In the meantime my cholesterol levels are now
below 200”

Side effect barrier“1/2 tablet twice or thrice weekly. Changed on 6/25/18 due to recurring muscle pain and Dr XXXX concurred”

Side effect barrier“Both kinds of pain. I can’t walk very far if i take too many so I’ve cut it to 1/4th and then when it geta to bad i stop it
for a few days.”

Side effect barrier“Caused pain on calvrs so bad i could not walk”

Side effect barrier“Doctor took me off medication because of too much muscle pain”

Side effect barrier“I cant take a Statin It gives me terrible muscle pain and I cant sleep !!!! No.”

Side effect barrier“I have reported to my previous primary and his medical assistant...that the dosage prescribed gave me leg cramps and
pain...I agreed to take half a pi”

Cost barrier“Do not have the money right now to fill it will refill it a when I have the funds”

Cost barrier“Don’t have money right now”

Cost barrier“Don’t have the extra money till the first.”

Cost barrier“Don’t have the money yet to refill but plan on refilling soon”

Cost barrier“Filling px on the military base at no cost”

“1”“1 (one)”

“1”“1 (sent with Invisible Ink)”

“1”“1 proceed to refill”

“1”“1 refill”

“1”“1-”
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Textbox 1. Sample of unstructured patient messages when the conversational AI responded to patients that it did not understand their message.

Sample patient responses

“0 - This has already been ordered last weekend!”

“2 cuando lo recojo?”

“2 my body can’t tolerate this drug”

“A refill is not needed until the end of march.”

“Already ordered online”

“Cancel rx change”

“Doctor has lowered dosage from prescribed amount. Doctor needs to update prescription.”

“I am in San Diego now”

“I am out of the country”

“I need talk to Sam body”

“I want to talk to my doctor first.”

“Random”

“Still have full bottle of 60. Will order later.”

“What medication??”

Discussion

Principal Findings
We found that the refill request rates reported in the pilot study
with English speakers [21] could be replicated at scale. The
results in this study confirm and replicate the pilot results and
reveal that, even after significant expansion of the population
(scaled to over 7 times the initial group size and with the
addition of Spanish speakers), the solution was effective in
moving patients through the text dialogue to quickly complete
a refill request. Pilot refill request rates of 18.1% were closely
mirrored (17.40%), or even higher when limited to requests by
English speakers (18.83%). Expanding the capabilities to include
Spanish speakers was an important feature that is not commonly
available in other texting solutions.

On the basis of the results in the previous section, we found that
patients are not equally likely to request a refill. The findings
suggest that good refill adherence is linked to language,
race/ethnicity, age, and SDOH and that English speakers, white
patients, those younger than 75 years, and those with lower
SDOH barriers have significantly higher odds of requesting a
refill via SMS. We studied these associations and developed a
tool and approach that can be used for future outreach to narrow
identified gaps based on demographic and socioeconomic factors
and to increase overall refill adherence.

Finally, we wanted to evaluate the impact of the conversational
AI engine, which is not typically found in other health care
texting solutions. The results indicate that patients needed
conversational AI as they traversed the refill reminder dialogue,
and as health care consumers become more comfortable and
familiar with artificial intelligence–based agents and chatbots,
this expectation will only increase.

To our knowledge, no other published study (other than the
study by Brar Prayaga et al [21]) has reported a refill adherence

solution with results at scale [20]. The closest comparable
solution with a large volume of patients is the VEText system
for appointment reminders offered by the Department of
Veterans Affairs, and we look forward to an in-depth study of
that solution.

Understanding Who Engages and Requests a
Medication Refill
As our results indicate, we have identified several associations
between factors that impact a patient’s likelihood to reply to
the reminder and continue on to request a refill via SMS text
messaging. These include language, SDOH, age, and
race/ethnicity. For example, Spanish speakers were much less
likely to engage with the reminder at all and, therefore, requested
refills at a significantly lower rate of 10.69%, compared with
English speakers at 18.83%. Note that for purposes of this text
message solution, we messaged all patients in English (including
those with a preferred language of Tagalog, Mandarin, etc in
their health record) unless they had a preferred language of
Spanish. Patients who identified as Hispanic/Latino had the
lowest refill request rates of 12.95%, followed by Asian
(13.81%), black (16.50%), and white (20.30%). Interestingly,
neighborhood-based SDOH levels were highly correlated with
patient language (English/Spanish), and patients with high
SDOH barriers had significantly lower refill request rates of
12.84%, compared with medium SDOH (16.37%) and low
SDOH levels (18.99%), as shown in Figure 5. Finally, younger
patients were significantly more likely to reply and request
refills compared with older patients. We believe these
associations and effects should be addressed and have developed
a predictive tool to help improve overall refill adherence rates
for Medicare D patients.

Using a Predictive Model to Assign Resources
A key goal is to increase the initial reply rate, and we were most
interested in uncovering the population (roughly two-thirds)
who were unlikely to engage at all. We found that the predictive
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model is able to accurately (>78%) pinpoint a high percentage
(>66%) of patients who will not engage with an SMS text
reminder to request a refill. This can be used as a valuable tool
by a health provider or pharmacy to proactively communicate
with populations who are least likely to complete a refill request.
While current outreach methods to encourage adherence, such
as phone calls by pharmacy staff or automated interactive voice
response calls, are typically more costly and time consuming
[21,33], a targeted approach using the predictive model could
optimize limited staff resources.

Addressing Barriers to Improve Refill Adherence
Another recommendation is to reduce the initial barriers or
unwillingness to engage with the program. For example, lack
of familiarity with texting or mistrust of the channel, especially
among older patients, could be addressed with more tailored
versions of the initial reminder that alleviate possible unease
with using SMS text messaging to complete a refill transaction.

Similarly, health plans and providers could provide supplemental
resources (such as an informational video to explain the process
for requesting a refill via text message and to address any
specific concerns of Spanish speakers), and the text dialogue
could link to these resources. It might also be beneficial to add
multilanguage support to expand beyond English and Spanish.
In addition, as cost can be a barrier to refill for patients,
especially for those with high SDOH levels, the text message
dialogue could remind patients that, for instance, mail order
refills are incentivized (eg, “did you know that if you order by
mail you can get a 3-month supply of medication for the cost
of a 2-month supply?”).

We also found that for a large percentage of refill reminders
(15.75%, n=14,005), patients start the refill process (ie, view
medication and validate their DOB) and then share a barrier or
other concern that causes them to drop out of the process. There
were an additional 10,192 instances where patients shared a
reason for not refilling in other parts of the conversational flow.
These barriers include a wide range of topics such as cost, side
effects, already refilled, still have sufficient medication, do not
want to refill, and taking differently than prescribed. We are
sharing this response data with Kaiser Permanente, Southern
California, and they are continuing to find ways to address these
issues and follow-up with patients as required.

The Role of Conversational Artificial Intelligence
Conversational AI was helpful in moving patients through the
refill dialogue using mostly structured inputs almost 90% of
the time. Although complex conversational AI was not essential
for driving outcomes (validating DOB, completing refill, etc),
it played an important role in keeping the conversation going
when patients engaged using unprompted or unstructured
messages (“Caused pain on calvrs so bad I could not walk
[sic]”). In this example, it is recognizing the patient’s expressed
concern as a side effect, thereby allowing the member to respond
as they see fit to continue the conversation instead of being
constrained by a rigid structure. This model of primarily relying
on prompted responses and also understanding those cases where
users want to go outside a closed response set allows the user
to control the flow of the conversation in keeping with Grice’s

Maxim of Manner [34]. Press releases relating to the recent
launch of VEText [16] suggest a significant impact on
appointment no-show rates at scale (there is no peer-reviewed
study on the solution currently available, but the press release
reported a no-show reduction from 13.7% to 11.7%, N not
reported). The system requires users to only use prompted and
structured alphanumeric responses, such as R2 and K3 [17].
While the details of the VEText solution are unclear, support
for unstructured responses (estimating 10% based on our results)
using conversational AI would likely improve user experience
as well as overall outcomes. We believe this hybrid approach
of supporting dual modes of interaction will support a fluid and
frictionless conversation to enable task completion and allows
a more empathetic exchange with the health care partner.
Finally, while our accuracy rate of conversational AI was over
92%, we continue to explore ways to improve the system. A
review of the literature using conversational AI reveals that the
focus area is limited in scale and tends to be restricted to apps
[24] and not SMS.

It is unclear why there is limited adoption of conversational AI
within SMS text messaging as this is a channel with potential
to reach all segments of the population. This study is unique in
analyzing a text messaging and conversational AI solution at
scale that allows elderly populations to easily and conveniently
request their medication refills.

Limitations
The findings of this study have to be seen in light of some
limitations. The study was not a randomized controlled trial,
and there is the possibility of selection bias. Due to regulations
within the wireless communication industry and the Telephone
Consumer Protection Act, we must have prior consent before
messaging patients, and this constraint applies to any automated
text messaging solution. As a result, the study targeted only
those patients who had already opted into digital engagement.
As the messaging program requires that patients have a mobile
number with a texting plan, patients with only landline numbers
were excluded. The nontext group received phone call outreach
as part of the standard of care. However, we have already
demonstrated the value and incremental benefit of SMS text
reminders as compared with phone reminders [21], and this was
not a focus of the study.

Using bivariate analyses can inflate the type 1 error, and this is
a limitation. At the same time, we attempted to address this
issue by using a neural network predictive model, which is a
form of multivariate regression and can reduce the impact of
multicollinearity. In addition, we did not address the impact of
multiple reminders over time—that is, does a patient who
requests a refill after receiving a reminder, and later becomes
nonadherent again, continue this positive behavior upon
receiving a future reminder?

Finally, the solution described in this study is a commercial
system offered by mPulse Mobile with a licensing fee. We are
unable to share financial benefits of using the system, such as
operational efficiencies, health savings, and reimbursement
revenue from improved adherence, as this information is
proprietary and confidential. At the same time, we cannot
disclose solution costs (such as messaging costs, license fees,
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and implementation costs). However, the overall financial gains
from using the refill reminder solution were greater than system
costs.

Conclusions
Overall, this study indicates that there are sharp differences in
likelihood to reply to a refill reminder and complete a refill
request via SMS based on demographic and socioeconomic
factors. We found a strong association between refill request
rates and patient language, age, race/ethnicity, and SDOH levels,
and these differences may contribute to health disparities and

impact health outcomes in Medicare patients. Using a predictive
and innovative model to target patients least likely to engage
with the SMS solution and crafting a tailored mobile
communication and conversational AI strategy could reduce
these inequalities and improve refill adherence. We will continue
to refine our solution and optimize our predictive model to
validate our results and hope to be able to address disparities
and drive even stronger outcomes. Finally, we believe that, to
ensure the success of a text messaging solution and yield similar
results, message tone and content, ease of use, level of tailoring,
and quality of conversational AI are important considerations.
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Abstract

Background: Parents play an important role in the lives of adolescents, and supporting and addressing the needs of families
continue to be the focus of many researchers and policy makers. Mobile health interventions have great potential for supporting
parents at a population level because of their broad reach and convenience. However, limited evidence exists for such interventions
for parents of adolescents. This study reports on the formative work conducted with parents and/or primary caregivers to identify
their needs and preferences for the development of MyTeen—an SMS text messaging program on promoting parental competence
and mental health literacy for parents of adolescents (aged 10-15 years).

Objective: The aim of this qualitative study was to explore parents and/or primary caregivers’ perspectives around youth
well-being, parenting, and parenting support and their input on the development of MyTeen SMS text messaging parenting
intervention.

Methods: A total of 5 focus groups (n=45) were conducted with parents or primary caregivers of adolescents aged 10 to 15
years between October and December 2017 in New Zealand. A semistructured interview guideline and prompts were used. Data
were audiotaped, transcribed, and analyzed using inductive thematic analysis.

Results: Participants were concerned about youth mental health (ie, stigma and increasing demand on adolescents), and a number
of parenting challenges (ie, social expectations, time, impact of technology, changes in family communication pattern, and
recognizing and talking about mental health issues) were noted. Importantly, participants reported the lack of services and support
available for families, and many were not aware of services for parents themselves. A number of recommendations were given
on the style, content, and frequency of developing the text messaging program.

Conclusions: Findings from this qualitative work informed the development of MyTeen, an SMS text messaging program
designed to increase parental competence and improve mental health literacy for parents of adolescents.

(JMIR Mhealth Uhealth 2019;7(11):e15664)   doi:10.2196/15664
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Introduction

Depressive disorder is a major health issue among adolescents
[1]. In New Zealand, prevalence rates are around 4% to 8% at
15 years, increasing to 17% to 18% by 18 years [2]. The serious
developmental consequences of adolescent depression and

associated treatment challenges once problems have developed
underscore the need for programs aimed at prevention [3].
Parents play a significant role in shaping processes associated
with adolescent well-being [4,5]. Relatedly, parenting programs
aimed at strengthening parenting skills and increasing
knowledge on adolescent development have led to positive
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effects on parent-adolescent relationships, parent well-being,
and adolescent well-being [6,7].

There have been increasing calls to adopt a public health
approach to parenting support [8,9]. The aim of the approach
is to enhance parenting practices, competence, and adjustment
for all parents and thus produce multiple beneficial health and
developmental outcomes for young people at the population
level [9,10]. However, poor participation by parents stands as
the greatest barrier to widespread effective implementation of
such programs [9,11]. This implies that a large segment of the
population is failing to receive the benefits of such programs
[8]. Many parents of adolescents are left without the support
and information on the normative changes and parenting issues
of adolescence that they need. Studies conducted with a diverse
population suggest that all parents report a desire to learn about
parenthood and that many families would welcome additional
support on the task of parenting [12-15].

Mobile health (mHealth) interventions have great potential for
supporting parents at a population level because of their broad
reach and convenience [16]. mHealth offers a wide range of
potential benefits over traditional approaches such as programs
that can be delivered anywhere at any time; programs are more
proactive (initiated by the service) than traditional services;
they are flexible and can be personalized and tailored to specific
cultural, age group, and health needs; reach is increased because
the barriers of face-to-face contact (such as time, cost, and
travel) are removed; and disparities in access across the
socioeconomic status gradient are decreased because of the high
penetration of mobile phones across these groups [13].
Specifically, mobile-based messaging programs may be
particularly useful because of their simplicity and minimal
burden for participants. Evidence suggest that SMS text
messaging programs are effective in promoting parenting
behavior change for parents of young children (eg, decreasing
the likelihood of abuse and neglect, increasing childhood
vaccinations, and encouraging healthy pregnancies) [17-21].
The interventions were well received by parents of various
population, including those that are socially deprived [18,21].

Although there is evidence for SMS text messaging programs
for parents with young children, its application among
adolescent parent populations are unknown. There is
considerable potential in New Zealand to supplement and
enhance existing services for families by leveraging mHealth
technologies in delivering programs for parents. A total of 92%
of New Zealand households have access to a mobile phone with
no differences in internet access or mobile phone ownership by
ethnicity or education and few differences by age below 65
years. As such, we developed a program of text messages
adapted from the Parenting Strategies Program, a set of
evidence-based parenting guidelines developed through (1) a
systematic review and meta-analysis of parental factors
associated with adolescent depression and/or anxiety and (2) a
Delphi study of international expert consensus about actionable
strategies parents can use to reduce their child’s risk of
depression and anxiety. The guideline is Web-based and freely
available [22]. Of the 13 domains, 9 (helping your child to deal
with problems, helping your child to deal with anxiety,
minimizing conflict with your child, encouraging supportive

relationships, encouraging good health habits, supporting your
child’s autonomy, avoiding criticizing your child, establishing
family rules and consequences, and improving your relationship
with your child) were used to guide the development of the text
messages. These domains were chosen as it has been found to
be particularly useful for parents of adolescents. Key information
from each domain were edited to a maximum of 160 characters
(maximum length of text). Moreover, 1 or 2 sample text
messages were derived from each domain.

We report on formative research conducted with parents of
teenagers (aged 10-15 years) to seek their perspectives around
parenting adolescents and parenting support. Specifically, we
were interested in parents’ views of their needs in supporting
their adolescent’s well-being, the extent to which they were
aware of support and services available to them, and their input
for the development of a mobile-based SMS text messaging
parenting intervention.

Methods

Overview
This study is part of a wider project that aims to develop and
evaluate the effectiveness of MyTeen, an SMS text messaging
intervention program that promotes parental competence and
mental health literacy for parents of adolescents. The protocol
of the randomized controlled trial is published elsewhere [23].
To inform the development of the SMS text messaging program,
5 focus groups (n=45) were conducted from October to
December 2017.

Recruitment
Efforts (ie, recruitment via youth rugby sports club, cultural
organizations, word of mouth via personal networks, and
individuals were also encouraged to forward information about
the intervention to others who might be interested) were made
to recruit a diverse sample, including Mãori (indigenous people
of New Zealand) and Pacific parents, who are considered as
hard to reach. To maximize recruitment effort, 1 of the research
assistant who identified as Mãori actively engaged with ethnic
minorities via her own network and promoted the visibility of
the study within the Mãori community. Promotion materials
directed interested participants to contact a member of the
project team to find out more about participation. Eligibility for
the study was ascertained at that time. Individuals were eligible
to participate if they were a parent/primary caregiver of a
teenager aged 10 to 15 years, able to speak English, and able
to attend a focus group. Eligible participants then received
information about the study, and those who agreed to participate
were offered a time and place to join a focus group.

Ethics Approval
Ethics approval was obtained from the University of Auckland
Human Participant Ethics Committee (UAHPEC, Ref 019659).
Participation was voluntary. Written consent was collected, and
a questionnaire on sociodemographic characteristics was
completed before the start of the focus group.
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Data Collection
Each focus group lasted between 60 and 90 min and was
conducted by 2 trained moderators experienced in conducting
focus groups. Group size ranged from 3 to 15 participants.
Sessions were audio-recorded with the consent of the
participants. At the beginning of each focus group, participants
were given information on the overall aim of the study including
the development and trialing of the SMS text messaging
program. A topic guide and prompts were developed based on
a standardized questioning technique to cover a range of key
issues related to the research questions. A total of 5 questions
were asked: what are your perceptions about mental health and
well-being among youth?, what are your perceptions on
parenting teens?, how accessible is mental health support at
school or in the local community?, what resources or support
would you like to see for youth and families in your
community?, and what are your thoughts around an SMS-based
mobile intervention for supporting parents?. In addition, a list
of sample text messages from the SMS text messaging program
was shown to parents to comment and provide feedback. The
focus groups were conducted with flexibility to allow
unanticipated themes to emerge. Refreshments were provided,
and each participant received a NZD $50 voucher in appreciation
of his or her time and transportation cost.

Data Analysis
Transcripts were imported into NVivo (Version 11.0; QSR
International) to allow for electronic coding and retrieval of
data. The data were analyzed using thematic analysis [24]. This
method was deemed appropriate for summarizing the data and
identifying patterns in the data to provide an interpretation. The
6 steps outlined by Braun and Clarke [24] were followed. The
first author and an experienced research assistant familiarized
themselves with the data by thoroughly reading, rereading, and
annotating the material with preliminary ideas. Initial themes
were generated based on inferences from the data. The data
were then categorized into these themes. Subthemes were
developed to more clearly capture the data.

As a mean of assessing credibility of the coded themes and to
minimize bias, 2 researchers performed the coding analyses. A
small number of differences were found and were resolved
through discussion. A third researcher reviewed the transcripts
to further ensure that the themes identified reflected the data.
Field notes were also constantly referred to as supplementary
materials. Peer debriefing was also used and involved ongoing
discussion between researchers during the course of focus
groups. Finally, informal member checking occurred during
data collection when the moderator reflected back on her
understanding of participant responses and sought feedback
regarding whether this understanding was accurate.

Results

Participants
Of the 45 participants, 27 were mothers, 7 were fathers, 3 were
grandparents, and 8 identified as others (siblings and relatives).
Over half (24/45, 53%) of the participants were identified as
married, 29 (13/45) as single, and 18% (8/45) as divorced.

Participants were mostly Mãori (3/45, 62%), 16% (7/45) were
European, 13% were Pacific (6/45), and 9% (4/45) identified
as others. Majority (32/45, 71%) of the participants reported
completing at least high school education. Several themes
emerged from the focus groups and are reported below.

Themes

Concerns Around Youth Mental Health
Participants were concerned about the high rates of youth
depression and suicide in New Zealand. Sadly, many of our
participants knew of a young person (directly or indirectly) that
had either experienced depression, self-harm, or suicide:

When you have a look at the subject (suicide) itself,
talk about mental health, there wouldn’t be anyone
that hasn’t been touched. It’s just something that, you
know, the stats back it up. It’s terrible.

Stigma Around Youth Mental Health
The stigma attached to youth mental health was a prominent
theme. Participants discussed the terminology itself as
problematic and come with a negative connotation:

When you look at the way kids use the word mental,
you know, it’s someone that’s done something really
stupid, you’re mental, you’re deranged or whatever.
It’s got a stigmatism that comes with it.

Participants also reported having experienced stigma associated
with asking for help as it was seen as a sign of weakness or an
indication that their family was not coping. Participants
acknowledged that for a very long time, people did not talk
openly about mental health issues and for a number of reasons
such as concerns over being judged or treated differently, burden
to the family, and denial:

I think the biggest problem is that people are afraid
to admit it.

Increasing Demands on Adolescents
Participants felt that many of today’s young people are
experiencing high levels of stress, stemming from high
expectations for academic achievements, jobs, social media,
and peer pressure:

Just seems to me the kids are under a lot of stress, a
lot of pressure, social media stuff, bullying, social
media bullying. Peer pressure.

I think there’s a lot of pressures these days, more for
academic success than in our days. The pressure to
have a job and stuff as well. I mean its money, it’s
everything. The society today is just one big pressure
for them all.

Increasing Challenges for Parents
Parents expressed that at times they are overwhelmed by the
expectations and social pressure to be a “good parent” and raise
competent adolescents. Time and juggling multiple demands
throughout the day were frequently mentioned as a parenting
challenge:
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I think society’s expectations on what your child
should be and what it shouldn’t be and that’s really
hard to juggle and challenge.

Most parents I think are guilty of this, is making sure
that I actually allocate proper quality time but work
and life takes over and you get so caught up in
everything else.

Technology contributed to the challenges parents experienced,
which were not present in previous generations. For example,
parents spoke about cyberbullying, problematic screen use, and
adolescent access to internet content. Parents noted that these
issues all had an impact on adolescent well-being:

Social media has a huge impact (on their wellbeing).

They can just Google any word. It will bring up porn,
it will bring up conspiracy theories, it will bring up
anything and it just impacts their view straight away.

Changes in Family Communication Pattern
All participants agreed that family communication pattern has
changed significantly. Participants felt that the increased use of
technology devices created a communication barrier within the
family. The quality of communication has also changed, with
adolescents using text or social media instead of face-to-face
conversations with parents:

I find it frustrating that they, they just can’t
communicate anymore, like they can’t speak to a
person. It’s all done with phones or messages, no one
seems to be able to pick up a phone or confront
somebody directly.

I had my granddaughter around home with her
friends, and they are all sitting there, head down. And
then suddenly they’ll all laugh at the same time. What
was the point of you all being in here?

Challenge With Recognizing and Talking About Mental
Health
A number of our participants noted that they did not know how
to best respond to and assist their adolescents if they were
experiencing problems. For some, the challenge was recognizing
the symptoms:

The thing for me is I know a few people that have
committed suicide, and the people that have been in
contact with them that day, or even the week leading
up to it, they seem to be the happiest they’ve been in
a long time. They often set a date that they’re going
to do it, and they’re happy because they’re going to
be out of whatever misery. If the signs were obvious
then you will be able to tackle it, but it’s not.

Participants felt that it was difficult to talk with their adolescents
on mental health issues and expressed their fears about what
and how much to say. Others felt uncertain or incompetent about
what information to give and where to direct their teens for
support:

That’s what I said to my wife, coz we said we need to
talk about this, and the first thing I said was does she
even know what suicide is, or what that means when

a person does that? But we had to, you know, and
that was my fear, are we giving them information of
an option, which was a fear.

Participants also noted that their adolescents did not want to
talk to them about mental health issues:

Even once you notice that something is up with your
child, the challenge then is to open that channel of
communication with them. You do get that (from
them), “No, I am alright, there’s nothing wrong, I am
okay.”

They’ll tell you there’s nothing wrong with them, and
yet what I’ve found, my moko (grandchild) committed
suicide the other day. She was 10, these are things
that we should know about.

Lack of Mental Health Support From Schools
When asked about the level of support in schools and in their
community, many of our participants were dissatisfied. In
particular, concerns were expressed about the quality of
school-based counseling services. All participants agreed that
the resources at schools were insufficient, including the
student-counselor ratio, lack of cultural sensitivity, poor
parent-teacher communication, and the barriers associated with
accessing school-based services. In New Zealand, school deciles
are a measure of the socioeconomic position of a school’s
student community relative to other schools throughout the
country. Lower decile rating indicates higher proportion of
students from low socioeconomic communities:

My school are decile one and two so we get nothing.

My son, his school’s a decile nine and there’s not
even a social worker or anything there.

One parent spoke about her experience and disappointment with
the school:

She was going downhill in all of her mahi (work) and
all of that. And the teacher gave me a leaving form,
he didn’t offer any kind of support. This was the dean,
so no, (school services) not the greatest.

Another parent described the concerns around confidentiality
and the stigma associated with one’s reputation when seen
walking into a counselor’s office at school:

I couldn’t take my daughter to the school because if
they got called up to the counsellor at the school she
uses a particular coloured piece of paper. So all the
kids would know where you’re going, like they can
tell by whatever slip they’re given. So there was no
way she would speak to a counsellor through the
school.

Lack of Mental Health Services for Adolescents
Apart from schools, parents were only able to name 1 or 2
services that they knew of for supporting youth. These included
Child Youth Services, WINZ, and Youthline. A few participants
who knew about it from personal experience were concerned
that these services were only directed to those already in crisis
and stressed the frustration in having to wait too long before a
professional contact could be established. Only 2 of our
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participants knew about other supportive services (eg, Te Kawa
te Rangatahi); these participants knew about this as they worked
in social services:

I had a problem with my teenagers and what I did
was I went to organisation after organisation until I
got help from them. I just kept going and going until
I got help.

When it comes to this age group, the teenager, there’s
not many (services). There’s mental services but they
are too young to get into a lot of the services. There’s
Youthline, but yeah. So Dr Google, GP, and schools.

Lack of Services for Parents
Even less was known about services available to parents.
Participants were unable to identify any formal parenting support
services beyond their family doctor, Plunket, and Well Child
Tamariki Ora, with the latter 2 being Ministry of Health services
provided to New Zealand families and are directed at parents
of young children (aged 0-5 years). Parents indicated that they
do not know where to access information, ask questions, or seek
advice or formal support when needed. Parents often turned to
family, friends, and the internet for advice:

I’ll be honest, I wouldn’t know where to go if my kid
had any issues. And I think a lot of it is just left up to
us (as parents) these days, because the systems just
aren’t there for us.

Recommendation for Youth and Parent Services
Overall, participants expressed a need for more accessible
services for both adolescent and parents:

Get the information out there, just flood with
information about feelings and emotions and the
normality of them.

Education, we need to know more about everything,
like you know teen emotions, mental health.

Participants noted that it was important for adolescents
themselves to recognize the mental health issue and seek support
when needed:

How are we to support them when they don’t even
understand themselves what mental health is and what
support? It’s really them that should be creating their
own supports in schools and communities. But then
again, there’s a lot of schools that wouldn’t allow it
(suicide) to be talked about. So how are we supposed
to educate our tamariki (children) if the schools can’t
even educate them properly on mental health, and
what that means.

Participants suggested several support services for adolescents.
This ranged from technology-based programs (eg, apps, SMS
text messaging, and Web-based) designed specifically for
adolescents to incorporating mental health education within
schools, increasing school counseling resources (eg, full-time
dedicated trained staff that are culturally sensitive and after
school drop in), and public mental health promotion campaigns.
Nonetheless, many acknowledged the challenges with their
suggestions (eg, lack of funding and resources):

Our (suicide) rate being very high, they should try
and have better counselling/support services at all
schools. Going to secondary school, there’s not much
help. I think there should be a compulsory thing
happening at secondary schools, because that’s when
most of our teens are taking their lives.

The Education Board’s not going to pay too much for
more social workers in the schools. It comes down to
money in the end.

Parents also spoke about support that they wanted as parents.
This includes easily accessible information; parenting programs
that were brief and not time consuming, or that they can do at
their own pace; and parenting apps.

Text Messaging Parenting Program
Following discussion on accessing and increasing support,
participants were reminded about the wider project to develop
and evaluate the SMS text messaging program that promotes
parental competence and mental health literacy for parents of
adolescents. Participants were given sample text messages to
review, and their input on the style, content, and frequency of
the intervention were sought. Overall, parents were enthusiastic
about receiving parenting information via text messages.
Participants noted that it was a valid approach to engagement,
as mobile phone usage is widespread among older generations
(eg, grandparents). They also thought that the text messages
could be shared with other family members and serve as a
catalyst to engage in conversations.

All participants agreed that the intervention would be best
delivered in English, and other languages were optional.
Participants were aware that the program was proposed to be
brief and preventative; hence, personally tailored messages did
not matter for many of our participants. They were also aware
of the wording limit (160 characters) in text messages, and many
of the preferred to receive simple, jargon-free, nonjudgemental,
and direct information. A majority of participants mentioned
that the text messages should be fun to read, including the use
of emoji and images:

Keep it simple with the words. Don’t make them too
long, coz then you switch off.

Use emoji, sometimes it’s easier to just send a heart,
than to actually type I love you.

Provision of practical parenting tips and strategies, knowledge
about adolescent development, symptoms of mental health
problems, and where to access information were viewed as
important content to include in the program. This was consistent
across focus groups:

Where to find information, where to get help.

Brain development and stuff, if it’s normal, the
behaviour that they’re doing because of their brain
development.

Parents also wanted messages on self-care and acknowledgment
of their parenting effort. One parent communicated the
importance of positivity. This sentiment was echoed across
focus groups, with participants frequently mentioning the need
for encouraging messaging. Participants provided sample

JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 11 |e15664 | p.239http://mhealth.jmir.org/2019/11/e15664/
(page number not for citation purposes)

Chu et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

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


wordings such as “you’re not alone,” “you are doing a good job
as a parent,” and “just breathe.” Many parents wanted the
program to emphasize that they were not alone and support is
available when needed:

Sometimes you just need to see a little ray of sunshine.

Supportive little notes for parents.

A small number of parents mentioned the importance of
including spirituality and cultural relevance in the text messages:

Reminding us the connection with the land, with our
forest, or with our sea. Brings you so much peace.

There was no general consensus about how often the text
messages should be delivered and for how long. Some
participants preferred a daily text message, whereas others
thought 2 to 3 messages per week was sufficient. Similarly,
some participants thought the text messages should be ongoing
beyond the intended 1 month; others felt that the duration was
sufficient or that it depended on the individual receiving the
program.

Discussion

Principal Findings
In this study, we examined parents’ perspectives on youth
well-being, parenting, and parenting support and their input on
the development of MyTeen text messaging parenting program.
There are several findings from our focus groups that are
particularly noteworthy.

The need to support parents of adolescents was apparent. Many
of the challenges (eg, social pressure to be a “good parent,” lack
of time, the impact of technology, and parent-adolescent
communication) reported are universal and consistent with other
studies [25-27]. New technology, in particular, pushes
boundaries of parenting and creates new challenges for today’s
parents [28,29]. For example, the internet creates informational
freedom and changes the nature of social interactions among
individuals [30]. Several studies have reported negative
association between internet use and the quality of
parent-adolescent relationships. Although outside the scope of
our study, more research is needed to examine parenting with
respect to adolescents’ use of technology and its impact on
family dynamics. For example, a child’s greater familiarity and
proficiency with technology could undermine parental authority
and potentially adversely affect parenting and parent-child
relationships [31].

It was evident that many of our participants lacked competence
on initiating discussion about mental health with their child.
Parents are one of the most influential sources by which
adolescents learn to label, identify, and interpret emotions.
Parents also act as an important change agent in assisting young

people to access help when needed [32]. Equipping parents with
knowledge and tools to help them foster emotional competence
and identify mental health problems in young people, raising
awareness and understanding of the professional help that is
available, is particularly salient in preventing and mitigating
adolescent mental health problems. Increasing parents’
self-efficacy can further play a role in buffering their adolescents
from mental health problems [33-35].

There is a lack of available services for parents and adolescents.
Barriers related to not knowing where or how to seek help was
particularly salient, suggesting the need for strategies to raise
awareness of available services. Majority of services to support
youth mental health focus on the adolescent themselves, with
scant knowledge of, or attention to, the unique role and needs
of their parents [36]. Parenting interventions can promote
parents’ self-efficacy and mental well-being and improve
knowledge and skills to support their adolescent well-being [6].

Parents had many suggestions for services directed at teenagers,
including technology-based programs (eg, apps, SMS text
messaging, and Web-based), mental health education within
schools, school counseling resources, and public mental health
promotion campaigns. Importantly, the idea of an SMS text
messaging program to support them as parents was well
received. Time was constantly stated as a barrier to accessing
parenting support; hence, text messages that are proactive
(initiated by the service) and do not require attendance by the
participant were appealing for our participants. Although SMS
text messaging may not be considered a “novel” mobile phone
app it remains the most widely used [37]. Parents offered
suggestions for the SMS text messaging program including the
message tone, content and length, as well as the frequency of
text messages delivery. As noted previously, parents perceived
challenges with adolescent use of technology; however,
technology has become an integral part of everyday life,
including the parents themselves. Much more research is needed
to understand how we can balance the benefits and negative
impact of technology in families.

On the basis of the qualitative findings, we refined the sample
text messages derived from the Parenting Strategies Program
and developed additional text messages based on parents’needs
around self-care and providing resources for help seeking when
needed. Some of the domains (eg, helping child to deal with
anxiety, avoid criticizing your child, and establish family rules)
were omitted as (1) it appeared to be of lesser importance to
parents than other domains and (2) the intervention was short
in duration; hence, not all domains can be included. Positive
tone, emoji, and jargon-free wordings were all taken into
consideration when designing our program. Sample text
messages from MyTeen are shown in Table 1.

JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 11 |e15664 | p.240http://mhealth.jmir.org/2019/11/e15664/
(page number not for citation purposes)

Chu et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

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


Table 1. Sample text messages from MyTeen.

Sample text messageDomains

Show your teen love and affection, talk with them and have fun with them! By doing so you’re making a
huge contribution to their emotional wellbeing.

Establish and maintain a good relation-
ship with your teenager

Spend quality time together. Don’t get caught up in to-do lists & screens. Have a meal, take a walk, play a
game, or make a list of things to do together.

Be involved and support increasing
autonomy

Minimise conflict in the home and remember you are the role model for your teen! Stay calm & encourage
them to find solutions to problems/conflict.

Minimize conflict in the home

Sleep is really important for your teen! Encourage them to switch off/reduce the time they spend on their
phone or devices a few hours before bedtime.

Encourage good health habits

Depression = feelings of sadness & irritability lasting longer than 2 weeks, affect daily life and stop people
from taking part in things they used to enjoy.

Knowledge and risk of depression

If u need some help or support, don’t hesitate to ask. Local GP, Parent Helpline: 0800 568 856, Family Ser-
vices: 0800 211 211, http://www.commonground.org.nz

Encourage professional help seeking
when needed

Take care of yourself!!! Take a break, and get support for yourself too. If your own needs are met, its easier
to be patient, consistent & available to your teen.

Parental self-care

Limitations
There are limitations in our study. The overall number of
participants was small and not intended to be representative of
the wider parent population. Nonetheless, we were successful
in recruiting a high proportion of hard-to-reach parents (ie,
Mãori and Pacific parents). Moreover, many ideas and themes
were repeated as the focus groups progressed, indicating that
saturation might have been reached.

The decision for developing an SMS text messaging program
(rather than an app/Web-based program) was made before
conducting the focus group and thus may have influenced the
discussion on parenting support. Nonetheless, our participants
considered text messages as feasible and were keen to try the
program when available.

Conclusions
Despite the limitations, our study reinstates the need for
accessible and family-friendly parenting outreach and services.

Wider access to advice and information is now feasible by
utilizing technology such as mobile phone and Web-based
platforms [16]. The widespread use of mobile phone suggests
that parenting programs can incorporate mHealth technology
with minimal economic burden. Although a brief SMS text
messaging program may not meet the need of families requiring
more intensive intervention or replace face-to-face therapy, it
may offer support for prevention and early identification of
emerging issues to many more parents who otherwise would
have had none. Findings from this qualitative work informed
the development of MyTeen, an SMS text messaging program
designed to increase parental competence and improve mental
health literacy for parents of adolescents [23]. Future studies
may wish to examine the perspectives of adolescents themselves
and how family can be better supported. The effectiveness of
this program has been evaluated in a randomized controlled
trial, and the main results will be reported elsewhere.
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Abstract

Background: Fruit and vegetable consumption is important for health, but many individuals fail to consume adequate amounts
for health benefits. Although many individuals are aware of current fruit and vegetable consumption recommendations, research
suggests that adherence to these is hampered by low knowledge of the details of these recommendations.

Objective: This paper reports the development and details of a pilot randomized controlled test of a novel interactive mobile
phone app for addressing low knowledge of the UK 5-a-day fruit and vegetable recommendations.

Methods: Requirements for the app were first defined by researchers and potential end users and prioritized using the MoSCoW
(Must have, Should have, Could have, Won’t have) method. Second, a prototype mobile phone app was developed using an agile
approach. Third, the prototype app was tested in a randomized controlled pilot trial for impacts on knowledge and intake of fruit
and vegetables. Volunteers were randomized to either receive (n=50) or not receive the app (n=44) for 2 or 4 weeks, and fruit
and vegetable knowledge, intake, and behavior were assessed at the beginning of the study and after 1 and 2 weeks or after 2 and
4 weeks, respectively. App usage and qualitative feedback were also investigated. All findings then informed the development
of a final app.

Results: Low knowledge of consumption recommendations centered around portion sizes and the need for variety, and an
interactive mobile phone app was considered a suitable tool for improving this knowledge in a practical manner that would be
available both at time of consumption and outside of these times. The pilot test revealed improved behavior after 2 weeks compared
with baseline in volunteers who received the app, but improvements in knowledge on fruit and vegetable recommendations were
found in both groups, and no improvements in fruit and vegetable intakes were found in formal measures. Patterns of app usage
and qualitative feedback also suggested a number of modifications. The resultant final app incorporates several behavior change
techniques (goal-setting, self-monitoring, and personalized feedback) as well as aiming to improve knowledge.

Conclusions: A novel interactive mobile phone app was successfully developed based on requirements, and when tested in a
pilot randomized controlled trial, this app was found to have some impacts on fruit and vegetable outcomes. Although benefits
from the app were small, impacts will likely increase as a result of recent modifications. The final SMART 5-A-DAY app is
available in the Google Play Store and now needs testing in the target population.

Trial Registration: ClinicalTrials.gov NCT02779491; https://www.clinicaltrials.gov/ct2/show/NCT02779491

(JMIR Mhealth Uhealth 2019;7(11):e14380)   doi:10.2196/14380
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Introduction

Background
A high consumption of fruit(s) and vegetable(s) (FV) is
associated with reduced risk of a number of global health
concerns [1-10]. Resulting from these health benefits, the World
Health Organization currently recommends consumption of at
least 400 g FV per day [3-6], and governments around the world
have operationalized these recommendations as recommended
consumption of a number of portions of FV per day. Campaigns
promoting these FV recommendations are easily available, but
despite the campaigns, population FV intakes in Europe, the
United States, and across the world remain low [11-14].

Populations do seem largely aware of FV consumption
recommendations [15-21], and awareness of the
recommendations has been associated with improved FV
consumption [15,16,18,22,23]. Difficulties are reported,
however, with the details of the recommendations. Consumers
report confusion and poor knowledge around the foods that can
be included as FV [24,25]; the amount of FV required in portion
sizes [24-28], or contributing to portion sizes when portion sizes
may be small, for example, for small fruits or in composite
dishes [25]; the number of portions needed per day [28]; the
need for a variety of FV [24,25]; and the benefits of a high FV
consumption [26,27]. Furthermore, recent work of ours reported
not only low knowledge of the details of the recommendations,
but also a direct association between low knowledge of these
details and low FV consumption [15]. These findings suggest
that FV consumption would benefit from increasing knowledge
of the details of FV recommendations.

Nutrition-related knowledge has previously been related to FV
consumption [29-31] and is traditionally increased through
educational campaigns and classes [1,31-33]. Educational
campaigns, however, can be limited in scope, and classes can
be limited in reach [32,33]. Furthermore, educational campaigns
typically demonstrate success for improving very limited
knowledge, whereas educational classes can achieve increases
in knowledge and can be particularly valuable for teaching
practical knowledge and for encouraging engagement,
knowledge retention, and future use, but these are impractical
for population-wide change [32,33].

This study sought to increase knowledge of the details of the
UK FV recommendations both in a practical sense by providing
details of the FV recommendations at the time of consumption
to aid appropriate FV intakes, and by providing these details in
an engaging, useful, and personally relevant manner, such that
individuals would remember and benefit from those details also
at a later time point [31-33]. To fulfill this aim, a mobile phone
app was developed. Mobile phone apps can provide information
to consumers at the time of food purchase and consumption, as
well as outside of these times, and can offer an interactive
platform encouraging practical use, personal relevance, and
practical benefit to encourage information retention and future
use. Of specific relevance to this study, an app was initially
considered suitable for developing knowledge on FV
recommendations because an app could allow users to input FV
and receive immediate feedback on inclusion or not in the FV

recommendations; allow users to input any amount of FV,
regardless of contribution to an official portion, and receive
immediate feedback on portion sizes; store and add inputted
FV to provide a running total; relate this total to
recommendations; incorporate the need for variety as part of
the portion size and running total function; provide all
information quickly, with minimal effort for the user; utilize
attractive and colorful visual displays; and an app could be
mobile and so could address concerns at the time of purchase
and at the time of consumption, as well as outside of these times.
The potential value of mobile phone apps is also aided by rapidly
growing numbers of mobile phone users with penetration rates
of 68.4% in North America and 64.7% in Western Europe and
estimations of use by over a third of the world’s population
[34].

Mobile phone apps for encouraging healthy eating are widely
available, and some also focus specifically on encouraging FV
intakes [35-40]. Although these existing FV apps largely focus
on encouraging intakes and changing behavior [35-40], the
focus of our study was to facilitate knowledge of FV
consumption recommendations, such that this would result in
increased adherence to recommendations and intakes. Previous
work demonstrates particular confusions with FV
recommendations and suggests that clarification of this
knowledge may encourage FV consumption. Our aim was
primarily to impart knowledge and facilitate retention and future
use of that knowledge, such that FV intakes would benefit both
at the time of app use and in the future without the need for
ongoing app use.

Objectives
This paper reports the development of a prototype app, the
results of a subsequent pilot trial to test the app for
improvements in FV recommendations knowledge and intake,
and suggested improvements. First, the requirements for the
app were defined from the literature and potential end users and
prioritized using the Must have, Should have, Could have, Won’t
have (MoSCoW) method [41]. Then, a prototype app was
designed and developed using an agile approach based on
Google’s Material Design Guidelines and best industrial practice
[42]. The prototype app was then tested in a randomized
controlled trial, where end users also provided qualitative
feedback, and finally, an amended version of the app was
developed. The app was developed specifically for a UK
audience; thus, current UK FV recommendations were used.
These recommendations specify the consumption of 5 80-g
portions of different FV per day—the 5-a-day FV
recommendations [43,44].

Methods

Stage 1: Defining and Prioritizing the App
Requirements

Defining the App Requirements
App requirements were defined based on previous published
research and engagement with potential end users. Previous
published work by us and others has investigated the confusion
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and concerns of individuals regarding FV recommendations
[15-20,23-28].

Further engagement with potential end users was also
undertaken at 4 public engagement workshops in Bournemouth,
United Kingdom, in July 2014 and July 2015. These workshops
were undertaken as part of Bournemouth University’s Festival
of Learning 2014 and 2015 and were entitled The 5-a-day fruit
and vegetable message and marketed for the general public.
The workshops detailed current FV recommendations for the
United Kingdom, asked consumers for their knowledge and
confusions, addressed these confusions, and provided advice
for increasing intakes. Finally, participants were asked for the
appropriateness of an app to help solve their confusions and
encourage intakes. A total of 4 workshops were held at a number
of different times in the day to allow attendance by a range of
different individuals. Each workshop was run by the project PI
(KMA) and either audio-recorded and transcribed or notes of
all suggestions were taken at the time by an additional
researcher. Each workshop followed the same format. All
transcriptions and notes were subsequently analyzed using
thematic analysis.

Prioritizing the App Requirements
Suggested requirements for the app from both the literature and
the public engagement workshops were then discussed and
prioritized by the principal researchers (KMA and NJ) using
MoSCoW principles. The MoSCoW method [41] is a technique
used in software development to prioritize the importance of
the delivery of all identified requirements. Requirements are
categorized as must have, should have, could have, and won’t
have, based on importance, and then prioritized during the
development process in this order. Requirements identified as
must have are considered central to project success; those
identified as should have are considered important, but not
necessary; those identified as could have are considered
desirable but not necessary; and those identified as won’t have
are considered least important [41]. Consideration was also
given to the UK FV recommendations. For example, the UK
recommendations stipulate that 5 different FV must be
consumed per day; thus, additional consumption of eaten FV
would not contribute to the 5-a-day total, and that fruit
juices/smoothies can contribute to total FV consumption but
can only count as 1 portion regardless of variety and quantity
consumed [43,44].

Stage 2: Designing and Developing the App
A prototype app was developed to include all requirements
identified as must have and should have and avoid requirements
identified as won’t have. The app was developed for Android
(Google) mobile phones following Google’s Material Design
Guidelines and industrial best practices, with reference to the
adapted technology acceptance model (TAM) [45-47]. The
adapted TAM proposes that technology usage is positively
predicted by perceived usefulness (“the degree to which a person
believes that using a particular system would enhance his or
her performance”) [45], perceived ease of use (“the degree to
which a person believes that using a particular system would
be free of effort”) [45], perceived enjoyment (“the extent to
which the activity of using the [technology] is perceived to be

enjoyable in its own right, apart from any performance
consequences that may be anticipated”) [46], and perceived
visual attractiveness (the degree to which a person believes that
the [technology] is aesthetically pleasing to the eye) [47].

Stage 3: Testing of the Prototype App
Evaluation of the app was undertaken using a randomized
controlled pilot trial, where volunteers were randomized to
receive or not receive the app for either 2 or 4 weeks, and FV
knowledge, FV intakes, and FV behavior were assessed and
compared at baseline and after either 1 and 2 weeks, or after 2
and 4 weeks.

Volunteers
Volunteers to test the app were recruited from the staff and
students of Bournemouth University, United Kingdom, from
November 2015 to March 2016, June 2016 to August 2016, and
from November 2016 to March 2017. We aimed to recruit 100
volunteers in total—50 to test the app and 50 to act as controls.
No earlier research was available to allow power calculations;
thus, 50 volunteers were considered sufficient to gain feedback
and assess potential impacts of the app, while ensuring the work
would remain ethical should few impacts be found. Adult
volunteers (aged 18 years and over) were required to own an
Android mobile phone (as the app was only developed for
Android platforms), and there were no other inclusion/exclusion
criteria to maximize the generalizability of the study. Volunteers
were recruited for a study to test a novel mobile phone app for
encouraging healthy behaviors. Volunteers were thus aware at
the study start, that they may or may not receive an app to test,
but they were informed that the app may target one of a number
of health behaviors, such as healthy eating, stress reduction, or
exercising.

Intervention/Control
Volunteers were randomized to receive the app (intervention)
or not receive the app (control). Randomization was undertaken
on study entry by drawing lots (participants selected 1 of 2
colored dice from a bag), and recruitment stopped once 50
individuals had been randomized to test the app. All volunteers
who received the app were asked to download the app onto their
phones, to register with the app to set up a user profile, and to
use the app as often as they wished for either a 2-week or a
4-week period. Duration of the test period for 2 or 4 weeks was
undertaken to estimate effects following very short- and
longer-term use. Various evidence suggests that apps can have
limited effects on behavior because an initial high use typically
fades [38,39]. Initial download and access to the app were
undertaken in the presence of the researcher where possible to
ensure correct download. No additional information on the FV
recommendations or on FV intakes was provided as part of the
study to either group. The only difference between the
intervention and control group was the receipt of the app
(intervention group) or not (control group). The app was tested
for 2 weeks from November 2015 to March 2016 and from
November 2016 to March 2017, and for 4 weeks from June
2016 to August 2016.
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Outcomes
Awareness of the 5-a-day FV recommendations, FV knowledge,
FV intakes, and FV behavior were assessed as outcomes.
Awareness of the recommendations, FV knowledge, and
self-reported FV intakes were assessed using a questionnaire
previously developed by us [15]. The questionnaire consists of
2 questions on awareness of the 5-a-day message, 4 questions
on knowledge of the details of the message (which foods are
included, portion sizes, the need for variety, and reasons for
consumption), and 2 questions on FV intake. Self-reported FV
intake was also assessed using a validated Food Frequency
Questionnaire (FFQ)—the Leeds Food and Nutrition Survey
[48]. FV behavior was assessed using a behavioral measure of
complementary drink choice. Demographic and lifestyle
characteristics that have previously been associated with FV
consumption and dietary knowledge [11,15-17,21,28] were also
assessed as potential confounders. All volunteers (intervention
and control) completed all outcome assessments in the same
manner. To maximize the data collected in the study period,
data were collected from those in the 2-week study at baseline,
week 1, and week 2, and from those in the 4-week study at
baseline, week 2, and week 4. The 2 self-report questionnaires
used [15,48] are discussed briefly further and provided in
Multimedia Appendix 1.

Awareness of the Recommendations
Awareness of the recommendations were assessed using 2
open-response questions: Are you aware of the 5-a-day fruit
and vegetable message? and What do you think it means?

Fruit and Vegetable Knowledge
FV knowledge was assessed using 4 structured closed-response
questions on (1) the FV that are included in the UK
recommendations; (2) the portion sizes that are required for the
recommendations; (3) the variety of FV that is required for the
UK recommendations; and (4) the reasons for FV consumption.
These questions include (1) a number of foods; (2) a number
of different portions of FV; (3) a number of combinations of
FV to be consumed in a day; and (4) a number of different health
conditions, respectively, and respondents were asked to report
(1) inclusion in the recommendations or not; (2) contribution
to the recommendations based on portion sizes; (3) number of
FV portions consumed in the day; and (4) the impact of FV on
each health condition, respectively. For all questions, a correct
response, based on current recommendations from the UK
Government [44] is scored +1, an incorrect response is scored
−1, and don’t know/not sure is scored 0.

Self-Reported Fruit and Vegetable Intake
FV intake was assessed using 1 single open-response question,
1 structured open-response question, and a validated FFQ [48].
The open-response question asked for estimated number of
portions of FV consumed per day, to provide a measure of
Estimated FV. The structured open-response question requested
household amounts (eg, tablespoons) of all FV consumed at
various time points (before breakfast, breakfast, morning, lunch,
afternoon, evening meal, and evening) on a typical weekday
and on a typical weekend day. This questionnaire was used to
calculate portions of FV consumed per day, to provide a measure

of calculated FV. The validated FFQ [48] requests frequency
of consumption for 65 different foods using the response format
2 or more times a day, every day, 3 to 5 times a week, 1 to 2
times a week, 1 to 3 times a month, and rarely/never, which are
subsequently scored 2, 1, 0.5, 0.21, 0.07, and 0, respectively,
to provide a measure of frequency of consumption per day. The
questionnaire was validated in adults at the time of development.
A total of 10 questions on FV are provided, and responses to
these 10 questions were then converted to consumption per day
and summed, to give a measure of FFQ FV.

Fruit and Vegetable Behavior
FV intake was also assessed using a behavioral measure.
Volunteers were offered a drink while completing all
questionnaires and given the choice of tea, coffee, water, or
fruit smoothie. The UK 5-a-day recommendations include fruit
juice and fruit smoothies as FV [43,44]; thus, selections of the
fruit smoothie were considered an FV choice, whereas all other
drinks were considered a non-FV choice. No drink was also a
permitted option.

Demographic and Lifestyle Characteristics
Demographic and lifestyle characteristics also assessed were
gender, age, marital status, living status, number of years of
education, smoking habits, alcoholic drinking habits, dietary
supplement taking habits, and height and weight (to calculate
body mass index).

App Feedback
Number of uses were requested from volunteers who received
the app and downloaded from the app itself. Volunteers who
received the app were also asked to give feedback on their
experiences and offer suggestions for the app. This feedback
was requested as part of the study debrief. Participants were
free to offer as many or as few comments as they wished in a
written or verbal form.

Additional Measures
To encourage a perception that the study was investigating the
impacts of a number of apps for a variety of health behaviors,
some additional measures, for example, questions on physical
activity and stress, were also undertaken. These data were not
analyzed.

Procedure
Volunteers undertook all outcome assessments at the Eating
Behaviours Laboratory, Bournemouth University, United
Kingdom. On each assessment occasion, volunteers completed
all questionnaires using a Web-based platform (Qualtrics), were
offered a drink, and had every opportunity to ask questions.
One researcher randomized all volunteers and dealt with all
queries, whereas another researcher oversaw all outcome
assessments; thus, this researcher was blind to treatment
(intervention/control).

The study was given ethical approval by the Research Ethics
Committee of Bournemouth University before commencement
and was registered as a clinical trial on ClinicalTrials.gov
(NCT02779491). Methods were undertaken as detailed in the
trial registration with the exception that a behavioral measure
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of FV intake was added to the study before commencement,
and a measure of FV attitudes was cut. The original study
proposal included a measure of attitudes toward FV, but these
were decided against before the study start to reduce demand
characteristics given the extensive FV knowledge questionnaire.
All participants provided written informed consent before
starting the study.

Analysis
Quantitative data were analyzed on an intention-to-treat basis,
where missing data were completed using multiple imputation
[49], based on gender, age, study period, and baseline measures.
Demographic and lifestyle variables and all measures at baseline
were first described and compared using 2-tailed t tests, on the
basis of study duration and intervention/control grouping. To
investigate impacts of the app with time, all FV knowledge and
intake outcomes were analyzed using analysis of variance
(ANOVA) for differences between baseline and week 2, and
baseline and week 4. A covariate of study duration was also
added to the ANOVA for the 2-week data, to accommodate
differences between those studied for 2 weeks and those studied
for 4 weeks. Thus, effects at week 2 were investigated using a
2 (intervention/control) × 2 (baseline/week 2) mixed analysis
of covariance, and effects at week 4 were investigated using a
2 (intervention/control) × 2 (baseline/week 4) mixed ANOVA.
Our behavioral measure of FV intake—choice of fruit drink or
nonfruit drink was analyzed using chi-square tests. All data are
reported as means and standard deviations. Significance was
set at P<.05. Qualitative comments were analyzed using
thematic analysis.

Stage 4: Development of the Final App
Finally, the results and feedback from the users of the pilot
randomized controlled trial were used to suggest amendments
to create a final version of the app.

Results

Stage 1: Defining and Prioritizing the App
Requirements

App Requirements
Previous published work reveals confusion around the foods
that are included in the recommendations; the amount of FV
required for a portion, particularly where large items, small
items, and composite dishes do not always contribute complete
portions; the number of portions needed per day; and the need
for a variety of FV [15-20,23-28].

The 4 workshops were attended by 32 members of the
population of Bournemouth. We did not measure any
demographic variables, but individuals were noticeably of both
genders, aged from 18 years to old age, and based on their
questions or self-disclosures were students, mothers of young
children, working professionals, and retired individuals.

These participants voiced similar confusions to those found in
the literature and suggested that an app would potentially be
appropriate to aid with these concerns. A total of 5 key themes
emerged from analysis of the workshop discussions.

1. Useful for Portion Sizes

Participants expressed particular difficulties over the differing
portion sizes required for differing FV, and valued an idea that
amount consumed could be entered into an app using household
measures, for example, spoonfuls, and converted into portion
sizes for them:

Oh yeah, that would be cool, so I can type in like 10
grapes, and it tells me, yeah, that’s one portion...or
that’s only half a portion, or whatever...yeah, that
would be handy.

If it could tell me my stew gives me two portions, when
I have loads of veggies in it, just all in pieces,...then
that would be handy.

2. Useful Monitor

The app was considered likely to be useful for keeping track of
FV consumption, particularly for small amounts of FV, for
example, in composite dishes:

I like the idea that I might be getting 5 a day already
but I just don’t know it...but to have a little machine
to keep track of it in the day for me, and then I can
check at the end, that would be helpful.

3. Useful Target

The calculator function was also considered useful for telling
users how close they were to a daily target:

If you could have some sort of bar to tell you how
close you were to the 5 a day, that would be
useful...you know, a man who gradually fills up, or
something similar.

4. Useful to Have It Mobile

Potential users also liked the idea that the app would be with
them whenever they needed it; thus, they could use it in the
evening to recap at the end of a day, but they could use it also,
at point of purchase or point of consumption:

So you could use it in the shop or in the canteen and
just try, you know, if I had the salad I would have 3
half portions, but if I have the hot meal and two veg
[vegetable portions] instead of the chips, that would
be two portions—that would be better. I would never
think like that normally.

5. Possible Negative Monitor

A few reservations were also expressed around the feedback
that users may receive following their use of the app and the
possibility that this may be negative:

I think it’s a neat idea, but I wouldn’t want anything
telling me I was bad, or not eating well enough...I
wouldn’t use it in that case—it needs to be nice to
me!

Requirement Priorities
The priorities for the app based on MoSCoW principles are
presented in Table 1.
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Table 1. Must have, Should have, Could have, Won’t have (MoSCoW) requirements for the app.

RequirementSerial number

Must have

Allow users to input FVa consumed at any time and using household amounts, for example, number of items and number of
spoonfuls.

1

Provide users with a list of all FV for selection, as opposed to requiring manual input.2

Categorize FV (eg, fruits, vegetables, and salad items) to avoid overly long lists of FV items for inputting.3

Allow users to input part items/units, where only part items have been consumed, for example, in composite dishes.4

Provide immediate feedback on inclusion or not of the FV in the UK 5-a-day recommendations.5

Calculate contribution to a portion for the UK 5-a-day recommendations based on amount consumed.6

Allow fractions of portions in these calculations, but do not allow multiple portions of the same FV in any one day.7

Provide immediate feedback on contribution of the portion to the UK 5-a-day recommendations.8

Sum contributions of portions to provide a running daily FV total.9

Relate this running daily total to the recommendations of 5 FV per day.10

Provide immediate feedback on the daily FV consumption per day.11

Require users to set up an account to allow FV to be tracked on a personal basis.12

Ensure users data are retained on their own device, to ensure data protection and privacy.13

Should have

Provide FV items using colored picture icons as well as FV names.14

Display total daily FV consumed in a graphical manner allowing representation also of the target, for example, using a filled bar.15

Provide constructive feedback to highlight if the amount consumed is insufficient to amount to a whole portion, for example, an
additional spoonful of xxx would provide a full portion.

16

Could have

Store daily running totals over time to allow users to view their history.17

Provide a signal when the 5-a-day target was met, for example, applause sound.18

Provide a reward when the 5-a-day target was met, for example, a token to be traded for material gain.19

Won’t have

Provide instructive advice based on user inputs, for example, you need to eat more of xxx.20

Require users to input additional information, for example, time and place.21

Allow users to amend FV consumption in the past22

aFV: fruit(s) and vegetable(s).

Stage 2: Designing and Developing the App
The app was developed using an agile approach as described
by Google’s Material Design Guidelines and industrial best
practices [42]. A user journey map was first created to visualize
the timeline of interactions with the potential app from the
landing page. Wireframes of each app screen were then produced
using Balsamiq. These wireframes focused on app screen layout
and content structure and were organized to reflect the user
journey map. These wireframes were then mapped to mock-ups
showing the actual visual designs for each screen. An interactive
prototype was created using InVision, and from this, an Android
app was developed using native Android Studio. Primary

researchers (KMA and NJ) were consulted at each step for
feedback.

The prototype app consisted of a series of screens allowing
consumers to input and view their daily FV intake in comparison
with the UK 5-a-day recommendations. All requirements
identified as must have and should have were included with the
exception that picture icons were not provided for some FV
items (Table 1, requirement 14). Icons were not easily available
for all FV items, and although desirable, icons for all FV items
were considered not necessary at the prototype stage. Names
were provided for all FV. All won’t have requirements were
also avoided. Details of the app, per screen, are given in Table
2. Screenshots of screens 4, 5, 6, and 7 are given in Figures 1-6.
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Table 2. Details of the prototype app.

Requirements addressedSupported user actionsDetailFeature

—aSwipe to continueThe app name and app logo1. Welcome

12,13Provide a username to allow
data to be tracked

Request to login or register for an account2. Registration

11,15Options to add (more) FVTotal FVb inputted in the current day3. Daily summary

1-3Select relevant FV categoryLists of FV, categorized as fruit, vegetables, salad, and drink4. Input categories

1,2,4,5,14Select relevant FV itemIndividual FV items per category, displayed by name and icon (where
available)

5. Input item

1,4Select amountArrows to select amount consumed, provided as items or spoons, as
most commonly used

6. Input amount

6-11,15,16Options to add (more) FVAmount consumed provided in portions based on recommendations.
Details of amount required for a full portion if <1 portion. Total FV
inputted for the current day updated and displayed. Motivational or
congratulatory message also displayed.

7. Updated summary

aNo specified requirement addressed.
bFV: fruit(s) and vegetable(s).

Figure 1. Screenshots of the app: fruit and vegetable categories.
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Figure 2. Screenshots of the app: fruit icons.

Figure 3. Screenshots of the app: vegetable icons.
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Figure 4. Screenshots of the app: fruit and vegetable selection.

Figure 5. Screenshots of the app: Summary screen – low consumption.
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Figure 6. Screenshots of the app: Summary screen – high consumption.

Stage 3: Initial Testing of the Prototype App

Volunteers
A total of 94 volunteers took part in the randomized controlled
trial—50 who received and tested the app, and 44 who acted as
controls. Of these, 32 volunteers received the app for 2 weeks,
27 volunteers acted as controls; 18 volunteers received the app
for 4 weeks, 17 volunteers acted as controls. Demographic and
lifestyle characteristics of all participants are given in Table 3.
Volunteers who were studied for 2 weeks were more likely to
be younger (t92=2.52; P=.02) and less educated (t92=4.08;
P<.001), than those who were studied for 4 weeks,
predominantly because volunteers were studied for a 2-week
period when most of the volunteers were undergraduate students,

and for 4 weeks when most of the volunteers were postgraduate
students or university staff. No differences were found between
the intervention and control groups in any demographic and
lifestyle variable (largest t57=1.57; P=.12).

Adherence to the study was good. A total of 88 of 94 (94%)
volunteers took part in all 3 test sessions, 1 volunteer undertook
the first 2 sessions but failed to undertake the final session
(control volunteer for 4 weeks), 3 volunteers undertook the first
session but failed to undertake the second 2 sessions (1 volunteer
received the app for 4 weeks, 1 volunteer was a control volunteer
for 4 weeks, and 1 volunteer was a control volunteer for 2
weeks), and 2 volunteers undertook the first and third sessions
but missed the second session (both volunteers received the app
for 2 weeks). Reasons for dropout were not recorded.
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Table 3. Demographic and lifestyle characteristics.

4-week study2-week studyCharacteristics

Control (n=17)App (n=18)Control (n=27)App (n=32)

Gender, n (%)

5 (29)6 (33)10 (37)10 (31)Male

12 (71)12 (67)17 (63)22 (69)Female

25.9 (7.9)25.9 (7.9)21.4 (5.3)22.3 (7.7)Age (years), mean (SD)

Marital status, n (%)

2 (12)1 (6)0 (0)0 (0)Married

15 (88)17 (94)27 (100)32 (100)Not married

Living, n (%)

2 (12)2 (11)3 (11)2 (6)Alone

15 (88)16 (89)24 (89)30 (94)With others

16.9 (2.8)16.9 (2.8)15.0 (1.5)14.9 (1.7)Education (years), mean (SD)

Smoking status, n (%)

13 (18)16 (89)21 (78)27 (85)Nonsmoker

2 (12)2 (11)3 (11)2 (6)Light (0-2/day)

1 (6)0 (0)2 (7)3 (9)Moderate (2-10/day)

1 (6)0 (0)1 (4)0 (0)Heavy (10-20/day)

Use of supplements, n (%)

8 (47)5 (28)14 (52)18 (56)Never

7 (41)11 (61)11 (41)7 (22)Occasionally

2 (12)2 (11)2 (7)7 (22)Regularly

Alcohol consumption, n (%)

3 (18)6 (33)2 (7)4 (13)Never

9 (53)7 (39)19 (70)20 (62)Light

4 (23)4 (22)9 (33)7 (22)Moderate

1 (6)1 (6)0 (0)1 (3)Heavy

25.1 (4.3)25.0 (4.4)24.0 (5.5)21.6 (8.4)Body mass index (kg/m2), mean (SD)

Activity, n (%)

0 (0)0 (0)1 (4)1 (3)None

2 (12)0 (0)6 (22)3 (9)Standing all day

2 (12)3 (17)3 (11)4 (13)Light

6 (35)4 (22)7 (26)10 (31)Moderate

6 (35)10 (55)7 (26)12 (38)Heavy

1 (6)1 (6)3 (11)2 (6)Very heavy

Fruit and Vegetable Outcomes
Details of all FV outcomes are given in Table 4. Analyses of
FV outcomes at baseline again revealed significant differences
between volunteers studied for 2 weeks and those studied for
4 weeks in estimated FV consumption (t92=3.46; P<.001) and

FFQ FV intakes (t92=2.49; P=.02). Volunteers studied for 4
weeks estimated and reported higher FV intakes. No differences
were found in FV knowledge (largest t92=1.63; P=.11). No
differences were found between the intervention and control
groups at baseline (largest t92=1.10; P=.28).
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Table 4. Mean (SD), fruit and vegetable knowledge scores, self-reported intake, and drink choice for all volunteers at baseline and at weeks 1, 2, and
4.

ControlAppOutcome Variable

4 weeks
(n=17)

2 weeks
(n=44)

1 week
(n=27)

Baseline
(n=44)

4 weeks
(n=18)

2 weeks
(n=50)

1 week
(n=32)

Baseline
(n=50)

FVa knowledge, mean score (SD)

21.6 (6.3)20.5 (8.3)18.1 (8.8)17.9 (7.1)19.3 (7.9)21.5 (8.1)22.9 (6.4)18.4 (6.8)Foods (scored −35 to +35)

−5.3 (7.4)−6.4 (7.5)−6.7 (5.7)−7.8 (5.7)−7.6 (9.5)−4.4 (7.8)−5.0 (8.0)−6.4 (6.2)Portion sizes (scored−27 to +27)

−0.8 (6.9)−1.1 (5.9)−1.4 (6.0)−2.6 (5.5)−3.3 (6.3)0.1 (6.4)−0.4 (5.6)−2.8 (5.7)Variety (scored −18 to +18)

1.4 (5.9)0.7 (5.2)−0.6 (5.3)−0.1 (6.5)1.2 (5.6)1.1 (4.8)0.8 (5.7)0.1 (5.7)Reasons (scored −25 to +25)

FV intake, mean (SD)

3.6 (2.2)3.3 (1.7)3.1 (1.5)3.2 (1.7)4.1 (1.2)3.4 (1.5)2.9 (1.4)3.3 (1.4)FV estimated (FV portions/day),

3.9 (1.6)3.8 (1.8)3.6 (2.2)3.7 (2.0)5.3 (1.6)4.1 (1.6)3.7 (1.5)4.1 (1.4)FV calculated (FV portions/day)

3.9 (2.9)2.9 (2.3)2.3 (1.3)3.3 (2.2)3.5 (1.9)3.2 (1.8)2.6 (1.1)3.5 (1.9)FV FFQb (daily FV intake [portions])

FV behavior, n (%)

5 (31)8 (16)d—11 (36)4 (25)23 (45)d—c13 (21)Drink choice—Fruit smoothie

2 (13)12 (23)d—15 (25)5 (31)8 (16)d—22 (18)Drink choice—Other drink

aFV: fruit(s) and vegetable(s).
bFFQ: Food Frequency Questionnaire.
cData not collected at this timepoint.
dSignificant differences between the app and control groups (χ2

1=6.0; P=.02).

Fruit and Vegetable Awareness
All volunteers with the exception of 2 volunteers in the 4-week
study (1 who received the app and 1 who was a control) were
aware of the 5-a-day FV recommendations at baseline, and at
sessions 2 and 3, all volunteers were aware of the
recommendations.

Fruit and Vegetable Knowledge
Significant increases by week 2 were found for the questions
on foods included in the recommendations (F1,91=5.11; P=.03)
and portion sizes (F1,91=5.69; P=.02), and by week 4 for all FV
knowledge questions (smallest F1,33=4.65; P=.04). No
differences were found between the intervention and control
groups with time (largest F1,33=1.03; P=.32).

Fruit and Vegetable Intake
No differences were found between the intervention and control
groups over time (largest F1,91=0.44; P=.51). Significant
differences based on study duration were retained in estimated
FV and FV intakes assessed by FFQ (smallest F1,91=7.83;
P=.01). Correlations among all 3 FV intake measures also
demonstrated comparability (smallest r=0.41; P<.001). No
effects of time were found (largest F1,91=1.73; P=.19).

Fruit and Vegetable Behavior
No significant differences between groups were found at

baseline (χ2
1=0.17; P=.68). By week 2, significantly more fruit

smoothies were chosen by those in the intervention group

compared with controls (χ2
1=5.96; P=.02), but no effects were

found at week 4 (χ2
1=1.17; P=.28).

App Usage
Self-reported usage of the app was high—most participants
reported using the app on most days or every other day.
Recorded use of the app also suggested almost daily usage or
usage every other day. Following initial access, volunteers in
the 2-week study used the app for a mean of 11.4 (SD 7.2) times,
ranging from 0 to 27 times, and volunteers in the 4-week study
used the app for a mean of 13.7 (SD 9.2) times, ranging from
2 to 34 times. App usage was greater in the earlier part of each
test period. On the majority of days on which it was used, the
app was used only once. In total, the app was used once a day
on 63.6% (232/365) days on which the app was used in the
2-week study and on 65.6% (162/247) days on which the app
was used in the 4-week study; twice a day on 31.8% (116/365)
days and 22.3% (55/247) days, respectively; 3 times a day on
3.8% (14/365 total) days and 9.7% (24/247) days, respectively;
4 times a day on 0.8% (3/365) days and 1.0% (3/247) days,
respectively; and 5 times a day on 1.0% (3/247) days on which
the app was used in the 4-week study.

App Feedback
Qualitative feedback on the app was positive—almost all
volunteers reported liking the app although many also reported
room for improvements. Suggested improvements included an
option to add FV for the previous day because these were
possibly simply forgotten; an option for changing the goal from
5 a day to more than this if individuals preferred to aim higher;
a need for missing FV to be added, or an option to give feedback
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that FV were missing so that these could be added; a daily
notification or option to add these to remind users to interact
with the app; and tips or suggestions for how to increase FV
consumption.

The majority of volunteers also reported that the app was useful.
Almost all volunteers reported that the app was useful for
keeping a record of their consumption and for making them
aware of limited consumption:

Made me conscious of what I was eating.

Good to have a record of how much of 5-a-day was
eaten and also to know when you’re short.

Volunteers also reported increased FV intakes through a wish
to engage with the app:

I think it made me want to eat more fruit and veg
because I had to write it down.

...and adhere more fully with recommendations:

I think it was useful in terms of realizing that I don’t
eat enough fruit and veg, as it has made me think
about it more.

I would eat more at dinner if I noticed I had not eaten
enough that day.

A limited number of volunteers also felt that the app was
unnecessary:

The app was useful, but I personally don’t need an
app to ensure that I get my 5 a day.

For some, it did not help them:

Did not help as I plan meals the week before.

Stage 4: Development of the Final App
On the basis of the outcomes and feedback from the pilot test,
a second version of the app is under development. Amendments
that have so far been completed are to include picture icons for
all FV items included in the app; to ensure more FV are included
on the app; to allow users to return to previous days to add
additional items where desired; and to allow users to change
the target FV to more than 5 if desired (the default setting is for
a target of 5 FV per day). A history option allows users to return
to a previous day to add additional items. An ability to return
to previous days was initially avoided in the prototype app to
discourage users from adding false information as a result of
faulty recollections. Considering that the app is primarily for
the benefit of the user and that false information can be added
to the app at any time, requests for access to previous days has
been granted and may be beneficial for some users. The option
to change the intake goal is presented to users at registration
and can be amended as desired as part of the user profile
settings. The additional screens for the final app are given in
Table 5; all screens for the prototype app also remain.

Table 5. Additional screens of the final app.

Requirement addressedSupported user actionsDetailFeature

—aSelect options or return to
Summary (feature 3)

Options for History to allow inputs for previous days; Reports
to provide an overview for the week; Refresh to request up-
dates; Settings to update goal targets and add notifications.

8. Personal preferences

Historical input permittedSelect date, input FVb as for
the current day

Calendar display9. History

——Overview of FV intake for the previous week/month (not yet
enabled)

10. Reports

—EnabledRefreshes and updates total11. Refresh

—Select options or return to
Summary (feature 3)

Options for Help to feedback to the developer; User to access
details of the user and amend intake goal; Notifications to set
alarms; Devices and App.

12. Settings

——Abilities to contact the development team (not yet enabled)13. Help

Goal amendment permittedOption to amend intake goalUser details and user setting displayed14. User

——Abilities to set up notifications (not yet enabled)15. Notifications

——Device details provided16. Devices

——App version details provided17. App

aNo specified user action or requirement addressed.
bFV: fruit(s) and vegetable(s).

Amendments that are still under development will allow users
to reduce or delete an FV item once this has been logged (this
is currently not possible); allow users access to an overview of
FV consumed over the previous week or month; allow users to
set up notifications; and allow users to give feedback directly
to the development team. Consumption totals for previous days
can currently be viewed individually, but a historical overview
may also be helpful. An interactive notification is intended to

demonstrate to users the further consumption required on any
one day to meet the recommendations. The default setup will
be for no notifications to avoid negative reactions to the app,
but notification setup will also be easy if desired. Other
suggestions from app users to include tips and suggestions to
increase FV are not currently planned to retain the focus and
simplicity of the app.
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The final app is now available for download for Android mobile
phones at no cost from the Google Play Store under the name
of SMART 5-A-DAY. Development continues, and updated
versions of the app will be released as new features are added.

Discussion

Principal Findings
A novel mobile phone app was conceived to increase knowledge
of the details of the UK FV recommendations both in a practical
sense by providing details of the FV recommendations at the
time of consumption, and by providing these details in an
engaging, useful, and personally relevant manner, such that
individuals would remember and benefit from those details also
at a later time point. A prototype app was developed and tested
by 50 users as part of a randomized controlled pilot trial, for
either 2 or 4 weeks. FV assessments and positive qualitative
comments suggested positive impacts of the app, but reported
effect sizes were small. Additional features were suggested, and
a final version of the app is currently under development.

The early development work confirmed low knowledge of the
details of the 5-a-day FV recommendations in consumers, as
found in the published literature [15-20,22,23], and reinforced
the researchers’ suggestions on the suitability of an app for
providing increased FV knowledge. App development was then
possible as required, to result in a fully functioning interactive
mobile phone app. The results of the randomized controlled
pilot trial demonstrate limited impacts of the app on the
questionnaire measures of FV knowledge and FV intakes,
although an impact on FV behavior was found, and qualitative
feedback suggested benefits. Improvements in FV knowledge
were found across the study (regardless of app receipt)
presumably as a result of inclusion in a study on healthy eating
and the repeated assessment of FV knowledge and FV intakes,
so increased awareness of these issues. The limited findings
specific to those who received the app suggest that benefits of
the app are small, particularly in addition to the benefits of
taking part in the study, although increased FV knowledge in
all study volunteers regardless of app/no app provision may
have masked impacts of app use.

An impact on FV behavior was found. Given a choice of a range
of available drinks, use of the app for 2 weeks resulted directly
in increased FV selection and consumption. Behavioral
outcomes are important, as it is only behavior that will impact
on health [31-33], and we have previously suggested that
spontaneous behavioral outcomes, such as those found here
may be particularly valuable in an environment of plenty [50].
Small spontaneous changes in behavior such as this may also
remain largely unnoticed by individuals themselves and so may
go largely unreported in self-reported measures such as those
also used and often included in studies such as these [51-53].

The qualitative feedback also suggested potential changes in
intake, but again that these changes may be small and may go
uncaptured by traditional dietary assessment methods [52].
Furthermore, the qualitative feedback goes on to suggest that
these small changes may have occurred more as a result of
volunteers becoming more aware of their intakes than previously

and becoming particularly aware of low intakes. Awareness of
a need for change has previously been suggested as an important
step toward behavior change [33,34]. The qualitative feedback
also fails to suggest impacts on FV knowledge, and although
the app was intended to increase knowledge, it is well
recognized that recording food intake can alert consumers to
eating patterns, particularly some eating patterns that are not
easily recognized over a whole day, and that this realization can
change behavior [51,54-56]. The importance of increasing
awareness of low intakes was not anticipated, but this finding
suggests an added benefit from the app.

The qualitative comments were largely positive. Negative
comments centered solely around a lack of personal interest or
relevance because these users were already high FV consumers.
High FV consumers are not the target audience for the app.

Additional findings from the initial test also related to app usage.
Around 65% of those who received the app used it initially;
these figures dropped throughout the test period, and the
majority of users used the app once per day. These data are
comparable with those found in studies of similar apps [38,39].
Our app was intended for use as often as volunteers
wished—possibly once a day for record keeping or more often
to acquire knowledge or encourage good adherence. The pattern
of use suggests our testers were using the app more to track
intake than to gain knowledge. These findings suggest that for
maximum benefit from the app, it may be useful to market the
app specifically for gaining knowledge of the recommendations
and for adherence to these. This would also help distinguish
our app from other apps that are intended primarily for tracking
and record keeping [35-39]. Increased usage at the start of the
usage period is commonly found in app testing studies, and the
reduced subsequent usage is frequently cited as suggestive of
poor engagement. Many users also suggested an additional
reminder to aid interaction with the app, or requested an ability
to return to a previous day to input forgotten items. These
findings suggest that motivation to use the app was quite low
among our testers, but our trial was not advertised as a study
on FV consumption or healthy eating (to avoid demand
characteristics); thus, our testers are likely to have been less
motivated than those who would be more likely to use an app
on 5-a-day FV recommendations of their own volition.
Importantly, furthermore, on the basis of the qualitative
comments, we do not consider this reduced usage to demonstrate
poor functionality of the app. The app was intended mainly to
encourage users to understand and learn the FV
recommendations; thus, extended use should not be necessary.

The work conducted here further demonstrates the value of the
early consultative work and the randomized controlled pilot
test. Positive responses to the app overall demonstrate the value
of the early research and the initial consultation exercises with
potential end users. The increases in FV knowledge and intakes
in all trial volunteers demonstrate the value of a randomized
controlled trial for testing the app. Not all apps are tested for
impacts on behavior before release, and many that are tested
are done so without also involving a control group.
Consideration in our study of only the 50 app testers would
have suggested considerable increases in FV knowledge and
intakes as a result of the app, whereas the inclusion of the control
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group demonstrates these impacts to probably result more from
study inclusion or FV questionnaire completion.

Our randomized controlled trial was limited through the repeated
assessment of FV outcomes and the repeated use of self-reported
measures. These types of measures have previously been
demonstrated as accurate [48,51-53], but very brief measures
may have been insensitive to small changes. Our trial was also
limited through the inclusion of testers who were not our
intended target group. The app is intended for those who wish
to improve their knowledge of the FV recommendations,
probably to aid FV intakes. To avoid demand characteristics in
our trial, we asked only for those who wished to try a new
health-orientated app, and some of these individuals may have
been unmotivated, unwilling or unable to improve FV intakes.
By comparison, our testers were unsure of the apps being tested
in the study, thus were unclear that FV was the focus for all
users, and responses to the FV questionnaire in our volunteers
did confirm low knowledge of the 5-a-day FV recommendations
among the population [15-20,22,23]. Impacts based on age and
education have also been found previously [11,22,23]. We could
also have measured usability of the app using more formal
measures, such as the System Usability Scale [57]. Considering
the more comprehensive measures of app usage and app benefit
in terms of knowledge and intakes in our trial, we did not collect
these usability measures, but information from these measures
may have allowed comparison with other apps or technological
devices [57].

The positive responses and potential for changes in behavior
have resulted in continued development of the app to result in
an amended version. This version includes clear details of an
FV consumption goal, allows users to input FV consumed and
provides detailed and graphical information on how this
consumption relates to the FV recommendations, provides clear
personalized feedback on distance to the goal, and allows users
to change their target FV goal to a goal of their choice as they
wish. Our final app thus includes 3 key aspects of behavior that
have previously been suggested to lead to successful behavior
change, particularly for dietary behaviors, alongside increased
knowledge: self-monitoring, goal-setting, and feedback in
relation to goal attainment [54-56]. Other apps and interventions
aiming to improve FV intakes and dietary quality also use
similar behavior change techniques [35-40], and self-monitoring
and goal-setting have previously been suggested as particularly
important techniques by professionals [54-56] and by consumers
[35,39]. It is interesting that although our app initially aimed to
increase only knowledge, functions as a result of user feedback
now also include established behavior change techniques.

The increased FV behavior and qualitative reports suggest that
the app has potential to benefit FV intakes and health, although
changes may be small. Small changes on a population-wide
level, however, will have significant impacts. Increased benefit
is also likely from the added features, from highlighting the
knowledge component, from tests of the app in our target

audience, and from the additional features still under
development.

Our amended app now also needs testing. Further testing will
not only demonstrate the improved value of the app but may
also demonstrate the aspects of the app of particular benefit,
given our inclusion also of behavior change techniques and
knowledge and the reported value of these [54-56]. Additional
functionality also allows direct linkage with additional software
allowing direct access to questionnaires or other research
materials.

Further development of the app may also be of value. Notably,
our initial discussions with potential end users suggested an
interest in both immediate and longer-term rewards for reaching
a target goal. Repeated work demonstrates a value for rewards
for encouraging healthy food consumption, including FV
consumption [58], and rewards have previously formed an
integral part of many successful dietary change interventions
[36,55,59]. Other studies also suggest only limited benefit from
apps for behavior change and have suggested a need for
strategies to ensure continued use [36,40]. One of the advantages
of our app was an intention that users would gain knowledge
through the app; thus, extended use should not be required.
Many apps related to social activities, such as eating, also
include a share option to allow others to view the inputs of
others or allow comparisons between users or with an
established norm. Feedback options for others to comment on
FV inputs, through likes, may also facilitate motivation, and so
facilitate engagement with and action based on the app. Offline
and different versions of the app may also be desirable, for
example, through the use of different formats, different controls,
or different setups, possibly for different population groups.
Adolescents and young adults are groups with low FV
consumption that may be particularly inclined toward digital
interventions [39]. Socially deprived consumers may also benefit
from specific aspects of the app, and investigation in different
cultures (using local recommendations) would be of interest.
Further work discriminating between those who use and do not
use the app, and between those who find and do not find the
app useful, would be very valuable.

Conclusions
In conclusion, this study details the development and early test
results of a novel interactive mobile phone app for improving
knowledge and implementation of the UK 5-a-day FV
recommendations. SMART 5-A-DAY was developed following
assessment of the existing literature and consultation with
potential end users, and then tested in a randomized controlled
pilot trial. The trial demonstrated increased FV behavior 2 weeks
after app receipt compared with control, and resulted in positive
feedback, although resultant changes in FV knowledge and
intakes were small. Suggestions for amendments were also
made. Development of the app is ongoing, and further testing
is required.
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Abstract

Background: Heart failure (HF) is a chronic disease that affects over 1% of Canadians and at least 26 million people worldwide.
With the continued rise in disease prevalence and an aging population, HF-related costs are expected to create a significant
economic burden. Many mobile health (mHealth) apps have been developed to help support patients’ self-care in the home setting,
but it is unclear if they are suited to the needs or capabilities of older adults.

Objective: This study aimed to identify HF apps and evaluate whether they met the criteria for optimal HF self-care.

Methods: We conducted a systematic search of all apps available exclusively for HF self-care across Google Play and the App
Store. We then evaluated the apps according to a list of 25 major functions pivotal to promoting HF self-care for older adults.

Results: A total of 74 apps for HF self-care were identified, but only 21 apps were listed as being both HF and self-care specific.
None of the apps had all 25 of the listed features for an adequate HF self-care app, and only 41% (31/74) apps had the key weight
management feature present. HF Storylines received the highest functionality score (18/25, 72%).

Conclusions: Our findings suggest that currently available apps are not adequate for use by older adults with HF. This highlights
the need for mHealth apps to refine their development process so that user needs and capabilities are identified during the design
stage to ensure the usability of the app.

(JMIR Mhealth Uhealth 2019;7(11):e13173)   doi:10.2196/13173

KEYWORDS

mHealth; heart failure; self-care; mobile phone

Introduction

Heart failure (HF) is the most important cardiovascular condition
leading to hospitalization and rehospitalization in older adults,
and it has a significant economic burden [1]. Despite an overall

decline in HF hospitalization rates, readmission rates remain
high [2,3]. A systematic review found that HF readmissions can
be reduced if patients with HF adopt self-care (hazard ratio [HR]
0.80; 95% CI 0.71-0.89) [3,4]. Specifically, weight monitoring
has been identified as a pivotal component of HF self-care as
weight gain has been independently associated with a poor
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postdischarge prognosis, considering it is the last common step
before worsening of clinical outcomes (HR per kg increase 1.16;
95% CI 1.09-1.23; P<.001) [5]. However, many older adults
find daily weight monitoring and adjusting diuretics to be
challenging [6-8]. In addition to managing comorbid conditions,
many older adults with HF exhibit mild cognitive impairment
and poor medication adherence, both of which are associated
with reduced ability to self-care [9-11]. To adequately promote
HF self-care, strategies should be targeted to the patient’s
cognitive capabilities, learning needs, and literacy and numeracy
levels [11].

Mobile health (mHealth) apps have been developed to support
patients with self-care [12,13]. Unfortunately, although the
initial uptake of mHealth apps looked promising, the majority
of individuals have stopped using them because of reasons such
as a loss of interest, manual data entry burden, and hidden costs
[14,15]. Older adults do not commonly use mHealth apps
because of the perception that they are not suited to their needs
or capabilities [16]. This may explain the shortcomings of
previous programs that have failed to promote self-care and
utilize the opportunity to help decrease HF-related
hospitalizations, deaths, and costs to health care systems [9-12].

Previous studies have reviewed current apps for HF self-care
and found that there are limited number of apps available to
support disease management [12,17]. Nevertheless, these studies
were unable to effectively evaluate app quality because of their
lack of disease specificity within the rating scale design [18,19].
For example, the commonly used Mobile Application Rating
Scale (MARS) was able to provide an overall assessment of the
quality of apps with respect to engagement, functionality,
aesthetics, information, and subjective opinion, but it does not
evaluate the usability or effectiveness of the app features specific
for the disease population [12,15,18,19]. Therefore, generic
health apps (eg, WebMD) receive higher app quality scores
using the MARS even if they do not have crucial app features
(eg, weight management) for proper self-care [17]. The lack of
disease specificity can be attributed to the absence of a reference
architecture to guide the scale’s development. Other chronic
disease app rating scales or checklists have been developed
using similar constructs as the MARS, leaving them to face the
same shortcomings with their app evaluations [20,21]. This
highlights the need to further evaluate the adequacy of the
current HF self-care apps available.

To address this gap, we conducted a systematic search of all
the apps currently available exclusively for HF self-care. We
used Chindalo et al’s peer-reviewed mHealth app reference
architecture to define the app design requirements [19]. Contrary
to other rating scales, this architecture allows us to combine the
evaluative components related to the aesthetics, usability, and
HF self-care to effectively evaluate whether the current HF apps
are meeting the end user’s self-care needs and capabilities [19].
The objective of this study was to determine the number of HF
apps available and evaluate whether they met the criteria to
promote HF self-care.

Methods

Search Strategy
We conducted an extensive search across Google Play and the
App Store to identify all available apps for HF self-care. The
search was facilitated with the use of following key terms: HF
management, HF manager, HF self-care, HF, and HF tracker.
Apps were included in the review if they (1) were HF specific
and (2) contained a self-care component (ie, medication,
symptom management, reminder system, and behavior tracking).
Apps were excluded if they were intended for use in a
conference, for education, or for reference purposes.

App Adequacy Assessment
In accordance with Chindalo et al’s reference architecture, we
developed a list of 25 major functions that would promote HF
self-care for older adults [19,22-24] (Table 1). These features
were identified according to HF self-care and
patient-engagement guidelines [19] as well as the expertise from
our clinician authors (CD and KK). Before the start of the study,
a design session was conducted where CD (cardiologist/HF
specialist) and KK (family physician/clinical information
technology architect) created individual lists for potential app
features. A second design session was conducted with CD, KK,
and SW to finalize the list of app functions as well as the specific
functions required for app adequacy. All 25 major functions
were not deemed required to adequately promote HF self-care
but were more beneficial if included. App adequacy was
determined if the following standard disease management
features were included: (1) diagnosis, (2) weight, (3) behavior
tracking, (4) self-care, and (5) notifications. These 5 features
were chosen based on their ability to capture factors related to
HF management protocol, personalized care for older adults,
and health promotion [25,26].

Within each of the 25 functions, a list of descriptors was
developed to help specify the components within the listed
function. If the app included 1 of the descriptors, the feature
was listed as present (Table 1). For example, the self-care feature
consisted of 3 components including self-maintenance,
self-management, and self-confidence [6,7]. Self-maintenance
includes actions associated with treatment adherence, such as
taking medication or following treatment regimens.
Self-management includes the recognition of and response to
changes in symptoms. Finally, self-confidence refers to the
individual’s assurance in implementing necessary decisions
during the management process. Self-confidence is not an
explicit self-care behavior but has been recognized as an
important moderator of self-care effectiveness [6,7,27]. Thus,
self-confidence would not be captured in app functionality as
clearly as self-maintenance and self-management, but instead
could be expressed as a series of patient experience–related
questions (Figure 1). Overall, if an app included any 1 of the 3
self-care components, the feature would be counted as being
present.
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Table 1. List of app features required for an adequate heart failure self-care app.

App descriptorsApp feature#

Physician prescribed for treatment; pharmacist recommendationPrescribed1

Patient predetermined diagnosis included (acute heart failure)Diagnosisa2

Age; sex or gender; locationPatient demographics3

Literacy; numeracy; socioeconomic status; culture/ethnicity; parental historyPatient sociocultural4

Shortness of breath; dizziness; orthopnea; leg edema or general swelling; paroxysmal nocturnal
dyspnea

Patient symptoms5

Smoking; exercise; fitness/movement; salt intakePatient behaviors6

Heart rate; blood pressure; elevated jugular venous pressure; chest crackles; heart murmursPatient physiological observations7

Management; monitoring; trackerWeighta8

Presence of other diseases (eg, diabetes and hypertension)Comorbidities9

List of medicationsDrug list10

Hemoglobin and hematocrit; creatinine and estimated glomerular filtration rate; brain natriuretic
peptide; thyroid stimulating hormone; lipid profile

Laboratory results11

Electrocardiogram; chest x-ray; echocardiogramDiagnostic testing12

Diet; exercise; patient-reported experience; compliance with medicationsBehavior trackinga13

Behaviorally appropriate; culturally appropriate; health literacy appropriate; accredited/credible
sources; evidence based

Education/recommendation14

Self-maintenance; self-management: system provides patient with recommendation if clinical
condition changes (eg, if weight increases, take extra Lasix); algorithm based or physician
guidance; self-confidence

Self-carea15

Reviewed by family doctor; reviewed by nurse clinician, practitioner, or physician assistant;

visit to EDb; hospitalization; seen by specialist

Health system utilization16

Presence of reminder or notificationNotificationsa17

Integrated into personal health record and electronic medical record; integrated into other health
and fitness apps

Integrations18

Connect/share results with caregiver or family; contact caregiver or familySocial supports19

Patient experience of care; app experience; quality of life; cognitive assessment; patient progressPatient reported outcome mea-
sure/patient reported experience
measure

20

Easy access to provider; gamification; social aspect—connect with othersIncentives to use21

Length of stay, acuity of admission, comorbidities, ED visits, (readmissions); hospital admission
risk prediction

Predictive analytics22

Visit to family physician, specialist, or ED; hospitalized; deathOutcomes23

Risk of falls; worsening kidney function; hyper- or hypokalemiaSafety issues24

Easy to navigate functionality; simple to screen with minimal content on each page; features for
visual (font size and color), hearing (audio cues), or general accessibility

User interface25

aStandard disease management feature for heart failure.
bED: emergency department.
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Figure 1. Sample heart failure self-care confidence questions.

App Screening and Evaluation
A total of 2 reviewers (SW and KK) completed a preliminary
screening of apps available in both Google Play and the App
Store using the key terms mentioned previously. Following the
search, apps were reviewed according to their title and summary
description (Figure 1). This screening served as a method to
separate the bulk of non-HF self-care apps from further
evaluation.

Once screening was completed, a calibration session was held
among the 8 reviewers (SW, KK, AG, AD, HW, HS, NN, and
DL). During the calibration session, each reviewer was asked
to evaluate and score the same 5 apps before the start of the
session (Figure 1). Reviewers had a Google Sheet created for
them with the list of functions for evaluation. During the session,
the 5 apps were then reviewed on a summary sheet, and any
discrepancies regarding scoring were discussed and resolved.
This allowed us to standardize the training among all reviewers
and ensure that we had at least an 85% agreement rate when
evaluating the remaining apps. Additional information and
comments from the calibration session were recorded and added
to the final protocol. The evaluation sheet on Google Sheets
was also revised for the final app evaluations.

After the calibration session, the remaining apps were assigned
for evaluation, where 2 different reviewers evaluated each app.
Each evaluation was completed on the revised Google Sheet
with the respective app assignments. Once all the app
evaluations were completed, the data were combined into a
summary sheet for review. Each app score was then reviewed

by the 2 assigned reviewers to ensure that they were within the
85% agreement rate. To determine if the scores met the 85%
agreement rate, we conducted interrater agreement statistic and
reviewed the kappa value. If the apps did not meet the 85%
agreement threshold, the 2 reviewers completed an in-person
or virtual evaluation session to review the app discrepancies.
Both reviewers were required to provide evidence (ie, screenshot
or quote) to support the presence of the feature, and a discussion
was held until consensus was achieved. All supporting evidence
was sent to SW for a final review. Following consensus, a
postreview screening was then completed to filter out any apps
that were not HF or self-care specific. The remaining apps within
the inclusion criteria were analyzed through a descriptive
analysis to assess the app search’s findings.

Reviewers evaluated each app based on the description,
screenshots, videos, and reviews available on each app store
website. Owing to the limited resources and to ensure a
consistent method of app evaluation, we did not download the
apps. Our rationale for not downloading apps was also based
on the premise that users decide to download an app after
reviewing it externally [28-31]. Many of the guidelines assisting
patients with choosing a health app have urged users to become
more meticulous with the apps they install and, in turn, have
provided them with a series of questions to consider before
downloading [29-31]. For example, in 2 articles, they suggested
users consider the following questions before downloading an
app: (1) does the app consider your needs (ie, symptoms and
disease management), (2) is the app made by a health care
system/physician or by a controversial company (ie,
pharmaceutical company), (3) does the app have positive
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reviews (ie, on the Web or by physicians), (4) is the app
regularly updated, and (5) are the app features relevant for you
(ie, review screenshots and description of features) [29,30].
Currently, about 90% of most information for decision making
about app adoption is available in its documentation [29,32,33].
Given the minimal incremental information available from the
app itself, we felt that downloading the apps would not
significantly change our evaluation.

In accordance with the guidelines for app review before
download, reviewers also extracted the following data from
each app: number of downloads, date of last update, cost, and
developer [29,30]. However, considering that apps from the
App Store do not publicly list their number of downloads or
date of last update, reviewers omitted the number of downloads
criteria for these apps and used the latest version date for the
last update.

Reviewer Training
Each reviewer selected was equipped with postsecondary
experience in the electronic health or health technology field to
allow them to effectively evaluate the respective apps.
Reviewers were required to follow the training protocol in
accordance with the mHealth design architecture as well as
attend the calibration session previously described [19].

Results

Preliminary screening identified a total of 74 apps as HF
self-care apps within the combined app store searches (Figure
2). From these 74 apps, none of the apps had all the 25 listed
features required to promote HF self-care, and only 32% (24/74)
apps had 10 features or more present. Moreover, only 51 out of
the 74 apps had a self-care feature present. Instead, the majority
of the apps reviewed were used mainly for education purposes
(Table 2).

Figure 2. Conceptual study design of the mobile health app review.
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Table 2. Features present in the reviewed heart failure self-care apps (N=74).

Apps, n (%)App feature

67 (90)Education/recommendations

51 (68)Self-care

51 (68)User interface

40 (54)Diagnosis

33 (44)Notifications

31 (41)Weight

28 (37)Patient demographics

27 (36)Patient symptoms

26 (35)Patient physiological observations

22 (29)Behavior tracking

19 (25)Patient behaviors

18 (24)Drug list

18 (24)Patient reported outcome measure/patient reported experience measure

18 (24)Incentives to use

9 (12)Comorbidities

9 (12)Lab results

9 (12)Diagnostic testing

9 (12)Social supports

8 (10)Prescribed

8 (10)Health system utilization

7 (9)Outcomes

6 (8)Predictive analytics

6 (8)Patient socio-cultural

0 (0)Safety issues

Following the postreview screening, 21 apps were listed as both
HF and self-care specific. Moreover, 53 apps were excluded
for the following reasons: (1) HF specific but not for self-care
(n=9), (2) used for self-care but not specifically for HF (n=16),
and (3) neither HF nor self-care specific but used for general
cardiac education (n=28). As there is an increasing number of
apps for entertainment or novelty purposes, from the 53 apps
excluded, 12 were shortlisted for this reason. From the 21 HF
self-care apps included, more than 50% (12/21, 57%) of the
apps had 10 features or more (Table 3; Multimedia Appendix
1). The apps scores ranged from 0 to 18, where HF Storylines
achieved the highest score. The most prevalent feature among
these apps was diagnosis and user interface (20/21, 95%; Table
3). However, from the included apps, only 1 was found to have
been evaluated by patients or investigated in a clinical setting

(Medly). All reviewer’s app scores fell within the 85%
agreement rate (mean kappa=0.86).

Many apps include features such as patient demographics,
patient symptoms, education, self-care, notifications, and, most
notably, weight. Unexpectedly, less than 50% (9/21) of the apps
included a patient behavior or a behavior tracking feature, both
of which are vital for adequate HF self-care (Table 3). Only 11
of the apps included a drug list within the app to keep track of
medications or, more specifically, the usage of diuretics. In
addition, a limited number of apps included social support (5)
or were by prescription (4), and even fewer included a patient
sociocultural (3) or comorbidities (2) feature. None of the
reviewed apps included diagnostic testing, predictive analytics,
outcomes, or safety measures (Table 3).
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Table 3. Features present in filtered heart failure self-care apps (N=21).

Apps, n (%)App feature

20 (95)Diagnosis

20 (95)User interface

19 (90)Self-care

18 (85)Notifications

17 (80)Education/recommendations

17 (80)Weight

13 (61)Patient demographics

13 (61)Patient symptoms

11 (52)Patient physiological observations

11 (52)Drug-list

10 (47)Behavior tracking

10 (47)Incentives to use

9 (42)Patient behaviors

8 (38)Integrations

8 (38)Patient reported outcome measure/patient reported experience measure

5 (23)Social supports

4 (19)Health system utilization

4 (19)Prescribed

3 (14)Patient sociocultural

3 (14)Lab results

2 (9)Comorbidities

0 (0)Diagnostic testing

0 (0)Predictive analytics

0 (0)Outcomes

0 (0)Safety issues

Table 4 displays a list of the total score of the filtered HF
self-care apps with their respective app characteristics. Of the
apps available, only 9 listed their number of downloads, and
among these apps, the number of downloads varied with the
total app scores. Surprisingly, the lowest-scoring app had a
higher number of downloads compared with the highest-scoring
app. This discrepancy could be linked to more effective
marketing strategies, public brand awareness, or a well-regarded
national health organization for certain apps [31,32].

With respect to cost, the majority of apps could be downloaded
for free; however, 2 apps had an associated cost. For
consistency, apps were not downloaded. As a result, we found
that the 2 apps with a download cost had relatively lower scores
(score of 5=US $50 and score of 8=US $7) and did not list their
number of downloads.

Each app’s last update varied from 2013 to 2019; however, most
of the recently updated apps received higher scores. One of the
most recently updated apps (HF Storylines) obtained the highest
total app score of 18.
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Table 4. Total score of the filtered heart failure self-care apps and their corresponding number of downloads, last updates, and cost (N=21).

DeveloperCost (US $)Last updatedNumber of downloadsTotal app scoreApp name

Leon Do0December 22, 20141000-50002Heart Failure

Etectera Edutainment Inc50April 29, 2016—a5HF Coach

Cardio Fortress0November 10, 20161000-50007HF Defender

Singapore Health Services0June 08, 2016—8HF Buddy

Van Phuc Nguyen0February 22, 2017—8HF Monitoring

Rebecca Boxer0October 31, 2014—8HF Tracker

American Heart Association7January 04, 2017—8HF Path

Narnar LLC0February 09, 2016—9HF Log

—0April 08, 2016500-10009HF Buddy

Rohan Tanjea0July 30, 201650-10010Heart Scribe

Self-Care Catalyst Inc0——11Heart Failure Health

Hany Assaad0May 12, 2016—12Health Plus

Palo Alto Medical Foundation for
Health Care, Research and Education

0Apr 17, 2017—12Heart Lessons

Les Laboratoires Servier0September 22, 20161000-500012My HF

AtantiCare Regional Medical Center
Inc

0July 24, 2013100-50012WOW ME 200mg

—0August 11,2015—13HF Self- Management

Cardio Fortress Inc0October 07, 2016—14Pulsario

Elevator Entertainment0November 14, 2016—14My Heart Mate

Novartis Pharmaceuticals0October 07, 2016—16Heart Partner

University Health Network—Ongoing—17Medly

HF Society of America0March 10, 2017500-100018HF Storylines

aNot available.

Discussion

Principal Findings
Self-care is pivotal for HF patients to prevent worsening of HF,
yet the majority of current HF apps available are neither HF or
self-care specific. To our knowledge, this is the first study to
identify and evaluate apps exclusively for HF self-care. We
found 21 apps that were both HF and self-care specific. From
the 21 apps, few contained key features such as behavior
tracking. Apps that included the self-care feature were also listed
as only being capable of self-maintenance. Thus, patients would
be able to, at most, follow their treatment regimen but would
not be able to respond to any changes. Potential features to
expand on self-care could include medication titration algorithms
to adjust medication doses according to weight fluctuations or
the use of telehealth services to connect with a physician to
modify their treatment regime [34,35]. Loop diuretics are
currently used as the agent of choice for reducing symptoms of
HF and controlling weight. Diuretics are traditionally adjusted
by physicians. However, with self-directed medication titration
becoming more commonly used for chronic disease
management, this feature could be an opportunity to improve
patient HF self-care in the home setting [34,35].

Our findings suggest that the current available apps are not able
to support patients adequately with HF self-care; instead, are
in need of further redesign or development. Many developers
may have limited resources to accommodate all 25 features in
a single app. Therefore, to appropriately engage patients in
self-care, apps should at minimum have the following functions:
(1) diagnosis, (2) weight, (3) behavior tracking, (4) self-care,
and (5) notifications. However, from our systematic search,
none of the apps even had these 5 functional features. Not only
are these app features key for HF self-care but they can also be
easily transferable to other health conditions, such as diabetes
or asthma, as it captures the essential components for treatment
management. The specifics detailing each feature will differ
depending on the condition, but it provides a sufficient baseline
category to allow the consumer, researcher, or clinician to
incorporate key components for the app evaluation. The
consumer, researcher, or clinician may list similar or different
components within the 5 features, but with this, they are able
to incorporate their perspective within 5 wider categories, while
maintaining its relevance for multiple audiences. A prime
example of an effective mHealth app is BlueStar from WellDoc
Diabetes Management. The BlueStar app is a digital therapeutic
for diabetes mellitus type 2 that serves as a virtual coach for
patients, providing tailored guidance and facilitating the
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coordination of diabetes care with their existing care team [36].
BlueStar is a clinically validated tool developed by
endocrinologists and clinical diabetes educators and has been
evaluated in a clinical trial and reviewed in over 40 publications
[37,38]. Patients who used BlueStar showed significant
improvements in their diabetes management and reported a high
satisfaction when using the app. These improvements are
strongly linked to the diabetes expertise leading the development
and evaluation of this tool, as their guidance helps ensure that
the intervention is aligned with self-management principles
integral to patient care [36,37]. Older adults with chronic disease
already face many challenges with managing their condition,
and the use of technology may further contribute to their
difficulties if poorly designed. To ensure apps assist with patient
self-care regimens, they should be developed in a manner similar
to BlueStar, where specific disease management and patient
usability criteria are used to both design and evaluate app
effectiveness [37].

One surprising finding from this app search was that the
lowest-scoring apps had a relatively higher number of
downloads compared with the highest-scoring app (Table 4).
These findings ultimately question whether the inclusion of
more app features or just the standard features for disease
management are more appealing for the end user. Features that
patients and consumers view as valuable can vary depending
on their self-care abilities. However, many studies have
indicated that the primary reason apps fail to maintain user
activity is because of the complexity of the app as a whole or
the lack of growth in app functionality in accordance with user
needs [39,40]. Thus, as effective self-care promotion is the
primary goal of app usage, apps would require the inclusion of
the standard disease management features, but their presentation
should also be modified to accommodate for the challenges
older adults face with app use. In previous literature, older adults
have indicated that in-app customizable considerations improved
the likelihood of their continued usage as they were able to
modify their preferences according to their changing needs
[20,21]. This could include characteristics such as customizing
screen or font sizes and incorporating text to speech, audio cues,
or in-app automation features as needed [21,22].

Nevertheless, it is also important to note that the fact that
lower-scoring apps had higher downloads can also be attributed
to several external factors promoting public app awareness. This
includes factors such as effective marketing, links to a national
health body, or the use of Web-based search engine optimization
[29,32]. From our findings, we found that the app with the
highest downloads (My HF) had a moderate score of 12, but it
was developed by a privately owned pharmaceutical company
that specializes in medication for cardiological conditions (Les
Laboratories Servier). Although apps built by health care
systems scored the highest, they had much lower download
rates (Table 4). With these discrepancies between app scores
and the number of downloads, our findings display how higher

downloads may not be an appropriate representation for app
effectiveness because of its potential ties to a developer with
more marketing power.

Limitations
The limitations of our study were as follows: (1) the apps were
not downloaded but were reviewed based on app description,
screenshots, videos, and reviews from current/past users, and
there are good reasons to believe that the quality of the
assessment is not severely compromised, as mentioned above;
(2) descriptions for review varied in detail and quality (eg,
download data not available for Apple iOS apps); (3) we were
only able to review the number of downloads but could not
quantify active app use; and (4) actual HF patients were not
consulted to define the criteria for adequate HF self-care app.

Future Research
Future studies should involve end users to better understand
their needs with the design of an app to ensure the uptake and
usability of an intervention. Specifically, the use of engagement
strategies with HF patients and health care providers would be
strongly desirable to ensure the findings of this study are
congruent with what is experienced in reality. In our app
evaluation, we incorporated app user reviews to assess user
perspectives, but this method is limited to the feedback available
and the quality of the responses on the Web. This study also
did not evaluate the value of the 5 functional criteria for HF
self-care compared with the remaining categories. Future studies
should aim to understand the relative importance of each criteria
in relation to patient outcomes, potentially with the use of focus
groups or user testing to develop priority weightings for each
function. In addition to this, as the potential rise in scale
modification for disease specificity could lead to inappropriate
features being selected for app shortlisting, there is a need to
also evaluate the priority features in relation to other common
chronic conditions (ie, diabetes and asthma). We believe there
is value in the inclusion of the 5 minimum features for app
evaluation, as it allows for specific components to be embedded
within wider priority categories and provides a baseline mode
to manage the use of multiple modified scales. However, before
any scales can be managed or reviewed, future studies need to
confirm the reliability of the 5 features for the management of
priority app categories.

Conclusions
In summary, our study was the first to specifically evaluate HF
self-care apps according to the criteria essential to promote HF
self-care for older adults. We found that there was a lack of
usable apps to promote HF self-care for older adults, and this
is mainly because of the lack of a patient-centered design. With
a rise in the aging population, identifying features pivotal for
patient self-care will be crucial to increase their user experience
and ensure the longevity of the app’s use.
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Abstract

Background: In the last few years, the number of mobile apps for health professionals has increased exponentially. Nevertheless,
there is a lack of knowledge about the professional use, training requirements, and quality perception of these apps among health
care professionals such as nurses. Considering that the nursing profession is the largest segment of health care workforce in many
countries such as Spain, the impact of the use of health apps by these professionals can be critical to the future of modern health
care.

Objective: The main objective of this study was to determine if nurses were using health apps professionally and what types
of apps they were using. The secondary objectives were (1) to find out if, among nurses, there is a need for training in the use of
health apps and (2) to explore nurses’perceptions of health professional apps, determining whether there is a need for a certification
process for health apps and the type of institution or organization that should review and validate these apps for professional use.

Methods: After an initial piloting survey, all registered nurses at the Nursing Association of Barcelona were invited to participate
in a 34-item online survey. Eventually, 1293 nurses participated in the survey; however, 52 did not complete the survey properly,
omitting both age or gender information, and they were excluded from the analysis.

Results: About half of the respondents (600/1241, 48.35%) had health professional apps installed on their devices and were
included for analysis. Most participants in the survey were women (474/600, 79.0%) and the remaining were men (126/600,
21.0%). The most popular types of apps used and installed among nurses were related to drug information, health calculators,
and health guidelines. Overall, 97.0% (582/600) of nurses thought that the health apps should be certified, and 80.0% (480/600)
agreed that the certification process should be carried out by professional or health institutions. Furthermore, 14.5% (87/600) of
participants mentioned that they were asked by their patients to prescribe a health app and only 6.5% (28/430) recommended
them often. Most nurses (354/433, 81.8%) who answered the question about the importance of receiving specific training on
using and prescribing health apps considered this point a very relevant issue.

Conclusions: About half of the nurses in Catalonia use health apps for professional purposes, and they believe that these types
of tools should be validated and certified by health or professional institutions before using them in clinical environments. Although
the prescription of health apps in clinical environments is infrequent among nurses, they would be willing to prescribe apps if
they were certified by a health organization. Finally, among nurses, there is a need for training in using and prescribing health
apps for health care purposes.
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Introduction

Background
In the last few years, the number of mobile health apps has
increased exponentially. The potential of several advantages of
using health apps by professionals in clinical environments has
been discussed in many forums [1-3]. Currently, there are a lot
of apps available to assist health professionals with many
different tasks such as health and drug information,
communication with patients and other professionals, patient
management and monitoring, clinical decision making, and
health education and training [4]. In addition, smartphone use
by health care professionals is a growing market [5,6].

Several surveys have been carried out to know the use of health
apps among general public [7,8], patient associations [9], and
some health professionals in hospital settings [10]. In addition,
there is a pilot study with the prescription of mobile apps by
medical doctors in primary care environments [11]. Moreover,
there are also many studies and publications that analyze the
quality of health apps, and in most cases, a lack of quality was
detected [12-16]. In the recent years, coinciding with the
growing number of health apps, diverse organizations and
professional institutions have been setting up specific guidelines
on the use of health apps addressed to health professionals and
students, and above all, among medical doctors [16-20]. This
reflects the importance and concerns of the correct use of health
apps from legal and ethical points of view.

Nursing practice is developed in many different types of settings
such as hospitals, primary care, schools, long-term care facilities,
community and public health centers, and homes [21].
Considering that the nursing profession is the largest segment
of health care workforce in most countries in the world,
including Spain [22,23], the impact of the use of health apps
by these professionals is highly likely to be critical to the future
of modern health care [24]. Therefore, there is a need for more
knowledge about the real use of health apps among nurses in
many different clinical environments, including their training
requirements and perceptions on the matter. On the basis of this
information, health and professional institutions can establish
specific measures to improve the use and management of apps
in health care settings.

Objectives
The main objective of this study was to determine if nurses were
using health apps professionally and the types of apps they were
using. The secondary objectives were (1) to find out if, among
nurses, there is a need for training in the use of health apps and
(2) to explore nurses’ perceptions of health professional apps,
determining whether there is a need for a certification process
for health apps and the type of institution or organization that
should review and validate these apps for professional use. To
the best of our knowledge no previous studies of these
characteristics have been carried out focusing exclusively on

nurses in Spain. This information will allow us to have a better
knowledge of the current use of these technologies by nurses
in clinical environments.

Methods

Study Design
The study is a descriptive cross-sectional study based on an
internet survey of 1293 nurses in Spain. LimeSurvey: GmbH
[25], an open source platform, was used to manage the survey
online. In October 2017, a pilot study was carried out by sending
the survey to 38 nurses to check its proper functioning and to
find out if the respondents understood the questions well. The
participants in this pilot survey were selected by a convenience
method among colleagues in the authors’ workplace. On the
basis of the pilot survey, no additional relevant changes were
required in the final version of the survey, apart from some
typing errors detected in some questions. In March 2018, an
email, including a link to the website with the survey, was sent
to the 26,907 registered nurses who had a contact email address
in the Nursing Association of Barcelona (COIB) of Catalonia
[26]. COIB is the second largest nursing association in Spain,
with 34,327 registered nurses, after the Nursing Council of
Madrid, representing more than 11% of all the registered nurses
in this country. The email included information about the
purpose of the survey and that the information gathered would
be analyzed anonymously. After the first email, 2 more emails
were sent as reminders within the following 30 days.

Survey Items
The list of questions was generated based on the previous
experience of the authors in the elaboration of questionnaires
addressed to health professionals, such as nurses, physicians,
and pharmacists [27,28], and the review of published surveys
related to the use of smartphones and health professional apps
[7,10].

The survey comprised 34 questions organized in 3 parts: (1)
questions related to sociodemographic and professional
information such as age, gender, workplace, and professional
activity or specialty; (2) information about the use of health
apps for professional purposes such as the frequency of use, the
type and number of apps installed, and their use; and finally (3)
questions and considerations about the quality and certification
of health apps and training needs for using health apps for
professional purposes. Descriptive statistics were applied for
all the items in the survey. Pearson chi-square tests examined
the differences in questions with 3 or more options, comparing
differences in categorical data among groups, and a Student t
test was used for comparing continuous variables such as age.
Statistical significance was taken at a level of P<.05. Questions
with open-ended responses or free text, such as the mention of
the 3 most frequent apps used or the reasons why they did not
prescribe apps, were examined manually, annotating its content.
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Owing to the exploratory nature of the study, no inferential
statistics were applied.

The study was approved by the governing board of the COIB.
The analysis of the data was performed using the R
programming language for statistical computing and graphics,
version 3.4.2 (R Development Core Team).

Results

Demographic and Professional Characteristics
The number of respondents to the survey was 1293
(1293/26,907, 4.80%); however, 52 did not provide complete
basic information in the survey, such as age or gender, and they
were not included in the analysis. With regard to the use of
health apps, 51.65% (641/1241) of nurses answered that they
did not have health professional apps installed, and the main
reasons for not installing these types of apps were (1) lack of
knowledge of health professional apps and (2) as they did not
use them or they considered that the health apps were not useful
for health purposes. Other less frequent reasons were the fact
that their professional activity did not involve contact with
patients, existence of technical limitations with their mobile

phones, or mistrust of health apps. In this group, 85.6%
(549/641) were women and 14.4% (92/641) were men. The
mean age was 44.96 (SD 13.45) years.

Overall, 48.35% (600/1241) of the respondents had health
professional apps installed on their devices. In this group, 79.0%
(474/600) were women and 21.0% (126/600) were men, with
statistically significant differences with regard to the group of
nurses who had not health professional apps installed (P<.001).
The average age of the respondents who had installed health
apps was 43.12 (SD 11.32) years, and there were no significant
differences between the ages of men and women
(t160.51=−1.5078; P=.13. The distribution of age was 16% baby
boomers (>56 years), 58% generation X (35-56 years), and 26%
millennials (<35 years). With regard to the professional area,
most nurses came from hospital care (288/600, 48.0%) and
primary care (144/600, 24.0%). With regard to the
specialization, the most frequent groups were general nursing
(318/600, 53.0%) and medical-surgical nursing (84/600, 14.0%).
The complete distribution of gender, age, nursing specialties,
professional activity, and the area of work of the nurses who
had installed and were using health professional apps can be
seen in Table 1.
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Table 1. Demographics of surveyed nurses who had health professional apps installed, in terms of gender, age, specialty, and professional area (N=600).

Values, n (%)Demographics

Gender

126 (21.0)Male

474 (79.0)Female

Age (years)

156 (26.0)Millennials (<35)

348 (58.0)Generation X (35-56)

96 (16.0)Baby boomers (>57)

Nursing specialties

318 (53.0)General

30 (5.0)Midwifery

18 (3.0)Mental health

48 (8.0)Pediatrics

42 (7.0)Family and community

36 (6.0)Occupational health care

84 (14.0)Medical-surgical

30 (5.0)Geriatrics

Professional activity

288 (48.0)Hospital care

144 (24.0)Primary care

42 (7.0)Social health care

30 (5.0)Management

24 (4.0)Prehospital care

18 (3.0)Teaching/research

18 (3.0)Private practice

42 (7.0)Other

Area of work

565 (94.2)Urban

35 (5.8)Rural

Health Apps Usage
Overall, nurses prefer smartphones (489/536, 91.2%) instead
of tablets (47/536, 8.8%) for managing apps professionally.
Most devices were less than 2 years old (413/536, 77.0%), and
42.7% (229/536) of the devices were less than a year old. As
for the operating system, 51.1% (274/536) had Android and
45.7% (245/536) had iOS. Furthermore, 57.1% (300/525) of
the nurses had organized health professional apps in specific
folders in their mobile phone.

Most nurses had installed between 2 and 5 apps; 65.4%
(344/526) used 1 health professional app at least once a week,
30.6% (161/526) used between 2 and 5 apps, and 3.2% (17/526)
used more than 5 health apps. The number of apps installed

depended on the gender of the participants; men had more health

apps installed than women (χ2
2=12.65; P=.002), and at the same

time, they used apps more frequently than women (χ2
2=9.30;

P=.009). Age groups did not significantly differ with regard to

the number of apps installed on the devices (χ2
4=7.77; P=.10),

although baby boomers tended to have more professional apps
installed than the other age groups. Age group was not a factor

that determined the number of health apps used (χ2
2=5.21;

P=.27). The most popular types of apps installed and used were
related to drug information among 81.1% of nurses (377/465),
health guidelines among 67.0% (313/467), health calculators
among 66.1% (308/466), and communication with patients
among 13.5% (63/465; see Figure 1).
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Figure 1. Most frequent types of apps used by nurses.

Prescription of Health Apps
Overall, 97.0% (582/600) of nurses thought that health apps
should be certified and 80.0% (480/600) agreed that the
certification process should be carried out by professional or
health institutions. Most nurses who answered the question
related to the prescription of apps never prescribed a health
professional app (266/430, 61.9%). If the apps were certified
by a health or scientific organization, 50.4% (134/266) of nurses
who answered this question would be willing to prescribe them.
The willingness to prescribe certified apps was not different

between genders (χ2
2=3.66; P=.16) and among age groups

(χ2
4=3.04; P=.55). The recommendation of apps by nurses to

colleagues did not show significant differences among age

groups (χ2
4=4.28; P=.37) or gender (χ2

4=3.96; P=.14). Table
2 shows the list of questions and responses related to the features
and use of health apps for professional purposes, and Table 3
shows the questions related to different aspects of the
prescription of apps (see Multimedia Appendix 1 for the English
version of the full list of items and responses).
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Table 2. Questions and answers, including information about the features and use of health apps by nurses for professional purposes.

Answers received, n (%)Survey question and response options

How many apps do you have installed on your smartphone? (n=522)

154 (29.5)1

316 (60.5)2-5

52 (10.0)>5

How many apps do you use regularly (at least once a week)? (n=522)

344 (65.9)1

161 (30.8)2-5

17 (3.3)>5

You are using health apps for:

As a tool for managing patients (n=466)

135 (29.0)Yes

308 (66.1)No

23 (4.9)I don’t know

Access to scientific journals (n=465)

258 (55.5)Yes

194 (41.7)No

13 (2.8)I don’t know

As a calculator for doses and scales (n=466)

308 (66.1)Yes

151 (32.4)No

7 (1.5)I don’t know

Clinical guidelines and protocols (n=467)

313 (67.0)Yes

141 (30.2)No

13 (2.8)I don’t know

Information about drugs (n=465)

377 (81.1)Yes

83 (17.8)No

5 (1.1)I don’t know

Communication with patients (n=465)

63 (13.5)Yes

388 (83.4)No

14 (3.0)I don’t know

Communication with professionals (n=466)

209 (44.8)Yes

248 (53.2)No

9 (1.9)I don’t know

In relation with the use of health apps, indicate the option that is closest to your opinion (n=466)

They help me solve professional doubts

14 (3.0)Never

226 (48.5)Sometimes

226 (48.5)Often
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Answers received, n (%)Survey question and response options

In general, they are easy to use

11 (2.4)Never

139 (29.8)Sometimes

316 (67.8)Often

They facilitate my professional tasks

16 (3.4)Never

236 (50.6)Sometimes

214 (45.9)Often

They are a support tool for managing my patients

161 (34.5)Never

188 (40.3)Sometimes

117 (25.1)Often

Do you recommend any apps to your colleagues for professional use? (n=430)

62 (14.4)Never

283 (65.8)Sometimes

85 (19.8)Often
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Table 3. Questions and answers about the prescription of health professional apps.

Answers received, n (%)Survey question and response options

Currently, do you prescribe apps to your patients? (n=430)

266 (61.9)Never

136 (31.6)Sometimes

28 (6.5)Often

If that’s the case, what is the aim of prescribing apps to your patients? (n=336)

129 (38.4)Health promotion

98 (29.2)Health information, educational support

64 (19.0)Patient self-management and control

38 (11.3)Monitoring patients

7 (2.1)Others

Would you prescribe apps to your patients if they were certified by a health organization? (n=266)

134 (50.4)Yes

50 (18.8)No

82 (30.8)I don’t know

Did your patients ask for an app to be prescribed to them? (n=430)

297 (69.1)Never

128 (29.8)Sometimes

5 (1.2)Often

Do you think that some health organization, scientific or professional association should certify health apps (both for patients and professionals)?
(n=430)

392 (91.2)Yes

11 (2.5)No

27 (6.3)I don’t know

Do you think being trained to use and prescribe health apps could be of interest to you? (n=430)

354 (82.3)Yes

27 (6.3)No

49 (11.4)I don’t know

Do you think the health or professional organization should promote recommendations for developing health apps (addressed to developers)?
(n=430)

377 (87.7)Yes

4 (0.9)No

49 (11.4)I don’t know

The reasons why surveyed nurses had not recommended health
apps to patients were because of the lack of knowledge about
the type and use of these apps, although there were other factors
such as the type of patients, patients with limited capacity to
use apps (elderly people), or related to the type of professional
activity such as in intensive care units, working in a night shift
or geriatrics department, no patient contact, and lack of time.
Very few participants (16/266, 6.0%) who answered the question
about the reasons why they did not prescribe health apps
considered them unnecessary. Furthermore, 59.8% (359/600)
answered the question about the 3 most frequent apps they used,
and the first 3 most frequent apps mentioned were Infermera
virtual (an app developed and promoted by the COIB),

Vademecum International (an app containing a handbook for
drugs consultation), and 061 CatSalut Respon (an app promoted
by the Catalan government for contacting health care services
and obtaining health advice). In addition, the most frequent apps
addressed to specific diseases were Trata la upp (an app for the
management of pressure ulcers), Pukono (an app that includes
information and diet recommendations for patients with
hypertension), Diabetes a la carta (an app for managing
diabetes), SocialDiabetes (an app for managing diabetes), and
S’acabó (an app for smoking cessation). Table 4 includes the
16 most frequent apps used by nurses among the 238 apps they
mentioned in the survey.
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Table 4. The 16 most frequently used apps by nurses in Catalonia.

Mentions, nDescriptionName of the app

92This app is promoted by the Nursing Association of Barcelona and provides a collection of resources,
services, and useful information for nurses

Infermera virtual

84This app contains a handbook for drugs consultation and is promoted by Vidal Vademecum SpainVademecum Internacional

46An app promoted by the Catalan government for contacting health care services and obtaining health
advice and information for the general public and health professionals

061 CatSalut

24App of a blog with useful information for nursesEnfermeria blog

22This app includes the most recent abstracts of scientific publications for health professionalsHealthScience

21This app includes the codes of the North American Nursing Diagnosis Association diagnosis, results,
and interventions

NandaNocNic

19An app that includes information for the management and administration of parenteral drugsMedicamentos via parenteral

17An app promoted by TICSalut of the Catalan government that includes information about vaccines
and other related resources

iVacunes Gencat

15This app offers information about all the authorized drugs in Spain and is promoted by the Spanish
Medicines Agency

aempsCIMA

13An app for the management, administration, and doses of drugsDosisPedia

12An app for the management of pressure ulcersTrata la upp

11An app of the Spanish Cardiology Society with guidelines for the interpretation of the electrocardiogram,ECG Práctico

10An app for the management of drugs doses and administration in pediatricsBabymecum

10This app includes the most important clinical guidelines and protocols of the Spanish National Health
Service

GuiaSalud

8This app includes information on drugs and diseases, several dosage calculators, and drug-drug inter-
actions

iDoctus

7An app that includes the most recent abstracts of scientific publications for emergency medicine pro-
fessionals

eMerMed Science

Only 14.5% (87/600) of the participants mentioned that they
were asked by their patients to prescribe a health app to them.
The most frequent apps prescribed were related to diet and
exercise (19/87, 21.8%), diabetes (13/87, 14.9%), health tips
(10/87, 11.5%), hypertension (8/87, 9.2%), and smoking
cessation (8/87, 9.2%). With regard to the importance of
receiving specific training in using and prescribing health apps,
72.2% (433/600) of nurses answered this question. Most of
them (354/433, 81.8%) answered that it was necessary to receive
specific training in the matter, without significant differences

among age groups (χ2
4=3.40; P=.35) or gender.

Discussion

Principal Findings
First, just under half of the nurses who participated in the survey
used health professional apps. The main reasons for not using
health apps were the lack of knowledge or interest. In only a
few cases did they consider these apps unnecessary for carrying
out their jobs. It is worth noting that the most frequent apps
used by nurses were promoted by health institutions of reference
such as the Health Department of Catalonia and the COIB and
that these apps are used to support their professional activity
and patient advice. It is surprising that older nurses (baby
boomers) tend to have more apps installed than the younger
nurses, considering that in general, young people are more used
to incorporating new information and communication

technologies than older people. Baby boomers, who have more
professional experience, usually did not require the help of apps
for drug information and for calculating doses in clinical care.
In addition, on the basis of their professional experience, they
were willing to use health professional apps for patient control
or to be in touch with them. On the contrary, younger nurses
consult health professional apps more frequently to calculate
drug posology and less frequently to establish communication
with patients. Perhaps this is because of a lack of confidence in
using apps for monitoring patients. Considering the number of
apps installed by gender, okmen had more apps installed on
their devices than women. Baby boomers tended to have more
professional apps installed than the other age groups.

Second, the prescription of health apps is not common among
health professionals, and one reason for that could be the fact
that this activity is not yet totally regulated. Nevertheless, nurses
would be willing to prescribe apps more frequently if they were
certified by a health or scientific organization. This is the first
study that explores the opinion of health professionals,
particularly nurses, about the need of certifying health apps.
The prescription of apps in clinical settings requires several
considerations; on the one hand the importance of using health
apps of high quality and those that have been previously tested
are among the most relevant ones. On the other hand, it is
necessary to guarantee their technical and organizational
integration in a health care system, based on specific protocols
[11]. If health apps are to be adopted, patients and health
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professionals must be sure that they are safe and effective [29].
With regard to the types of apps prescribed, this aspect may be
explained considering that the conditions for which these apps
are prescribed are among the most common chronic diseases,
and at the same time, there are a lot of apps in the market
focusing on smoking, exercise, and diabetes control.

Finally, our findings also suggest that currently the prescription
and use of health apps is not frequent among certain patients
that health professionals in general are taking care of,
particularly elderly people. In this sense, the current aging
population requires strategies to promote the use of health apps
among this population. One of the possible solutions is to
facilitate the training of the elderly in the use of mobile
technologies. This population and health professionals can
benefit from the use of health apps for monitoring and managing
these patients suffering from chronic diseases [30]. In addition,
the survey provides us with some insights related to relevant
aspects such as the need to train nurses in the use and
prescription of health professional apps in clinical environments
and also the importance of having some guidelines to be able
to select apps of high quality [31-33]. This implies that
evaluation tools and protocols should be applied before deciding
on the introduction of apps in clinical settings. Professional and
health institutions should have a key role in these types of
activities, promoting training programs and the evaluation of
the quality and usefulness of specific health apps in clinical
environments.

In the last few years, the evolution of mobile phones and other
devices, as well as the apps developed, has happened at an
unprecedented rate. Nurses, and health professionals in general,
must be trained to use information and communication
technologies such as mobile apps, smart wearable technologies,
or telemedicine apps [4,24,34,35]. For this reason, it is critical
to have information about how these professionals use and view
the utility of these apps. This study examined the health app
usage among registered nurses from the second most important
nursing association of Spain.

Strengths and Limitations of the Study
On the one hand this study has several strengths. First, this is
the first time that this type of survey has been performed among
nurses in Spain, the third largest country in Western Europe,

with a health system that is almost universal (covering 99.1%
of the population) and the highest life expectancy in the
European Union [36]. Second, although the rate of participation
is low in absolute terms, the number of participants is quite
high, and included all the different nursing specialties. Finally,
original aspects related to the use and certification of health
professional apps were analyzed. On the other hand, this study
presents some limitations. The number of participants in the
survey was very low compared with the number of nurses who
received the survey. In addition, the number of men was
significantly higher than the group of nurses who did not
respond to the survey. For these reasons, the results could
overestimate or underestimate the real use and the interest of
nurses in health apps and the influence of some factors such as
gender, introducing a potential selection bias, which is very
common in this type of online survey. We should take into
account that the survey was sent to nurses who had an email
address; however, 21.73% (7471/34,378) of the registered nurses
did not have a contact email address or did not use a COIB
email address, and they did not receive the questionnaire.

Conclusions
The use of health professional apps was not generalized among
nurses at the time of the survey and it was very unusual for
patients to ask for a health app. The most popular apps are used
to support the professional activity of nurses, and most of them
are promoted by professional and health institutions. In addition,
the prescription of health apps is not common among nurses,
but almost all nurses believed that health apps should be certified
by health institutions or professional associations. According
to the results of the survey, the certification of health apps would
be a very important deciding factor in the prescription of apps
to patients in clinical environments. Moreover, nurses expressed
their interest in and their need for specific training in the use
and prescription of health apps, indicating the potential impact
of the introduction of these technologies in clinical
environments. On the basis of the results of the survey, COIB
will consider the possibility of giving nurses some training in
the use and prescription of health apps in clinical environments.
On the basis of the concerns about the quality of apps that nurses
expressed, COIB will consider setting up some specific
guidelines to rate the quality of health apps.

 

Conflicts of Interest
None declared.

Multimedia Appendix 1
Health professional apps survey.
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Abstract

Background: Meditation has become increasingly popular due to its health benefits; however, barriers to delivering meditation
programs in traditional group-based formats limit the accessibility of these benefits. Smartphone-based meditation may increase
the availability of these programs to larger, more diverse audiences; however, research on subscriber characteristics and usage
patterns in meditation mobile apps is lacking.

Objective: This study aimed to describe the demographics, clinical characteristics, and usage patterns of a convenience sample
of Calm subscribers and explore the relationship between self-reported app usage and changes in health, stress, and sleep.

Methods: Participants were 12,151 paying Calm subscribers (response rate=12.08%, 12,151/100,594) who completed an
anonymous Web-based survey with 11 quantitative questions related to user engagement, reasons for starting Calm, and changes
after using the app. Demographic characteristics, chronic health diagnoses, and sleep difficulties were also assessed. Chi-square
tests were used to examine differences in app usage. Logistic regression models were used to examine demographic and health
characteristics that may predict changes in health, stress, and sleep.

Results: Respondents were 18-96 years old (mean 48.57 [SD 13.79]), primarily female (79.94%, 8778/10,981), white (81.41%,
8959/11,005), and most reported a chronic health diagnosis (56.86%, 6289/11,061). Mental health diagnoses (41.13%, 4549/11,061)
were more common than physical health diagnoses (32.19%, 3560/11,061). Most respondents (76.31%, 8684/11,360) reported
difficulties falling or staying asleep. On average, respondents had been using Calm for 11.49 months (SD 10.49), and 60.03%
(7281/12,129) used it 5 or more times per week. Meditations (used by 80.02%, 9497/11,841) and Sleep Stories (55.66%,
6591/11,841) were the most popular components. The frequency of using Calm was associated with incremental increases in the

likelihood of noticing changes in mental health (χ2
2=136.8; P<.001), physical health (χ2

2=102.8; P<.001), stress (χ2
2=128.1;

P<.001), and sleep (χ2
2=141.4; P<.001). Respondents who had used Calm longer were also more likely to notice changes in

mental health (OR 1.06 [95% CI 1.05 to 1.06]), physical health (OR 1.01 [95% CI 1.01 to 1.02]), stress (OR 1.04 [95% CI 1.04

to 1.05]), and sleep (OR 1.004 [95% CI 1.00 to 1.01]). Subscribers with sleep difficulties used Calm more frequently (χ8
2=11.5;

P=.003), were more likely to use Sleep Stories (χ1
2=1590.2; P<.001), and were more likely to notice changes in their physical

health (χ1
2=49.2; P<.001) and sleep (χ1

2=2391.1; P<.001).
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Conclusions: Results highlight important demographic characteristics and usage patterns among a self-selected sample of Calm
subscribers. Mental health concerns and sleep appear to be top reasons for downloading Calm. Sleep Stories and meditations are
the most popular app components. The frequency of using Calm was associated with incremental changes in outcomes. Findings
support future randomized controlled trials testing the efficacy of Calm for health, stress, and sleep. Studies should also explore
strategies to attract a more diverse sample of subscribers.

(JMIR Mhealth Uhealth 2019;7(11):e15648)   doi:10.2196/15648

KEYWORDS

health; psychological stress; sleep; mindfulness; meditation; consumer behavior; mobile health; mhealth; digital health

Introduction

Meditation Benefits
Meditation is a technique for resting the mind and attaining a
state of consciousness that is different from the waking state
[1]. Mindfulness meditation is the process of openly attending,
with nonjudgmental awareness, to one’s present moment
experience [2]. Over the last 30 years, mindfulness meditation
has become increasingly popular in Western society owing to
its documented mental and physical health benefits [3].
Mindfulness meditation has been linked to reductions in
depressive symptoms, stress, anxiety [4,5], and improved sleep
[6], through biopsychosocial mechanisms such as alterations in
brain structure, improved attention, increased emotional
regulation, and better immune function [4]. Given these benefits,
mindfulness meditation has been incorporated routinely in
psychotherapy, school-based programs, corporate settings,
prisons, and military and is an important part of hospital
preventative or disease management programs [3].

Meditation Accessibility
Although the evidence for the use of mindfulness meditation is
slowly growing, there are multiple barriers to its delivery in
traditional group-based formats [7], thus limiting its reach and
its potential to be used by individuals seeking to manage mood,
stress, or symptoms of a chronic illness. First, participation
requires people to travel to a public location with a trained
meditation instructor at a specific time of day [5]. This is often
not feasible for individuals with diagnoses such as depression,
anxiety, or posttraumatic stress for whom attrition rates are as
high as 50% [7,8]. Caregivers, parents, and individuals with
multiple responsibilities and high stress have busy schedules
and may not be able to prioritize lengthy (eg, 60-90 min) weekly
classes for extended period [7]. Individuals who live in rural
areas or those with chronic disease may find travel to clinics
for meditation sessions burdensome [9-11]. To overcome these
barriers to participation, we need novel methods to deliver
mindfulness meditation.

Meditation and Smartphone Apps
Smartphone apps may be an effective way to deliver mindfulness
meditation to geographically diverse and dispersed individuals
that bypasses barriers associated with the traditional format of
mindfulness meditation programs [5]. Meditation delivered on
a smartphone app may retain the elements of traditional
meditation programs (ie, a trained instructor delivering
high-quality meditation), while allowing participants to tailor
the type and length of meditations, use behavioral components

to increase adherence (eg, trackers, reminders, and social support
communities), and choose when and where to engage with the
app. Furthermore, there is relatively less cost associated with
meditation delivered on an app. Approximately 81% of US
adults report having a smartphone [12] and, around the world,
smartphone usage is rapidly increasing [13]. In a cross-sectional
survey of 1604 mobile phone users in the United States, 58%
had downloaded a health-related mobile app that they used
daily.

Despite their promise, the growing popularity of
mindfulness-based apps, and efforts that are currently being
made to evaluate and improve the science behind these apps,
knowledge gaps remain [14]. To date, efficacy studies have had
small samples, inadequate control groups, and short follow-up
periods [5,15]. More importantly, data related to usage patterns
of mindfulness meditation apps, demographics, clinical
characteristics of users, reasons for downloading health apps,
barriers to use, and consistency of use are lacking [16].
Furthermore, we do not know which personal characteristics
predispose one to benefit more from specific app content [14];
this information is pivotal to building content and determining
the app’s effects. Unfortunately, app developers do not publish
information on their users or the extent to which consumers
continue to use apps over time [14]. When reports are available
to nonindustry audiences, they are accompanied by fees, making
them less accessible to the general public and researchers.

Study Aims
The aim of this study was 2-fold. First, we reported
demographics, clinical characteristics, and usage patterns in a
self-selected sample of paying Calm subscribers. Second, we
explored the relationship between the self-reported frequency
of Calm use and the app’s individual components with
self-reported changes in health (mental and physical), stress,
and sleep. We hypothesized that subscribers who use Calm
more frequently will be more likely to report changes in their
health, stress, and sleep.

Methods

Ethics Approval
The Institutional Review Board at Arizona State University
(STUDY00009725) approved the study. All participants
provided electronic consent before participating in the survey.
The datasets generated or analyzed during the study are available
from the corresponding author upon request.
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Study Design/Recruitment
This study was cross-sectional. Participants were paying
subscribers to the mobile app, Calm (see Multimedia Appendix
1 for screenshots). We used the mobile app, Calm, owing to its
popularity. According to a 2015 systematic review of
mindfulness apps, there are a total of 700 apps in Apple and
Google Play app stores [17]. Calm was the number 1
downloaded health and fitness app between June 2018 and 2019
[18]. In an August 2019 review, CNET (a top website for
technology news and editorials) confirmed that Calm was among
the most highly rated meditation apps in the Apple and Google
Play app stores (all above 4 stars) [19].

Calm guides users through mindfulness meditation. The 7 Days
of Calm (ie, introductory course) introduces the user to
mindfulness meditation and provides education about beginning
a meditation practice. Users receive a new 10-min daily
meditation (ie, The Daily Calm) and have access to a variety of
meditation content (eg, reducing anxiety and depression,
increasing compassion and gratitude) that ranges from 3 to 35
min. Calm offers a variety of meditations for sleep similar to
other mindfulness-based apps [20]; however, unlike other apps,
Calm offers Sleep Stories. Sleep Stories are narrated fictional
stories using traditional storytelling methods, helping to immerse
the user in their senses to improve sleep. Other content that
Calm offers includes Calm Breathe (breathing training
exercises), Calm Music (relaxing, soothing music and nature
sounds), Calm Masterclass (monthly series of in-depth audio
classes, delivered by experts that teach skills to deal with
common stressors and improve well-being), and Calm Body
(video lessons on slow, mindful movement routines). Calm also
offers a variety of theory-based behavioral strategies to help the
user be successful at regular participation including reminders
to meditate, ability to track time spent meditating, and
opportunities to share progress on social media.

Participants were recruited in April 2019. Calm subscribers
were eligible if they were at least 18 years of age, their
subscription expiration was at least two months away, they had
opened at least two emails from Calm in the last 30 days, and
they had completed at least two Calm sessions in the last 30
days.

Subscribers received an email inviting them to answer a series
of quantitative and qualitative questions related to their usage
of Calm and were informed that their answers would help
improve their experience with the app, and results of this study
may be used in reports, presentations, or publications.
Approximately, 4744 subscribers were contacted on April 9,
54,193 were contacted on April 10, and 41,657 were contacted
on April 11. Of the 100,594 subscribers who were contacted,
12,151 (12.08%, 12,151/100,594) participated in the survey.
At the end of the survey, participants had the option of providing
an email address to be contacted for future studies or to be
entered into a draw to win 1 of 2 US $99 Amazon gift cards.
No other identifying information was collected, and responses
were not linked to in-app usage data.

Survey
The survey was developed by 3 doctoral-level
researchers/clinicians in the field of behavior change,
complementary approaches, and sleep. The survey was
Web-based (delivered using Qualtrics) and took most
participants between 5 and 10 min to complete (median=6.9;
interquartile range=5.7). All responses were anonymous.
Participants completed 11 multiple choice quantitative questions
(not including demographics) about (1) their engagement with
the Calm app (4 questions), (2) why they started using Calm (1
question), (3) clinical characteristics at the time they downloaded
the app (2 questions), (4) their connections with other Calm
users (3 questions), and (5) whether they noticed changes in
their mental health, physical health, stress, or sleep after using
Calm (1 yes or no question, separated into 4 subquestions about
mental and physical health, stress, and sleep; Textbox 1).
Questions varied slightly based on answers to frequency of use
(see Multimedia Appendix 2 for all quantitative/multiple choice
questions). At the end of the survey, participants completed 4
questions about demographic characteristics. Although the
survey included 3 additional open-ended questions, the scope
of this paper was limited to discussion of findings from the
quantitative data; qualitative analyses will be included in future
publications.
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Textbox 1. App usage questions from the Calm user survey.

Question:

1. How often do you use the Calm app?

2. Why did you start using the Calm app?

3. When you downloaded Calm, had you been diagnosed with any of the following chronic conditions? (eg, anxiety and high blood pressure)

4a. Which components of the app do you use most often? (eg, meditations and Sleep Stories)

4b. (For selected components only) How often do you use (component) on the Calm app?

5. When you first started using Calm, did you have difficulty falling asleep or staying asleep?

6. Have you used any of the following to help increase how frequently you use the app? (eg, reminders and Calm Facebook community)

7. For how many months have you been using Calm?

8. Have you noticed any changes in your (sleep/stress/mental health/physical health) after using Calm?

9. Research shows that it is easier to use an app if friends and family are also using the same app and can share their progress with each other. Do any
of your friends and/or family members use Calm?

10. (If friends and/or family members use Calm) Do you communicate with your friends/family about using the Calm app?

11. Would you want to be connected with other app users?

Statistical Analysis
Data were analyzed using IBM SPSS 25.0. All variables were
categorical, with the exception of age. For questions about health
diagnoses, sleep difficulties, reasons for starting Calm, the
components of Calm used, and tools used to support
engagement, participants were able to endorse multiple items
from a list of options; selected options were treated as
endorsements (eg, used meditations), and unselected options
were treated as nonendorsements (eg, did not use meditations).
As not all participants answered every question, sample sizes
differed across analyses. Usage frequency was categorized as
ordinal, reflecting use of the app or component of the app as
nonendorsed, 1 to 2 times per week, 3 to 4 times per week, or
5 or more times per week. Variables for noticing changes in
health, stress, and sleep were dichotomous.

Chi-square tests were used to evaluate differences in the use of
tools for engagement and frequency of using Calm. To examine
the relationships between demographic characteristics and the

frequency of using Calm and its components, and we used
chi-square tests (sex differences) and binomial logistic
regressions (age). Differences in the frequency of using Sleep
Stories were further explored using ordinal logistic regressions
controlling for sleep difficulties. Chi-square tests were used to
analyze differences in the frequency of using Calm and the
components of Calm used based on health diagnoses and sleep
difficulties. We also used chi-square tests to investigate the
relationship between the frequency of using Calm and noticing
changes in health, stress, sleep and the relationship between
sleep difficulties and noticing changes in health, stress, and
sleep. In all cases, significant chi-square tests were followed up
with z tests of column proportions. P values were adjusted for
multiple comparisons using the Bonferroni correction.

Results

Demographic Characteristics
A total of 12,151 subscribers participated in the survey. Sample
demographics are presented in Table 1.
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Table 1. Demographics of Calm subscribers (N=12,151).

Values, n (%)Category

Age (years; N=11,010; mean 48.6 [SD 14.0])

279 (2.53)18-24

4230 (38.42)25-44

4904 (44.54)45-64

1597 (14.50)≥65

Gender (N=10,981)

8778 (79.94)Female

2177 (19.83)Male

26 (0.24)Other

Race (N=11,005)

8959 (81.41)White, European American, or Caucasian

413 (3.75)Asian or Asian American

153 (1.39)Black, African American, or Native African

1480 (13.45)Other

Annual income (US $; N=9474)

665 (7.02)<21,000

2536 (26.77)21,000-60,000

2539 (26.80)61,000-100,000

3734 (39.41)>100,000

Clinical Characteristics
More than half (56.86%, 6289/11,061) of respondents had a
chronic health diagnosis. Mental health diagnoses (ie,
depression, anxiety, or posttraumatic stress disorder; 41.13%,
4549/11,061) were more common than physical health diagnoses
(ie, high blood pressure, pain, high cholesterol, asthma, arthritis,
cancer, heart disease, emphysema or chronic obstructive
pulmonary disease, or other lung disease; 32.19%, 3560/11,061).
The most commonly reported mental health diagnosis was

anxiety (33.22%, 3675/11,061), and the most common physical
health diagnosis was high blood pressure (12.68%, 1402/11,061;
Table 2).

Most respondents (76.49%, 8704/11,380) reported sleep
difficulties (ie, difficultly falling or staying asleep; Table 3),
and 13.90% (1537/11,061) reported insomnia diagnoses (Table
2). Sleep difficulties were significantly more common in females
(80.09%, 7009/8751) than in males (61.77%, 1336/2163;

χ2
1=355.9; P<.001).
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Table 2. Self-reported mental and physical health diagnoses in Calm subscribers (N=11,061).

Values, n (%)Diagnosis

3675 (33.22)Anxiety

2720 (24.59)Depression

1537 (13.90)Insomnia

1402 (12.68)High blood pressure

1006 (9.10)Pain

905 (8.18)High cholesterol

773 (6.99)Asthma

772 (6.98)Posttraumatic stress disorder

698 (6.31)Arthritis

330 (2.98)Diabetes

265 (2.40)Cancer

206 (1.86)Heart

50 (0.45)Emphysema or chronic obstructive pulmonary disease

49 (0.44)Other lung disease

1076 (9.73)Other chronic condition

4772 (43.14)None

Table 3. Self-reported sleep difficulties in Calm subscribers (N=11,380).

Values, n (%)Type of sleep difficulty

2664 (23.41)Difficulty falling asleep only

2112 (18.56)Difficulty staying asleep only

3928 (34.52)Difficulty both falling and staying asleep

2676 (23.51)No difficulty falling or staying asleep

Usage Patterns
The most common reasons for starting to use Calm were to
improve sleep (62.97%, 7475/11,870) and to improve stress
(62.11%, 7373/11,870), followed by reducing depression or
anxiety (54.47%, 6465/11,870) and improving overall health
(40.05%, 4754/11,870; see Multimedia Appendix 3 for less
frequently reported reasons).

Overall Usage of Calm and Its Components
Respondents had been using Calm for an average of 11.49
months (SD 10.49), with 55.89% (6042/10,810) having used
the app for less than 1 year. Most of them used Calm 5 or more
times per week (60.03%, 7281/12,129), with 27.45%
(3330/12,129) using 3 to 4 times per week and 12.52%
(1518/12,129) using 1 to 2 times per week. Meditations were
the most popular components (80.20%, 9497/11,841), followed
by Sleep Stories (55.66%, 6591/11,841; see Multimedia
Appendix 4 for usage of less popular components).

Approximately, half (51.09%, 6111/11,962) of respondents
used at least one tool to help, motivate, or encourage themselves
to use Calm. Tracking (36.62%, 4380/11,962) and reminders
(15.81%, 1891/11,962) were the most common tools. The least
common tools were the Calm Facebook community (3.33%,

398/11,962) and sharing app usage on social media (2.40%,
287/11,962).

Low-frequency users (ie, using Calm 1 or 2 times per week)

were significantly more likely to use the reminders (χ2
1=84.2;

P<.001), whereas high-frequency users (ie, using Calm at least
three times per week) were more likely to use meditation

tracking (χ2
1=56.2; P<.001) and the Calm Facebook community

(χ2
1=7.5; P=.01). When asked what encouraged or motivated

high-frequency users to use the app, 42.34% (4493/10,611)
reported that they used Calm before bed, and 53.33%
(5659/10,611) were committed to using Calm.

A total of 40% (4500/11,249) of respondents had friends or
family members that also used Calm, and, of those, 75.00%
(3375/4500) talked with their friends or family about using the
app. However, when participants in the overall sample were
asked whether they would like to be connected with other Calm
users, 81.59% (9178/11,249) declined. Respondents with mental
health diagnoses were significantly more likely to want to
connect with other Calm users (22.37%, 961/4295) than those

without mental health diagnoses (15.24%, 1051/6895; χ2
1=91.3;

P<.001). Desire to connect with other Calm users was not related
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to physical health diagnoses (18.35%, 622/3390 vs 17.82%,

1390/7800 without; χ2
1=0.4; P=.50).

Differences in Usage by Demographics
There were no significant gender differences in how often

respondents used Calm (χ2
2=4.3; P=.12). Males were

significantly more likely to use meditations (88.38%, 1924/2177)

than females (77.87%, 6835/8778; χ2
1=120.3; P<.001), whereas

females (60.42%, 5304/8778) were more likely to use Sleep

Stories than males (35.42%, 771/2177; χ2
1=441.6; P<.001).

Females also used Sleep Stories more frequently, even when
controlling for sleep difficulties (OR 0.56 [95% CI 0.49 to 0.63];
P<.001). Older users tended to use the app more frequently (OR
1.02 [95% CI 1.01 to 1.02]) and were more likely to use Sleep
Stories (OR 1.01 [95% CI 1.0106 to 1.011]); younger
respondents were more likely to use meditations (OR 0.99 [95%
CI 0.98 to 0.99]).

Calm Usage Based on Health Diagnoses
Participants were separated into 4 groups based on diagnoses
when they downloaded Calm: (1) mental health diagnoses only

(ie, no comorbid physical health diagnoses), (2) physical health
diagnoses only (ie, no comorbid mental health diagnoses), (3)
both physical and mental health diagnoses, and (4) no chronic
health diagnoses (Table 4).

Respondents with physical health diagnoses only or with both
mental and physical health diagnoses used Calm more frequently
(ie, 5 or more times per week) than respondents with only mental

health diagnoses or with no chronic health diagnoses (χ2
6=77.3;

P<.001; Table 5). Respondents with only mental health
diagnoses were most likely to use meditations, followed by

those with no chronic health diagnoses (χ2
3=38.9; P<.001);

conversely, those with no chronic health diagnoses were least
likely to use Sleep Stories, whereas those with physical health
and mental health diagnoses were most likely to use Sleep

Stories (χ2
3=52.0; P<.001).

Subscribers with sleep difficulties used Calm more frequently

(ie, 5 or more times per week; χ2
8=11.5; P=.003) and were

significantly more likely to use Sleep Stories (χ2
1=1590.2;

P<.001; Table 6). Those without sleep difficulties were more

likely to use meditations (χ2
1=273.2; P<.001).

Table 4. Types of self-reported health diagnoses in Calm subscribers (N=11,061).

Values, n (%)Diagnosis type

2729 (24.67)Mental healtha only

1740 (15.73)Physical healthb only

1820 (16.45)Mental and physical health

4772 (43.14)No chronic health diagnoses

aMental health diagnoses were depression, anxiety, and posttraumatic stress disorder.
bPhysical health diagnoses were high blood pressure, pain, high cholesterol, asthma, arthritis, cancer, heart disease, emphysema or chronic obstructive
pulmonary disease, and other lung disease.

Table 5. Differences in the frequency of using Calm based on health diagnoses (N=11,061).

No chronic health diagnoses
(N=4772), n (%)

Mental and physical health
diagnoses (N=1820), n (%)

Only physical health diagnoses
(N=1740), n (%)

Only mental health diagnoses
(N=2729), n (%)

Category

Frequency of using Calm (times per week)

609 (12.76)200 (10.99)172 (9.89)324 (11.87)1-2a

1407 (29.48)440 (24.18)411 (23.6)778 (28.51)3-4a

2756 (57.75)1180 (64.84)1157 (66.49)1627 (59.62)5+a

Components used

3808 (79.80)1434 (78.79)1325 (76.15)2279 (83.51)Meditationsa

2495 (52.28)1116 (61.32)1021 (58.68)1515 (55.51)Sleep Storiesa

aChi-square was statistically significant; P<.05.
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Table 6. Differences in the frequency of using Calm, frequency of using meditations and Sleep Stories, and reasons for starting to use Calm based on
reported sleep difficulties (N=11,360).

No sleep difficulties (N=2676),n (%)Sleep difficulties (N=8684), n (%)Category

Frequency of using Calm (times per week)

367 (13.71)1020 (11.75)1-2

748 (27.95)2323 (26.75)3-4

1561 (58.33)5361 (61.73)5+a

Components used

2431 (90.84)6677 (76.89)Meditationsa

755 (28.21)5589 (64.36)Sleep storiesa

aChi-square test was statistically significant; P<.05.

Relationship Between Frequency of Calm Use and
Noticing Changes in Health, Stress, and Sleep
The frequency of using Calm was associated with incremental
increases in the likelihood of noticing changes in mental health

(χ2
2=136.8; P<.001), physical health (χ2

2=102.8; P<.001), stress

(χ2
2=128.1; P<.001), and sleep (χ2

2=141.4; P<.001; Table 7).
In addition, participants who had been using Calm longer were
more likely to notice changes in mental health (OR 1.06 [95%
CI 1.05 to 1.06]; P<.001), physical health (OR 1.01 [95% CI
1.01 to 1.02]; P<.001), stress (OR 1.04 [95% CI 1.04 to 1.05];
P<.001), and sleep (OR 1.004 [95% CI 1.00 to 1.01]; P=.03).
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Table 7. Differences in noticing changes in mental health, physical health, stress, and sleep based on frequency of using Calm.

Used 5+ times per week, n (%)Used 3-4 times per week, n (%)Used 1-2 times per week, n (%)Did not use regularly, n (%)Reported
changes

7281 (59.72)3330 (27.31)1518 (12.97)—aCalm
(N=12,192)

5734 (83.83)2325 (76.56)932 (72.08)—Mental

healthb
 

4045 (59.13)1558 (51.35)594 (46.19)—Physical

healthb
 

5550 (81.46)2299 (75.97)875 (68.15)—Stressb 

5028 (73.27)2011 (66.02)745 (58.16)—Sleepb 

4220 (37.72)2832 (25.31)1889 (16.88)2248 (20.09)Meditations
(N=11,189)

3862 (91.34)2430 (85.96)1490 (78.46)1209 (54.56)Mental

healthb
 

2573 (61.15)1598 (56.47)973 (51.51)1053 (47.14)Physical

healthb
 

3718 (88.36)2386 (84.61)1428 (75.76)1192 (53.94)Stressb 

2778 (65.83)1812 (63.98)1304 (69.03)1890 (84.07)Sleepb 

2261 (20.21)1866 (16.68)2103 (18.80)4959 (44.32)Sleep Sto-
ries
(N=11,189)

1642 (73.53)1381 (74.69)1696 (80.46)4272 (85.78)Mental

healthb
 

1347 (60.21)1016 (54.65)1113 (52.92)2721 (54.84)Physical

healthb
 

1595 (71.72)1341 (72.53)1607 (77.00)4181 (84.24)Stressb 

2077 (91.86)1641 (87.94)1545 (73.47)2551 (50.84)Sleepb 

aCells containing — indicate that the response option in that column was not applicable to that question.
bChi-square test was statistically significant; P<.05.

Frequency of using meditations was associated with significant,
incremental increases in the percentage of respondents who

noticed changes in their physical health (χ2
3=130.9; P<.001),

mental health (χ2
3=1325.0; P<.001), and stress (χ2

3=1100.5;
P<.001; Table 7). The frequency of using meditation was not
associated with changes in sleep (OR 1.04 [95% CI 0.99 to
1.01]; P=.12) after controlling for sleep difficulties.

Frequency of using Sleep Stories was associated with significant,
incremental increases in the percentage of respondents who

noticed changes in their sleep (χ2
3=1665.3; P<.001; Table 7),

and respondents who used Sleep Stories 5 or more times per
week were significantly more likely to notice changes in

physical health (χ2
3=27.2; P<.001). However, there were

significant negative associations between the frequency of using

Sleep Stories and noticing changes in mental health (χ2
3=197.3;

P<.001) and stress (χ2
3=199.0; P<.001). Specifically, Sleep

Stories users were less likely to notice changes in their mental
health and stress, and low-frequency users (ie, 1-2 times per
week) were more likely to notice changes in mental health and
stress than more frequent users; see Multimedia Appendix 5 for
changes associated with other Calm components.

Relationship Between Sleep Difficulties and Noticing
Changes in Health, Stress, and Sleep
Respondents with sleep difficulties were more likely to notice

changes in their physical health (χ2
1=49.2; P<.001) and sleep

(χ2
1=2391.1; P<.001) after using Calm (Table 8), whereas those

without sleep difficulties were more likely to notice changes in

their mental health (χ2
1=33.1; P<.001) and stress (χ2

1=17.0;
P<.001).
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Table 8. Differences in noticing changes in mental health, physical health, stress, and sleep based on reported sleep difficulties (N=11,131).

No sleep difficulties (N=2604), n (%)Sleep difficulties (N=8527), n (%)Reported changes

2212 (84.40)6755 (79.30)Mental healtha

1290 (49.54)4890 (57.35)Physical healtha

2126 (81.36)6576 (77.57)Stressa

808 (31.02)6961 (81.35)Sleepa

aChi-square test was statistically significant; P<.05.

Discussion

Summary
The aim of this paper was to report demographic characteristics,
clinical characteristics, and usage patterns in a self-selected
sample of paying subscribers of a consumer-based mobile app
(ie, Calm). In addition, we explored the relationship between
self-reported frequency of using Calm and its components and
noticing changes in health (mental and physical), stress, and
sleep disturbance. This is the first paper to report the
characteristics of Calm subscribers in addition to the relationship
between Calm use and reported changes in health, stress, and
sleep.

Respondents were mostly white and mostly female. More than
half reported a mental or physical health diagnosis, and
approximately three-fourth reported sleep difficulties. The most
common reason for starting to use Calm was for sleep, followed
by stress and depression. Most respondents used Calm 5 or more
times per week.

Meditations and Sleep Stories were the most commonly used
components. It is not surprising that meditation was the most
frequently used Calm component as Americans are more
consistently including meditation as part of their lifestyle [21].
Meditation is the fifth most common type of complementary
approach to health practiced by adults [22]. In addition, Calm
was originally marketed as a mindfulness meditation app, and
after many iterations and changes to the app over time, it now
offers added components such as Sleep Stories.

Gender Differences
Even though our sample was mostly women, men were slightly
more likely to use meditation. Historically, women report higher
use of meditation when compared with men. In a 2019 analysis
of 2012 data from the National Health Interview Survey [21],
5.7 million men reported using meditation as compared with
12.2 million women. Both men and women reported meditation
being helpful to reduce stress. In future studies, it would be
interesting to know why men use the meditations more than the
many other components of the app. This information may impact
the way in which consumer-based meditation apps consider
marketing content based on gender. For example, advertising
Calm with pictures of men meditating may help to encourage
men to subscribe to the app.

Women were more likely than men to use the Sleep Stories.
This may be partially attributed to women reporting higher
levels of sleep difficulties. It is well known that women have a

higher frequency of sleep disturbance as compared with men
owing to hormonal changes over the life span [23]. Sleep
meditations may represent a manageable, nonpharmacological
strategy for women (and men) to improve sleep. However,
further analyses suggest that sleep difficulties do not fully
account for women’s more frequent use of Sleep Stories. Future
research using surveys and qualitative data from consumers
(both men and women) about what they specifically enjoy about
the Sleep Stories would be useful information for future content
development, consumer engagement, and clinical trials.

Tools for Engagement
Tracking and reminders were the most common in-app tools
used to support engagement, and using the app at bedtime (using
Calm at bedtime) appeared to be the most effective adherence
strategy to maintain engagement with the app over time.
Research on the efficacy of mobile apps in impacting behavior
shows that tracking behavior and feedback are among the most
successful strategies for behavior change [24]. Tracking is also
one of the most popular technology strategies used by mobile
apps for health and wellness [25]. Almost 40% of our sample
reported using tracking as a tool to help them continue to engage
in using Calm. Currently, Calm tracks how many sessions and
minutes the user has participated in over time. Recent evidence
suggests that tracking plus feedback may be more impactful for
improvements in behavior change as compared with tracking
alone [26-28]. For example, in a randomized clinical trial testing
the effects of an automated tracking-texting intervention on
physical activity (mActive), coupling text messages containing
automated personalized feedback with physical activity tracking
led to twice as many participants achieving their daily step goal
as compared with other groups [26]. Providing the subscriber
feedback, based on the use of the app, could thus be an effective
strategy for consumer-based mindfulness meditation apps to
keep subscribers engaged once they sign up as a paying member.
In addition, finding other ways to track and provide feedback
outside of sessions and minutes of meditation could provide
more value to a meditation app. For example, the users’
perception of their stress, mindfulness, or happiness after a
session could be tracked in conjunction with patterns of use.
Providing this information as feedback would allow users to
observe the relationship between using Calm and changes in
their moods, thoughts, and behaviors. Future research in this
area is warranted.

When we asked those who engaged in the app more often (more
than 3 times per week) precisely how they stay engaged, many
reported that using Calm at bedtime (eg, Sleep Stories, Daily
Calm, and other sleep meditations) contributed to adherence.
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It is well known that there are barriers to beginning and
maintaining health behaviors (eg, physical activity, diet, and
meditation) [29]. However, using Calm (and other
mindfulness-based apps) at bedtime/for sleep may have fewer
barriers (eg, time and motivation) than participating in another
health behavior. For example, Calm Sleep Stories require the
user to begin the Sleep Story by lying in bed and assuming a
comfortable position with the goal of helping the user to fall
asleep. This does not require added time or motivation (beyond
starting the Sleep Story) and may be an easier task, thus users
reported using Calm at bedtime/for sleep as a way of using the
app more consistently.

An interesting finding from our survey was that almost half of
our sample had friends or family that used Calm, and many
talked with their friends or family about Calm. However, overall,
respondents reported not wanting to be connected with other
Calm users. When exploring mental or physical health diagnoses
and the relationship to reporting the desire to be connected to
other Calm users, those with mental health diagnoses wanted
to connect with other Calm users. Recent research suggests that
individuals with mental health problems are increasingly turning
to online communities for social support [30,31]. Although
more than half of the survey sample started using Calm for
mental health reasons (ie, anxiety and depression), and almost
half reported a mental health diagnoses (ie, anxiety, depression,
and posttraumatic stress); only 3% used the Calm Facebook
community to maintain app engagement. This is surprising
given the strong presence of Calm on Facebook and other social
media platforms. It may be that this convenience sample of
highly engaged users already felt well connected in terms of
social support, and thus, their feedback on additional support
might not be generalizable. It is also possible that concerns
related to privacy and stigma deter users with mental health
diagnoses from disclosing personal or emotional information
to a larger community [32]. These individuals may prefer to
connect specifically with other users who share common
difficulties [33,34]. Future investigation is necessary to
determine what the best way is to connect users and to facilitate
social support for subscribers of these apps.

Changes in Health, Stress, and Sleep
Participants using Calm more frequently were incrementally
more likely to notice changes in both mental and physical health,
stress, and sleep, as were those who reported using Calm for a
longer duration. This is not surprising. Participants are likely
becoming more mindful and reap the benefits associated with
mindfulness [35,36]. Present literature on the amount of
meditation practice needed to observe changes in a range of
health outcomes is varied and limited [37]. However, there is
promising evidence for greater effects on health, stress, and
sleep as time spent (eg duration, frequency) increases [37,38].
This information is important because regardless of the
component (ie, general use of Calm, specifically meditation,
and specifically Sleep Stories), participants who used the app
more frequently clearly noticed changes in their health. It is
well known that individuals are more likely to participate in a
behavior if they enjoy it or if they believe it benefits them
[39,40]. However, it is important to note that survey questions
about changes in all aspects of health were nondirectional, and

respondents’ reports of noticing changes were interpreted with
the assumption that changes reflect improvements. In addition,
future research should explore the correlation between
self-reported noticing changes and directional changes on
validated outcome measures. It is possible that, retrospectively,
users believe that there have been changes, but when completing
a fully validated measure, scores remain the same over time.
The relationship between actual and perceived outcomes and
time spent (duration in minutes and length of membership) using
the app would also be worth exploring in future research. Future
research should also explore the optimal dose of mindfulness
meditation on a mobile app to improve health outcomes. For
example, it is possible that total time spent using a meditation
app is less important than frequency of use it (eg, 10 min a day
for 3 days could be better than 50 min in 1 day).

Respondents who used the Sleep Stories more frequently were
more likely to report noticing changes in their sleep and physical
health. Consumer sleep technologies have become quite popular
to help individuals improve or self-monitor their sleep [20]. In
a review by Ko in 2015 on consumer sleep technologies, a
number of the top-rated sleep apps helped users track their sleep
trends (movements that represent presence or absence of sleep),
recorded ambient sounds (sleep talking and snoring), alerted
users when to go to bed, and tracked their sleep habits over
time. Although some of the apps were developed to facilitate
sleep onset using visual graphics, relaxing music, and nature
sounds, none incorporated Sleep Stories. Uniquely, Calm has
Sleep Stories, similar to meditation, that help the user to practice
moment-to-moment awareness, experience greater attentional
control, and decrease ruminating thoughts, which may lead to
less anxiety about sleeplessness [41,42]. The stories bring
listeners focus into the present moment, helping them to
disengage with negative thoughts/beliefs about sleeplessness,
and provide cognitive distraction, which may lower presleep
anxiety or arousal and help users sleep better.

It is important to note that those who used the Sleep Stories
more frequently reported noticing changes in their sleep and
physical health only, whereas those using meditations more
frequently noticed changes in their mental and physical health,
as well as stress. Although there is a large body of research
demonstrating the relationship between sleep and physical health
[43], many studies observe similar or stronger relationships
between sleep and mental health [44,45]. Given this, it is
surprising that using Sleep Stories was not associated with
changes in mental health or stress. There may be more varying
long-term benefits of using Calm for meditation as compared
with sleep. Little research has been conducted to determine the
effects of sleep components of mindfulness-based apps, and no
studies have specifically assessed the effects of Calm Sleep
Stories in improving sleep and health outcomes. Considering
the increases in sleep components to mindfulness meditation
apps, future research on the extent to which these components
impact sleep is warranted.

Limitations
There were a number of limitations, inherent in descriptive,
survey-based studies. First, although this was a convenience
sample of Calm users that opened an email from Calm and
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decided to complete the survey, engagement was still varied
(60.03% of respondents used the app 5 or more times per week,
27.45% used 3-4 times per week, and 12.52% used only once
or twice weekly), and there may be a viable sample of
individuals who vary in their use of Calm. In addition,
individuals who use Calm more frequently may have more
favorable opinions of the app and have benefitted more from
using it. Those who do not find Calm beneficial may have
elected not to participate. In addition, the survey did not include
the option to endorse using Calm less often than 1 to 2 times
per week, which may have decreased participation rates of
infrequent users. Finally, our sample is mostly white, female,
and with higher income. Future studies should use stratified
recruitment strategies to engage a more diverse sample in terms
of age, gender, income, race/ethnicity, and pattern of usage.
Second, as this was a cross-sectional, nonexperimental study,
we cannot infer causality with regard to the impact of Calm;
rather, analyses rely on subscribers’ recollections of app usage,
perceptions of changes over time, and their beliefs about how
Calm has impacted them. Future studies should explore these
relationships prospectively, and randomized clinical trials are
needed to determine extent to which changes can be attributed
to Calm usage. Third, the survey items were designed
specifically for this study, and thus, there is no previous research
on their validity. In addition, questions asking participants to
notice changes in their health, stress, and sleep after using Calm
were dichotomous (yes/no), and results were interpreted with
the assumption that changes reflect improvements. Future
studies should extend the findings of this report by using
validated questionnaires to assess directional changes in mental

health, physical health, stress, and sleep outcomes. Finally, as
many respondents used both meditations and Sleep Stories, it
is difficult to disentangle the unique effects of those components.
Future dismantling studies could randomize participants to only
use 1 component of the app and look at the benefits of each
component on its own. In addition, future surveys should collect
more detailed information regarding the specific aspects of
meditations and Sleep Stories that users enjoy, and this
information should be presented alongside qualitative data, as
such data could inform future experimental studies.

Conclusions
This is the first study to report the demographic and clinical
characteristics and patterns of usage among a large sample of
paid subscribers to a top-rated health and fitness app, Calm.
Results showed that most subscribers used meditation and Sleep
Stories at least three to four times per week, and more frequent
use was associated with perceived changes in their physical and
mental health, stress, and sleep. We have also identified the
most popular tools within the app preferred by subscribers. This
paper provides information for Calm and other
mindfulness-based apps about strategies to tailor content and
features (eg, emphasize benefits for sleep, provide tracking with
feedback, and incorporate social support that is
private/anonymous) and potentially increase subscribers and
retention rates. From a scientific perspective, these strategies
can help participants engage in studies and facilitate feasibility.
This study sets the stage for future clinical trials aimed at
determining the efficacy of Calm in improving physical and
mental health, stress, and sleep.
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Abstract

Background: Despite the detailed patient package inserts (PPIs) with prescription drugs that communicate crucial information
about safety, there is a critical gap between patient understanding and the knowledge presented. As a result, patients may suffer
from adverse events. We propose using human factors design methodologies such as hierarchical task analysis (HTA) and
interactive visualization to bridge this gap. We hypothesize that an innovative mobile app employing human factors design with
an interactive visualization can deliver PPI information aligned with patients’ information processing heuristics. Such an app
may help patients gain an improved overall knowledge of medications.

Objective: The objective of this study was to explore the feasibility of designing an interactive visualization-based mobile app
using an HTA approach through a mobile prototype.

Methods: Two pharmacists constructed the HTA for the drug risperidone. Later, the specific requirements of the design were
translated using infographics. We transferred the wireframes of the prototype into an interactive user interface. Finally, a usability
evaluation of the mobile health app was conducted.

Results: A mobile app prototype using HTA and infographics was successfully created. We reiterated the design based on the
specific recommendations from the usability evaluations.

Conclusions: Using HTA methodology, we successfully created a mobile prototype for delivering PPI on the drug risperidone
to patients. The hierarchical goals and subgoals were translated into a mobile prototype.

(JMIR Mhealth Uhealth 2019;7(11):e15940)   doi:10.2196/15940

KEYWORDS

visual perception; adverse drug event; human factors design; mobile health

Introduction

Background
Adverse drug reactions (ADRs) account for 4.2% to 30% of
hospital admissions in the United States, costing up to 30.1
billion dollars annually [1,2]. For decades, the US Food and

Drug Administration (FDA) and drug manufacturers have
administered detailed patient package inserts (PPIs) with
prescription drugs to communicate crucial information for
patient safety. In order to comply with FDA regulations,
pharmaceutical manufacturers developed PPIs to assist health
care professionals and patients in identifying any potential health
conditions that may arise when consuming the medications.
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PPIs provide important information, including warnings,
precautions, and lists of adverse reactions and drug interactions
[3].

PPIs play a pivotal role for patient safety. The current format
for presenting important information in the PPIs does not engage
patients in an effective manner. As a result, patients are often
unable to identify crucial warnings, the consequences of which
are partially manifested in the dramatic increase in ADR-related
hospitalizations over the past decade (ie, 117% increase in
medication- and drug-related hospitalization from 1997-2008)
[4,5]. Moreover, lawsuits and litigation have resulted from
off-label use of drugs and drug side effects even when the
information to prevent these problems was included in the PPIs.

Recent research suggests minimal patient engagement with
PPIs. For example, a recent study explored self-reported drug
risk reading by comparing the results of eye tracking and actual
information recall. Although the majority of participants claimed
to have read the risk information, eye-tracking measures
revealed no risk reading, and actual information recall was
minimal recall [6]. One plausible explanation, as suggested by
the cognition literature, is that patients do not retain medication
information due to complex cognitive processes.

The cognition literature offers two perspectives for such
behavior: information avoidance and familiarity. Information
avoidance refers to not wanting to know information that will
cause uncomfortable conflict in the individual’s mind [7].
Familiarity increases with experience frequency and reduces
the likelihood that laypeople will look for information. With no
negative consequences for repeated usage, individuals become
less concerned about the risks associated with the product [8].
Innovative interactive visualizations, such as infographics, have
been frequently used to deliver health information due to their
ability to present complex data in a simple and clear manner
[9,10]. Presenting PPI information using interactive visualization
can actively engage patients to reduce information avoidance
due to a sense of perceived familiarity and empower patients
to retain more information [11].

There is a clear need to present the PPI information in a logical
and quick-to-find manner to effectively educate patients about
pertinent and crucial life-saving information. Visualizing
information using heuristics has proven to help clinicians and
patients understand complex scientific data and improve
performance decision outcomes [12,13]. Many studies have
confirmed that visualization can improve a person’s ability to
remember and recall information [14,15]. Heuristics helps
reduce cognition overload and cultivates faster ways of
processing information by human minds [10]. Thus, it is crucial
to organize information in the PPIs in a methodical manner to
facilitate heuristic reasoning.

Current estimates suggest more than 40,000 mobile health
(mHealth) apps are in use today [16]. Delivering PPI information
through the most common platform can reach most patients and
maximize the impact of our study. However, mHealth apps
proliferate with little evidence for their effectiveness and little
support for understanding how to best design these apps [17].
Most mHealth apps present medication information using static
texts, and if visualization is used, it is not interactive.

Furthermore, evidence from recent studies shows that many of
the mHealth apps do not use human factors design
methodologies [18-20]. Without a clear understanding of the
end-user requirements, crucial information about health can be
presented in such a way that it can be misleading or misread.
Among different human factors design methodologies,
hierarchical task analysis (HTA) has been widely used for
systems design in many different fields and shown to improve
overall user satisfaction [21-23]. HTA focuses on the concept
of the goal as a unit of behavior in terms of its objectives, which
are decomposed into hierarchical subgoals [24]. Although HTA
has been rarely used in mHealth app design, many successful
fields such as aviation and the military have used HTA for their
systems design and decision support.

This research seeks to bridge the gap between drug information
presentation and mHealth app development. More specifically,
we propose an interactive visualization approach to deliver PPI
information to patients in a manner that aligns with their
information processing heuristics through a mobile app that
uses human factors design methodologies.

Objective
The objective of the paper is to explore the feasibility of
designing an interactive visualization-based mobile app
prototype using the HTA approach.

Methods

Drug Selection
For the purpose of the prototype, the research team selected a
drug product, risperidone, that has applications and uses for
children, adults, and the elderly. Risperidone is an atypical
antipsychotic drug that is a widely used benzisoxazole derivative
approved by the FDA for the treatment of schizophrenia in 1994,
for the short-term treatment of the mixed and manic states of
bipolar disorder in 2003, and for depression and the treatment
of irritability in children with autism in 2006 [25]. Risperidone
has several important side effects of which the patients must be
aware that are often ignored.

Hierarchical Task Analysis Construction
HTA is used to understand cognitive task complexity when
patients interact with the PPI information and how they would
manage these tasks [11,26,27]. To carry out a task to find
information, the operator has to go through a logical information
scent [28]. Information scent is a term derived from the
information foraging theory, which explains human
information-seeking and sense interface. Information scent
refers to information seekers following hints as a form of either
visual or textual context in search of the desired information
[23,29,30]. A strong information scent can convince users that
they will find what they are looking for at the end of the journey.
Information scent is the subjective perception of the cost and
value of the sources obtained from proximal cues such as icons
(eg, links representing content sources). Thus, placing cues that
correspond with the goals can help the information seekers to
find relevant information quickly and easily. The output of HTA
gives app designers a better understanding of how to place
information cues for better information scent.
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We developed 6 high-level information-seeking goals for
risperidone based on the 6 types of crucial information two
licensed pharmacists decided patients should know about their
medications including uses, warnings and precautions, how to
take, side effects, how to store, and dosage information contents
[31]. Two researchers with backgrounds in pharmacy
constructed an HTA map using the goals for each level of crucial
information using the HTA methodology. The main strategies

for HTA construction are described in Figure 1. After each HTA
step was constructed in detail, the two researchers met,
discussed, and iterated through the subgoals until consensus
was reached. If the two researchers could not agree on any
subgoals, the conflict was resolved by the third researcher. The
three researchers would then meet and discuss the goals,
subgoals, and necessary changes until the action plan for all
tasks was clear.

Figure 1. The basic decision-making process cycle for hierarchical task analysis.

Interactive Visualization Creation
Once the HTA goals, subgoals, and steps were created, the three
researchers met and created the infographics for each step. Each
step embeds important medication information related to the 6
goals. The main objective of the infographics is to present
critical medication information to patients that is easily
understood and does not require a substantial amount of reading.
The researchers used a Gestalt approach for the colors, sizes,
and fonts of the design [32].

App Creation
We used Axure RP version 9.0669 (Axure Software Solutions)
to prototype and wireframe our ideas into infographics and
iterated through the design cycle until the design was approved
by the research team [33]. We created infographics for the 6
subgoals and embedded relevant medication information.

Once the prototyping was developed, the functional
requirements were coded using Java and PHP: Hypertext
Preprocessor. The functionalities were tested several times to
ensure proper functioning of the graphics and that links lead to
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the desired locations. In addition, we assessed our links and
hyperlinks to ensure all functionalities were appropriately
executed.

Usability Evaluation of the App
We conducted a usability evaluation of the app with 24
pharmacy students. An exemption was obtained from the Keck
Graduate Institute institutional review board and consent forms
were signed by the participants. The usability evaluations
included two steps. For the first step, we used the concurrent
thinking aloud technique to understand and measure the initial
reactions of the participants. Each participant was asked first
to navigate through the site for 3 to 5 minutes. After initial
navigation, participants were asked to think aloud while surfing
the interface. All verbal responses were recorded and
transcribed. Then two researchers coded recommendations for
future iterative design based on the transcripts. These
recommendations were further organized under a common
theme. For the second step, a System Usability Scale (SUS)
survey was administered to 6 participants. SUS is a simple
Likert-based scale with 10 statements that examine the global
view of the subjective assessment of a user interface. A final
SUS score represents a composite measure of the overall
usability of the system [34].

Results

Hierarchical Task Analysis Construction
Six extensive steps were developed using the HTA methodology.
These steps were later translated into functional requirements
in Axure for mockups using an infographics approach. The final

prototype was developed after the mockups were verified and
reiterated with refinements. We describe two steps that were
created using the HTA method in Figure 2. For example, if the
high-level goal is to find information on the dosage for an
11-year-old patient, steps would include opening the app,
defining the age, and finding the information. After the
information requirements are completed, users may close the
app and apply the information (eg, giving the medication). After
defining the age, subgoals can be found through the app. The
information scent requirement leads users to the how to take
stage, where 3 indications for the drug (mania, schizophrenia,
and depression) are displayed. If the goal is to find the dosage
for schizophrenia, the steps would be identifying patient dosage
and displaying this information. Similarly, if the goal is to
produce information on how to store the medication, plan 2.5
(Figure 2) will show how different interactions can help users
find information using a trial-and-error approach. Additionally,
it satisfies one of our subgoals of providing feedback in an
adaptive fashion (ie, gives user feedback based on their
response).

Explicating steps for goals and subgoals helped the design of
step-by-step infographics, as shown in Figure 3, that were
instantiated in the mobile prototype. For example, a user who
takes Risperdal (risperidone) in Fig 3d is asked to select the
proper storage method (in this case, the correct answer is in the
upper cabinet at room temperature). If the user selects any other
answer, the screen tells the user that the selected answer is
wrong and provides an option to choose again until the user
chooses the correct answer. This scenario shows how users can
interact with our app.
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Figure 2. Steps of hierarchical task analysis.

Figure 3. Screenshots from the mobile app: (a) screen showing age-based differences, (b) graphical representation of depression, (c) dosage for
depression, (d) screen in which users are asked to choose the proper storage method for the medication.
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Usability Evaluations
The specific usability recommendations coded by researchers
were categorized into 5 themes: initial impression, problems
with page navigation, information presentation, convenience
of finding information and significant changes needed. The
results are summarized in Textbox 1.

System Usability Score Analysis Units
The system usability score was computed based on the SUS
survey (described in the Methods section) responses. The results
(Multimedia Appendix 1) show the composite measure of
usability is 74.5% (SD 3%).

Textbox 1. System usability themes and recommendations.

Initial impression:

• Create a name for the app, Medinfo, and add a description

• Create a logo that brands it as a medication information app

• Create consistent color coding

Problems with page navigation and surfing the site:

• Add search function

• Add file crawling options

• Change pictures to one pill and keep dosing directions

Information presentation, relevance, and positive impression:

• In the how to store section, make the interaction quiz more obvious

• Consider live emoji functions

Convenience of finding information:

• Different font sizes used throughout the app to focus on relevance

Significant changes needed:

• More interactions with the app

• Relevance of warnings and side effects should be clearer

Discussion

Principal Findings
Existing designs for drug medication information presentation
usually include a snapshot of all related information in simple
text format, which often causes information overload [35]. In
contrast, a stepwise approach to include safety information has
been shown to improve medication information recall for
patients [36]. Our innovative approach using HTA to decompose
information-seeking tasks and incorporate innovative
infographics provides a unique perspective on how to present
medication information to patients. More importantly, our
research on using HTA corresponds with previous research in
which the human factors design approaches proved to be
effective [21,37-39].

The three design goals of our mobile app prototype were
interaction, information overload reduction, and an enjoyable
experience for the patient. Patients should be able to interact
with the information. For example, if medicine X should be
stored in the refrigerator, patients would be able to click on a
picture of the refrigerator under the storage function and get
positive feedback based on their response. In this way, patients
will feel empowered to seek information. To reduce information
overload, only relevant information will be displayed. For
example, patients can select only certain aspects of medication

information such as how to use to understand different ways to
take the medication. The interactive infographics are designed
to provide a fun and enjoyable experience for the patient. Instead
of using conventional images, we designed the mobile prototype
using infographics to visualize the medication information, how
to take the medication, and the storage site of the medication.
It allowed us to deliver very complex medication information
in a fast and understandable way. Additionally, we chose
illustrations such as cartoon-type characters and animations,
which have been shown to have positive effects on information
retention [14].

The study provides novel insights on designing future
medication information delivery systems for private and
government organizations. Our design can provide insights into
digital decision-support design also [40]. It addresses the
limitation of the current medication information delivery system
design, which does not ensure patient understanding and
retention of crucial medication information. According to prior
research, the primary causes for missed medications are
forgetfulness, discordance between the patient and physician,
inability to recall information, and unfavorable side effects [41].
Our research attempts to improve the information recall of
patients through the interactive visualization design. We assume
that by improving patient medication information recall, the
system will improve medication adherence and reduce
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serious/severe side effects (including adverse events) that burden
our health care systems. We thus hypothesize that if patients
are more aware of the potential side effects and adverse events,
there is an increased likelihood of better adherence to medication
management. Future research will test this hypothesis using our
prototype system in an experimental setting to evaluate usability
features.

Our design has several implications for PPI design. The
infographics content we used can be developed for individual
medications using the HTA methodology. Companies may be
able to have their customers and patients focus more on the
life-saving drug label information that otherwise gets ignored.
Thus, this process can help with reducing adverse events,
monitoring for side effects, and saving industry millions of
dollars in future litigations.

Several improvements for our mobile app development have
been planned based on the usability recommendations from
Textbox 1. One significant change recommended is to make
information about warnings and side effects clearer. While
currently there is not a standard way to present medication
information in a graphic format, one prominent study created
an iconic language called Visualization of Concepts in Medicine
(VCM) to present medical concepts graphically [42]. The VCM
language was designed to present textual information described
in drug monographs using only a small number of graphical
primitives and combinatory rules. Although the VCM language
was initially designed for medical practitioners to remember
drug properties, it could be extended to represent warnings and
side effects in medication. More specifically, simple sentences
about drug warnings, interactions, and side effects could be
built with VCM icons.

Second, a reminder function will be added to create more
interactions between patients and the app. To be effective,
reminders should combine different modalities, including subtle
status bar notifications, and should allow users to select alert
types that suit their needs depending on their capabilities and
social context [43,44]. Design and implementation of the
reminder function could continue the same human factors
approach we adopted for the current version of the prototype
system.

Last, we plan to investigate other ways that would give users
more interaction with the app. Designing a game-based app that
is generic and aims to change the way patients think and the
decisions they make about their health care can be useful [45].

Limited research has examined gamification and its impact on
medication adherence. We assume built-in gamification within
our mobile app would provide users more time to process the
medication information, which would lead to improved
medication information recall and better medication adherence.

Limitations
Our study has several limitations. First, the prototype was
designed only for an oral medication. Creating similar designs
for other dosage forms such as injectables may be different.
Second, the prototype needs to be tested in a real-world setting
to verify its effectiveness. In this study, we created a prototype
that is not for actual deployment. Our goal in the future is to
include verified VCM image icons in the final design during
actual implementation. Third, current prototype features such
as color, background, and infographics are designed based on
the feedback from the research team experts and a limited
number of end users. We have demonstrated that it is feasible
to design an interactive visualization-based mobile app using
the HTA approach. In the next step, we plan to develop the
actual mobile app using human factors design with iterations,
incremental feedback, and robust testing. Therefore, our final
interface design may have different and improved color contrast
and background. Fourth, although interacting with simple
graphical information may improve critical information recall,
we have not tested information recall in patients. However, we
plan to investigate other ways to increase patient interaction
with the medication information and test recall in future.

Future Work
Once our mobile app is improved and deployed, we plan to
conduct an experiment that compares medication information
recall between patients who interact with PPI information
through our mobile app versus patients who receive PPI in a
paper format. The experiment would allow us to demonstrate
the effectiveness of delivering PPI information via interactive
infographics on a mobile app.

Conclusions
In this study, our goal was to design an interactive
infographics-based medication information delivery system to
reduce information overload and improve medication
information recall. Using the HTA methodology, we
successfully created a mobile prototype for delivering PPI for
the drug risperidone. The hierarchical goals and subgoals were
translated into a mobile prototype.
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Abstract

Background: In many clinics, patients now have the option to make Web-based appointments but doing so according to their
own judgment may lead to wrong registration and delayed medical services. We hypothesized that smartphone-based triage in
outpatient services is superior to Web-based self-appointment registration guided by the medical staff.

Objective: This study aimed to investigate smartphone-based triage in outpatient services compared with Web-based
self-appointment registration and to provide a reference for improving outpatient care under appointment registration.

Methods: The following parameters in Guangzhou Women and Children’s Medical Center were analyzed: wrong registration
rate, the degree of patient satisfaction, outpatient visits 6 months before and after smartphone-based triage, queries after
smartphone-based triage, number of successful registrations, inquiry content, and top 10 recommended diseases and top 10
recommended departments after queries.

Results: Smartphone-based triage showed significant effects on average daily queries, which accounted for 16.15% (1956/12,112)
to 29.46% (3643/12,366) of daily outpatient visits. The average daily successful registration after queries accounted for 56.14%
(1101/1961) to 60.92% (1437/2359) of daily queries and 9.33% (1130/12,112) to 16.83% (2081/12,366) of daily outpatient visits.
The wrong registration rate after smartphone-based triage was reduced from 0.68% (12,810/1,895,829) to 0.12% (2379/2,017,921)
(P<.001), and the degree of patient satisfaction was improved. Monthly outpatient visits were increased by 0.98% (3192/325,710)
to 13.09% (42,939/328,032) compared with the same period the preceding year (P=.02).

Conclusions: Smartphone-based triage significantly reduces the wrong registration rate caused by patient Web-based appointment
registration and improves the degree of patient satisfaction. Thus, it is worth promoting.

(JMIR Mhealth Uhealth 2019;7(11):e15313)   doi:10.2196/15313

KEYWORDS

smartphone; triage; outpatients; personal satisfaction

Introduction

Background
Medical systems worldwide face clinical, administrative,
regulatory, and financial strains that require them to increase

performance while reducing costs [1,2]. Hospitals often have a
limited number of support staff responsible for patient
registration and for taking medical history [3]. Registration by
medical staff can create a bottleneck that increases waiting time
and, thus, the likelihood of registration errors [4-6].
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The National Health and Family Planning Commission of the
People’s Republic of China issued the Action Plan for Further
Improving Medical Care Services in 2015, requiring
appointment rates in tertiary hospitals to be at least 50% by the
end of 2017 [7]. Therefore, hospitals began to implement
appointment systems, and some of them implemented full
appointment systems for nonemergency registration. The
appointment systems alleviate the difficulty of temporary
registration to a certain extent but may lead to wrong registration
because of the limited medical knowledge of the patients. Song
et al [8] reported that since the implementation of the full
appointment system for nonemergency pediatric patients, the
wrong registration rates by self-appointment and complaints
from the children’s families cannot be neglected and that the
most important problem faced by the patients is the selection
of the correct department [8]. This is further complicated by
increasingly subdivided departments [9]. Xuezhen et al [10]
reported that the loss of time and money caused by wrong
registration directly leads to patient dissatisfaction with hospital
visits.

Wrong registration not only wastes the time of the patients but
may also lead to disease aggravation and delayed treatment.
Lewis et al [11] proposed an effective clinical decision support
tool to perform prehospital diagnosis and triage of ruptured
aortic aneurysms accurately. Adapting such algorithms into
smartphone apps that are used to make appointment registration
could help decrease the error rates. It is feasible to use
smartphone apps to report a dental emergency [12] and burns
[13]. Previous studies mainly reported the use of smartphones
for emergency triage and referral for some diseases [14-16], but
the added value of using smartphone-based triage for regular
appointments remains undefined. The most concerning aspect
of adequate appointment registration is that the parents’ level
of information regarding their child’s illness is limited [17].
Mobile health is a promising app for appointment registration
[14]. WhatsApp (WhatsApp Inc) helps reduce unnecessary
referrals and outpatient visits [15]. Smartphone-based pulse
oximetry has been used to evaluate pediatric patients without
hypoxia [16]. Reduction in waiting time from referral to first
visit for community outpatient services might contribute to
better health outcomes [18]. Therefore, investigating
smartphone-based triage is critical in the modern era where the
smartphone is becoming a central actor in everyday life.

In many clinics in China, the patients now have the option to
make Web-based appointments, but doing so according to their
own judgment may lead to wrong registration and delayed
medical services. On the basis of the above, we hypothesized
that smartphone-based triage in outpatient services is superior
to Web-based self-appointment registration guided by the
medical staff.

Objectives
Therefore, this study aimed to investigate the effect of
smartphone-based triage on outpatient visits compared with

Web-based self-appointment registration, the rate of wrong
registration made by the patients, the degree of patient
satisfaction, and the effects on outpatient visits. This study
provides a reference for improving outpatient appointment
registration.

Methods

Study Design and Subjects
This was a cross-sectional study of patients who made
appointments with the outpatient department of Guangzhou
Women and Children’s Medical Center between April 2018
and March 2019. This medical center is one of the hospitals
that implemented a full appointment system for nonemergency
appointment registration. There are more than 10,000 outpatient
visits daily, and smartphone appointments among these
outpatient visits accounted for a total of 77.15% (8692/11,266).

The inclusion criteria were that the participant (1) had records
available during the study period in the hospital information
system, (2) used a smartphone to book the appointment, and
(3) had good communication skills and consented to participate.
The exclusion criteria included (1) incomplete registration or
appointment data or (2) multiple visits during the study period.

Smartphone App
Our hospital and Shenzhen Tencent Technology jointly
developed and implemented smartphone-based triage based on
symptoms recorded since October 2018. At the time of
appointment registration, the option of selecting basic symptoms
was added. Patients or family members can select symptoms
based on disease conditions, which then accordingly guide them
in selecting the adequate departments and doctors to visit. The
best department can be selected according to different symptoms
in the registration symptom page. In addition, the best route
guidance can be provided based on precise, intelligent navigation
within the hospital.

Patient Grouping
The patients recruited from April to September 2018 made
Web-based appointment registration without the smartphone
system, whereas from October 2018 to March 2019, outpatients
started using the smartphone app for Web-based appointments.

Indexing Process for Smartphone Self-Appointment
System
Disease indexing was performed by the patients. If the patient
had a confirmed disease, the app immediately directed the
patient to the appropriate department (Figure 1; Multimedia
Appendix 1 shows screenshots of the app). If there was no
confirmed diagnosis, the app asked a series of questions based
on symptoms, discomfort, and terminology and then suggested
the suitable departments to the patients. The app is completely
automated.
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Figure 1. Self-appointment symptom index chart.

Data Collection
Smartphone-based triage had storage and memory functions.
The medical staff could directly obtain the content from the
background system and retrieve outpatient visits from the
hospital operation and decision support system (business
intelligence system). The degree of satisfaction regarding the
accuracy of smartphone-based triage was extracted from the
degree of satisfaction survey, which spanned the period from 6
months before smartphone-based triage to 6 months thereafter.

Patients in each department of Guangzhou Women and
Children’s Medical Center were enrolled. Random sampling
was performed for selection, and assessment was carried out
by 55 investigators who underwent unified training. The degree

of satisfaction survey was performed on site at the hospital.
According to the sample size, the survey of 1850 cases indicated
that the interviewees were representative. General satisfaction
was the first-level indicator. In addition, there were 6
second-level indicators, including general impression, service
attitude, service quality, hospital environment, price perception,
and medical ethics. Furthermore, 31 third-level indicators were
assessed (Multimedia Appendix 2). The responses to third-level
indicators were categorized using a 5-point Likert scale. The
answers were coded from 1 to 5: 5-very satisfied, 4-satisfied,
3-neutral, 2-unsatisfied, and 1-very unsatisfied. The current
internationally recognized method for calculating the satisfaction
degree based on public opinion was adopted for evaluating each
of the third-level indicators [19,20]: 100, very satisfied; 80,
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quite satisfied; 60, neutral; 40, dissatisfied; and 20,
verydissatisfied. Unclear was assigned for missing values, which
were excluded from the final analysis. A single indicator was
calculated based on weighted calculation: degree of satisfaction
= proportion of very satisfied × 100 + proportion of relatively
satisfied × 80 + proportion of generally satisfied × 60 +
proportion of not satisfied × 40 + proportion of very dissatisfied
× 20. The overall degree of satisfaction was calculated by
weighing each indicator score [19,20]. General satisfaction was
calculated by summing the scores of all second-level indicators
after multiplying them by their corresponding weights: general
impression (5%), service attitude (15%), service quality (20%),
hospital environment (10%), price perception (20%), and
medical ethics (30%) [19,20].

Statistical Analysis
SPSS 23.0 (IBM) was used for data analysis. Queries and
outpatient visits of smartphone-based triage were expressed as
frequencies. The proportion of queries and inquiry content was
expressed as a percentage. A comparison of wrong registration
and the degree of satisfaction was analyzed by the Student t
test. P<.05 was considered statistically significant.

Ethical Considerations
The ethics committee of Guangzhou Women and Children’s
Medical Center (approval number SFE-KL-28201) approved

this study. Patients or their guardians provided signed informed
consent.

Results

Effect of Smartphone-Based Triage
The average daily numbers of smartphone-based triage used for
the 6 consecutive months were 2359, 1917, 1956, 1961, 3067,
and 3643, accounting for 22.23% (2359/10,610), 16.37%
(1917/11,717), 16.15% (1956/12,112), 23.20% (1961/8453),
26.09% (3067/11,754), and 29.46% (3643/12,366) of all
outpatient visits, respectively. The average number of daily
queries for the whole study period was 2730, which was equal
to the workload of at least nine experienced precheck triage
nurses and hospital guiding staff. The numbers of successful
daily registrations after smartphone-based triage for the 6
consecutive months were 1437, 1101, 1130, 1101, 1736, and
2081, accounting for 60.92% (1437/2359), 57.43% (1101/1917),
57.77% (1130/1956), 56.14% (1101/1961), 56.60% (1736/3067),
and 57.12% (2081/3643) of all queries, respectively, and 13.54%
(1437/10,610), 9.40% (1101/11,717), 9.33% (1130/12,112),
13.02% (1101/8453), 14.77% (1736/11,754), and 16.83%
(2081/12,366), respectively, of all daily outpatient visits in the
respective months (Table 1).

Table 1. Queries of smartphone-based triage, successful registrations after query, and proportions of outpatient visits.

Proportion of successful daily registrations after query to outpa-
tient visits, n (%)

Proportion of daily queries to outpatient
visits, n (%)

Daily outpatient visitsTime
(months)

1437 (13.54)2359 (22.23)10,6101

1101 (9.40)1917 (16.37)11,7172

1130 (9.33)1956 (16.15)12,1123

1101 (13.02)1961 (23.20)84534

1736 (14.77)3067 (26.09)11,7545

2081 (16.83)3643 (29.46)12,3666

Reduction in Wrong Registrations
The number of wrong registrations during the 6 months before
smartphone-based triage was 12,810, accounting for 0.68% of
all outpatient visits (1,895,829), that is, 2135 (SD 37) wrong
registrations recorded monthly. This number was significantly
reduced to 2379 after smartphone-based triage, accounting for
0.12% of all outpatient visits (2,017,921), that is, 396 (SD 17)
wrong registrations recorded monthly (95% CI
1701.362-1771.68; P<.001).

Improved Degree of Satisfaction of the Outpatients
A total of 7400 questionnaires were released and 7188 were
collected, indicating an effective recovery rate of 97.14%. The
questionnaire survey data are shown in Table 2. A comparison
of the first and second quarters after smartphone-based triage
with pre–smartphone-based triage showed a significant
improvement in the degree of patient satisfaction (P<.001; Table
3).
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Table 2. Basic information of the degree of patient satisfaction before and after smartphone-based triage.

Second quarter after triageFirst quarter after triageFirst quarter before triageSecond quarter before
triage

Item and condition

Valid questionnaires

1716180218381832Copies

Sex, n (%)

1065 (62.06)1116 (61.93)1112 (60.50)970 (52.95)Female

651 (37.94)686 (38.07)726 (39.50)862 (47.05)Male

Payment, n (%)

1067 (62.18)1168 (64.82)1141 (62.08)1280 (69.87)Self-paying

579 (33.74)563 (31.24)623 (33.90)454 (24.78)Medical insurance

70 (4.08)71 (3.94)74 (4.02)98 (5.35)Public expense

Residence, n (%)

1315 (76.63)1300 (72.14)1317 (71.65)1290 (70.41)Local

323 (18.82)372 (20.64)389 (21.17)466 (25.44)Other city in local province

78 4.55)130 (7.22)132 (7.18)76 (4.15)Other province

Sample classification, n (%)

501 (29.20)527 (29.25)443 (24.10)336 (18.34)Patient himself

1215 (70.80)1275 (70.75)1395 (75.90)1496 (81.66)Relatives and friends

Educational level, n (%)

229 (13.34)276 (15.32)296 (16.10)243 (13.26)Below junior middle school

340 (19.81)421 (23.36)432 (23.50)432 (23.58)High school or technical secondary
school

1062 (61.89)1022 (56.71)1028 (55.93)1073 (58.57)Junior college or undergraduate

85 (4.96)83 (4.61)82 (4.47)84 (4.59)Master degree or above

Table 3. Comparison of satisfaction level before and after smartphone-based triage.

Odds Ratio (95% CI)P valueBefore smartphone-based triage, mean (SD)After smartphone-based triage, mean (SD)Time

1.059(0.482-2.327)<.00185.77 (3.71)87.05 (3.49)First quarter

0.773(0.342-1.747)<.00185.27 (3.26)87.60 (3.32)Second quarter

Degree of Satisfaction Regarding the Accuracy of
Smartphone-Based Triage
The survey conducted in 1850 patients about the degree of
satisfaction regarding the accuracy of smartphone-based triage
showed that 1601 patients were satisfied (88.68%), 144 were
neutral (7.98%), 60 were dissatisfied (3.34%), and 45 were
missing.

Proportions of Inquiries in the Content of
Smartphone-Based Triage
For patients inputting their diseases and symptoms in
smartphone-based triage, those waiting for disease judgment
accounted for 48,596 (57.68%), those looking for a doctor
accounted for 14,184 (16.84%), those in the inquiry process
accounted for 7260 (8.62%), those with other questions
accounted for 6712 (7.97%), those inquiring for examination
accounted for 3994 (4.74%), and those looking for the
department accounted for 3502 (4.15%).

Top 10 Queries of Disease Recommendation
The top 10 queries were associated with unspecified-site acute
upper respiratory tract infection; other infectious diseases and
unspecified etiologies, gastroenteritis, and colitis, other and
unclear pyrexia, acute nasopharyngitis cold, influenza without
labeled virus, cough, bronchitis unspecified as acute or chronic,
pneumonia with unspecified pathogen, hand-foot-and-mouth
disease, chronic disease of tonsils and adenoids.

Top 10 Queries of Department Recommendation
The top 10 queries based on department recommendations were
associated with the deputy director of outpatient internal
medicine, attending internal medicine department, attending
respiratory outpatient, attending auricle deformity department,
chief of pediatric respiratory department, attending
otolaryngology department, chief of otolaryngology department,
attending dermatology department, deputy director of
dermatology department and attending outpatient department
of gastroenterology.
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Changes in Outpatient Visits Before and After
Smartphone-Based Triage
The outpatient visits were increased by 0.98% (3192/325,710)
to 13.09% (42,939/328,032) compared with the same period
last year, and monthly outpatient visits after 6 months of
smartphone-based triage were 328,902, 351,518, 375,458,
236,690, 364,382, and 370,971. Compared with the outpatient
visits in the same period last year, the outpatient visits were
increased by 0.98% (3192/325,710), 4.40% (14,815/336,703),
9.22% (31,695/343,763), 5.22% (11,742/224,948), 8.23%
(27,708/336,674), and 13.09% (42,939/328,032), after
smartphone-based triage (95% CI 6525.769-41,544.565; P=.02).

Discussion

Principal Findings
Human-based patient registration requires money, time, and
human resources and often represents a bottleneck for patient
registration [1-6]. In China, where the health care system is
based on specialists rather than generalists, the patients now
have the option to make Web-based appointments, but doing
so according to their own judgment may lead to wrong
registration and delayed medical services. This study
investigated the effect of implementing smartphone-based triage
in the outpatient department compared with Web-based
self-appointment registration, smartphone-based triage queries,
rate of successful registration after query, rate of wrong
registration, degree of patient satisfaction, and the top 10
recommended diseases and departments. The results indicated
that smartphone-based triage has significant effects on
appointment registration and is well accepted by the patients
and family members, reduces wrong registration caused by
patient Web-based appointment registration, and improves the
degree of patient satisfaction.

This showed that patients could use smartphones to consult the
doctor anytime from anywhere to be guided to the right
department, thereby optimizing the visit process, reducing the
wrong registration rate, and improving the degree of patient
satisfaction. De Bruin et al [21] confirmed that a
smartphone-based triage app was well accepted by the patients.

Previous studies reported improved effectiveness of patient
registration. Nogueira et al [22] proposed the FAST-ED app
for improving smartphone-based triage in acute ischemic stroke
patients, and Uthoff et al [23] reported the use of smartphones
in the early discovery of oral cancer lesions. Tayfur and Afacan
[24] showed that the patients could perform a smartphone-based
triage evaluation before seeing a doctor. Verzantvoort et al [25]
stated that smartphone-based triage plays an important role in
patients who are consulting doctors. Tian et al [26] used a
simulation model to evaluate a mobile-based system for
supporting emergency evacuation decision making. Gupta et al
[27] reported technicians using a store-and-forward telemedicine
device to screen for ear problems. Astarcioglu et al [28], Borve
et al [29], Dahlen Gyllencreutz et al [30], and Urner et al [31]
investigated the use of smartphones in skin cancer referral,
time-to-reperfusion in ST-segment elevation myocardial
infarction undergoing inter-hospital transfers, teledermoscopy

images acquired in primary health care and hospital settings,
and accuracy in triage imaging of human
papillomavirus–positive women, respectively. All these studies
showed that the use of smartphone-based triage improved the
wrong registration rates and patient satisfaction in specific
patient populations. This study is supported by those studies
and provides a higher degree of generalization as all women
and pediatric patients were included, irrespective of their
disease, and the department consulted. Nevertheless, those
previous studies did not report how many outpatients were
willing to participate in the clinical study. In contrast, this study
demonstrated that queries associated with smartphone-based
triage were significant, and the triage was well accepted by
patients.

Strengths and Limitations
A major advantage of the system used in this study was that no
special smartphone requirement was set, and registration and
smartphone-based triage could be followed after the patient had
logged into the official WeChat account. Resources should be
effectively allocated while using information systems [21]. In
this study, smartphone-based triage took advantage of
information technology to replace most of the work of routine
field manual preinspection and triage by clinical service staff,
effectively allocating resources. Not all patients used the
smartphone app for appointment registration, but many of those
who used the app did not require any assistance for the selection
of the right department. This system could save time and energy
of the support staff and effectively improve the utility of the
precious medical resources.

Our hospital is specialized in pediatrics and woman health care;
hence, more than 70% of outpatient visits were in the pediatric
department. Nevertheless, the study showed that after the
implementation of smartphone-based triage, the total outpatient
visits increased compared with the previous year. The exact
reasons for this increase remain unknown and deserve further
investigation.

This study has limitations. The study site was limited to 1
hospital, and the collected data and indicators were limited.
There was no randomization, and there could be a temporal
bias. Multicenter trials with several indicators are required to
confirm the findings. In addition, the app assessed in this study
was specific to countries with a health system centered on
hospital consultations by specialists, which is not the case in
several other countries (eg, in Europe and America), where the
patients consult a general practitioner who manages almost all
diseases and refers to the proper specialists when needed. The
questionnaire was not validated. Nevertheless, the 5-point Likert
scale was used in this study. Finally, as the use of technology
is often dependent upon age, financial resources, and education,
future studies should examine the influence of those factors to
optimize the use of the smartphone app for various populations
of patients.

Conclusions
In conclusion, smartphone-based triage significantly improves
the rate of wrong patients’ Web-based appointment registration
and improves the degree of patient satisfaction. It allocates
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expert resources more effectively, saving manpower for
prediagnosis, triage, and patient guiding. Thus, such a
smartphone approach is worth promoting. Future studies could

examine its use by medical staff for inpatient management and
transfer among departments. It could also be examined in
general practitioners-centered settings.
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Abstract

Background: Meta-information provided about health apps on app stores is often the only readily available source of
quality-related information before installation.

Objective: The purpose of this study was to assess whether physicians deem a predefined set of quality principles as relevant
for health apps; whether they are able to identify corresponding information in a given sample of app descriptions; and whether,
and how, this facilitates their informed usage decisions.

Methods: All members of the German Society for Internal Medicine were invited by email to participate in an anonymous
online survey over a 6-week period. Participants were randomly assigned one app description focusing on cardiology or
pulmonology. In the survey, participants were asked three times about whether the assigned description sufficed for a usage
decision: they were asked (1) after giving an appraisal of the relevance of nine predefined app quality principles, (2) after
determining whether the descriptions covered the quality principles, and (3) after they assessed the availability of detailed quality
information by means of 25 additional key questions. Tests for significance of changes in their decisions between assessments 1
and 2, and between assessments 2 and 3, were conducted with the McNemar-Bowker test of symmetry. The effect size represents
the discordant proportion ratio sum as a quotient of the test statistics of the Bowker test and the number of observation units. The
significance level was set to alpha=.05 with a power of 1-beta=.95.

Results: A total of 441 of 724 participants (60.9%) who started the survey fully completed the questionnaires and were included
in the evaluation. The participants predominantly rated the specified nine quality principles as important for their decision
(approximately 80%-99% of ratings). However, apart from the practicality criterion, information provided in the app descriptions
was lacking for both groups (approximately 51%-92%). Reassessment of the apps led to more critical assessments among both
groups. After having familiarized themselves with the nine quality principles, approximately one-third of the participants (group
A: 63/220, 28.6%; group B: 62/221, 28.1%) came to more critical usage decisions in a statistically significant manner
(McNemar-Bowker test, groups A and B: P<.001). After a subsequent reassessment with 25 key questions, critical appraisals
further increased, although not in a statistically significant manner (McNemar-Bowker, group A: P=.13; group B: P=.05).

Conclusions: Sensitizing physicians to the topic of quality principles via questions about attitudes toward established quality
principles, and letting them apply these principles to app descriptions, lead to more critical appraisals of the sufficiency of the
information they provided. Even working with only nine generic criteria was sufficient to bring about the majority of decision
changes. This may lay the foundation for aiding physicians in their app-related decision processes, without unduly taking up their
valuable time.

(JMIR Mhealth Uhealth 2019;7(11):e16442)   doi:10.2196/16442
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Introduction

The health app market is highly dynamic and liberally organized,
which makes attempts at assessing and adequately regulating
it very difficult. There is little reliable information about the
actual size of the market, the manufacturers’ composition, or
about the products themselves [1]. Various authors lament the
deficit of information regarding health apps, apart from
marketing-oriented aspects, independent of the platform and
area of application [2-5]. There is usually only little information
on efficacy, risk profiles, manufacturing processes, and various
other key aspects [6-8]. However, in order to make a
well-founded decision for usage, as is ethically and legally
required for physicians who want to use such health apps in
their medical routine, those interested in such apps need
sufficient and readily accessible information, ideally provided
by the manufacturers; however, there is often a lack of such
information. Our own preliminary work confirmed this
assumption by means of studying a subset of apps for the
cardiological and pulmonological spectrum [9]. Likewise, there
are no commonly agreed-upon criteria that those interested in
health-related apps, be it for their own use or other purposes
such as research, could apply toward assessment of apps in a
structured manner [10]; in fact, there is a wide variety of
methods that are currently being used. For example, in the
context of scientific evaluations, with respect to content, quality
is often rated in a descriptive manner or based on surrogate
outcome measures [11]. Alternatively, those interested in an
app are referred to guidelines and orientation documents, which
are more or less extensive catalogues of criteria or third-party
certifications or quality seals. These, in turn, also commonly
employ variable rating criteria (eg, Ministry of Health New
Zealand [12], Canadian Medical Association [13], National
Health Service [14], and Fraunhofer-Institut für Offene
Kommunikationssysteme [15]; see Albrecht [16] for a more
extensive listing of possible approaches). Many such
methodologies may be appropriate depending on the context in
which they are to be employed. However, some methodologies
are possibly either too specific to a certain area of application
or confront users with too large a number of criteria and aspects;
this makes it difficult for them to determine if the respective
approaches are indeed helpful for their use case and whether or
not they should use an app.

For new technologies such as mHealth or eHealth in general,
there is still a need to survey or at least involve the relevant
target groups, in this case physicians, when it comes to creating
and evaluating tools offered in the app context or evaluating
the apps themselves in line with the requirements of users (eg,
Hennemann et al [17], Martínez-Pérez et al [18], and Tarricone
et al [19]). This is the case in order to gain acceptance of apps
by health care professionals; for this reason, we performed a
survey-based evaluation in this paper and fine-tuned our
approach to evaluating quality criteria for apps in the health
context. In our previous study, we surveyed medical students
and demonstrated that there was a considerable discrepancy

between the high-quality requirements for health apps, as
communicated by the students, and the information provided
about these prerequisites in the app descriptions. The study also
showed that after examining nine quality principles and 20
features and criteria, students became more critical of the
information available in app descriptions. In 3 out of 4 (75%)
cases examined, the students changed their opinions regarding
the suitability of the app descriptions from sufficient or do not
know to insufficient, for the purpose of making their decisions
about usage.

In this study, we aimed to validate this approach among
physicians. Our main objective was to investigate whether being
made aware of, and working with, quality principles, as
introduced previously [20], influences physicians' assessments
of whether the information in app descriptions was sufficient
for them to make a decision about app usage. Furthermore, the
basic assessment of the relevance of quality principles for usage
decisions by the physicians was also investigated. In addition,
we analyzed how physicians assess the sufficiency of the
information provided in the app descriptions regarding their
compliance with the quality principles. Finally, the frequency
of specific aspects, identified by key questions within the
assigned app descriptions, was collected in a descriptive manner.

Methods

Overview
This study was conducted as an anonymous,
investigator-blinded, randomized, and standardized Web-based
survey with health care professionals who are members of the
German Association for Internal Medicine (ie, Deutsche
Gesellschaft für Innere Medizin [DGIM] eV). The survey was
conducted at Hannover Medical School using a local installation
of the SoSci Survey [21] tool, version 3.2.000 (SoSci Survey
GmbH), and was open for a period of 6 weeks, between June
17 and July 29, 2019. On July 8, 2019, an email reminder was
sent to all DGIM members who were initially invited to
participate. Altogether, approximately 21,000 DGIM members
were invited to participate using the DGIM email list. The study
was approved by the Institutional Review Board of Hannover
Medical School (study number: 8256_BO_K_2019).

Structure of the Survey
After a short introduction to the study and obtaining informed
consent, participants were asked to evaluate one randomly
assigned app description; these descriptions were taken from a
selection of 126 cardiology- and pulmonology-related apps
acquired from Apple’s app store in 2018, which were used as
basis for our previous study [9]. Initially, they were asked to
assess whether, in their opinion, the information presented in
the store description was sufficient for deciding for or against
using the selected app (see Figure 1, assessment 1 [A1]).
Subsequently, the study participants were questioned about their
perception of the relevance of nine given quality principles for
making a decision about usage (see Figure 1, questionnaire 1
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[Q1]). This was followed by an assessment as to whether the
information contained in the descriptions could be used to
conclude that these quality principles were met (see Figure 1).
The respondents were then asked to reassess whether the
descriptive texts were sufficient for making a decision about
usage (see Figure 1). Afterward, the study participants had to
determine whether the relevant information was present using

closed-ended questions (see Figure 1). Thereafter, analogous
to the initial assessment, the participants were prompted to
reassess whether the descriptive texts were sufficient for making
a decision about usage (see Figure 1). The methodology
described is based on a preliminary study with medical students,
which has been successfully implemented [9].

Figure 1. Study flowchart. DGIM: Deutsche Gesellschaft für Innere Medizin.

Evaluation Strategy

Overview
For validation purposes, the respondents were randomly
assigned into two sample groups: A and B. For this purpose,
the random number generator from R, version 3.5.2 (The R
Foundation), was used to generate and assign random
floating-point numbers between 1 and 441 to the fully completed
datasets. The dataset rows were then sorted using these numbers.
The first dataset members (N=220) were placed in group A and
the rest (N=221) were placed in group B. Primary and secondary
analyses were performed equally for samples A and B.

Primary Analysis
The primary aim was to determine whether there was a change
in participants’ answers regarding the assessments done at

different stages of the survey (ie, assessments 1, 2, and 3 [A1,
A2, and A3]).

To this end, two comparisons were made. The first comparison
between the first and second assessments (ie, A1 and A2)
quantified the change in assessment after getting to know the
quality principles. The second comparison of the second and
third assessments (ie, A2 and A3) quantified the change in
assessment after participants had checked the app descriptions
regarding specific (ie, operationalized) quality principles. For
testing, the McNemar-Bowker test [22,23] was used, which
considers the first comparison and then the second comparison
in the sense of a test hierarchy. The study was regarded as
successful if at least the first comparison (ie, A1 vs A2) showed
a significant difference according to the research hypothesis.
For each comparison, a two-sided hypothesis—H0: pij=pji for
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all i≠j versus H1: pij≠pji for at least one i≠j—was used (see Table
1). The effect size represents the discordant proportion ratio

sum (DPRS) as a quotient of the test statistics of the Bowker
test and the number of observation units. The significance level
was set to alpha=.05.

Table 1. Probabilities of the before-and-after paired decisions (eg, A1a vs A2b).

Rating after (eg, A2)Rating before (eg, A1)

TotalSufficientDo not knowInsufficient

p1p13p12p11
cInsufficient

p2p23p22p21Do not know

p3p33p32p31Sufficient

1p3p2p1Total

aA1: assessment 1.
bA2: assessment 2.
cProportions pij are derived by dividing the counts by the total number of participants.

Secondary Analysis
In order to analyze the influence of the individual quality aspects
on the intention to make a usage decision, a logistic regression
with a univariate approach was carried out with a modeled
probability of negative changes (ie, changes to do not know or
insufficient.)

Furthermore, in a descriptive form, the health care professionals'
assessments of the relevance of the quality principles for their
usage decision were recorded. The same procedure was used
to evaluate the sufficiency of the information provided in the
app descriptions in order to assess compliance with the quality
principles. In addition, the frequencies of the aspects identified
in the descriptions, based on the key questions, were noted.

Sample Size Calculation
Sample size planning was done as described for the Power
Analysis and Sample Size (PASS) software (NCSS) [24] and
by Chow et al [25] and was carried out with R, version 3.5.2
(The R Foundation). For a preliminary study with a similar
setup that was conducted previously, a DPRS of 0.13 had been

calculated. As a result of conservative planning, a DPRS of 0.1
was assumed for this project. This resulted in a sample size of
175 for alpha=.05 and 1-beta=.95 per end point.

Tools

Questionnaires Used at Different Stages of the Survey
Several tools were used for the survey, which was implemented
online by means of the server-based SoSci Survey tool, version
3.2.000 (SoSci Survey GmbH) [21]. Q1 and questionnaire 2
(Q2) matched those that were used in our previous study. The
questions used for questionnaire 3 (Q3), however, were based
on the technical report presented in Albrecht [20]. For the initial
assessment (ie, Q1) of the quality principles, which included
nine items, a 5-point Likert scale with an additional field for do
not know was used and the answers were mandatory (see Table
2).

Using nine questions with possible answers of yes, no, and do
not know—answers were mandatory; see Table 3 for the
corresponding questions—participants were asked via Q2
whether there was sufficient information in the app descriptions
to ascertain whether the apps met these principles.
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Table 2. The nine quality principles and their explanations used for the initial assessment (ie, Q1a), following the definitions in Albrecht et al [9].

ExplanationQuality principle
ID

Practicality: The software can be used for the intended purpose and must be as versatile as possible in order to open up the largest
possible application areas and contexts.

Q101

Risk adequacy: The software provides the means to be used in a risk-appropriate manner without exposing the user or his or her
environment to a disproportionate health, social, or economic risk.

Q102

Ethical soundness: Development, provision, operation, and use of the software are ethically innocuous in order to prevent dis-
crimination and stigmatization and to facilitate fair access.

Q103

Legal conformity: Legal conformity (eg, medical device law, professional law, data protection law, and law on the advertising
of therapeutic products) of the development, provision, operation, and use of the software is guaranteed for the protection of all
parties involved (eg, providers, store operators, and users).

Q104

Content validity: The health-related content of the software that is presented and used is valid and trustworthy (ie, scientifically
sound, up-to-date, and without conflict of interest).

Q105

Technical adequacy: Development, operation, maintenance, and use of the software correspond to the state of the art in order to
enable sustainability in terms of maintainability as well as platform-independent and cross-platform use (eg, in terms of porta-
bility of the app or interoperability or compatibility with other products).

Q106

Usability: The software allows the target group to make appropriate use of it (eg, through product ergonomics, accessibility, and
aesthetics), which contributes to user satisfaction.

Q107

Resource efficiency: During development of the software, elements for resource-efficient operation (eg, energy consumption)
and use (eg, computing time) are taken into account.

Q108

Transparency: Complete transparency regarding the quality principles serves as a basis for evaluations of the software as well
as for individual and collective usage decisions.

Q109

aQ1: questionnaire 1.

Table 3. Questions, via Q2a, used for determining whether the presented app descriptions contained information related to the nine quality principles,
following those employed in Albrecht et al [9].

QuestionQuestion ID

Practicality: Can you use the app description to make an assessment as to whether the app is useful?Q201

Risk adequacy: Can you use the app description to make an assessment as to whether the app is risk adequate?Q202

Ethical soundness: Can you use the app description to make an assessment as to whether the app is ethically safe?Q203

Legal conformity: Can you use the app description to make an assessment as to whether the app is legally compliant?Q204

Content validity: Can you use the app description to make an assessment as to whether the content of the app is valid?Q205

Technical adequacy: Can you use the app description to make an assessment as to whether the app is technically appropriate?Q206

Usability: Can you use the app description to make an assessment as to whether the app is usable?Q207

Resource efficiency: Can you use the app description to make an assessment as to whether the app is resource efficient?Q208

Transparency: Can you use the app description to make an assessment as to whether the app description is transparent on the above
points?

Q209

aQ2: questionnaire 2.

Following this, a more detailed retrieval of information, via Q3
and using a set of 25 questions, was employed. This tool
operationalizes the nine quality principles with 25 features and
requirements based on the catalogue of criteria for
self-declaration of health apps presented in Albrecht [20].
Answer options in this case were yes, no, do not know, and not
answered. Although in this case, answers were not defined as
mandatory; if any answers were missing in this part of the
survey, the participants were alerted once and asked whether

they really did not want to rate the corresponding questions
before being allowed to continue. There was also a free-text
field for optional comments (see Table 4). The interspersed
usage decision question (see steps A1-A3) had to be answered
using the options yes, no, and do not know; answering this
question was mandatory. Lastly, participant demographics (D0)
were obtained using 13 items; again, answers were not
considered mandatory.
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Table 4. Operationalization of the nine quality principles using 25 detailed questions, via Q3a, according to Albrecht [20].

ContributionQuestionQuestion ID

PracticalityHas the purpose of the app been specified?Q301

PracticalityIs there a description of functions the app offers in order to fulfill its purpose?Q302

PracticalityIs there a description of the app given that states which methods it employs to fulfill its purpose (eg, proce-
dures, processes, and algorithms with which the offered functions are implemented), and are there statements
regarding their suitability for this purpose?

Q303

PracticalityIs appropriate evidence cited to support the statements on fulfillment of the purpose of the app (eg, references
to studies, guidelines, testing, and quality labels)?

Q304

PracticalityAre the suitability and unsuitability for certain app scenarios or user groups specified (eg, in terms of inclusion
and exclusion criteria)?

Q305

Risk adequacyHave potential or actual risks the app poses to users or their environment been stated, with respect to health,
economic, or social aspects?

Q306

Risk adequacyHave precautions been taken to avoid health, economic, and/or social risks when using the described app?Q307

Ethical soundnessIs there a description about the extent to which the app follows ethical principles, such as patient autonomy,
equity of access, and/or professional ethics and research ethics?

Q308

Ethical soundnessAre conflicts of interest (eg, authors with affiliations to specific companies) discussed in the app description?Q309

Ethical soundnessIs there a mention of whether the app is being provided in a research context; if so, is there a statement
about whether it follows good scientific practice?

Q310

Legal conformityIs there a statement about whether the relevant general legal requirements, such as data protection law,
telemedia law, and commercial law, have been taken into account by the manufacturer and provider of the
app?

Q311

Legal conformityIs there a statement about which requirements and regulations have been taken into account with regard to
using the app in a health context, such as medical device law or medical professional law?

Q312

Content validityIs there a statement about how the quality of the content has been ensured (eg, involvement of experts in
the field) or which validated sources have been used (eg, consideration of current scientific findings and
guidelines)?

Q313

Content validityIs there a description of how the app is regularly adapted to new content requirements?Q314

Technical adequacyIs it described to what extent the app corresponds to the current state of the art?Q315

Technical adequacyIs there information about how the app is regularly adapted to technical requirements?Q316

Technical adequacyIs there information about to what extent it is possible to switch to another operating system or device
without data loss?

Q317

Technical adequacyIs there a mention of whether the app is scalable (ie, adaptable to increasing requirements) or can be inte-
grated into other products?

Q318

UsabilityHas information been provided about proof for the app's usability (eg, usability tests)?Q319

UsabilityIs it described to what extent the function of the app has been specifically adapted to the target group,
whether it is barrier-free, or whether it can be used with individual adaptations?

Q320

UsabilityIs there information about the extent to which user feedback was considered for the app (eg, during the
development process)?

Q321

Resource efficiencyIs there a statement about how the app ensures efficient use of the available technical resources (eg, required
memory, computing power, internal or external sensors, and power consumption)?

Q322

TransparencyIs the information about the app sufficient (ie, adequately specified in scope and depth of information)?Q323

TransparencyIs valid (ie, complete and reliable) information about the app provided?Q324

TransparencyIs the information about the app described in a manner that is adequate for the target group?Q325

aQ3: questionnaire 3.

Pretest of the Questionnaires
The standardized questionnaires described above were pretested
in three iterations. After the creation of the first version, the
questionnaire was tested by three medical students on May 22,
2019. This was accompanied by the thinking aloud approach,

with utterances being used as feedback and a basis for
adaptations to the survey (ie, iteration 1). The three students
were also asked to paraphrase the questions contained in the
survey, to ascertain whether they understood the questions
correctly. This made it possible to identify and adapt unclear
questions and answer options. In addition, usability issues were
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addressed. The provided feedback was used for revising the
questions. The follow-up version of the questionnaire was then
tested by 10 public health students and two lecturers between
May 23 and June 6, 2019. This was meant as a pretest under
real-life conditions; we used a live version of the questionnaires
in our SoSci Survey setup, albeit with an additional comment
function (ie, iteration 2). Afterward, solutions for issues
discovered in this second pretest, as well as any constructive
remarks obtained from the participants, were incorporated into
the survey. This was once again presented and discussed with
the testers in a follow-up meeting on June 6, 2019 (ie, iteration
3). After any remaining minor issues that were mentioned in
this final meeting had been resolved, the questionnaire was
finalized.

Software Used in the Evaluation Process
The following software programs were used at various stages
of the evaluation process to generate graphics as well as for data
description and statistics: IBM SPSS Statistics for Mac OS,
version 26.0 (IBM Corp), and R, version 3.5.2 (The R
Foundation), along with the R packages dplyr [26], ggplot2

[27], RColorBrewer [28], arsenal [29], qwraps2 [30], Hmisc
[31], DescTools [32], and rcompanion [33].

Results

Response Rates
Out of a total of 1357 clicks on the provided survey link, 724
participants started the questionnaire and 441 of these
participants (60.9%) fully completed the questionnaire (see
Figure 1 and Table 5 for further details). An additional 15
participants did not consent to participation on the first page of
the survey and were, thus, not shown the actual survey
questions; instead, they were asked if they were willing to
provide information about their reasons for not consenting. Of
those who gave a reason for nonparticipation, contributing
factors were lack of knowledge about apps (n=6), information
about the survey being perceived as insufficient (n=3), lack of
interest in the subject (n=2), and lack of time (n=2).
Additionally, other reasons given in free-text form were related
to being too old and/or being retired (n=3). One additional
participant gave a statement to the effect of being worried that
her answers would not be sufficiently anonymized.

Table 5. Participant dropout at different stages of the survey, from 724 participants who originally started the survey.

Dropouts, nFull completion of surveya, nDescriptionSurvey page number

015Questions about reasons for not consenting; these were for participants who
had not consented to participation on page 1

9

1441Demographics8

1N/AcA3b: Final usage decision7

16N/AQ3d: In-depth evaluation based on 25 key questions6

45N/AA2e: Intermediate usage decision5

11N/AQ2f: Assessment of whether the available information suffices for assessing
the app based on the nine quality principles

4

44N/AQ1g: Participants’ assessments of nine predefined quality principles3

59N/AA1h: Initial usage decision2

91N/AIntroduction and consent1

268456Sum of participantsN/A

aParticipants were considered to have completed the survey either by completing the final demographics questions on page 8 or, for those who had not
consented to participation, by providing reasons for not giving their consent on page 9.
bA3: assessment 3.
cNot applicable.
dQ3: questionnaire 3.
eA2: assessment 2.
fQ2: questionnaire 2.
gQ1: questionnaire 1.
hA1: assessment 1.

Demographics of the Test and Validation Samples
Baseline demographics for the participants, stratified by the
randomly assigned groups A (test sample) and B (validation
sample), are shown in Table 6. Table 7 provides additional data

about the participants’ interests in digital topics and app usage
patterns in private- and work-related areas. For all variables in
these two tables, there were only statistically insignificant
differences between the two groups. P values were calculated
using the χ² test function provided by R [34].
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Table 6. Baseline demographics of all participants who completed the questionnaire; demographics are stratified by gender for the randomly assigned
groups A and B.

P valuedfχ²Group B (N=221), n (%)Group A (N=220), n (%)Baseline demographic (D0)

.2023.2D002: Gender

130 (58.8)113 (51.4)Male

90 (40.7)104 (47.3)Female

1 (0.5)3 (1.4)Diverse

.4243.9D001: Age in years

8 (3.6)11 (5.0)21-30

79 (35.7)60 (27.3)31-40

48 (21.7)55 (25.0)41-50

53 (24.0)59 (26.8)51-60

33 (14.9)35 (15.9)>60

.2767.6D003: Years of work

0 (0)2 (0.9)<1

18 (8.1)18 (8.2)1-5

49 (22.2)33 (15.0)6-10

57 (25.8)66 (30.0)11-20

42 (19.0)53 (24.1)21-30

40 (18.1)34 (15.5)>30

15 (6.8)14 (6.4)Retired

.372628.0D004: Specialty

77 (34.8)76 (34.5)Internal medicine

17 (7.7)7 (3.2)Internal medicine and general medicine, without further
specification

1 (0.5)5 (2.3)Internal medicine and angiology

4 (1.8)6 (2.7)Internal medicine and endocrinology and diabetology

25 (11.3)22 (10.0)Internal medicine and gastroenterology

11 (5.0)14 (6.4)Internal medicine and hematology and oncology

27 (12.2)17 (7.7)Internal medicine and cardiology

16 (7.2)13 (5.9)Internal medicine and nephrology

9 (4.1)12 (5.5)Internal medicine and pulmonology

3 (1.4)5 (2.3)Internal medicine and rheumatology

19 (8.6)28 (12.7)General practitioner

12 (5.4)15 (6.8)Other specialties

.7153.0D005: Function at work

12 (5.4)18 (8.2)Chief physician

56 (25.3)50 (22.7)Senior physician

55 (24.9)49 (22.3)Junior physician

0 (0)1 (0.5)Student

95 (43.0)99 (45.0)Other

71 (32.1)71 (32.3)No data

.8730.7D006: Sector of work

76 (34.4)76 (34.5)Outpatient sector

116 (52.5)120 (54.5)Clinic
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P valuedfχ²Group B (N=221), n (%)Group A (N=220), n (%)Baseline demographic (D0)

27 (12.2)23 (10.5)Other

29 (13.1)24 (10.9)No data

.5132.3D007: Type of employment

148 (67.0)157 (71.4)Salaried

56 (25.3)52 (23.6)Self-employed

16 (7.2)11 (5.0)Other

1 (0.5)0 (0)No data

.4166.2D008: Highest academic degree

23 (10.4)15 (6.8)Habilitation

133 (60.2)126 (57.3)Doctoral degree

55 (24.9)71 (32.3)State exam

5 (2.3)4 (1.8)Master’s degree, diploma, or similar

1 (0.5)0 (0)Bachelor’s degree or similar

4 (1.8)3 (1.4)Other

0 (0)1 (0.5)No data

.893122.0D009: Geographic locationa

aThe data for the individual subcategories (on a federal state level for Germany, Austria, and Switzerland, as well as per country for other members of
the European Union) is intentionally not shown here for brevity reasons. It is, however, available upon request from the authors.

Table 7. Interest in digital topics and app usage patterns, stratified by randomly assigned groups A and B.

P valuedfχ²Group B (N=221), n (%)Group A (N=220), n (%)Interest demographic (D0)

>.9940.2D010: Interest in digital topics

68 (30.8)68 (30.9)Highly interested

98 (44.3)95 (43.2)Interested

38 (17.2)41 (18.6)Partly interested

13 (5.9)12 (5.5)Less interested

4 (1.8)4 (1.8)Not interested

.1811.8D011: Private use of apps

210 (95.0)201 (91.4)Yes

11 (5.0)19 (8.6)No

>.9910D012: Use of apps at work

154 (69.7)153 (69.5)Yes

67 (30.3)67 (30.5)No

.9710.001D013: Have been asked about apps by patients

67 (30.3)68 (30.9)Yes

154 (69.7)152 (69.1)No

.1823.4A303a: App or its description was known

5 (2.3)12 (5.5)Yes

215 (97.3)206 (93.6)No

1 (0.5)2 (0.9)Do not know

aThis question was shown on page 7 of assessment 3 (A3) and was not part of the demographics part of the survey on page 8; therefore, it was encoded
differently.
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Baseline Assessment of the Nine Predefined Quality
Principles
In their initial assessment of the presented quality
principles—see Table 2 for the definition of the nine quality
principles—the majority of participants rated the criteria as very
important or important (80%-99% of the participants). However,
there was one notable exception: for resource efficiency, only

about two-thirds of the participants perceived this criterion as
important or very important, while around 1 in 4 participants
rated it as partially important. As for the demographic variables
listed in Table 7, there were again no statistically significant
differences between the groups regarding their assessment of
the nine quality principles (see Figure 2; Multimedia Appendix
1 provides further information about the answers given by the
participants).

Figure 2. Participants’ assessments, stratified by group, of the perceived importance of the nine quality principles, including corresponding results for
the chi-square tests that only show statistically insignificant differences between groups. Q1: questionnaire 1.

Do the App Descriptions Provide Sufficient
Information?

Availability of Information That Covers the Nine Quality
Principles
With the exception of the practicality principle, based on the
questions presented in Table 3, the participants were only rarely
able to find sufficient information covering the nine quality

principles (see Figure 3). For practicality, there was almost an
equilibrium between positive versus negative ratings in both
groups; for all other aspects, negative ratings in both groups
prevailed, with rates ranging from 70% to more than 80%. As
shown by the results of the chi-square test shown in Figure 3,
there were only negligible, statistically insignificant differences
between test group A and validation group B (see Multimedia
Appendix 2 for a more detailed listing of the results for Q2).

Figure 3. Graphical representation of the participants’ assessments of whether the provided app descriptions contain sufficient information with respect
to the nine quality principles, stratified by the randomly assigned groups: group A (test) and group B (validation). Results for the corresponding chi-square
tests are also shown. Q2: questionnaire 2.
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Assessment of the Quality Principles Using 25 Key
Questions
Figure 4 is a graphical representation of the participants’
assessments of whether the provided app descriptions contain
sufficient information with respect to the nine quality principles.

Assessments were made using 25 key questions (Q301-Q325)
and were stratified by the two randomly assigned groups: group
A and group B. The figure also shows results of the chi-square
tests. Detailed results for Q3 are listed in Multimedia Appendix
3.

Figure 4. Graphical representation of the participants’ assessments of whether the provided app descriptions contain sufficient information with respect
to the nine quality principles, this time assessed using 25 key questions (Q301-Q325) and stratified by the two randomly assigned groups: group A and
group B. Results of the chi-square tests are also provided. Q3: questionnaire 3.

Does the Confrontation With the Quality Principles
Influence Participants’ App Usage Decisions?

Differences Between the Initial Usage Decisions
(Assessment 1) and the Intermediate Assessments
(Assessment 2)
As shown in Table 8, after having worked with the nine quality
principles in steps involving Q1 and Q2 (see Figure 1, as well
as Tables 2 and 3 for reference), based on the descriptions, the

participants perceived the apps they were confronted with in a
more critical manner. For group A, assessments from 63 out of
220 participants (28.6%) changed in a negative direction, both
in A1 (ie, from do not know to insufficient) and in A2 (ie, from
sufficient to either do not know or insufficient). For group B,
the amount of assessment change in a negative direction was
similar (62/221, 28.1%). For both groups, based on the results
of the McNemar-Bowker test (see Table 9), these changes were
statistically significant (P<.001 for both groups).
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Table 8. Presentation of the contingency table (A1a vs A2b) before and after the clarification of quality principles and the targeted search for these
quality principles.

A2 (after): Group B (N=221), n (%)A2 (after): Group A (N=220), n (%)A1 (before)

TotalSufficientDo not knowInsufficientTotalSufficientDo not knowInsufficient

95 (43.0)2 (0.9)2 (0.9)91 (41.2)104 (47.3)5 (2.3)2 (0.9)97 (44.1)Insufficient

14 (6.3)1 (0.5)3 (1.4)10 (4.5)15 (6.8)1 (0.5)4 (1.8)10 (4.5)Do not know

112
(50.7)

60 (27.1)10 (4.5)42 (19.0)101 (45.9)48 (21.8)5 (2.3)48 (21.8)Sufficient

221 (100)63 (28.5)15 (6.8)143 (64.7)220 (100)54 (24.5)11 (5.0)155 (70.5)Total

aA1: assessment 1.
bA2: assessment 2.

Table 9. McNemar chi-square, Cohen g, and odds ratio (OR): assessment 1 vs assessment 2.

StatisticGroup

Cohen gb(df=3)McNemar χ²3

gP valueORbP valueTest statisticDPRSa

0.39.897.9<.00142.890.195Group A (N=220)

0.42.9312.4<.00149.060.222Group B (N=221)

aDPRS: discordant proportion ratio sum.
bCalculated with the R package rcompanion.

Differences Between the Intermediate Usage Decisions
(Assessment 2) and the Final Assessments (Assessment
3)
The subsequent application of the quality principles based on
the more elaborate 25 key questions (see Table 4 for reference)
had considerably less influence on the final usage decision, as

depicted by the changes from decisions given in A2 to those
given in A3. Here, an increase in critical ratings was only
observed for 25 out of 220 participants (11.4%) from group A,
and for 20 out of 221 participants (9.0%) from group B.
However, these changes were statistically insignificant (see
Tables 10 and 11).

Table 10. Presentation of the contingency table (A2a vs A3b) before and after the clarification of quality principles and the targeted search for these
quality principles.

A3 (after): Group B (N=221), n (%)A3 (after): Group A (N=220), n (%)A2 (before)

TotalSufficientDo not knowInsufficientTotalSufficientDo not knowInsufficient

143
(64.7)

6 (2.7)1 (0.5)136 (61.5)155 (70.5)7 (3.2)3 (1.4)145 (65.9)Insufficient

15 (6.8)7 (3.2)6 (2.7)2 (0.9)11 (5.0)1 (0.5)1 (0.5)9 (4.1)Do not know

63 (28.5)45 (20.4)2 (0.9)16 (7.2)54 (24.5)38 (17.3)2 (0.9)14 (6.4)Sufficient

221 (100)58 (26.2)9 (4.1)154 (69.7)220 (100)46 (20.9)6 (2.7)168 (76.4)Total

aA2: assessment 2.
bA3: assessment 3.
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Table 11. McNemar chi-square, Cohen g, and odds ratio (OR): assessment 2 vs assessment 3.

StatisticGroup

Cohen gb(df=3)McNemar χ²3

gP valueORbP valueTest statisticDPRSa

0.19.692.3.135.670.026Group A (N=220)

0.23.732.8.057.660.035Group B (N=221)

aDPRS: discordant proportion ratio sum.
bCalculated with the R package rcompanion.

Correlations and Regression
We were interested in determining whether there were certain
factors exerting an influence on app usage decisions (eg,
participants’ demographics or the availability of information
about the nine quality principles within the app descriptions).
We defined A1→A2 as a binary variable, where 1 represented
participants with a negative change (ie, sufficient to do not know,
sufficient to insufficient, and do not know to insufficient) and 0
represented no change or other changes. As described in the
previous two subsections, significant changes for the usage
decisions were only noted between the initial (A1) and
intermediate assessments (A2). Therefore, we applied the
chi-square test for demographics versus change in usage decision
(ie, demographics vs A1→A2; see Table 12) and for availability
of information corresponding to the nine quality principles (ie,
quality principle vs A1→A2; see Table 13). Regarding

demographics, with the exception of education in group B
(P=.04), there was no statistically significant influence (see
Table 12).

For availability of information about the nine quality principles
versus the change in usage decision, results differed between
groups. For group A, there was a correlation between change
in usage decision and the quality principles practicality (P=.01),
risk adequacy (P<.001), and ethical soundness (P=.01);
however, there was only an insignificant influence of these
principles on change in usage decision for group B. In contrast,
content validity (P=.03), resource efficiency (P=.02), and
transparency (P=.01) correlated in a statistically significant
manner with participants’ changed usage decisions in group B;
however, this was not the case for group A (see Table 13).
Detailed results of the regression analysis can be found in
Multimedia Appendix 4.

Table 12. Demographic factors versus changes in assessment: initial to intermediate assessment (ie, changes from A1a to A2b toward a more critical
assessment).

Group BGroup ADemographic (D0) vs A1→A2

P valuedfcχ²P valuedfcχ²

.1546.7.9740.5D001: Age

.6320.9.0825.2D002: Gender

.2157.2.6464.3D003: Years of work

.962010.0.222126.0D004: Specialty

.1846.3.7452.7D005: Function

.3133.6.9230.5D006: Sector

.4332.8.5421.2D007: Type of employment

.04512.0.6853.1D008: Education

.532322.0.222631.0D009: Location

.2745.2.2145.8D010: Interest in digital topics

>.991<.001.2711.2D011: Private app use

.2811.2>.9910D012: App use at work

.0813.0.1112.6D013: App recommended

.3022.4.7720.5A303d: App known to participants

aA1: assessment 1.
bA2: assessment 2.
cDegrees of freedom may differ between both groups because, for either group, there may be categories with a row sum of zero.
dThis question was shown on page 7 of assessment 3 (A3) and was not part of the demographics part of the survey on page 8; therefore, it was encoded
differently.
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Table 13. Assessment of whether there was sufficient information matching the nine quality principles versus changes in assessment: initial to

intermediate assessment (ie, changes from A1a to A2b toward a more critical assessment).

Group BGroup AQuality principle (as listed in questionnaire 2
[Q2]) vs A1→A2

P valuedfχ²P valuedfχ²

.5921.1.0128.6Q201: Practicality

.2123.2<.001215.0Q202: Risk adequacy

.1523.8.0129.0Q203: Ethical soundness

.0525.9.9820.043Q204: Legal conformity

.0326.9.1124.3Q205: Content validity

.1723.5.5721.1Q206: Technical adequacy

.6520.9.1523.8Q207: Usability

.0228.4.9420.1Q208: Resource efficiency

.0129.7.3022.4Q209: Transparency

aA1: assessment 1.
bA2: assessment 2.

Discussion

Principal Findings

Confrontation With the Quality Principles Influences
Participants’ App Usage Decisions
For groups A and B, there were statistically significant changes
in the physicians’ assessments toward a more critical appraisal
of the sufficiency of app descriptions for their individual app
usage decisions after confronting the nine quality principles
(see contingency Table 8 listing the participants’ decisions for
A1 vs A2). Cumulative changes from do not know to insufficient
and changes from sufficient to either do not know or insufficient
occurred for 28.6% (63/220) of participants in group A
(McNemar-Bowker test [df=3]=42.89, P<.001, Cohen g=0.39).
Cumulative changes from do not know to insufficient and
changes from sufficient to either do not know or insufficient
occurred for 28.1% (62/221) of participants from group B
(McNemar-Bowker test [df=3]=49.06, P<.001, Cohen g=0.42).
The effect was very strong in both groups. There was a less
pronounced, but statistically insignificant, effect regarding
changes in opinion toward a more critical appraisal after
applying the 25 questions (Q3) to the app descriptions (see
contingency Table 11 showing the participants’ decisions for
A2 vs A3). Opinions changed toward a more critical appraisal
for 11.4% (25/220) of participants in group A
(McNemar-Bowker test [df=3]=5.67, P=.13, Cohen g=0.19).
Opinions changed toward a more critical appraisal for 9.0%
(20/221) of participants in group B (McNemar-Bowker test
[df=3]=7.66, P=.05, Cohen g=0.23). The similarly
comprehensible change in assessment in both groups can be
attributed to increased awareness about, and confrontation with,
the quality principles and criteria, as well as their characteristics
and requirements. Working with the nine generic criteria in Q1
and Q2 already led to changes in almost one-third of the cases.
In contrast, the more detailed assessments performed in the
subsequent step of the study (Q3), based on the 25 questions,
only led to changes in assessment in just under 10% of cases

(see Table 10). This suggests that even contemplating one's own
prioritization of quality principles has a major effect on decision
making. This also suggests that the more elaborate and detailed
evaluation based on the 25 filter questions provided in a
checklist format might have a supplementary effect. Assuredly,
the latter tool is also well suited for the assessment process, but
its completion requires considerably more time and effort. Also,
it is less flexible than the generic quality principles. The question
of which of the two instruments, or whether the combination
of both, is more promising will need to be addressed in future
studies, especially when it comes to questions of acceptance of
the tools presented here and their economy of use.

Quality Principles Are Relevant
The statements among the two investigated groups differed
regarding which quality principles were associated with a
conservative appraisal (see Table 13). In group A, the quality
principles practicality (P=.01), risk adequacy (P<.001), and
ethical soundness (P=.01) correlated with a conservative
appraisal. However, in group B, there was a statistically
significant association with a conservative appraisal for content
validity (P=.03), resource efficiency (P=.02), and transparency
(P=.01). With the exception of one characteristic in group B,
groups A and B did not differ significantly when considering
demographics versus changes in assessment from A1 to A2 (see
Table 12). As well, the evaluation of the basic relevance for the
usage decision did not differ in any characteristic (see Figure 2
and Multimedia Appendix 1). This suggests that either the app
descriptions or the random allocation of highly heterogeneous
app descriptions led to this result.

Regarding sufficiency of information for the nine quality
principles, we wanted to know which of these principles
accounted for the largest proportion of the changes in decisions.
Based on the regression analysis, contributions of the nine
principles to changes in usage decisions differed between both
groups (see Multimedia Appendix 4). However, the validity of

the models was relatively weak, with a Nagelkerke’s R2 ranging
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from .051 to .085. Therefore, follow-up studies need to be
carried out to further examine how much each variable may
possibly contribute.

Insufficient Information Quality of the App Descriptions
It can be assumed that the lack of information available in the
app descriptions was the most important factor influencing the
results of the correlations and regression models. Descriptively,
the poor information quality could be mapped to both the nine
generic quality principles and the 25 filter questions. Again,
groups A and B did not differ significantly in their distribution.
Information on the nine quality principles could only be
identified for the given principles in about 5%-20% of the cases
(see Multimedia Appendix 2). The exception was for the quality
principle practicality, for which there was information deemed
sufficient for decision making, discernible from the app
descriptions in 45.5% and 49.3% of the individual cases in group
A and group B, respectively. The more detailed examination,
performed by means of the 25 filter questions, confirmed this
observation (see Multimedia Appendix 3). Five attributes were
assigned to the quality principle practicality (see Table 4). While
information on specification of purpose was found in about 86%
of the cases (group A: 191/220, 86.8%; group B: 190/221,
86.0%), information on functionality in this context was only
available in just 60% of the cases (see Multimedia Appendix
3; group A: 125/220, 56.8%; group B: 136/221, 61.5%). The
situation for methods that are applied (group A: 30/220, 13.6%;
group B: 25/221, 11.3%), the proofs regarding the assigned
purpose (group A: 22/220, 10.0%; group B: 25/221, 11.3%),
and suitability (group A: 25/220, 11.4%; group B: 20/221, 9.0%)
was considerably worse. Here, information was found for less
than 15% of the cases. Apart from a few exceptions, less than
10% of the other filter questions for both groups lead to
information on the respective aspects being identified.
Exceptions to this were isolated aspects such as target group
(group A: 75/220, 34.1%; group B: 75/221, 33.9%), quality of
content (group A: 32/220, 14.5%; group B: 34/221, 15.4%),
scope of information (group A: 33/220, 15.0%; group B: 37/221;
16.7%), and validity of information (group A: 22/220, 10.0%;
group B: 35/221, 15.8%). Thus, the presentation of information
stands in stark contrast to the assessment of the importance of
the quality principles for the decision on use.

Physicians Predominantly Perceive All Quality Principles
as Important
Initially, the physicians considered the nine criteria to be largely
important or very important for their usage decision (see
Multimedia Appendix 1), with content validity (group A:
217/220, 98.6%; group B: 215/220, 97.3%), risk adequacy
(group A: 206/220, 93.6%; group B: 196/221, 88.7%), and legal
conformity (group A: 203/220, 92.3%; group B: 199/221, 90.0%)
receiving the greatest approval. Resource efficiency (group A:
142/220, 64.5%; group B: 128/221, 57.9%) ranked last. This
contrasts strongly with the information actually found in the
app descriptions. It was only for practicality (group A: 188/220,
85.5%; group B: 191/221, 86.4%) that the necessary information
could be identified in about half of the apps. For all other
criteria, the corresponding information was available in less
than one-fifth of the provided app descriptions.

Comparison With the Previous Study
The results presented here confirm those of our previous study
conducted with a comparable design, although with medical
students [9]. A more detailed analysis will be presented in a
subsequent article, although the core aspects will be outlined
here. In our previous study, it was possible to show that an
exploration of quality principles already influences individual
usage decisions that are made based on app descriptions. Based
on the results presented in this study, however, it could be shown
that this influence can largely be attributed to nine generic
principles and that working with these nine principles resulted
in the greater proportion of changes for the usage decisions.
Due to the design of the predecessor study, it was impossible
to show this effect previously. The information concerning the
identification of specific information from the app descriptions
in the context of both studies was comparably sobering. In
83.17% of the cases (3301/3969 ratings for all nine quality
principles in Q2; cumulative answers for no and do not know),
the physicians included in this study were unable to find
sufficient information for the nine principles, while among the
students, this was the case in 80% [9] of the submitted ratings.
Descriptively, physicians and students seem to agree with each
other in their requirements as to which quality principles are of
relevance for the individual decision on use. Each of the nine
quality principles was predominantly regarded as very important
or important, with resource efficiency still receiving the lowest
percentage of approval among both populations (group A:
64.5%; group B: 57.9%; medical students from previous study:
63.4%). One difference was found for the principle of technical
adequacy, which physicians in both groups predominantly
regarded as very important or important, while students viewed
it more cautiously (group A: 83.6%; group B: 84.6%; medical
students from previous study: 41.4%). It is possible that these
rather technical aspects were too abstract for the target groups
in the quality context.

As far as identifying information that matches the generic
principles is concerned, there is agreement between physicians
and students that if information is available, it is most often
found for the quality principle of practicality. The physicians,
however, were stricter in their assessment than the students
from the previous study (group A: 44.5%; group B: 49.3%;
medical students from previous study: 71.7%). In a follow-up
study, the comparability of student and physician attitudes will
be examined in more detail in order to further investigate the
validity of the differences and their causes.

Limitations
Due to the study's design, the selection of apps was limited to
cardiological and pulmonological apps only. The identical set
of apps that was employed in the previous study was used and
no changes were made to the selection. Therefore, the limitations
concerning the app selection correspond to those of the previous
study [9]. The actuality of the apps does not matter, since
archived app descriptions were used.

The study population included only members of the DGIM who
were willing to participate and is, thus, certainly not
representative of the entire medical profession and not even
representative of the more than 21,000 members of the
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association. However, the sole recruitment method via this
society was chosen since control mechanisms, such as targeted
but anonymous addressing of physicians, involvement of
stakeholders, suitable communication channels, and recruitment
instruments of this society, could be used to obtain the required
number of cases. However, the authors assume that the
examination of quality aspects relating to software is
independent of the discipline. This is a conclusion based on our
observations and experiences as well as the participation of one
of the authors in numerous initiatives of different medical
societies, where identical problems are likewise debated.

Despite the large number of invitations that were sent out, only
a relatively small number of individuals (N=724) chose to start
the survey. Of those, only 441 completed all pages of the survey,
with varying numbers of dropouts at different stages (see Table
5); an additional 15 had not given their consent and stated so
on the introductory page. For those who simply stopped
answering the survey, there was no way to determine the reasons
for not continuing; some of the free-text comments given by
those who had persevered may still provide insight into possible
reasons for not proceeding. For some participants, it may not
have been clear that the different approaches presented for
evaluation at different stages might influence their opinion; in
their final comments after having already finished the survey,
they therefore voiced their discontent about seemingly having
to answer similar questions (eg, the usage decisions in A1-A3)
multiple times. Others were highly frustrated by some of the
presented app descriptions, specifically regarding content and
language (ie, spelling and grammar), also stating that they were
unable to see the relevance of the randomly assigned app
description for their line of work. There was also a statement
to the effect that the presented criteria and questions were too
extensive and time-consuming. For future work, the latter point
may possibly be addressed based on our results: while working
with the nine criteria had a definite influence on the usage
decision, the effect of the 25 detailed key questions was
negligible; for those who want to quickly come to a decision,
applying the nine base criteria may therefore suffice. We believe
these criteria to be a valuable tool in order to not forget
important aspects when weighing the pros and cons of using an
app, although there were also some participants who stated that
simply installing and testing an app would suffice.

All nine criteria were rated mostly important or very important
by the physicians. Therefore, it is difficult to significantly
identify a hierarchy of relevance. This aspect will be addressed
in a follow-up study that will apply designs from requirements
analysis, as prioritization of aspects with supposedly identical
relevance is a known issue of requirements engineering.

Our sample size considerations have only partially been met.
Detecting a difference between A1 and A2 was covered with
our initial assumptions; however, the comparison of A2 and A3
would have required a larger sample size to detect a difference,
a fact that we were not aware of at the planning stage.

The questionnaire design was adopted from the previous study
and was revised in a detailed pretest (see subsection Pretest of
the Questionnaires under Methods). In particular, the
comprehensibility of the questions and tasks, as well as usability
aspects related to the electronic system, were dealt with in order
to create the greatest possible comfort for the participants.
However, the 25 detailed questions could not be reworded with
regard to their complexity, as they corresponded to the wording
of a technical document [20]. The objective here was to avoid
any falsification. Nevertheless, while in the pretest, the questions
and tasks were all interpreted and paraphrased correctly, it
cannot be ruled out that the questions might have been too
complex for fast readers.

With the given setup, we could not assess test-retest reliability.
It would have been an interesting aspect to determine whether
participants would have given the same answer under similar
conditions.

Outlook
In line with the aim of this study, specifically the effect of
sensitization to quality aspects of health software—health apps
in particular—the following work is being carried out: (1) an
evaluation of the existing dataset with respect to questions of
acceptance, (2) a detailed comparison of the preceding study
with medical students with the question of whether there are
differences in attitude and evaluation between medical students
and physicians, (3) a study to determine which combination of
quality principles, particularly filter criteria, has the greatest
acceptance among the target group, and (4) a study that
examines the app selections that were used and tries to determine
which information should be searched for beyond app
descriptions in order to be able to assess the relevance of the
descriptions in relation to other information sources.

Conclusions
The study confirms that sensitizing physicians to the topic of
quality principles via questions about attitudes toward
established quality principles and their applications results in a
more critical evaluation of the sufficiency of app descriptions.
Even working with only nine generic criteria was sufficient to
bring about the majority of decision changes, while the
additional, checklist-like processing of 25 detailed requirements
contributed only slightly to the overall share of decision changes.
All physicians shared their views on the relevance of the nine
quality principles, and the predominant opinion was that these
principles are important or very important. Content validity,
risk adequacy, and legal conformity received the greatest
approval. However, in the app descriptions themselves, it was
rarely possible to identify any specific information matching
these principles. At best, for practicality, such data were
detected in about 50% of the descriptions. In up to 85% of the
other eight criteria, no meaningful information could be
identified.
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Multimedia Appendix 1
Comparison of how the participants assessed the relevance of the nine quality principles (questionnaire 1 [Q1]) for their own
usage decision (group A: N=220; group B: N=221).
[PDF File (Adobe PDF File), 2425 KB - mhealth_v7i11e16442_app1.pdf ]

Multimedia Appendix 2
Assessment as to whether information for the nine quality principles could be found within the available app descriptions:
assessments for group A (N=220) and for group B (N=221).
[PDF File (Adobe PDF File), 1992 KB - mhealth_v7i11e16442_app2.pdf ]

Multimedia Appendix 3
Assessment of whether there was sufficient information to answer 25 detailed questions on the basis of the available app
descriptions: assessments for group A (N=220) and group B (N=221).
[PDF File (Adobe PDF File), 2060 KB - mhealth_v7i11e16442_app3.pdf ]

Multimedia Appendix 4
Table D-1 (group A): Results of the regression analysis for group A for changes from assessment 1 (A1) to a more critical
assessment in assessment 2 (A2) versus sufficiency of the information provided for assessing the nine quality principles; Table
D-2 (group B): Results of the regression analysis for group B for changes from A1 to a more critical assessment in A2 versus
sufficiency of the information provided for assessing the nine quality principles. Reference category for both tables was “no.”
NR²: Nagelkerke’s R squared.
[PDF File (Adobe PDF File), 2030 KB - mhealth_v7i11e16442_app4.pdf ]
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Abstract

Background: Digital technologies and advanced analytics have drastically improved our ability to capture and interpret
health-relevant data from patients. However, only limited data and results have been published that demonstrate accuracy in target
indications, real-world feasibility, or the validity and value of these novel approaches.

Objective: This study aimed to establish accuracy, feasibility, and validity of continuous digital monitoring of walking speed
in frail, elderly patients with sarcopenia and to create an open source repository of raw, derived, and reference data as a resource
for the community.

Methods: Data described here were collected as a part of 2 clinical studies: an independent, noninterventional validation study
and a phase 2b interventional clinical trial in older adults with sarcopenia. In both studies, participants were monitored by using
a waist-worn inertial sensor. The cross-sectional, independent validation study collected data at a single site from 26 naturally
slow-walking elderly subjects during a parcours course through the clinic, designed to simulate a real-world environment. In the
phase 2b interventional clinical trial, 217 patients with sarcopenia were recruited across 32 sites globally, where patients were
monitored over 25 weeks, both during and between visits.

Results: We have demonstrated that our approach can capture in-clinic gait speed in frail slow-walking adults with a residual
standard error of 0.08 m per second in the independent validation study and 0.08, 0.09, and 0.07 m per second for the 4 m walk
test (4mWT), 6-min walk test (6MWT), and 400 m walk test (400mWT) standard gait speed assessments, respectively, in the
interventional clinical trial. We demonstrated the feasibility of our approach by capturing 9668 patient-days of real-world data
from 192 patients and 32 sites, as part of the interventional clinical trial. We derived inferred contextual information describing
the length of a given walking bout and uncovered positive associations between the short 4mWT gait speed assessment and gait
speed in bouts between 5 and 20 steps (correlation of 0.23) and longer 6MWT and 400mWT assessments with bouts of 80 to 640
steps (correlations of 0.48 and 0.59, respectively).

Conclusions: This study showed, for the first time, accurate capture of real-world gait speed in slow-walking older adults with
sarcopenia. We demonstrated the feasibility of long-term digital monitoring of mobility in geriatric populations, establishing that
sufficient data can be collected to allow robust monitoring of gait behaviors outside the clinic, even in the absence of feedback
or incentives. Using inferred context, we demonstrated the ecological validity of in-clinic gait assessments, describing positive
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associations between in-clinic performance and real-world walking behavior. We make all data available as an open source
resource for the community, providing a basis for further study of the relationship between standardized physical performance
assessment and real-world behavior and independence.

(JMIR Mhealth Uhealth 2019;7(11):e15191)   doi:10.2196/15191

KEYWORDS

gait; walking speed; mobility limitation; accelerometry; clinical trials; frailty; wearable electronic devices; algorithms; open
source data; data collection; dataset

Introduction

Background
Gait speed is considered a key prognostic marker of survival
[1] and adverse events [2] in older adults and has been shown
to decline over time with healthy aging [3]. These observations
have primarily been driven by data collected as part of
controlled-environment performance tests, and we still
understand very little in terms of how performance in the clinic
relates to behavior in the real world, although it is clear that
these represent distinct, but related, aspects of function as related
to mobility [4].

Digital sensor technologies have drastically improved our ability
to capture health-relevant data from patients, in particular, data
describing real-world behaviors [5]. However, progress on
interpretation via advanced analytics is undermined by a lack
of algorithms with validated accuracy and performance in
disease populations [6], and most clinical trials still focus
exclusively on established performance tests.

Objectives
Age-related muscle loss and weakness (ie, sarcopenia [7]) can
result in an accelerated loss of patient mobility, progressive
limitations in independence, and reduction in health-related
quality of life (HRQoL). Developing therapies with the potential
to maintain and improve real-world patient mobility is therefore
a critical need. Previous early phase studies have demonstrated
the therapeutic potential of increasing muscle mass in patients
with sarcopenia [8]. To explore real-world functional
consequences associated with changes in ability captured by
clinical assessments, we incorporated continuous patient
monitoring using a wearable inertial sensor, during and between
their planned clinical site visits in the next clinical phase.

The work presented here describes progress on (1) ensuring that
we are accurately capturing gait speed in our target population,
(2) the feasibility of deployment in a global clinical trial, and
(3) comparison with established gait speed performance
measures to explore the validity of this novel, digital, continuous
monitoring approach.

We hypothesized that this approach would allow us to examine
real-world mobility on an individual patient basis and explore
the relationship between currently accepted measures of mobility
and real-world mobility behaviors, laying a foundation for
measuring personalized response to therapy in a way that was
not previously possible using in-clinic tests.

Methods

Data described here were collected from 2 clinical studies: an
independent, noninterventional validation study and a phase 2b
interventional clinical trial in older adults with sarcopenia.

Study Design: Independent Validation Study
The independent validation study was performed between May
and August 2018 as a cross-sectional design at a single site,
with no pharmaceutical treatment, where 26 naturally
slow-walking elderly subjects were recruited in 4 cohorts based
on their baseline self-selected gait speed over 4 m (4 m walk
test, 4mWT): below 0.5 m per second, 0.5 to 0.6 m per second,
0.6 to 0.7 m per second, and 0.7 to 0.8 m per second. Subjects
whose walking speed and natural movement were restricted by
orthopedic or neurological complications or other relevant
medical conditions were not eligible for the study. Data were
recorded with a wearable inertial sensor (see section
Accelerometry) while the subjects completed a parcours course,
at least twice, through the clinic that was designed to simulate
a real-world environment [9]. The parcours course included
straight corridors, stairs, a ramp, and a flat outdoor section.
Reference walking speeds were simultaneously measured using
a novel combination of a standard distance measuring wheel
and an inertial sensor, operated by an assistant, allowing
correlation analyses between the patient’s actual speed and the
algorithm-derived gait speed estimation [10]. A standard
smartphone video device on the measuring wheel recorded the
subject’s footfall in slow motion, allowing a more detailed
analysis of different sections of the parcours course. A summary
of the demographic data of the subjects in the validation study
is given in Table 1. Raw and derived data as well as annotations
and metadata captured during the study are made available as
delimited text files (see section How to Access).
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Table 1. Summaries of demographic data for subjects included in the independent validation study.

ValuesDemographic data

26Total subjects enrolled, n

Gender, n

11Male

15Female

Age (years), n (%)

2 (8)60-65

4 (15)66-75

18 (69)76-89

2 (8)>89

0.62 (0.12)4 m walk test gait speed at enrolment in meter per second, mean (SD)

Study Design: Interventional Clinical Trial
The phase 2b, interventional clinical trial (ClinicalTrials.gov
identifier: NCT02333331 [11]) recruited 217 patients across 32
sites globally, based on criteria for their lean muscle mass, age,
grip strength, and gait speed [12]. Between January 2015 and
December 2018, patients were enrolled for a period of 25 weeks
each, with clinical assessments occurring across 8 visits.
Accelerometry data were collected from patients during clinical
gait assessments at baseline, at weeks 9, 17, and 25, and during
intervening periods at home. A summary of the demographic
data of the patients and of accelerometry and clinical assessment

data collected in the interventional clinical trial is provided in
Table 2.

At each clinical site visit, patients completed several clinical
assessments including a 4mWT [13], 6-min walk test (6MWT
[14]), and 400 m walk test (400mWT [15]) from which we
derived average walking speed. For each of these assessments,
accelerometry data were recorded, along with accurate
timestamps delimiting when the patient started and finished
each assessment.

Data captured during the trial and metadata describing the
assessments are made available as delimited text files (see
section How to Access).

Table 2. A summary of demographic data for patients included in the interventional clinical trial.

ValuesDemographic data

217Total patients enrolled, n

192Total patients with accelerometry data, n

Gender, n

91Male

126Female

79.0 (5.45)Age (years), mean (SD)

0.648 (0.1048)4 m walk test gait speed at enrolment, mean (SD)

Accelerometry
For both studies, participants were monitored using a waist-worn
inertial sensor (actibelt RCT2, Trium Analysis Online, Munich
[3,6,16,17]), which recorded acceleration in 3 dimensions at a
sampling frequency of 100 Hz (12-bit resolution) and a range
of 6g. The devices did not require charging or other interaction
from the patients and were otherwise self-managed by the
patients.

For the independent validation study, subjects wore a single
device for the duration of their single-visit assessment.

In the interventional clinical trial, each patient was instructed
to wear the device continuously for a minimum period of 5 days
before each planned clinical site visit, and in cases of
self-reported noncompliance, for a further 5 days following the

visit. Multiple devices, each of the same model, design, and
placement, were used over the observation period. Recorded
data were stored locally on the device and downloaded
periodically following exchange of devices at planned clinical
site visits. Resulting recordings were then merged to form a
single observation period. In total, 9668 patient-days of data
were collected from 192 patients across 32 sites.

All files are made available in the HDF5 format (see section
How to Access).

Derived Gait Parameters and Annotations
Furthermore, algorithmically derived, aggregated gait parameters
were calculated for periods when the patients or subjects were
actively performing clinical assessments and for periods when
patients were passively monitored in their real-world home
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environment. Individual raw acceleration data files for a given
patient were processed using an algorithm similar to that used
in a study by Sabatini et al [18], where steps are first detected
and parameterized before a Hilbert transform is used to calculate
an analytical signal from which gait speed is projected per step
using a linear model. In the first step, a short-time Fourier
transform is used to extract dominant frequencies from the raw
signal: a broad band (0.7-3 Hz) filter pass removes some noise
from the signal before it is divided into overlapping windows
of approximately 2.5 seconds; and a fast Fourier transform then
calculates the frequency domain for each axis. For each window,
these results are then combined to determine the dominant
frequencies, removing windows where the angle toward gravity
or overall activity is not plausible for upright walking or where
there is no dominant frequency. This ensures that false-positive
(ie, nonwalking) motions are removed. For windows that pass
these checks, a Butterworth filter is applied, and a Hilbert
transform is used to determine the frequency (F), phase (), and
amplitude (A) for each axis (vertical, x; lateral, y; and
longitudinal, z). Ax, Ay, and Az give good indication of the force
involved in a step, independent of the exact time point, whereas
F indicates step frequency and () yields the relative position
within a step. Finally, to predict gait speed, a linear model is fit
to the parameters Ax, Ay, and Az and their interaction terms. By
combining information from all 3 axes, this approach allows
for much improved step detection in slow, frail walkers,
compared with previous methods [9].

To allow fair comparisons over time, periods of continuous
walking (bouts) were grouped according to length, similar to
our previous work [16]. To achieve this, contiguous windows
were combined into a single bout, provided that the mean
vertical frequency (Fx) did not vary by more than an empirical
factor of 1.6-fold between windows.

Derived data describing real-world and in-clinic gait parameters
are made available as delimited text (daily summaries and
in-clinic assessments) or HDF5 (step- and bout-level summaries)
files.

How to Access
Written informed consent was obtained from the patients for
collection and use of the data, and a local ethics committee
waiver was granted for collection and publication of the datasets.
Anonymized, open source derived data and metadata for the
independent validation study [19] and interventional clinical
trial [20] are made available. Full datasets, including raw

accelerometry data, for both studies are also available for
download [21].

Statement of Ethics
The ethics committee of the Medical Faculty of the Ludwig
Maximilian University of Munich (Ref. 17-798) approved the
independent validation study. Individual local ethics approval
was obtained for all sites in the interventional clinical trial
(ClinicalTrials.gov identifier: NCT02333331).

Results

Accurate Monitoring of Real-World Gait Speed in
Slow-Walking, Older Adults in Controlled Settings
Previous work has shown effective gait speed monitoring in
healthy populations by algorithms combining individual
detection and parameterization of steps with estimation of gait
speed for a given step. Step detection has been achieved with
a range of methods including continuous wavelet transform
[16,22], whereas gait speed estimation is typically done by using
supervised methods such as support vector regression [3].
However, when applied to slow-walking populations, for
example, multiple sclerosis (MS), these algorithms produce an
observable overestimation of gait speed, particularly in the
slowest walkers [6], presumably because of varying relevance
of the feature set in patients with pathological gait relative to
training sets. The step detector described in our study (see
section Methods) is specifically tailored to achieve excellent
step detection performance in slow and frail walkers [9]. To
validate the accuracy of this new algorithm, in our target
population, we performed an independent validation study
comparing gait speed continuously captured via an
assistant-operated device [10] with gait speed estimated from
accelerometry data. The study collected data from 26 frail,
elderly adults across a parcours course, which simulated a range
of real-world situations including indoor corridors, stairs, and
a ramp as well as a short outdoor section on uneven ground [9].
A summary of study enrolment is provided in Table 1.

As shown in Figure 1, we observed a strong association (r=0.84;
residual standard error=0.08 m per second) between the
reference and sensor-estimated gait speed across all subjects
and walking environments (see also Supplementary Figure 1 in
Multimedia Appendix 1). This demonstrates, for the first time,
accuracy of gait speed capture by a single system across a wide
range of nonsimulated gait speeds (<0.5 to >1 m per second) in
a frail population.
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Figure 1. Accuracy of the algorithm in frail, slow walking adults. (A) Results from the independent validation study “parcours”. Reference gait speed
continuously captured using an assistant-operated device is shown on the x axis, and accelerometer-derived patient gait speed is shown on the y-axis.
Each datapoint represents the median speed for a given subject and parcours section. Derived gait speed is shown to strongly associate with reference
gait speed in this parcours setting, the intercept for the linear fit (red line) is 0.15 and the slope is 0.78 the residual standard error is 0.08 m/sec. For
comparison, a cubic fit is included (blue line). (B) Results from sarcopenic adults as captured during scheduled clinical walking test assessments in the
interventional clinical trial. Reference gait speed (calculated as the distance traveled by the patient during the assessment divided by the time taken to
complete the assessment) is shown on the x-axis, and accelerometer-derived gait speed is shown on the y-axis. Each datapoint represents the average
speed for a given patient and assessment. The intercept for the linear fit is 0.15, 0.09, 0.09 from left to right and the slope is 0.79, 0.95 and 0.96, the
residual standard error is 0.08, 0.09 and 0.07 m/sec for the 4mWT, 6MWT and 400mWT (panels, left to right), respectively. Note, the 400 meter walk
test was collected for relatively few patients. A strong linear association is observed between derived and reference gait speed in all assessments indicating
accuracy in our target population of frail, slow walkers.

The same system (hardware and algorithm) was deployed to
monitor patients in a global, multisite phase 2b interventional
clinical trial involving patients with age-related muscle loss and
slow walking speed (see section Methods). To further evaluate
the accuracy of the system, we conducted internal validation
within the interventional clinical trial dataset by performing a
head-to-head comparison of gait speed calculated from
accelerometry data and gait speed captured using canonical,
clinical standard assessments. The assessments included a

4mWT [13], a 6MWT [14], and a 400mWT [15] from which
we derived walking speed. Using timestamps demarcating the
specific periods (±2 seconds) in which the assessments were
performed, we extracted those intervals from the aligned raw
accelerometry data stream and calculated the average gait speed
using the algorithm described in the Methods section.
Comparing these values with the corresponding clinical
reference values (Figure 1), we could confirm that the new
algorithm performs with less than or equal to 0.1 m per second

JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 11 |e15191 | p.344http://mhealth.jmir.org/2019/11/e15191/
(page number not for citation purposes)

Mueller et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

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


residual standard error in our target population, with a
correlation of 0.85, 0.94, and 0.97 for 4mWT, 6MWT, and
400mWT, respectively. The relatively high error seen in the
4mWT is because of the very short nature of the assessment,
typically only taking a few seconds to complete, which, in turn,
gives a greater weight to any intrinsic human error in recording
the start and end of the assessment. The accuracy of our
approach can overcome these errors and enable clinicians, which
previously relied on the 4mWT, to draw more accurate
conclusions.

Feasibility and Patient Compliance in Long-Term,
Real-World Settings
The above results demonstrated the accuracy of both the
hardware and algorithm for active, controlled-environment data
collection. The monitoring of real-world behavior presents a
more complex challenge because of dependence on patient
compliance outside of the controlled clinic environment. We
therefore set out to evaluate compliance and its effect on our
ability to capture real-world walking behavior.

In the interventional clinical trial, patients were requested to
wear the device at home for 5 days during the week before every
scheduled visit to the clinical site. No feedback was directly
given to patients, but if a patient reported that they had not worn
the device during the week preceding a visit, they were requested
to wear it for the following week. Compliance was monitored
through regular data reviews, and feedback provided to clinical
sites. We avoided providing any feedback on an individual
patient basis so as not to influence their patterns of mobility
and confound the overall trial. Ultimately, 9668 patient-days
of accelerometry data were collected from 192 patients and 32
sites (see Supplementary Figure 2 in Multimedia Appendix 1
for patterns of observed compliance). A summary of enrolment
and data collected is presented in Table 2. This demonstrates
the feasibility of continuous monitoring in global clinical trial
settings and elderly populations and enabled us to collect an
unprecedented volume of data describing real-world mobility.
We make the full raw and derived datasets for both the
independent validation study and interventional clinical trial,
publicly available as part of this publication (see section
Methods for instructions on how to access).

We observed that patient compliance patterns were highly
variable, with some patients greatly exceeding the requested

wear time and others contributing far less. As previously
reported [16], we sought to define a set of minimum thresholds
for compliant wear time from which gait behaviors could be
stably estimated. This 2-component threshold (hours per day
and days around visits) is an attempt to maximize the number
of patients included in the analysis and minimize variation
because of the sampling of an unrepresentative, too short period
of a patient’s daily life.

We extracted, for each patient, a 20-day period straddling each
clinical site visit excluding the visit day itself. Figure 2 shows
the total amount of daily wear time and daily total step count
normalized to the total daily wear time. We expect the wear
time–normalized daily step count to distribute around the grand
mean (410 steps per hour, horizontal line); however, at less than
3 hours of wear time per day, the normalized step count
decreases strongly, suggesting that, in our patient population,
at least 3 hours of wear time on a given day is required for stable
and representative sampling of walking behavior. Additional
hours of wear time do not affect the normalized step count but
reduce between-day step count variability as indicated by data
comparing 3 versus 9 hours of daily wear time (Figure 2).

The patients in our study were asked to wear their belt with the
accelerometer for at least five days around each scheduled
clinical site visit, and this is reflected in the distribution of wear
time in days around visits (Supplementary Figure 3 in
Multimedia Appendix 1). However, some patients wore the belt
for longer periods, and others for shorter periods. Figure 2 shows
the mean daily step count when sampling for different number
of days around visits. The normalized step count estimate starts
to stabilize at 3 days in our population. Where a patient is only
compliant for 1 or 2 days in the week of their visit, the variation
is relatively high compared with longer sampling periods.

Combining these 2 observations, we chose a minimum criterion
of at least three hours of wear time per day for at least three
days per visit epoch for our real-world gait analysis. This
enabled us to avoid biased estimates but also to minimize
exclusion of patient visits and placed a very low burden on the
patients. After applying these criteria, 398 visits from 160
patients remained from a complete dataset of 594 visits from
192 patients. This subset was used for all subsequent analyses
and figures.
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Figure 2. Effect of daily weartime and compliance around a visit on step count estimation. (A) The mean hourly steps per day is calculated for each
day of patient observation as the total step count normalized to the detected weartime for that day. On the y-axis we show the distribution of mean
hourly steps per day and patient, grouped by the total daily weartime in hours on the x-axis. The blue line is a smoothed Loess-fit. Mean daily steps are
seen to drop sharply where less than 3 hours of weartime are detected. (B) After removing days of observation with less than 3 hours of weartime, we
then calculated the distribution of average normalized daily step counts (“mean daily step count per visit”; total step count in a 20 day window straddling
each planned visit divided by the number of compliant “days around patient visit” with a minimum 3 hours weartime). The “mean daily step count per
visit” is plotted on the y-axis and the “days around patient visit” on the x-axis. The blue line is a smoothed Loess-fit. Mean daily steps per visit is
observed to drop sharply where less than 3 compliant days are detected around a given visit. Combining the results of (A) and (B) we arrived at a
two-component threshold of at least 3 days with at least 3 hours of compliance for robust capture of walking behavior in our population.

Context Dependence of Real-World Gait Speed
Variability observed in real-world behaviors is heavily
influenced by external factors [23]; for example, gait speeds
observed in this study may be influenced by changing footwear
or weather. Research is now beginning to show how overlaying
external contextual information, for example, location [24],
onto objectively captured sensor data and patient-reported
outcome data can help explain some of the observed variations
and enable even more meaningful comparisons. Although the
wearable sensor that we deployed does not allow for the direct

capture of contextual information, it has been shown that by
grouping concerted periods of walking (bouts) by length, some
context can be inferred and enable comparisons of distinct
behaviors over time and between individuals [16,25,26].

We observed, on both the population and individual patient
level, highly variable and skewed distributions in both bout
length (Supplementary Figure 4 in Multimedia Appendix 1)
and real-world gait speed (Supplementary Figure 5 in
Multimedia Appendix 1).
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The majority of observed real-world walking behavior
comprised relatively short and slow bouts, although it is
debatable whether some of these very short bouts of low
acceleration intensity constitute true walking behavior. We

examined the relationship between bout length and real-world
gait speed and found that real-world gait speed strongly
increases with bout length on both the population and individual
patient level (Figure 3).

Figure 3. Comparison of gait speed with bout length on a population-level (bottom right panel) and for three representative individual patients (other
panels). For all panels, the x-axis shows bout length, divided into groups of increasing numbers of steps, from very short bouts (fewer than 10 steps) to
very long bouts (&lt;320 steps), and the y-axis shows the distribution of mean gait speed for each bout. Each boxplot is colored by the fraction of total
bouts within that bout length range on a scale between dark blue (boxplots representing a large fraction of bouts) to light yellow (boxplots representing
a small fraction of bouts). We observe that gait speed increases with bout length, and the majority of bouts are short in length (i.e. contain few steps).

Comparison of Gait Speed in Real-World Behavior
and In-Clinic Performance
Understanding how real-world walking behavior is influenced
by changing performance ability in clinical assessments is a
key step in understanding how performance and subjective
perceptions of independence are linked. Making comparisons
between tests performed in the clinic and real-world behavior
has proven more difficult, for example, in MS populations, and
it was challenging to find sufficient real-world 6MWT events
to make a meaningful comparison [4].

We compared real-world gait speed from short (1-20 steps) and
long (160-320 steps) bouts with the corresponding short
(4mWT) and long (6MWT and 400mWT) clinical gait
assessments. Applying our threshold for compliance, each
comparison was made between a given clinical assessment and
real-world gait from the 20 days surrounding that assessment,
excluding the days of the assessment. We found strong linear
relationships between real-world and in-clinic gait, in particular,
for the longer gait assessments when comparing similar length

bouts (Figure 4). Comparing the short 4mWT gait speed with
gait speed in bouts between 5 and 20 steps, we saw a correlation
of 0.23, and comparing the longer 6MWT and 400mWT results
to bouts of 80 to 640 steps, we saw correlations of 0.48 and
0.59, respectively. Weaker associations were observed for
comparison of nonsimilar bout lengths between the in-clinic
assessments and real-world gait (Supplementary Figure 6 in
Multimedia Appendix 1). Our results indicate that longer gait
tests are the most reflective of real-world walking behavior.

We observed that real-world gait speed is consistently lower
than what is observed in the corresponding clinic-based
assessment. For example, a patient who records a 1 m per second
6MWT will, in their daily life, walk, on average, at 0.75 m per
second for bouts of at least 80 steps. We found that this trend
is reversed for the slowest walkers (below 0.5 m per second in
clinical gait assessments), where the captured real-world gait
speed is slightly higher. Overall, the positive associations
between those measurements indicate that a higher mobility
capacity is reflective of higher habitual gait speed in the real
world.
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Figure 4. Comparison of in-clinic gait speed performance measures and adjacent real-world gait speed behavior. Only patient visits with at least 3 days
and 3 hours per day of wearing in a 20 day window around the visit are included. Gait speed in the 4mWT is compared to real-world gait speed in bouts
of length between 5 and &lt;20 steps, and 6MWT and 400mWT gait speeds are compared to real-world gait speed in bouts containing between 80 and
&lt;640 steps. Gait speed in the clinical assessment is plotted on the x-axis and real-world gait speed is plotted on the y-axis.

Discussion

Principal Findings
We show, for the first time, accurate capture of real-world gait
speed in slow-walking older adults with sarcopenia. In an
independent validation study, recruiting 26 subjects with a mean
gait speed of 0.62 m per second, we demonstrate a mean residual
error of 0.08 m per second when estimating gait speed through
a parcours course. Furthermore, using data captured from
patients with sarcopenia with a mean gait speed of 0.648 m per
second, as part of clinical gait assessments during an
interventional clinical trial, we demonstrate residual standard
errors of 0.08, 0.09, and 0.07 m per second for estimating gait
speed during the 4mWT, 6MWT, and 400mWT clinical gait
speed assessments, respectively.

We demonstrate the feasibility of long-term, real-world
monitoring of gait and mobility in geriatric populations with
slow-walking speed, capturing 9668 patient-days of
accelerometry data from 192 patients and 32 sites. Our results
establish that even in the absence of feedback or other
incentives, sufficient data can be collected to allow robust
monitoring of gait behaviors outside the clinic.

We indirectly infer context, in this case, bout length, to partly
explain some of the large variation we see in real-world
behaviors. Using this contextual information, we demonstrate
the ecological validity of in-clinic gait assessments and explore
the relationship between in-clinic performance and real-world
behaviors relating to gait. We show that a linear relationship
exists between real-world gait speed and clinical assessments,
but only between comparable bout lengths.

Strengths and Limitations
Improving our understanding of how a patient’s capacity, that
is, what a patient can do, relates to their functional behavior,
that is, what they actually do, is foundational to building a bridge

between physiological changes induced by a given therapy and
changes in a patient’s independence [27]. A more complete
chain of evidence, incorporating physiological, functional, and
subjective data, will enable development of interventions that
genuinely improve patient HRQoL.

Our 2-component threshold for robust capture of real-world
walking behavior, a minimum daily wear time of 3 hours and
minimum period of 3 days, is well below our initial expectations
and achievable in the vast majority of this population without
any reminder system or other motivational tools. Moreover, this
low threshold can still provide valuable insights into long-term
mobility behaviors. Importantly, although relevant to this study
population and protocol, this threshold may not be directly
transferable to other settings without further evaluation. Other
populations may differ in their wear time behavior and
periodicity of activity; for example, in a working population,
nonworking waking hours might be vastly different from
working hours. We believe similar approaches could be modeled
on what we present here to define these thresholds in the future
populations and settings.

A recent study also compared distributions of real-world gait
speed with 4mWT gait speed and found no association [28].
We find these results to be consistent with our own, as we see
no relationship to overall distributions, but only find positive
associations when comparing similar bouts between clinical
assessments and real-world gait. In addition, we demonstrate
that real-world gait was consistently slower than what was seen
in the clinic, an observation also noted by Van Ancum et al
[28], and reflecting other data showing that a patient’s gait speed
can be increased simply by the knowledge that they are being
observed [29].

Outlook and Conclusions
Future work will focus on the clinical relevance and value of
this novel continuous monitoring approach by examining
changes over time and response to therapeutic intervention. We
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will also continue exploration of how context can enable
interpretation of real-world behavioral data, for example,
overlaying weather data from a patient’s locality to model
seasonal changes in mobility [30]. These efforts may further
explain variation in the real-world data and enable more
sensitive longitudinal comparisons. Further stratification of
bouts may be possible by combining information on location
from anonymized global positioning system data [24] or
gyroscope data to distinguish linear and nonlinear bouts.

Direct, accurate measurement of performance capacity and
behavior specifically relating to physical activity is still an
emerging field but holds the promise of a better understanding
of how mobility, independence, and HRQoL are interrelated on
an individual patient level. The work presented here is based

on a relatively simple accelerometry-based system and still
provides many advantages alongside traditional approaches for
assessing mobility, yet capturing broader, multimodal data
covering domains such as social interaction [31], stress [32], or
vital signs could potentially increase our understanding of
physical effort for a specific activity [33]. Directly capturing
context, behavior, and activities of daily living using ambient
[34] and smartphone technologies [24] will help us to better
relate objective measurements to events and transitions in a
patient’s life. Ultimately, we aim to build on the progress
presented here in terms of establishing accuracy, feasibility,
and leveraging context to make meaningful comparisons to
further build the link between performance, behavior, subjective
perceptions of health, and clinical outcomes [35] and to predict
long-term changes in health.
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Abstract

Background: There is increasing availability of, and interest in, wearable activity trackers for children younger than 13 years.
However, little is known about how children and parents use these activity trackers or perceive their acceptability.

Objective: This study primarily aimed to ascertain parental perspectives on the acceptability and usability of wearables designed
to monitor children’s physical activity levels. Secondary aims were to (1) identify practical considerations for future use in physical
activity interventions and promotion initiatives; (2) determine use of different features and functions incorporated into the
accompanying app; and (3) identify parents’ awareness of their child’s current physical activity levels.

Methods: In total, 36 children (18 boys and 18 girls) aged 7-12 years were asked to wear a wrist-worn activity tracker (KidFit)
for 4 consecutive weeks and to use the accompanying app with parental assistance and guidance. Each week, one parent from
each family (n=25; 21 mothers and 4 fathers) completed a Web-based survey to record their child’s activity tracker use, app
interaction, and overall experiences. At the end of the 4-week period, a subsample of 10 parents (all mothers) participated in
face-to-face interviews exploring perceptions of the acceptability and usability of wearable activity trackers and accompanying
apps. Quantitative and qualitative data were analyzed descriptively and thematically, respectively. Thematic data are presented
using pen profiles, which were constructed from verbatim transcripts.

Results: Parents reported that they and their children typically found the associated app easy to use for activity tracking, though
only step or distance information was generally accessed and some difficulties interpreting the data were reported. Children were
frustrated with not being able to access real-time feedback, as the features and functions were only available through the app,
which was typically accessed by, or in the presence of, parents. Parents identified that children wanted additional functions
including a visual display to track and self-monitor activity, access to the app for goal setting, and the option of undertaking
challenges against schools or significant others. Other barriers to the use of wearable activity trackers included discomfort of
wearing the monitor because of the design and the inability to wear for water- or contact-based sports.

Conclusions: Most parents reported that the wearable activity tracker was easy for their child or children to use and a useful
tool for tracking their children’s daily activity. However, several barriers were identified, which may impact sustained use over
time; both the functionality and wearability of the activity tracker should therefore be considered. Overall, wearable activity
trackers for children have the potential to be integrated into targeted physical activity promotion initiatives.

(JMIR Mhealth Uhealth 2019;7(11):e13858)   doi:10.2196/13858
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Introduction

Background
Physical inactivity is identified as the fourth leading cause of
death globally [1], with regular physical activity associated with
numerous physiological and psychosocial health benefits in
youth. Physical activity during childhood plays a critical role
in reducing cardiometabolic risk factors, which are associated
with long-term health [2]. Government guidelines across the
world (eg, Australia, the United Kingdom, and the United States
of America) recommend that children engage in at least 60 min
of moderate- to vigorous-intensity physical activity (MVPA)
every day [3-5]. Given that most children globally fail to meet
these recommended levels [6-8], effective and sustainable
interventions to increase children’s physical activity levels are
needed.

Children’s lack of understanding regarding the amount and
intensity of physical activity they do across the day is a
frequently cited barrier to their overall physical activity levels
[9,10]. This is further evidenced by research supporting the
overestimation of self-reported data [11,12], suggesting that
youth (children and adolescents) are not able to accurately
self-monitor. Given that self-monitoring has been identified as
a useful behavior change technique for enhancing awareness
of, and potentially stimulating change in, physical activity levels
[13], wearable activity trackers could play an important role in
improving awareness of children’s physical activity levels
among parents and their children.

Over the past decade, there has been significant growth and
interest in commercially available wearable activity trackers
(eg, Fitbit, Garmin, and Xiaomi), becoming the number 1
worldwide fitness trend in 2017 [14]. Although research has
examined the validity and reliability of such wearable devices
for measuring key outcomes such as steps, distance traveled,
active minutes, and energy expenditure, their potential impact
as tools for promoting physical activity remains poorly
understood [15,16]. Nonetheless, wearable activity trackers
have shown good validity for measuring physical activity in
preschool children [17,18], children [19], and adolescents [20],
as well as promising acceptability for adolescents [21], adults
[22], and older adults [23]; however, little research has been
conducted with children younger than 13 years of age. This may
be attributed to restricted data storage and access imposed by
manufacturers in accordance with the American Children’s
Online Data Protection Act. Despite physical activity promotion
interventions using wearable activity trackers for a range of
populations [24-27], few have targeted youth [28] given that
commercially available wearable activity trackers specifically
designed for children (eg, KidFit, Fitbit Ace, and Garmin Vivofit
Jr 2) have only more recently become available.

Mobile health (mHealth) apps are a promising approach for
physical activity promotion, leveraging the ubiquity and
pervasive nature of smart devices. When coupled with wearable
activity trackers, these self-monitoring systems [29] can provide
real-time feedback, as well as other behavior change techniques
[30], such as goal setting, peer comparison, social support, and
nudges [31]. Masteller et al [32] identified 36 well-established

behavior change techniques across a range of features and
functions within 3 commercially available youth-oriented
activity trackers and accompanying websites [16,29]. However,
Riley et al [33] advocated that the capability of wearable activity
trackers to enhance active behaviors relies on the device’s ability
to engage users to encourage and support positive behavior
change in the first place. Owing to data restriction regulations
for children younger than 13 years, parents are not only the
gatekeepers of children’s physical activity but also gatekeepers
to mHealth apps. Therefore, parental perceptions are imperative.
Understanding the users’ experience, in this case parents, is
essential to provide recommendations for future programs
seeking to use activity trackers with children.

To date, research conducted using wearable activity trackers
has typically used multiple devices simultaneously, prescribed
app/website access and minimum durations, or used child-based
questionnaires in isolation [32,34]. Moreover, the implications
associated with the storage of children’s data may limit app
interaction, and thereby in-depth real-time feedback, an integral
component of wearables [16,28], through the requirement to
sync via parental/guardian smart devices. Further research is
therefore required in free-living settings to understand an
individual’s natural use and interaction with such wearable
activity trackers.

Objectives
The aim of this study was to ascertain parental perceptions on
the acceptability and usability of wearable activity trackers
designed to monitor children’s physical activity levels (<13
years). Secondary aims were to (1) identify practical
considerations for future use in physical activity interventions
and promotion initiatives; (2) determine and understand the use
of different features and functions incorporated into the
accompanying app; and (3) identify parents’ awareness of their
child’s current physical activity levels.

Methods

Participants and Settings
Participants were recruited through an email advertisement
circulated to staff and students working at or attending an
Australian university. Parents with children aged 7-12 years
who did not currently own or had not previously used the KidFit
(a commercially available activity tracker) were eligible to
participate in the study. In total, 37 families expressed interest
in the study, with 25 parents (4 fathers and 21 mothers)
providing written informed consent for themselves and their
children (n=36; 18 boys and 18 girls) to participate in the study
(25/37; 68% response rate). In total, 11 families had 2 children
participate. Participation involved children wearing the KidFit
activity tracker for 4 consecutive weeks, and parents completing
a weekly Web-based survey. Following completion of the fourth
week, a subsample of parents (n=10) provided consent to
participate in a one-on-one interview. As children were not
directly involved in data collection, no written assent for
participation was required. Ethical approval was provided by
the Deakin University Human Ethics Advisory Group (Health).
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Wearable Activity Tracker
This study investigated the acceptability and usability of
wearable activity trackers specifically designed for children.
Acceptability was defined as the perceived usefulness of the
device for tracking activity behaviors, although usability was
defined as the perceived ease of use of the device [21]. The
KidFit (X-Doria International, Santa Monica, CA, USA; AUD
$70 per device) was selected as it was smaller and targeted a
broader age range than the only other commercially available
wearable activity trackers specifically designed for children
younger than 13 years of age at the time of the study. However,
it is important to highlight that the aim of the study was to assess
the acceptability and usability of wearable activity trackers,
rather than device-specific information, because of the rapid
technological turnover. Nonetheless, the KidFit (Multimedia
Appendix 1) is a splash-proof, rechargeable activity tracker (3.5

× 2.2 × 1.0 cm3) worn on the wrist using a snap band that
collects physical activity and sleep data. No feedback is provided
to the wearer about their activity levels; this information is only
accessible via the accompanying app, which is free to download
from the App Store or Google Play Store. Data are manually
synced with the app via Bluetooth when pressing the button on
the front of the device. Information provided in the app includes
the number of steps, distance traveled (based on steps taken),
a KidFit score (based on activity levels), and sleep time, which
can be tracked over time (days/weeks) and facilitates goal
setting. Challenges are also provided in the app (eg, hit your
daily goal 3 times in a row). Similar to other wearable activity
trackers for children, the KidFit requires charging approximately
every 5 days. It is compliant with the American Children’s
Online Privacy Protection Act.

Protocol
Each child was provided with a KidFit and asked to wear it for
4 consecutive weeks. Data collection took place between
September and December 2015 (Spring-Summer). As
participants had not previously used the KidFit, a research
assistant met with each parent to help them set the device up
for their child. This process involved downloading the KidFit
app on to the parents’ smartphone or tablet, showing them how

their child should wear the activity tracker, and familiarizing
them with basic functions of the activity tracker and app. These
included how to charge the KidFit, how to sync it with the app,
what the different flashing lights on the KidFit meant, and how
to navigate the app. A user manual that was developed by the
research team was also provided to parents, which included
troubleshooting information on these functions. This manual
was based on a quick start manual that was provided with the
KidFit and additional information available over Web at the
time of the study. No instructions were provided on how to
customize daily goals or how to interpret the information
generated by the app. Parents were asked to sync their children’s
data each day to ensure no data were lost. Parents were not
provided any specific directions regarding app interaction
frequency or duration, engagement with app content (eg
challenges), or data interpretation, with their children.

Measures

Survey
Parents were asked to complete a short Web-based survey at
the end of each week that their child wore the activity tracker.
Where more than 1 child from each family was participating,
parents completed 1 survey per child. Items developed for use
in this study (see Table 1) assessed the use of the activity tracker
and app in the previous week, daily wear compliance, reasons
for nonwear or nonuse, perceptions of the wearable activity
tracker and app (eg, ease of use, comfort, awareness of activity,
and the ability to understand information provided), enjoyment
of use, problems experienced using the device and app, and how
information was used by the parents and their children (eg,
rewarding goals achieved). All quantitative items were rated on
a 4-point Likert scale from 0 (strongly disagree) to 3 (strongly
agree). Open-ended items asked about the parents’perspectives
(eg, how did you use the information provided?) and their
children’s perspectives (eg, what does your child like about the
wearable activity tracker?). Demographic data (eg, age and sex
of parent and child) were collected in the survey completed at
the end of week 1. Parents’ ownership and use of activity
trackers was also assessed in week 1.
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Table 1. Descriptive survey data on wearable activity tracker use and perceptions among parents (parents were asked to complete 1 survey per child).

Week 4Week 3Week 2Week 1Activity tracker usea

14/31 (45)19/34 (56)14/35 (40)19/35 (54)Worn for 7 days, n/N (%)

4/31 (13)2/34 (6)1/35 (3)1/35 (3)Not worn at all, n/N (%)

Acceptability (% agreeing), n/N (%)

28/31 (90)27/34 (79)30/35 (86)30/35 (86)My child likes wearing the activity tracker

6/31 (19)5/34 (15)7/35 (20)1/34 (3)My child is embarrassed to wear the activity tracker

15/31 (48)11/34 (32)17/35 (49)16/34 (47)The activity tracker has made me think about how I can help my child
to be more active

7/31 (23)10/34 (29)14/35 (40)16/34 (46)My child is more active than normal because they are wearing the activ-
ity tracker

Usability (% agreeing), n/N (%)

24/31 (77)25/34 (74)29/35 (83)30/34 (88)The activity tracker is easy to use

15/31 (48)19/34 (56)20/35 (57)17/34 (50)My child finds the activity tracker uncomfortable to wear

10/31 (32)19/34 (56)20/35 (57)27/35 (77)I (or my child) experienced problems in the last week using or wearing
the activity tracker

13/31 (42)13/34 (38)13/35 (37)9/34 (26)My child had trouble remembering to put on their activity tracker

22/31 (71)23/34 (68)25/35 (71)26/34 (76)The activity tracker activity score reflects how active my child is

25/31 (81)27/34 (79)30/35 (86)27/34 (79)The activity tracker data are easy to understand

aThe N values differ due to some questions not being completed in the survey.

Interviews
The semistructured interviews explored parents’ views about
the acceptability and usability of the wearable activity tracker
and accompanying app as well as the potential use of
commercially available wearable activity trackers as a tool for
promoting physical activity in real-world settings. Example
questions included:

What things did you (and/or your child) like about
the KidFit?

Did you experience any issues using the KidFit?

Can you explain what features you/your child used
and why?

Did the KidFit increase your child’s activity and/or
your awareness of their activity levels?

How could such devices be used within physical
activity programs?

Interviews were conducted by the same research assistant and
continued until data saturation was reached. In total, 10
interviews (all mothers) were conducted and digitally recorded.
Interviews (mean duration 19.5 [SD 4.4] min) were then
transcribed verbatim, producing 81 pages (Times New Roman,
size 12) of raw transcription data for analysis.

Data Analyses

Survey Data
All quantitative survey data were collapsed to form binary
percentage agreement data. Specifically, strongly agree and
agree, and disagree and strongly disagree categories were
merged to those who agreed and disagreed with each of the

statements, respectively. The percentage of parents who agreed
was then calculated.

Qualitative Data
After reading and undergoing familiarization with the
transcripts, 2 researchers (KAM and SEC), independent of the
project team and each other, thematically analyzed [35] the
transcripts and developed an initial list of codes in NVivo 12
(QSR, Southport, the United Kingdom). Consistent with
recommended approaches [36], these authors then discussed
their independent coding, as well as any discrepancies and
deviant cases, until a consensus was reached. This led to a small
number of new codes being developed and existing codes being
deleted or refined. Once the transcripts had been fully coded,
data under specific codes were retrieved and overarching or
central themes identified. Pen profiles—an increasingly used
technique to present analysis outcomes via diagrams of
composite key emergent themes [37]—were then constructed,
with example verbatim quotations provided to further illustrate
the theme. To provide an indication of the prevalence of the
themes, the number of parents who mentioned a specific theme
is also presented [37].

A third author (NDR) with expertise in qualitative analyses [38]
then analyzed the data in reverse from the pen profiles back to
the transcripts, critically questioning the presented thematic
analyses [39]. This process allowed authors to offer alternative
interpretations and interrogate the data until a consensus was
reached, assuring credibility [37]. The adopted inductive analytic
approach enabled within- and between-transcript comparisons,
which ensured findings stayed grounded in these data. Overall,
methodological rigor (ie, dependability, credibility, and
transferability) was demonstrated through the comparison of

JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 11 |e13858 | p.355https://mhealth.jmir.org/2019/11/e13858
(page number not for citation purposes)

Mackintosh et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

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


pen profiles with verbatim transcriptions, verbatim citations,
and the bidirectional triangular consensus process, and the
likelihood of bias was minimized through the independent
coding of transcripts and exploration of deviant cases. To
provide a detailed analysis of parental perceptions, both
quantitative descriptive data from the surveys and qualitative
data from the follow-up interviews are presented.

Results

Survey Data
Daily wear compliance and activity tracker perceptions are
presented in Table 1. Although the percentage of children
wearing the activity trackers for 7 days across the 4-week period
fluctuated, there was little variation in the reasons provided for
nonwear across the weeks. Reasons included forgetting to wear
the activity tracker, needing to charge it or it having a flat
battery, or being asked to remove it for sports. Other reasons
provided were device malfunction, being ill, losing the device,
or staying somewhere other than their primary home. Although
1 child chose not to wear the wearable activity tracker at all
beyond the initial set up, another chose not to wear it toward
the end of the study because of losing interest as a consequence
of the perceived inaccuracy of the device to capture their
activity. Parents reported that the reasons some children did not
wear the activity tracker at all included the following: not being
into it; too bulky and restrictive for sports; it malfunctioning;
hating it; or having lost it. The percentage of parents reporting
that their child found the activity tracker embarrassing to wear
increased from 2.9% (1/35) in week 1 to 17.1%-20.0% (5/34
to 7/34) across the rest of the weeks, but parents did not report
that this affected wear-time.

Although the percentage of parents stating that their child liked
wearing the activity tracker decreased during the 4-week
monitoring period (see Table 1), the reasons for their child either
liking or disliking the device remained consistent. Parents
perceived that their child liked wearing the activity tracker
because it facilitated goal setting, was colorful, tracked their
physical activity, was fun and cool, enabled peer comparison
and competition, and they liked the snap band. Conversely,
those whose children did not like the activity tracker said this
was because of the device lacking functions and prohibiting
water-based activities, as well as being too bulky, not cool
enough, uncomfortable/sore, and/or a burden.

Parents generally reported that the activity tracker and associated
data were easy to use and understand. There was little change
over time in how much parents perceived the trackers made
them more aware of, or wanted to increase, their child’s physical
activity levels. Although parents initially perceived that the
activity tracker increased their child’s physical activity levels,
the percentage progressively decreased from week 1 to week
4. Approximately half of the parents reported that their children
found the device uncomfortable over the duration of the study.

Across the 4 weeks, the reporting of problems associated with
the activity tracker decreased. The key problems cited included
the poor battery life, not being able to sync the data, and
perceived poor tracking of their child’s physical activity data.

Parents generally accessed the app with their child, though this
decreased from 88.6% (31/35) at week 1 to 60.0% (18/30)
following week 4. During the first week, most parents accessed
the app with their children at least once per day (16/35; 45.7%),
though (9/35; 25.7%) accessed it at least twice per day. App
access was mainly to track activity (17/35; 48.6%) and sync
data (17/35; 48.6%), with very few children and parents
reporting accessing sleep data and setting goals. Over the 4
weeks of the study, there was a shift in the way parents accessed
activity data or synced the activity tracker. Whilst the majority
used the app with their child (22/34; 64.7%) at the start, the
majority tended to access data on their own, without their child
(15/28; 53.8%), at the end of this period. The only other times
parents accessed the app without their child was to try to resolve
problems, such as syncing.

Qualitative Data
Data were themed and are presented in 6 pen profiles (Figures
1-6), focusing on the positive and negative aspects of the
wearable activity tracker, use of information, perceptions,
feedback, and future considerations.

Wearable Activity Tracker (Positive and Negative)
The activity tracker itself was viewed as both a facilitator
(Figure 1) and barrier (Figure 2) to use. Parents reported that
the key enablers for their child to wear the activity tracker were
the design and ease of use, yet barriers included the burden (ie,
syncing and charging the device) and wearability, and its design,
limitations and malfunctions. Although some reported the snap
band grew tighter across the duration of wear, others highlighted
that the band was easy to wear and that their child preferred it.
The band was more frequently described as uncomfortable (n=7;
70%) than comfortable (n=1; 10%) among this subsample of
parents, with the majority of reasons surrounding the nature of
the wristband being tight, hot, and sweaty:

So it slowly would get tighter and tighter, and
especially when she’s out running around, it would
get really hot, and kind of sweaty underneath the
band, because they don’t breathe either. [Parent 3]

Furthermore, several parents reported that their children found
the activity tracker bulky on the wrist. The snap band fastener
(ie, not secure), comfort, and lack of device functionality (ie,
no digital time display or real-time feedback) were frequently
cited as barriers to wearability, as well as to potential long-term
use. Several other factors impacted on the use and wearability
of the activity tracker, including forgetting to wear it (4/10;
40%) following removal for sport, sleeping or charging, and
being unable to wear it while sleeping (5/10; 50%) because of
it being painful and waking up with marks. Parents commonly
described their child’s frustration that the trackers were not
waterproof and had to be removed for certain sports, such as
swimming, basketball, and ballet. However, 1 parent described
how their child moved the snap band to their ankle to allow
their activity still to be captured:

So then she put it on her ankle, and put her sock over
the top so that she could still wear it. [Parent 7]

The activity tracker itself was identified as easy to use by 30%
(3/10) of parents and with others mentioning the ease of syncing
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(n=1; 10%) and using the app (n=3; 30%). However, several
inaccuracies and malfunctions were noted in the sample.

Most parents reported that the device occasionally did not track
their child’s activity (n=6; 60%) or reset to a new day resulting
in data accumulation and false results (n=5; 50%). There were
also issues with syncing (n=5; 50%) and charging (n=2; 20%).
These factors collectively led to the children feeling
disappointed and demotivated to continue to wear the activity
tracker:

Well then she just didn’t want to wear it, or she was
kind of like, oh it’s a silly thing. [Parent 8]

Parents reported that they had difficulties syncing the activity
tracker and the app (n=5; 50%), and that it was a burden to do
every night (n=4; 40%):

...with the syncing, it did take me a while to
understand first of all how to sync. [Parent 1]

In line with this, parents also found that charging the activity
tracker was a burden (n=4; 40%), thereby impacting their child’s
ability to wear it:

I would sync it, and then I’d put it on sleep mode, if
I remembered. Or I’d have to take it off to charge the
battery. [Parent 5]

Figure 1. Positive perceptions of the wearable activity tracker. The dashed line indicates link made between different themes noted by the researchers
from the points discussed, rather than directly mentioned by the parents (P).
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Figure 2. Negative perceptions of the wearable activity tracker. The dashed line indicates link made between different themes noted by the researchers
from the points discussed, rather than directly mentioned by the parents (P).

Use of Information
Parents reported that children predominantly used the data
provided by the app for motivation to be more physically active
or aware of their physical activity levels (see Figure 3). There
was consensus among parents that the data provided information

on, or verification of, their child’s physical activity levels.
Parents (7/10; 70%) mentioned that the information provided
within the app also enhanced their child’s awareness of their
own physical activity levels, with 2 parents specifically
highlighting peer comparison and enhanced motivation, through
either competition (n=2; 20%) or goal setting (n=5; 50%).
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Figure 3. Use of information collected by the wearable activity tracker. P: parent.

Parents’ Perceptions
Most children enjoyed and were enthusiastic about the activity
tracker (see Figure 4). The majority of the enjoyment stemmed
from the tracker itself being cool to wear. However, 1 parent
reported that their children initially felt self-conscious wearing
the tracker because of its size and bright color. Most parents
found that the activity tracker had a positive effect on their
child’s enthusiasm for being active. However, several parents
(n=4; 40%) identified that the wearable tracker could result in
a lack of enthusiasm:

She was uncomfortable wearing it [the wearable
activity tracker]. It wasn’t even providing her with

immediate feedback to sort of provide her with
intrinsic motivation...[she was like] wow this is
annoying, I don’t like it, so I’m turning it off. [Parent
3]

When asked about their own perceptions, most parents (6/10;
60%) liked that the activity tracker made their children more
accountable regarding their own activity and took responsibility
for syncing and charging it. Furthermore, 2 parents reported
that the use of the tracker and app linked into their children’s
current curriculum:

...they were doing graphs at school, so it was quite a
thing for him. [Parent 6]
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Figure 4. Parents’ (P) perceptions on children’s use of the wearable activity tracker. The dashed line indicates link made between different themes
noted by the researchers from the points discussed, rather than directly mentioned by the parents.

Feedback
The feedback provided through the app was important to the
parents and their children (see Figure 5). A common theme was
their children’s desire to be provided with real-time feedback
to gain further information about their physical activity levels
(8/10; 80%). For example, some parents reported that their
children expressed a desire to have feedback through a visual
display on the wearable activity tracker, rather than just the app,
to facilitate continuous monitoring. Although 2 parents enjoyed
the nudges the activity tracker provided when they were being
lazy, and [to] get off the couch (Parent 10), several others
perceived the lack of feedback did not, and was unlikely to,
help increase their child’s physical activity levels in the long
term. Indeed, the ability to access the app only through the
parents’ smartphone or tablet was commonly cited as an
inhibiting factor to receiving feedback, particularly on weekdays.
Conversely, weekend data access was much easier:

On weekends we might check it 3 or 4 times. Because
they’d want to see what they’d scored. [Parent 10]

However, 1 child had their own smart device, which allowed
her to have more control over increasing their activity levels:

...really she ran the app herself, because she’s got
her own iPad, so she was syncing herself, and she

was like, oh Mum, I’ve got to get up off the couch.
[Parent 7]

Although some parents really liked and enjoyed the app (4/10;
40%), others found it was acceptable but not of interest for
themselves or their children. The most commonly accessed app
features included the score, steps, and distance. Parents also
used the graphs as a visualization aid to explore how the output
from the activity tracker related to their children’s activity across
the day:

...obviously it was sitting in the classroom, so you
could see, and then when she went out for lunch, so
wetalked about that’s when it [physical activity]
spiked up. [Parent 7]

However, the use of these features differed across all the parents.
Some parents demonstrated a lack of understanding regarding
various app components, such as the score and its link to total
steps and distance covered, the interpretation of the graphs, and,
how to meet and set goals. Moreover, some parents did not
access the various features available to them. Specifically, 1
parent felt that it was not appropriate to share the app data with
their children:

because it then becomes a competition [Parent 5]
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Figure 5. Parents’ perspectives on feedback provided by the wearable activity tracker and how this was used by them and their children. The dashed
line indicates link made between different themes noted by the researchers from the points discussed, rather than directly mentioned by the parents (P).

Future Considerations
A number of future considerations and suggestions were raised
by the parents (see Figure 6). These include the app and tracker
features, the use of competition, and whether children younger
than 13 years would continue to wear the tracker in the long
run. There was a feeling that the app needed to allow children
to enter in times when they did physical activity that the
wearable could not detect, similar to adult devices. In addition,
they felt that some improvements could be made to the
goal-setting function to allow more meaningful individual (n=2;
20%) and group (n=1; 10%) goals between family, friends, and
teams. Parents conveyed that their child also felt that the activity
tracker itself could be enhanced through adding other functions
such as heart rate and a time and date display.

One parent suggested the addition of kinetic charging to
eliminate the inconvenience of plugging in the activity tracker
to recharge. Indeed, parents’ thought that children would
capitalize on the opportunity future activity trackers’ could
offer, to not only provide real-time feedback on their daily goal
but also to challenge themselves or others, either competitively
or cooperatively. This was evident from the suggestion of 2 key
environments: school and family. From a family perspective,

parents suggested connecting family members through the
wearable devices, which could also facilitate healthy competition
between family members. Indeed, most parents proposed
developing a more competitive nature, particularly within school
(8/10; 80%) whereby students know what their peers are doing.
However, the issue of privacy protection if children’s names
are being shown was also raised (see Figure 6). This inclusive
group-based competition, regardless of environment, was
thought to be a method to increase the inclusiveness of wearing
activity trackers beyond just those children who are active:

It would be great to have a competition between the
classes, rather than amongst each individual kid,
because then they’re helping each other along. [Parent
7]

The long-term wear compliance and engagement of an activity
tracker was highlighted as an important consideration for future
use because of differences between individual children’s
motivation. Indeed, some children wanted to purchase their own
wearable tracker, whereas there was a novelty effect for others:

I said, oh would you want to wear them, like would
you want one of your own? They said no, we’ve kind
of used it now. [Parent 10]
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Figure 6. Parents’ considerations and recommendations for using wearable activity trackers in the future. The dashed line indicates link made between
different themes was noted by the researchers from the points discussed, rather than directly mentioned by the parents (P).

Discussion

Principal Findings
Although self-monitoring systems have the potential to be used
to promote physical activity levels in children, few studies have
evaluated the acceptability and usability of wearable activity
trackers in this age group. The main aim of this study was to
examine parents’ perceptions regarding the acceptability and
usability of a wearable activity tracker (KidFit) for children
over a 4-week period. Approximately half of parents reported
that children wore the activity tracker every day and found it
easy to use for activity tracking. However, parents noted that
their children’s main frustration was not being able to access
real-time feedback, with features and functions only accessible
through smart devices typically owned by their parents. Indeed,
although newer generations of commercially available wearable
activity trackers for children have overcome some of the barriers
reported in this study, especially the real-time feedback, it is
important to consider critical recommendations for all targeted
wearable activity trackers as a potential intervention tool, rather
than specific to the KidFit per se.

Comparisons With Prior Work
Although there is a lack of research examining the usability and
acceptability of wearable activity trackers in youth [28], research
conducted in young children [34], adolescents [21], and adults

[22] has indicated that such devices are often viewed favorably.
In agreement with previous research, the ease of use of the
wearable activity tracker for children was identified as an
important factor [21,24,40-44], with parents highlighting that
the accompanying app, on the whole, was easy to navigate.
Despite this, many visual app features were not accessed,
particularly in relation to tracking sleep. This is contrary to
Ridgers et al [21], where despite emphasizing a desire to access
sleep data, adolescents felt difficulties and discomfort associated
with wearing the activity tracker prevented this. Promoting good
sleep habits is becoming increasingly important given the
introduction of 24-hour movement guidelines in some countries
[45], though there are concerns regarding the accuracy of
wearables for tracking sleep [46]. The lack of interest in sleep
data in this study could be because of the lack of comfort, which
led to 50% of the children not wearing the devices overnight.
Newer generation wearable trackers should therefore primarily
focus on comfort and 24-hour wearability, identified as 1 of the
9 key factors that companies should consider when designing
activity trackers [47]. Future research should seek to monitor
the time children wear the activity trackers daily.

Of interest, the number of perceived issues with the activity
tracker reported by the parents substantially decreased over the
4-week period (77.1%-28.6%). Although this could be attributed
to parents identifying problems and knowing how to overcome
them, this finding may also be explained by the reduction in
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children wearing the activity trackers over time (ie, those who
had problems simply stopped wearing them). This suggests that
future research seeking to use wearable activity trackers in
children should integrate a familiarization component for key
features and functions to ensure ability to access and understand
feedback, which includes problem-solving monitoring issues,
to try to ensure that that the tracker is used as intended [21].
More specifically, consideration needs to be given to parents,
who may require training in the wearable activity tracker and
app use [24], and children, where personalization of the device
and app in relation to daily goals could be more important [19].
However, ceased wear could also be a result of children
understanding what a sufficiently active day encompasses and,
therefore, more accurately interpreting their own behaviors,
negating wearable use.

Wearable activity trackers have been increasingly used in
physical activity and sedentary behavior interventions, using
self-monitoring systems that utilize theory-driven behavior
change techniques [16,32]. Although several functions and
features are incorporated into the KitFit app, such as a daily
score and step counts, as strategies to target key behavior change
techniques, these are limited compared with the wearables
available to adolescents and adults [16] and the new-generation
models for children. Nonetheless, 36 well-established behavior
change techniques were identified in a recent content analysis
across a range of features and functions within 3 commercially
available youth-oriented activity trackers [32]. However,
contrary to similar research in adolescents [21], parents in this
study reported that they and their children used few features
and functions, and therefore, the integration of more behavior
change techniques may not be beneficial to the child when
accessed through a parental app. This could be explored in
evaluations for more recently available wearables for children
that incorporate more behavior change techniques.

Those children who did use the associated wearable activity
tracker app with their parents mainly used it for goal setting,
self-monitoring, and individualized behavioral feedback. These
behavior change techniques not only are integral to wearable
activity trackers [12] but also are the most important components
to influence behavior [13,43]. Despite the relatively short study
duration, some children started to implement goal-setting
strategies, with qualitative data revealing that most parents
interviewed felt that the feedback enhanced their awareness of
their children’s current physical activity levels. Parent’s also
noted such feedback also increased their children’s awareness
of their own activity levels. It could be argued that this increased
awareness via the feedback provided was the most important
outcome, enabling some children to understand the need to
enhance, and others maintain, their activity behaviors [48].
Indeed, research has suggested that the development and
implementation of self-regulation is a key objective for utilizing
wearable activity trackers [49]. However, the accuracy issues
inherent to wearable activity trackers raise concerns about the
interpretation of associated data, particularly if the output is not
directly relevant to government guidelines (ie, minutes of
MVPA).

Irrespective of the different self-monitoring systems used across
studies, there were numerous similarities in their acceptability

by young children [32] and adolescents [21]. Only the tangible
activity data (ie, step or distance), on the whole, was accessed
in this study, with the KidFit score rarely being used because
of a lack of understanding of how it related to actual activity
levels. Newer generation activity trackers, such as the Fitbit
Ace, overcome this issue by providing time spent being active
in accord with government guidelines. Parents emphasized that
children wanted to visually track and self-monitor their activity.
Indeed, Masteller et al [32] reported that children liked creating
and changing the avatars associated with 2 child-specific
wearable activity trackers, as a form of visual feedback.
Therefore, how the activity tracker itself (eg, visual display)
and associated app are designed may be fundamental for
long-term use. As such, further research is warranted to explore
how these constructs are presented on wearable activity trackers
and associated feedback mechanisms, and whether and indeed
how they need to change with long-term use.

Congruent with the previous research, the manner in which the
wearable activity tracker fastened around the wrist was the
biggest issue [21]. However, Müller et al [34] found that the
Garmin Vivofit, which has now evolved from a stretchy bracelet
to a watch strap, was a feasible wearable bracelet for assessment
in children aged 4-10 years, though it is important to
acknowledge that the devices were only worn for 7 days and
removed for sleep. In this study, discomfort, coupled with device
malfunction or maintenance (ie, syncing and charging), often
led to frustration and consequently poor wear-time compliance.
Congruent with the studies by Müller et al [34] and Shih et al
[50], in children and adults, respectively, aesthetic and practical
concerns, such as the activity tracker being too bright or bulky,
suggest that the appealing design of the device is a crucial factor
for long-term use [47].

Parents cited peer comparison, relating to awareness or
competition, as a desired motivational component. During
interviews, only 2 parents reported their children to use the
feedback for peer comparison or competition, though this is
unknown for the broader sample and could be because of the
lack of siblings included in the subsample study, thereby limiting
such interaction. Nonetheless, in accord with the previous
research [32], group features, such as those incorporated into
newer wearable activity trackers, may encourage more regular
use by children. These findings are similar to those of Masteller
et al [32] who found that 75% of children aged 6-11 years would
wear the activity trackers more if their peers were wearing them,
though it was the social aspects of the associated activity tracker
websites that children liked more than the activity tracking
features per se [32]. This concurs with the previous research in
adolescents, whereby a wearable activity tracker was combined
with social media facilitating social comparison and support
[26,44,51]. Given the influence of peers on youth physical
activity [52], future research should consider how to integrate
and promote peer comparison into wearable activity tracker
interventions, while simultaneously enhancing autonomy and
minimizing peer pressure, or indeed dropout [53,54].

There are numerous strengths associated with this study.
Specifically, this is the first to determine the usability and
acceptability of wearable activity trackers in children, from a
parents’ perspective, using a mixed-methods approach.
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Moreover, the survey and qualitative data were consistent, with
the latter reaching data saturation. Although short in duration,
this study was an ecologically valid acceptability and feasibility
study, likely precluding the impact of a novelty effect. However,
several limitations are noteworthy of discussion. The recruitment
strategy (ie, university staff circular) may have resulted in a
nonrepresentative sample incorporating participants from a
higher socioeconomic background. However, contrary to
findings among adults, evidence of socioeconomic gradients in
children’s physical activity is equivocal [55], and the
generalizability of our findings across socioeconomic strata is
unknown. Nonetheless, the recruitment strategy may have
resulted in a sample with higher physical activity levels, which
may explain the decreased interest across the study duration.
Future research should target families from wider socioeconomic
backgrounds and lower physical activity levels. It should be
noted that although this was only 1 of 2 activity trackers
marketed at children at the time, a number of parents owned
activity trackers, which may have influenced perceptions of the
acceptability and usability of the wearable activity tracker.
Moreover, the KidFit is no longer in production and has since
been superseded by newer devices, including the release of the
Fitbit Ace, which has addressed issues such as real-time
feedback and integrated familial and peer competition. Finally,
although this study provides insights into children and parents’

initial experiences, via parental report, of using a wearable
activity tracker for children, it is not known whether or how this
would impact longer-term use.

Conclusions
Taken together, parents reported that the wearable activity
tracker was easy to use and a useful tool for tracking their
children’s daily activity. However, compliance in wearing the
activity tracker was modest and declined across the study.
Although parents acknowledged that the wearable activity
tracker was acceptable for use in children, there were numerous
barriers highlighted, which may preclude long-term wear and
monitoring. Further research is needed to determine whether
these findings are reflective of generic wrist-worn commercially
available wearable activity trackers. Although wearable activity
trackers for children hold promise as relatively inexpensive,
scalable methods for the delivery of evidence-based behavior
change techniques, it is important to address potential barriers
and behavior change efficacy. These findings provide insights
into how children and parents engage with wearable activity
trackers designed for use by younger children (<13 years), which
in turn may help to identify how to integrate wearable activity
trackers into physical activity interventions or initiatives for
children and what factors may need to be addressed to try to
facilitate longer-term sustainability.
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Abstract

Background: A large part of the communication cues exchanged between persons is nonverbal. Persons with a visual impairment
are often unable to perceive these cues, such as gestures or facial expression of emotions. In a previous study, we have determined
that visually impaired persons can increase their ability to recognize facial expressions of emotions from validated pictures and
videos by using an emotion recognition system that signals vibrotactile cues associated with one of the six basic emotions.

Objective: The aim of this study was to determine whether the previously tested emotion recognition system worked equally
well in realistic situations and under controlled laboratory conditions.

Methods: The emotion recognition system consists of a camera mounted on spectacles, a tablet running facial emotion recognition
software, and a waist belt with vibrotactile stimulators to provide haptic feedback representing Ekman’s six universal emotions.
A total of 8 visually impaired persons (4 females and 4 males; mean age 46.75 years, age range 28-66 years) participated in two
training sessions followed by one experimental session. During the experiment, participants engaged in two 15 minute conversations,
in one of which they wore the emotion recognition system. To conclude the study, exit interviews were conducted to assess the
experiences of the participants. Due to technical issues with the registration of the emotion recognition software, only 6 participants
were included in the video analysis.

Results: We found that participants were quickly able to learn, distinguish, and remember vibrotactile signals associated with
the six emotions. A total of 4 participants felt that they were able to use the vibrotactile signals in the conversation. Moreover, 5
out of the 6 participants had no difficulties in keeping the camera focused on the conversation partner. The emotion recognition
was very accurate in detecting happiness but performed unsatisfactorily in recognizing the other five universal emotions.

Conclusions: The system requires some essential improvements in performance and wearability before it is ready to support
visually impaired persons in their daily life interactions. Nevertheless, the participants saw potential in the system as an assistive
technology, assuming their user requirements can be met.

(JMIR Mhealth Uhealth 2019;7(11):e13722)   doi:10.2196/13722
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Introduction

Background
A large number of communication cues exchanged between
persons are nonverbal (eg, gestures, facial expressions, and gaze
direction). As a result, the inability to perceive these cues leads
to a loss of communication effectiveness. Not perceiving these
nonverbal cues is particularly present in persons who are blind
or visually impaired (hereafter referred to as visually impaired
persons) and can lead to feelings of exclusion [1,2]. Previous
inventory studies of assistive technology needs [3,4] found that
a need among the community of visually impaired persons still
exists for a solution that makes nonverbal signals accessible.

To convey such information and make it accessible for visually
impaired persons, visual information can be translated into
auditory or tactile cues, which is the foundation of sensory
substitution devices (SSDs). The SSD developed by Bach-y-Rita
[5], often considered as the first SSD, translated a video feed
into a grid of vibration motors attached to the back of a chair.
Visually impaired persons trained to use this system were able
to pick up an object. More recently, the vOICe system (which
translated a video with very high contrast directly into auditory
cues) and a Tongue Display Unit were developed (which
translated video into electric signals on the tongue) [6-8].
However, these systems rely largely on senses and body parts
that are crucial for interpersonal communication, that is, mouth
and ears. In the last years, various researchers have
acknowledged the issue of nonverbal information and worked
toward a range of sensory-substitution designs: information
such as interpersonal distance, location of others, facial
expressions of emotions, and gestures was conveyed using
various vibrotactile devices, including the back of a chair [9,10],
a glove [11], and a vibrotactile belt [12,13].

In addition, recent advances in machine learning and computer
vision technologies, which improved the ability of computers
to recognize patterns from images, allow for very specific
recognition tasks. One of the opportunities that arose from these
advancements is the possibility to train a computer to recognize
faces and facial expressions from a video. This idea was
pioneered by Bartlett et al in a collaboration with Paul Ekman
[14], leading to effective emotion recognition software. Among
its numerous applications, such software is particularly
interesting for people who are unable to detect and interpret
facial expressions of emotions, such as visually impaired
persons. Given the need from the community and the potential
of emotion recognition software in meeting these needs, we
investigated to what extent such emotion recognition software
can support visually impaired persons in their daily lives.

Previously, we presented a wearable system for facial emotion
recognition consisting of a head-mounted camera and a vibrating
belt [15]. It was designed to help visually impaired persons
perceive facial expressions of the 6 universal emotions [16].
Via a tiny camera attached to standard spectacles, pointing in
the direction where the wearer is looking, a continuous video
stream was available for processing. To determine which
emotions were expressed, FaceReader facial expression
recognition software was applied. This software can be used to

detect Ekman’s universal emotions from pictures and videos
[16-18]. In this study, FaceReader was applied to analyze the
video stream, originating from the video camera, in real time.
Once a face is detected, the software attempts to create a map
of the face including almost 500 facial landmarks. If a face
muscle movement is detected, the deviation from a baseline
neutral face is recognized as a facial expression and then
classified as an emotion. Depending on the occlusion of the
faces, either a standard model (called 3D Active Appearance
Model) or proprietary deep neural networks are used to assign
a score to the intensity of the facial expression (emotion). Once
an expression was detected as being 1 of the 6 universal
emotions, vibrotactile signals on a waist belt conveyed this
information to the wearer of the system. Previous research has
shown that vibrotactile signals were interpretable and usable in
cognitively and physically demanding tasks such as flying a
helicopter or steering a boat [19]. By signaling emotions through
haptic feedback at the waist during social interactions, the ears
of the users remained free to engage in a conversation.

This system was previously tested with visually impaired
persons in a controlled laboratory setting [15], with pictures
from the Warsaw Set of Emotional Facial Expression Pictures
(WSEFEP) [20] and videos from the Amsterdam Dynamic
Facial Expression Set (ADFES) [21]. Such validated sets of
images and videos of actors showing strong emotional
expressions in controlled laboratory conditions play an important
role in the training and development of emotion recognition
software but do not entirely resemble realistic facial expressions
[22]. The results of our first study were promising, as the
FaceReader software reached high recognition scores and users
were able to easily learn how to interpret and use the vibrotactile
signals from the system [15]. That the system worked well under
controlled laboratory lighting in classifying very expressive
facial expressions was expected, as emotion recognition software
often achieved high recognition scores when tested with
validated sets [18,23]. On validated sets such as the ADFES
and WSEFEP, FaceReader was known to achieve recognition
rates of 89% and 88%, respectively [17]. However, these sets
are often acquired during photoshoots with actors who express
strong emotional states under optimal lighting conditions. Facial
expressions in real life are often much subtler than those found
in the validated sets, and lighting conditions also differ between
real life and controlled conditions [22,24,25]. As a result, we
cannot be certain that the recognition scores achieved from these
validated sets can be replicated once such software is faced with
genuine facial expressions of emotions, expressed in natural
conversations. Thus, to determine whether the technology
applied is useful for this purpose, its performance must be
further tested under real-world conditions [26].

Objectives
To investigate whether the system is usable and useful during
realistic conversations, we aimed to examine the following
questions: (1) were visually impaired persons able to keep the
camera focused on the face of the conversation partner?; (2) did
the software reach a satisfactory recognition rate when
confronted with an unstable video stream and suboptimal
lighting conditions?; (3) were visually impaired persons able
to interpret the emotion cues while engaging in a meaningful
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conversation?; and (4) did the system live up to prospective
users´ expectations, and did they believe they could use such
technologies in their daily lives?

Methods

Ethical Approval
The study was designed in accordance with the Declaration of
Helsinki and approved by the ethical committee of the Faculty
of Electrical Engineering, Mathematics and Computer Science
of the University of Twente, Enschede.

Participants
A total of 8 visually impaired persons (4 females and 4 males;
mean age 46.75 years, age range 28-66 years) were included in
the study. Moreover, 4 of the participants were visually impaired
from birth, whereas the others became visually impaired later
in life but had experience with vision for at least 10 years. All
participants reported difficulties with the recognition of facial
expressions and did not suffer from any other cognitive or
sensory impairments (Table 1).

Table 1. Participants.

Emotion logs

availablea
10 or more
years of vision

SightVisual impairmentGenderAge (years)ID

YesNoTunnelNeurological damage to eye nervesMale281

NoNoNonePersistent fetal vasculatureMale282b

NoNoNoneRetinitis pigmentosaMale663b

YesYesNoneRetinitis pigmentosa, glaucoma, and cataractFemale594

YesYesPeripheralCone dystrophyMale475

YesNoNoneCongenital rubella syndromeFemale646

YesYesNoneRetinitis pigmentosaFemale507

YesYes<5%AniridiaFemale328

aSee the section Data Collection and Analysis.
bNo emotion logs were collected during the experiment.

Apparatus
The experiments were conducted at an observation room at the
HAN University of Applied Sciences (Arnhem, The
Netherlands), where it was possible to discreetly observe the
experiment from an adjacent viewing room and record with 3
different cameras and 2 microphones for postanalysis.

The emotion recognition system used in the study consisted of
a small USB camera clipped on spectacles; a Microsoft Surface
Pro 4 tablet running the FaceReader 6 SDK emotion recognition
software (running the general face model); and a chain of 9
vibrotactile stimulators attached to a Velcro belt, 6 of which
were used (see Figure 1). To ensure steady connections between
the components, cable connections were used.

The FaceReader system classified facial expressions into 1 of
the 6 of Ekman’s universal emotions: happiness, sadness, anger,

fear, surprise, and disgust [16]. When an emotion is recognized,
feedback was given to the participant via the vibrotactile
stimulators worn around the waist. Each emotion was assigned
to a single vibrotactile stimulator (Figure 2). The decision to
use a belt with vibrotactile stimulators and let it be worn on the
waist had several reasons. First, the tactile modality was chosen
because the use of the auditory modality is undesirable during
social interactions, in which auditory information is very
important for visually impaired persons and should, therefore,
not be interfered with. Second, the tactile resolution of the waist
is enough to place 6 vibrotactile stimulators without the risk of
users being unable to distinguish them. A belt can be worn
unobtrusively underneath clothing and wearing it at the waist
means that the system does not interfere with the conversations
in the sense that it keeps your eyes, ears, and hands free.

Figure 1. Schematic overview of the used system.
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Figure 2. Emotion mapping. The mapping of Ekman’s universal emotions on the waist band.

Vibrotactile stimulators were activated when the associated
emotion was detected above a certain threshold of certainty,
after which the vibration strength indicated the certainty that
the software had detected an emotion. The standard threshold
to initiate a vibrating pulse was 0.3 (on the FaceReader scale
from 0 to 1), with 2 exceptions. In pretests with an actor, the
FaceReader software was more sensitive to some emotions than
to others. For example, when the actor was concentrating on
listening and looking interested, his facial expression was at
times classified as angry. Therefore, the threshold for the
emotion anger was raised to 0.6. A threshold of 0.7 was chosen
for the emotion happiness as it was rapidly detected even if the
expression was barely visible.

Procedure
The study consisted of 4 different phases: initial training,
refresher training, the experiment, and an exit interview.

First, the participants were trained to interpret the vibrotactile
signals during 2 separate training sessions (Table 2). The first
session took place about 2 weeks before the experiment. After
a brief introduction to the tactile mapping around the waist, the
training included application of 4 sets of 36 vibrotactile stimuli.
After each stimulus, the participant was asked to indicate which
emotion was signaled. These stimuli were initially accompanied
with matching auditory cues that matched the vibrotactile
feedback. The number of audio-accompanied stimuli steadily
decreased (100%, 50%, 33%, and 0%), resulting in a full
dependency on vibrotactile signals in the fourth set. In these
sets, each emotion was equally represented. The fifth and last
set included only vibrotactile feedback. The minimal number

of stimuli presented in this set was 20, whereas the maximum
number of stimuli was set at 96. It was ended when participants
achieved a 95% success rate over the last 20 stimuli that were
presented to them. The initial training phase lasted
approximately 65 min.

The refresher training session took place just before the
experiment and consisted of 3 sets. The first 2 sets included 24
stimuli in which the emotions were equally represented. The
first set was fully accompanied by audio, whereas the second
set included only vibrotactile feedback. The third set was the
same as the final set of the initial training. It included 96
vibrotactile-only stimuli and was ended when participant
achieved a 95% correct rate in the last 20 stimuli presented to
them. The refresher training had an average duration of
approximately 30 min.

After training was completed, the participants engaged in 2
conversations with an actor for approximately 15 min. The
conversations were set up as a mock job interview in which the
actor played the role of the director of a fictional company. The
actor and the participant were seated at a table approximately
1.5 m opposite of each other.

The first conversation was colloquial, whereas the second was
more formal. This was done to put the participants at ease and
because we expected that the quantity and type of facial
expressions of emotions might differ between the two.

The actor followed a similar structure for all conversations with
the 8 participants. He was instructed not to exaggerate any facial
expressions to keep the conversations as realistic as possible.
A total of 4 participants wore the system in the first
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conversation, whereas the remaining 4 wore it during the second
conversation.

After the experimental session, a semistructured exit interview
was conducted to allow participants to share their thoughts and

ideas about the system. It addressed various themes associated
with system functionality, user experience, and technology
acceptance (see Table 3).

Table 2. Stimuli distribution. Overview of the number of stimuli that were presented to the participants in each training session and the percentage of
audio-accompanied stimuli.

Total number of stimuli (percentage audio accompanied stimuli), n (%)Session

20-96 (0)a36 (0)36 (33)36 (50)36 (100)1

——b20-96 (0)a24 (0)24 (100)2

aEnded after a 95% correct score in the last 20 stimuli.
bThe second session included only three sets of stimuli.

Table 3. Exit interview topics. An overview of the topics discussed in the exit interview, the associated questions, and the subthemes of interest.

SubthemesTopic, exit interview question

Experience

Accuracy, usefulness, feedback, fun of use, and ease of useHow was your experience using the system?

Additional value, distraction from the conversation, and interpretation
of the system

What was the value of the system during the conversation?

Potential utility

System usage, situations of use, and recommendation to othersWould you like to use the system in your daily life?

Usage in job interviewImagine you have a job interview next week and we will lend you the
system. Would you use it during the job interview?

Adjustments to the system

Improvements of the system and additions to the systemIf you are the manager of the team that develops this system, what do you
think they should tackle first?

Social acceptance

Reaction of surroundings and introduction of the systemHow do you expect people in your surroundings (eg, family, friends, and
colleagues) will react to you using a system like this?

Data Collection and Analysis
After the experimental sessions, 5 sets of data were acquired.
First, the training data were collected and analyzed by tallying
the number of correct and wrong answers for each set of stimuli.
Second, to determine the performance of the emotion recognition
software, video recordings and emotion logs were saved and
reviewed. The actor and the participant were filmed from 3
different camera positions (1 ceiling camera aimed at the
participant, and 1 stationary camera aimed at the participant,

and 1 ceiling camera focused on the actor). The emotion logs
kept a record of the emotion recognition software by saving
timestamps together with the strength of a detected emotion (a
value between 0 and 1; an example of such a log can be found
in Table 4). Each time the software detected an emotion above
threshold for at least 5 timestamps within a time span of 1
second, a fragment was labeled as an emotion signal. Due to
technical issues, the emotion logs of only 6 out of the 8
experiments were analyzable.
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Table 4. Example of an emotion log. The emotion log provides a value between 0 and 1 for each emotion at each timestamp (hours [hh]:minutes
[mm]:seconds[ss]:milliseconds[ms]).

DisgustFearSurpriseAngerSadnessHappinessNeutralmsssmmhh

0.0343630.1011520.0663280.0379210.0455510.2611710.84857722624114

0.0347370.0893380.0645760.0394930.0520670.2462230.85351727924114

0.0332030.0756620.0602590.0450710.0618510.2271840.86010235424114

0.0327790.0637450.0548760.0545000.0683060.2067240.86813243924114

0.0345670.0508820.0486840.0609540.0695030.1812310.87565355024114

0.0504910.0425490.0416830.0637560.0651790.1577690.86677061724114

0.0587620.0392880.0385470.0645030.0649550.1495510.85067967324114

0.0615350.0389340.0366030.0654310.0650880.1444840.83442874224114

0.0619400.0407570.0334470.0675140.0651180.1377190.80785179824114

The third dataset consisted of the relationship between the
emotion log fragments and the video recordings. For every
instance FaceReader recognized an emotion, as was derived
from the emotion logs, a video fragment was created, resulting
in 166 video fragments that required annotation across all
videos. A total of 2 independent coders then analyzed each
fragment to determine if they recognized a facial expression of
any of the 6 universal emotions (happiness, sadness, anger, fear,
surprise, and disgust) and annotated the video fragments
accordingly. In cases where the coders did not identify 1 of
these emotions (be it seeing another emotion or seeing no
emotion at all), the fragment was coded as “none/other.”
Eventual disagreements were discussed in person to reach
consensus.

To analyze how well the software detected emotions, a fourth
set was used. This set consisted of a sample of every third
minute that was extracted from the videos. This resulted in a
total of 29 min of video that were analyzed for facial expressions
of emotions, independent of the emotion logs. A first coder
analyzed the videos and identified fragments in which facial
expressions of emotions were thought to be visible. A second
coder analyzed the same sample of randomly selected videos
while seeing the selected fragments by the first coder. The
second coder checked whether there was an agreement with the
expressions identified by the first coder or if new expression
were to be added. Again, any disagreements were discussed to
reach consensus. Finally, the fragments in which facial
expressions were detected by the 2 coders were compared with

the emotion logs to analyze how well the system detected facial
expressions of emotions during the conversations.

The fifth and final set were the exit interview transcriptions.
The exit interviews were recorded and transcribed verbatim,
which resulted in 70 pages of text. A content analysis was
performed to extract the most important information fragments
from the transcriptions. Codes were assigned to all fragments,
based on the question to which the fragments provided an
answer. To structure the answers, the subthemes mentioned in
Table 3 were assigned to the answers.

Results

Learn to Interpret Vibrotactile Signals
Both training sessions successfully taught participants how to
interpret the vibrotactile signals. Participants were quickly able
to correctly identify most stimuli. The average performance
gradually improved over each set of stimuli. Moreover, 6 out
of the 8 participants achieved perfect scores in the final set
(Table 5).

The refresher session, right before the experiment, showed even
better results, ending with a perfect recognition rate for all
participants in the third and final set (Table 6).

It can be concluded that during the training session, most
participants were able to learn how to identify the correct
emotions from the vibrotactile signals.
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Table 5. Number of errors during the initial training. The table shows the numbers of errors of all participants during the initial training session.

TotalSet 5Set 4Set 3Set 2Set 1ID

T (n=20-96)T (n=36)T (n=24)A (n=12)Tb (n=18)A (n=18)Aa (n=36)

801004031

000000002c

22710103103c

100100004

000000005

000000006

300002017

521011008

3993127314Total

aA: auditory accompanied vibrotactile stimuli.
bT: tactile only stimuli.
cNo emotion logs were available for this participant in the experiment.

Table 6. Number of errors during the refresher training session. The table shows the number of errors of all participants during the refresher training
session.

TotalSet 3, T (n=20-96)Set 2, Tb (n=24)Set 1, Aa (n=24)ID

10011

10102c

60063c

00004

00005

00006

00007

20028

10019Total

aA: auditory accompanied vibrotactile stimuli.
bT: tactile only stimuli.
cNo emotion logs were available for this participant in the experiment.

Camera Pointing
A prerequisite for the emotion recognition system is that
participants can focus the camera on the face of the conversation
partner. Generally, the participants were able to focus the camera
on the actor who sat on the other side of the table. In 5 out of
the 6 videos analyzed, the face of the actor was out of sight for
only a couple of seconds out of the approximately 15 min that
the conversation lasted. Moreover, 1 participant was an
exception to this rule. This participant tended to slightly lift her
head upward. As a result, the face of the actor was out of the
field of view of the camera many times, rendering the emotion
recognition software useless in our context.

Emotion Recognition Performance

Agreement With Software-Detected Emotions
This analysis was based on the video fragments in which the
software had detected an emotion. A total of 2 coders annotated
166 fragments for which the emotion log values exceeded
threshold levels for both emotion value and duration. Initially,
the coders disagreed 30 times, but mutual consensus was
achieved after reviewing the fragments together.

The agreement between the codes assigned by the coders and
emotion recognition software was poor. In only 54 out of the
166 fragments, the coders and FaceReader classified the same
universal emotions (Table 7).

In 13 cases the coders agreed upon seeing 1 of the 6 universal
emotions but differed from the emotion detected by the software.
For most fragments (99), however, the coders disagreed with
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the software in the sense that the software detected a universal
emotion, whereas the coders did not. In this analysis, the coders
and the software showed most agreement on the emotion
happiness, whereas the performance for other emotions is far

worse. It can be concluded that the coders disagreed with the
signals that FaceReader conveyed for 5 out of the 6 emotions.
Only when it came to the signaling of happiness, the coders
largely agreed with the software.

Table 7. Crosstabs of agreement between coders and software. The table shows a tally of the number of time the coders and FaceReader classified a
fragment as a particular emotion. The diagonal shows the number of times that the coders and FaceReader classified a fragment as the same emotion.

CodersFacereader

TotalNone/otherSurpriseFearSadnessHappinessDisgustAnger

108000002Anger

1312000001Disgust

4631004200Happiness

4941104201Sadness

74100200Fear

4131600400Surprise

166999045004Total

System Performance to Detect Facial Expressions of
Emotions
To determine how well the system derived facial expressions
from the actor, we checked the random sample of every third
minute. In this time, the 2 coders detected 72 facial expressions
of basic emotions and another 12 expressions not necessarily
being associated with 1 of Ekman´s emotions. The software
detected only 44 in the same time frame. In 20 cases there was
an agreement between the human coders and the system
detection. A total of 24 times the human coders and FaceReader
disagreed about emotions being expressed. The remaining 51

facial expressions of universal emotions that were detected by
the coders (31 instances of happiness and 20 instances of
surprise) were not recognized by FaceReader (Table 8).

These results show that in the random sample of videos, mostly
happiness and surprise were expressed according to the coders.
In the 44 cases where the software did detect an emotion, the
coders disagreed in almost half of the cases. The only exception
seemed to be happiness, which, if it was detected, was agreed
upon in 17 of 19 cases. However, the coders detected many
more instances of happiness that the software was unable to
detect. This was similar for facial expressions of surprise.

Table 8. Overview of the agreement between human coders and the software for the facial expressions detected. The table shows the classification of
detected emotions.

Not detected by FaceReaderaDisagreementAgreementEmotions

050Anger

31217Happiness

020Disgust

0100Sadness

020Fear

2033Surprise

512420Total

aThe coders identified 11 other facial expressions that did not classify as 1 of the universal emotions.

User Experience
Besides the objective measures to analyze the technical
performance of the system in a realistic condition, we asked the
participants how was their experience using the system and
whether they saw potential utility of the system in their daily
lives.

How did persons perceive the vibrotactile cues during the
conversation?:

There was no doubt about the transferred information.
Once you know the location of emotions, the usage

of the system is very convenient. [P2, male, aged 8
years, fully blind]

A total of 4 participants even believed they were able to
subconsciously interpret the vibrotactile signals:

I am consciously participating in the conversation
while I am taking the feedback subconsciously into
account, so the vibrations did not distract me,
absolutely not. [P4, female, aged 59 years, fully blind]

Moreover, 3 others found it difficult to focus their attention on
the signals and struggled to interpret them. Participant 2 (male,
aged 28 years, fully blind) felt that the prolonged stimuli really
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disrupted his ability to engage in the conversation with the actor.
Participant 5 (male, aged 47 years, partially sighted) found it
particularly difficult to interpret the signal while he was speaking
himself, although he felt that the interpretation of “happiness”
and “surprise” was easier than the other emotions as these
occurred more frequently than other emotions. Indeed, during
his conversation, happiness and surprise were conveyed quite
often (7 and 5 times, respectively), although sadness was
conveyed as often as surprise.

In addition, 3 participants did not realize that vibration strength
was linked to the intensity of the expressed emotion and
explicitly requested for such a functionality. Participant 1 (male,
aged 28 years, partially sighted) suggested to use pulsating
vibrations instead to convey intensity. Thus, to convey such
information other methods are wished for.

A total of 7 participants were skeptical about the accuracy of
the conveyed emotions, as these did not always correspond to
the vocal cues and the atmosphere during the conversation.
Participant 4 (female, aged 59 years, fully blind), for example,
reported to have received signals of a disgusted facial
expression, whereas she felt there was absolutely no reason to
believe the actor looked disgusted. In the video analysis of her
interview with the actor, no facial expressions of disgust were
identified by the 2 coders, whereas there were 7 instances where
the software conveyed disgust. Participant 1 (male, aged 28
years, partially sighted) felt that the system did consistently
provide information at the moments it was most necessary.
Moreover, 2 persons reported receiving only limited signals.

Despite the inaccuracy, 6 participants were convinced about the
usefulness of the concept of an emotion recognition system.
Participant 7 (female, aged 50 years, fully blind) believed such
a system would especially be useful in the absence of vocal
cues, where it would be the only source of information. In
addition, confirmation of the emotions derived from vocal cues
led to more confidence. Furthermore, 1 participant (P5, male,
aged 47 years, partially sighted) mentioned that the system could
be valuable while the user himself is talking, as feedback on
emotional expressions of the conversation partner in such
situations can make the user more confident about the story he
or she is telling. On the downside, 2 persons reported that
because of inaccuracies, the system caused more confusion than
clarity. Participant 4 (female, aged 59 years, fully blind)
mentioned that she believed she could detect faulty signals and
therefore was not so much deterred by the errors. It could be
that some participants are more willing to accept errors as these
did not weigh up against the experienced usefulness of the
system.

A total of 4 participants wanted to use the system in their daily
life, whereas 3 others wished for more time with the system
before they could decide. Moreover, 2 persons were convinced
that the system, as it is, would be an added value to their life.
In addition, 3 others believed that the system would have an
added value after some adjustments.

Besides the obvious accuracy improvements, participants wished
for improvements in the wearability of the system and requested
additional functionalities. A total of 7 participants said they
would like a more portable system, which could be achieved

by going fully wireless. All but 1 participant requested for a
camera that is integrated in the spectacles. The 1 participant
who did not request for a camera integrated in spectacles (P5,
male, aged 47 years, partially sighted) suggested that the camera
should be clearly visible to make conversation partners aware
they are being filmed. Moreover, 2 participants suggested to
get rid of the spectacles completely and allow users to clip the
camera anywhere on their clothing.

A total of 7 out of the 8 participants believed that a person
recognition function would increase the usefulness of the system.
Participant 1 (male, aged 28 years, partially sighted) even stated
that emotion recognition and face recognition are inseparable,
as in a busy environment you need to know who you look at
before emotion recognition becomes relevant. Such technologies
could also be applied to locate a specific person that you are
looking for. Related to this, participant 2 (male, aged 28 years,
fully blind) wished for a function to request for feedback from
the system at any time to check whether the system is still on
and focused after long periods of inactivity. Such a trigger was
also suggested by participant 1 (male, aged 28 years, partially
sighted), who wished for a trigger to switch the feedback on or
off to avoid an information overload from the system.

Discussion

Principal Findings
The main objective of this study was to determine whether the
system presented in an earlier study [15], which was successfully
tested in laboratory conditions, would work in a realistic
conversation situation. The study affirmed that a positive
laboratory test does not necessarily mean that a system is ready
for real-life usage [26]. Although the concept of our system
seems to have potential, it requires essential improvements
before it is ready to support visually impaired persons in real
life.

We have confirmed findings from a previous study [5] and
showed that it is very easy to learn how to interpret vibrotactile
cues signaled with a haptic waist belt. That in itself is not a
surprise, both older [5,27] and more recent [28,29] studies have
shown that much more complex tactile patterns can be
successfully learned. Furthermore, it was already known that
healthy persons can interpret vibrotactile cues in demanding
environments [30]. However, what is interesting is that we now
have indications that users of the system with a visual
impairment were able to use information conveyed through
vibrotactile signals while they engaged in a conversation.

Most of the participants were able to keep the camera focused
in the direction of the actor for most, if not all the, time. That
means that the principle of putting a camera on spectacles will
provide a sufficient camera feed for such computer vision
analysis. Moreover, 1 person, however, aimed the camera above
the actor for most of the time. Before using such a system, this
person would require training on how to aim the camera to
benefit from the system. Another option would be to redesign
the camera and spectacles in such a way that the camera angle
can be altered to match the wearer’s preference. This is a feature
that some mobile eye trackers already have.
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The accuracy of the software was not sufficient to convey all
of Ekman’s [16] 6 universal emotions under our experimental
conditions. Earlier studies on the performance of the software
were conducted using validated sets composed of pictures
including high-quality full-face pictures in ideal lighting
conditions. In such conditions, the software used in the study
achieved accuracy scores as high as 88% [17]. In our
experiment, however, the software was confronted with
suboptimal lighting conditions and unstable shots because of a
moving camera and actor. In these conditions, the only emotion
that was accurately recognized was happiness, which was also
reported by the participants. This is if the emotion was
recognized, as the coders detected 31 more instances of a facial
expression of happiness that the software did not detect. The
other 5 emotions were poorly recognized. As a result, the
performance achieved in the experiment was too poor to be a
support for visually impaired persons in real life.

It is unlikely that the system presented in the study would be
used by the participants in their daily lives in its current form.
Too many adjustments were suggested to believe that
implementation would be easy (eg, emotion recognition
accuracy, portability, person recognition, and on/off switch).
Nevertheless, there is reason to believe that such a system might
be used, once the required adjustments are adapted.

Limitations
The emotions were not uniformly represented in the
conversations. It is clear that the emotion happiness was far

more often detected and conveyed via vibrotactile feedback
than the other emotions. Therefore, it is difficult to draw
definitive conclusions on the accuracy of the other emotions.

During the experiment, it was impossible to objectively measure
if and how well participants were able to perceive the vibration
signals. Therefore, we had to rely on the reports by the
participants when it comes to the interpretation of signals.

We chose not to encode any other emotions than the 6 universal
emotions. As a result, we cannot provide an overview of all the
facial expressions of emotions that were expressed in the
conversations. Thus, we cannot state which emotions are more
often present in realistic conversations and could possibly be
added to the emotion recognition software.

Conclusions
For systems such as the one presented in this study, the main
improvements to be made should be sought in the direction of
both the wearability of the system and improvement of the
emotion recognition software. The solution for wearability
would be to make components of the system smaller (from tablet
to smartphone) and by making all connections between system
components wireless. To improve emotion recognition software,
we suggest training with more ambiguous and subtle facial
expressions under different lighting conditions. We do believe
that if these concerns are taken care of, systems such as the one
presented here might be of great benefit for visually impaired
persons in their future daily social interactions.

 

Acknowledgments
The authors would like to thank the participants for their enthusiasm and feedback; the professional actor, Wim Bouwens;
VicarVision for the use of the FaceReader software and continuous support of Marian Bittner; and Jan Henk Annema and Jurre
Brienne for their support and hospitality during the use of the HAN ICA Experience Lab.

Conflicts of Interest
TK was employed at VicarVision at the time of the study. VicarVision is the company which developed the FaceReader software
used in this study. TK did not have a say in the study design, execution, analyses, or outcomes.

References
1. Vision 2020 NL. 2005. Vermijdbare Blindheid En Slechtziendheid in Nederland URL: http://www.vision2020.nl/contents/

V2020NLrapport.pdf [accessed 2019-09-10]
2. Schölvinck AM, Pittens CA, Broerse JE. The research priorities of people with visual impairments in the Netherlands. J

Vis Impair Blind 2018 Dec 13;111(3):201-217 [FREE Full text] [doi: 10.1177/0145482X1711100302]
3. van der Gees TM, Buimer HP. User-centered priority setting for accessible devices and applications. In: Weisbecker A,

Burmester M, Schmidt A, editors. Mensch und Computer 2015 – Workshopband. Berlin: de Gruyter Oldenbourg;
2015:383-389.

4. Krishna S, Colbry D, Black J, Balasubramanian V, Panchanathan S. A systematic requirements analysis and development
of an assistive device to enhance the social interaction of people who are blind or visually impaired. In: Workshop on
Computer Vision Applications for the Visually Impaired. 2008 Presented at: CVPR'08; October, 2008; Marseille, France
URL: http://hal.inria.fr/inria-00325432 [doi: 10.1177/0145482X1711100302]

5. Bach-y-Rita P. Sensory plasticity. Applications to a vision substitution system. Acta Neurol Scand 1967;43(4):417-426.
[doi: 10.1111/j.1600-0404.1967.tb05747.x] [Medline: 5583047]

6. Ward J, Meijer P. Visual experiences in the blind induced by an auditory sensory substitution device. Conscious Cogn 2010
Mar;19(1):492-500. [doi: 10.1016/j.concog.2009.10.006] [Medline: 19955003]

7. Meijer PB. An experimental system for auditory image representations. IEEE Trans Biomed Eng 1992 Feb;39(2):112-121.
[doi: 10.1109/10.121642] [Medline: 1612614]

JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 11 |e13722 | p.377https://mhealth.jmir.org/2019/11/e13722
(page number not for citation purposes)

Buimer et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://www.vision2020.nl/contents/V2020NLrapport.pdf
http://www.vision2020.nl/contents/V2020NLrapport.pdf
http://hal.inria.fr/inria-00325432
http://dx.doi.org/10.1177/0145482X1711100302
http://hal.inria.fr/inria-00325432
http://dx.doi.org/10.1177/0145482X1711100302
http://dx.doi.org/10.1111/j.1600-0404.1967.tb05747.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=5583047&dopt=Abstract
http://dx.doi.org/10.1016/j.concog.2009.10.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19955003&dopt=Abstract
http://dx.doi.org/10.1109/10.121642
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1612614&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


8. Kaczmarek KA. The tongue display unit (TDU) for electrotactile spatiotemporal pattern presentation. Sci Iran D Comput
Sci Eng Electr Eng 2011 Dec;18(6):1476-1485 [FREE Full text] [doi: 10.1016/j.scient.2011.08.020] [Medline: 28748231]

9. McDaniel R, Bala S, Rosenthal J, Tadayon R, Tadayon A, Panchanathan S. Affective Haptics for Enhancing Access to
Social Interactions for Individuals Who are Blind. In: Proceedings of the International Conference on Universal Access in
Human-Computer Interaction. 2014 Presented at: UAHCI'14; June 22-27, 2014; Heraklion, Crete, Greece p. 419-429. [doi:
10.1007/978-3-319-07437-5_40]

10. McDaniel T, Tran D, Chowdhury A, Fakhri B, Panchanathan S. Recognition of tactile facial action units by individuals
who are blind and sighted: a comparative study. Multimodal Technol Interact 2019 May 8;3(2):32 [FREE Full text] [doi:
10.3390/mti3020032]

11. Krishna S, Bala S, McDaniel T, McGuire S, Panchanathan S. Vibroglove: An Assistive Technology Aid for Conveying
Facial Expressions. In: Extended Abstracts on Human Factors in Computing Systems. 2010 Aug Presented at: CHI EA'10;
April 10-15, 2010; Atlanta, Georgia, USA p. 3637-3642. [doi: 10.1145/1753846.1754031]

12. McDaniel TL, Krishna S, Colbry D, Panchanathan S. Using Tactile Rhythm to Convey Interpersonal Distances to Individuals
Who Are Blind. In: Extended Abstracts on Human Factors in Computing Systems. 2009 Presented at: CHI EA'09; April
4-9, 2009; Boston, MA, USA p. 4669-4674. [doi: 10.1145/1520340.1520718]

13. McDaniel T, Krishna S, Balasubramanian V, Colbry D, Panchanathan S. Using a Haptic Belt to Convey Nonverbal
Communication Cues During Social Interactions to Individuals Who Are Blind. In: Proceedings of the International
Workshop on Haptic Audio visual Environments and Games. 2008 Presented at: HAVE'08; October 18-19, 2008; Ottawa,
ON, Canada p. 13-18. [doi: 10.1109/HAVE.2008.4685291]

14. Bartlett MS, Hager JC, Ekman P, Sejnowski TJ. Measuring facial expressions by computer image analysis. Psychophysiology
1999 Mar;36(2):253-263. [doi: 10.1017/s0048577299971664] [Medline: 10194972]

15. Buimer HP, Bittner M, Kostelijk T, van der Geest TM, Nemri A, van Wezel RJ, et al. Conveying facial expressions to blind
and visually impaired persons through a wearable vibrotactile device. PLoS One 2018;13(3):e0194737 [FREE Full text]
[doi: 10.1371/journal.pone.0194737] [Medline: 29584738]

16. Ekman P. Universal facial expressions of emotion. Calif Ment Heal Res Dig 1970;8(4):151-158 [FREE Full text]
17. Lewinski P, den Uyl TM, Butler C. Automated facial coding: validation of basic emotions and FACS AUs in FaceReader.

 J Neurosci Psychol Econ 2014 Dec;7(4):227-236. [doi: 10.1037/npe0000028]
18. den Uyl MJ, van Kuilenburg J, Lebert E. The FaceReader : online facial expression recognition. In: Noldus LP, Grieco F,

Loijens LW, Zimmerman PH, editors. Proceedings of Measuring Behavior. Netherlands: Wageningen Publishers;
2005:589-590.

19. van Erp JB, van Veen HA, Jansen C, Dobbins T. Waypoint navigation with a vibrotactile waist belt. ACM Trans Appl
Percept 2005 Apr 1;2(2):106-117. [doi: 10.1145/1060581.1060585]

20. Olszanowski M, Pochwatko G, Kuklinski K, Scibor-Rylski M, Lewinski P, Ohme RK. Warsaw set of emotional facial
expression pictures: a validation study of facial display photographs. Front Psychol 2014;5:1516 [FREE Full text] [doi:
10.3389/fpsyg.2014.01516] [Medline: 25601846]

21. van der Schalk J, Hawk ST, Fischer AH, Doosje B. Moving faces, looking places: validation of the Amsterdam dynamic
facial expression set (ADFES). Emotion 2011 Aug;11(4):907-920. [doi: 10.1037/a0023853] [Medline: 21859206]

22. Dhall A, Goecke R, Lucey S, Gedeon T. Static Facial Expression Analysis in Tough Conditions: Data, Evaluation Protocol
and Benchmark. In: Proceedings of the International Conference on Computer Vision Workshops. 2011 Presented at:
ICCV'11; November 6-13, 2011; Barcelona, Spain p. 2106-2112. [doi: 10.1109/ICCVW.2011.6130508]

23. Kharat GU, Dudul SV. Emotion Recognition from Facial Expression Using Neural Networks. In: Proceedings of the
Human-Computer Systems Interaction. 2008 Presented at: HCI'2008; May 25-27, 2008; Krakow, Poland p. 207-219. [doi:
10.1109/HSI.2008.4581476]

24. Mehta D, Siddiqui MF, Javaid AY. Facial emotion recognition: a survey and real-world user experiences in mixed reality.
Sensors (Basel) 2018 Feb 1;18(2):E416 [FREE Full text] [doi: 10.3390/s18020416] [Medline: 29389845]

25. Dhall A, Goecke R, Gedeon T, Sebe N. Emotion recognition in the wild. J Multimodal User In 2016 Mar 3;10(2):95-97.
[doi: 10.1007/s12193-016-0213-z]

26. Pawluk DT, Adams RJ, Kitada R. Designing haptic assistive technology for individuals who are blind or visually impaired.
IEEE Trans Haptics 2015;8(3):258-278. [doi: 10.1109/TOH.2015.2471300] [Medline: 26336151]

27. White B. Perceptual findings with the vision-substitution system. IEEE Trans Man Mach Syst 1970 Mar;11(1):54-58. [doi:
10.1109/TMMS.1970.299962]

28. McDaniel T, Tran D, Devkota S, DiLorenzo K, Fakhri B, Panchanathan S. Tactile Facial Expressions and Associated
Emotions toward Accessible Social Interactions for Individuals Who Are Blind. In: Proceedings of the 2018 Workshop on
Multimedia for Accessible Human Computer Interface. 2018 Presented at: MAHCI'18; October 22, 2018; Seoul, Republic
of Korea p. 25-32. [doi: 10.1145/3264856.3264860]

29. Bala S, McDaniel T, Panchanathan S. Visual-to-Tactile Mapping of Facial Movements for Enriched Social Interactions.
In: Proceedings of the International Symposium on Haptic, Audio and Visual Environments and Games. 2014 Presented
at: HAVE'14; October 10-11, 2014; Richardson, TX, USA p. 82-87. [doi: 10.1109/HAVE.2014.6954336]

JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 11 |e13722 | p.378https://mhealth.jmir.org/2019/11/e13722
(page number not for citation purposes)

Buimer et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://europepmc.org/abstract/MED/28748231
http://dx.doi.org/10.1016/j.scient.2011.08.020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28748231&dopt=Abstract
http://dx.doi.org/10.1007/978-3-319-07437-5_40
https://doi.org/10.3389/fpsyg.2014.01516
http://dx.doi.org/10.3390/mti3020032
http://dx.doi.org/10.1145/1753846.1754031
http://dx.doi.org/10.1145/1520340.1520718
http://dx.doi.org/10.1109/HAVE.2008.4685291
http://dx.doi.org/10.1017/s0048577299971664
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10194972&dopt=Abstract
http://dx.plos.org/10.1371/journal.pone.0194737
http://dx.doi.org/10.1371/journal.pone.0194737
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29584738&dopt=Abstract
https://psycnet.apa.org/record/1972-06605-001
http://dx.doi.org/10.1037/npe0000028
http://dx.doi.org/10.1145/1060581.1060585
https://doi.org/10.3389/fpsyg.2014.01516
http://dx.doi.org/10.3389/fpsyg.2014.01516
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25601846&dopt=Abstract
http://dx.doi.org/10.1037/a0023853
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21859206&dopt=Abstract
http://dx.doi.org/10.1109/ICCVW.2011.6130508
http://dx.doi.org/10.1109/HSI.2008.4581476
http://www.mdpi.com/resolver?pii=s18020416
http://dx.doi.org/10.3390/s18020416
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29389845&dopt=Abstract
http://dx.doi.org/10.1007/s12193-016-0213-z
http://dx.doi.org/10.1109/TOH.2015.2471300
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26336151&dopt=Abstract
http://dx.doi.org/10.1109/TMMS.1970.299962
http://dx.doi.org/10.1145/3264856.3264860
http://dx.doi.org/10.1109/HAVE.2014.6954336
http://www.w3.org/Style/XSL
http://www.renderx.com/


30. van Erp J. Presenting directions with a vibrotactile torso display. Ergonomics 2005 Feb 22;48(3):302-313. [doi:
10.1080/0014013042000327670] [Medline: 15764328]

Abbreviations
ADFES: Amsterdam Dynamic Facial Expression Set
SSD: sensory substitution device
WSEFEP: Warsaw Set of Emotional Facial Expression Pictures

Edited by G Eysenbach; submitted 15.02.19; peer-reviewed by N Ahmadpour, R Dewey; comments to author 17.05.19; revised version
received 12.07.19; accepted 19.07.19; published 21.11.19.

Please cite as:
Buimer H, Schellens R, Kostelijk T, Nemri A, Zhao Y, Van der Geest T, Van Wezel R
Opportunities and Pitfalls in Applying Emotion Recognition Software for Persons With a Visual Impairment: Simulated Real Life
Conversations
JMIR Mhealth Uhealth 2019;7(11):e13722
URL: https://mhealth.jmir.org/2019/11/e13722 
doi:10.2196/13722
PMID:31750838

©Hendrik Buimer, Renske Schellens, Tjerk Kostelijk, Abdellatif Nemri, Yan Zhao, Thea Van der Geest, Richard Van Wezel.
Originally published in JMIR mHealth and uHealth (http://mhealth.jmir.org), 21.11.2019. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in JMIR mhealth and
uhealth, is properly cited. The complete bibliographic information, a link to the original publication on http://mhealth.jmir.org/,
as well as this copyright and license information must be included.

JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 11 |e13722 | p.379https://mhealth.jmir.org/2019/11/e13722
(page number not for citation purposes)

Buimer et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://dx.doi.org/10.1080/0014013042000327670
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15764328&dopt=Abstract
https://mhealth.jmir.org/2019/11/e13722
http://dx.doi.org/10.2196/13722
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31750838&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Original Paper

Real-Time Mobile Monitoring of Drinking Episodes in Young Adult
Heavy Drinkers: Development and Comparative Survey Study

Daniel J Fridberg1, PhD; James Faria1, BA; Dingcai Cao2, PhD; Andrea C King1, PhD
1Department of Psychiatry and Behavioral Neuroscience, The University of Chicago, Chicago, IL, United States
2Department of Ophthalmology, The University of Illinois at Chicago, Chicago, IL, United States

Corresponding Author:
Daniel J Fridberg, PhD
Department of Psychiatry and Behavioral Neuroscience
The University of Chicago
5841 S Maryland Ave
MC 3077
Chicago, IL, 60637
United States
Phone: 1 7738343598
Email: dfridberg@bsd.uchicago.edu

Abstract

Background: Binge drinking, defined as consuming five or more standard alcoholic drinks for men (four for women) within a
2-hour period, is common among young adults and is associated with significant alcohol-related morbidity and mortality. To
date, most research on this problem in young adults has relied upon retrospective questionnaires or costly laboratory-based
procedures. Smartphone-based ecological momentary assessment (EMA) may address these limitations by allowing researchers
to measure alcohol use and related consequences in real time and in drinkers’ natural environments. To date, however, relatively
less research has systematically examined the utility of this approach in a sample of young adults targeting real-world heavy
drinking episodes specifically.

Objective: This study aimed to evaluate the feasibility, acceptability, and safety of a smartphone-based EMA method targeting
binge drinking and related outcomes in heavy drinking young adults during real-world drinking occasions.

Methods: Young adult binge drinkers in the smartphone group (N=83; mean 25.4 (SD 2.6) years; 58% (48/83) male; bingeing
on 23.2% (6.5/28) days in the past month) completed baseline measures of alcohol use and drinking-related consequences,
followed by up to two smartphone-based EMA sessions of typical drinking behavior and related outcomes in their natural
environments. They also completed next-day and two-week follow-up surveys further assessing alcohol use and related consequences
during the EMA sessions and two weeks after study participation, respectively. A separate demographic- and drinking-matched
safety comparison group (N=25) completed the baseline and two-week follow-up surveys but did not complete EMA of real-world
drinking behavior.

Results: Most participants (71%, 59/83) in the smartphone group engaged in binge drinking during at least one 3-hour EMA
session, consuming 7.3 (SD 3.0) standard alcoholic drinks. They completed 87.2% (507/581) system-initiated EMA prompts
during the real-world drinking episode, supporting the feasibility of this approach. The procedure was acceptable, as evidenced
by high participant ratings for overall satisfaction with the EMA software and study procedures and low ratings for intrusiveness
of the mobile surveys. Regarding safety, participants endorsed few drinking-related consequences during or after the real-world
drinking episode, with no adverse or serious adverse events reported. There were no differences between the groups in terms of
changes in drinking behavior or consequences from baseline to two-week follow-up.

Conclusions: This study provided preliminary support for the feasibility, acceptability, and safety of a smartphone-based EMA
of real-time alcohol use and related outcomes in young adult heavy drinkers. The results suggest that young adults can use
smartphones to safely monitor drinking even during very heavy drinking episodes. Smartphone-based EMA has strong potential
to inform future research on the epidemiology of and intervention for alcohol use disorder by providing researchers with an
efficient and inexpensive way to capture large amounts of data on real-world drinking behavior and consequences.

(JMIR Mhealth Uhealth 2019;7(11):e13765)   doi:10.2196/13765
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Introduction

Background
Binge drinking, also known as heavy episodic drinking, is a
significant public health problem in the United States and
accounts for more than half of the 88,000 alcohol-related deaths
in the United States each year [1,2]. Approximately 25% of
young adults aged 18 to 34 years report past-month binge
drinking, defined as consuming 5 or more standard alcoholic
drinks for men (4 for women) within a 2-hour period [3], which
is the highest prevalence rate across the life span [1]. These
individuals are at significant risk for developing alcohol use
disorder (AUD) and morbidity and mortality related to excessive
alcohol consumption [4]. Thus, improving our knowledge of
the factors that maintain binge drinking behavior in young adults
is critical to developing new interventions for AUD. To date,
most research on experiences of young adults during binge
drinking has either used retrospective surveys (eg, [5]) or
laboratory-based alcohol challenge paradigms (eg, [6-8]);
however, these approaches are limited by recall bias and unclear
ecological validity, respectively. One potential solution to these
limitations is the use of ecological momentary assessment
(EMA), which allows researchers to use technology such as
mobile phones to measure participants’ real-world behaviors
in real time and in their natural environments [9]. In this study,
we report on the feasibility, acceptability, and safety of
smartphone-based EMA targeting binge drinking and related
outcomes in young adult heavy drinkers’ natural environments.

Prior research has used EMA to measure real-world
light-to-moderate alcohol use (ie, 2-4 standard drinks consumed
on average) with good compliance across studies (ie, 78-90%
of survey prompts completed) [10-15]. EMA methodologies in
drinkers have varied from random prompts of mood and
behaviors throughout the day to prompts specifically targeting
drinking episodes. Most of this work has been conducted in
general samples of young adult drinkers and not specifically in
hazardous drinkers during binge drinking episodes specifically,
although prior studies have captured EMA data on heavy
drinkers and binge episodes through recruitment of broader
samples of young adult drinkers generally (refer to the studies
by, eg, Kuntsche and Labhart, Piasecki et al, and Groefsema et
al [12,14,16]). Although EMA methods are acceptable in young
social drinkers [13], with little [13] or no effect [11] on
subsequent drinking behavior (ie, reactivity to the assessment
method), it is unclear whether such acute monitoring of
real-world drinking will also be feasible and safe in young adult
chronic heavy drinkers who regularly drink to intoxication. To
advance the field and increase the clinical relevance of EMA
methods of monitoring drinking in hazardous users, additional
work is needed on the acceptability of the procedure and
reactivity to EMA in young adult heavy drinkers and others at
risk for AUD [17].

Given our current era of rapid advances in mobile technology
and changing user preferences, the modality of alcohol

monitoring is important. Most prior EMA studies of drinking
have employed either palmtop computers [14] or older cellular
phone technology such as texting (eg, [12]). However, recent
advancements in smartphone technology and the popularity of
these devices (94% of young adults aged 18-29 years own a
smartphone; [18]) have rendered these older methods obsolete
and ushered in a new era for user-friendly, real-time monitoring
of participants’ real-world experiences. To our knowledge,
however, no previous studies have focused specifically on the
ability of smartphone-based EMA to assess real-time drinking
behavior and related outcomes in young adult heavy drinkers
during binge drinking episodes. Although modern smartphones
have several advantages over prior EMA technology in terms
of ease of use and familiarity, they also offer numerous
distractions competing for users’attention. As such, it is possible
that they may not be a useful platform for assessing alcohol use
and other outcomes during a heavy drinking episode.

Objectives
Therefore, the purpose of this study was to evaluate the
feasibility, acceptability, and safety of a real-time
smartphone-based EMA method to obtain self-reported alcohol
use and related outcomes (drinking context and subjective
alcohol responses) during real-world drinking events in young
adult heavy drinkers. We targeted the EMA procedure in this
study toward binge drinking episodes specifically because
previous work in this field has focused mainly on capturing
drinking behavior generally over a period, for example, several
days or weeks [14,16,19], rather than binge drinking outcomes
per se, and because more data are needed to establish the
acceptability, feasibility, and safety of EMA of binge drinking
episodes specifically. We hypothesized that the method would
be feasible, as evidenced by good compliance (ie, ≥80%
response rate of survey prompts), and acceptable, as evidenced
by high reported satisfaction with study participation and low
perceived intrusiveness of the mobile assessments. We also
evaluated the safety of the mobile method by examining
participants’ drinking behaviors and related consequences before
and several weeks after completing the assessments relative to
a comparison group who did not undergo monitoring of binge
drinking.

Methods

Design
The Mobile Alcohol Response Study was conducted between
April 2017 and June 2018 and employed a within-subject design
with each participant undergoing 1 or 2 separate real-time
smartphone assessments of typical drinking episodes in their
natural environment. As stated above, a separate safety
comparison sample completed baseline and follow-up surveys
of drinking behavior and related outcomes but did not undergo
real-time mobile monitoring. As part of a larger study,
participants also completed a laboratory session with alcohol
administration to validate the smartphone-based EMA method;
those data will be reported elsewhere. All study procedures were
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approved by the University of Chicago Institutional Review
Board.

Participants
Candidates were recruited from Web-based advertisements and
word-of-mouth referrals. Inclusion criteria were age 21 to 29
years, generally healthy young adults with weekly heavy alcohol
consumption (≥5 drinks in 1-4 weekly occasions for men and
≥4 drinks for women; [3]) for at least the past year, and
consumption of ≥14 drinks per week for men or ≥7 drinks per
week for women, similar to previous studies by our group
[6,20-22]. Candidates meeting the basic study criteria from
telephone screening were invited to an in-person visit to confirm
their eligibility for the study. They were instructed to abstain
from alcohol and recreational drugs for 24 hours before
screening, and breath alcohol concentration (BrAC) and urine
drug toxicology tests (cocaine, amphetamines,
methamphetamines, opioids, and benzodiazepines) corroborated
recent abstinence from these substances, with the exception of
1 candidate who tested positive for benzodiazepine use and was
excluded from further participation. As approximately one-third
of young adult binge drinkers report using cannabis [23], current
cannabis use was not an exclusion criterion, as long as the
reported frequency did not exceed 3 times per week, the
candidate agreed to refrain from using it during the real-world
mobile drinking monitoring sessions, and they did not meet
Diagnostic and Statistical Manual of Mental Disorders, Fifth
Edition (DSM-5) criteria for cannabis use disorder.

The screening visit included informed consent, an explanation
of study procedures, surveys, and interviews conducted by a
trained research assistant. The surveys included the Alcohol
Use Disorder Identification Test [24], the Beck Depression
Inventory [25] and Spielberger Trait Anxiety Inventory [26] to
assess current symptoms of depression and anxiety, and a
demographic and health history questionnaire. Interviews
included the Timeline Followback (TLFB) calendar [27] for
past-month alcohol drinking, the Alcohol Quantity-Frequency
Interview [28] for typical and maximum drinking over the past
6 months, and the Structured Clinical Interview for the DSM-5,
Research Version [29]. Candidates were excluded if they met
criteria for severe AUD or a major psychiatric disorder. Identical
recruitment methods were employed to enroll 25 participants
for the safety comparison group.

Of the 103 candidates screened, 93 (90%) were deemed eligible
to participate, and the majority of them (94%, 87/93) completed
at least one real-time assessment for 3 hours when drinking.

Procedure
After eligibility determination at study screening, the research
assistant installed the mobile EMA app (MetricWire, Inc) on
each participants’personal Android or iPhone operating system
smartphone. During study orientation, each participant was
trained on using the app, setting alert notifications for survey

prompts, and employing methods to preserve confidentiality.
The purpose of the assessments was explained as assessing
one’s real-time drinking behavior, subjective responses, and
contextual factors (eg, location and presence of others.) for 1
or 2 drinking episodes. The participant was advised to engage
in the real-time mobile monitoring during a typical drinking
occasion and refrain from smoking or recreational drugs
(including cannabis) during that episode. He/she was also trained
on properly classifying the types of beverages consumed during
mobile monitoring as “beer,” “wine,” or “liquor” using the EMA
app. The TLFB calendar was used as a guide for days of the
week each participant was most likely to engage in binge
drinking, and he or she was encouraged to complete the EMA
session(s) during those days. However, for safety and ethical
reasons, the participant was not instructed or encouraged to
consume a specific amount of alcohol during their future
drinking episode(s). He/she was also reminded not to drive or
operate machinery during or after the drinking episode and, as
a safety measure, was provided financial compensation for
taxi/rideshare at the end of the real-time assessment, if needed.

Figure 1 depicts the timeline for the smartphone assessments.
The participant was instructed to self-initiate the mobile
assessment procedure by completing a predrinking baseline
survey on his or her mobile device via the smartphone app 30
to 180 min before drinking alcohol. The purpose of this survey
was to capture predrinking subjective responses; these outcomes
will be the subject of a separate report. The participant then
self-initiated the first survey after finishing their first drink. All
subsequent surveys were delivered automatically to the
participant’s smartphone via the EMA app at 15, 30, 60, 90,
120, 150, and 180 min thereafter. Although some previous
studies have used longer EMA sessions to capture drinking
behavior in young adults (eg, [14]), we opted to limit EMA
session length to 3 hours in this study for 2 main reasons. First,
the relatively short duration was intended to limit participant
burden related to completing multiple surveys over 2 drinking
episodes. Second, based on the typical pattern of alcohol
consumption reported by young adult heavy drinkers in our
previous studies [6,20], we expected that this assessment period
would be sufficiently long to capture drinking behavior and
subjective effects corresponding to ascending, peak, and early
descending blood alcohol concentration (BAC) for a large
proportion of participants. Of note, studies using EMA to track
real-world drinking behavior and related subjective outcomes
in young adults have varied in terms of the duration and
frequency of monitoring [13,14] and, to date, no empirical
studies have established best practice guidelines for EMA of
alcohol use and subjective responses in that population [17].
The mobile surveys administered during the smartphone-based
EMA sessions were designed to be brief (approximately 1 min
in length) and user-friendly. As shown in Figure 2, participants
used simple touch screen controls (eg, radio buttons and sliders)
to enter and submit their responses to each item.
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Figure 1. Timeline of the real-time monitoring of a drinking episode.

Figure 2. Screenshots of the smartphone interface and sample items from the real-time mobile assessments, including menu-based choices to record
contextual factors (eg, (A), drinking location; (B), alcohol quantity; (C), beverage type; and (D), slider-based input to record alcohol responses).
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After the final survey at 180 min, the participant received a
message via the smartphone app thanking them for their time
and reminding them that they would be prompted to complete
a next-day survey the following day. This survey was prompted
automatically at 11:00 am the next day by the smartphone app.
After completing the next-day survey following the first mobile
drinking assessment, the participant was offered the option to
complete a second mobile assessment on a separate drinking
occasion for additional compensation. The second mobile
assessment was identical to the first assessment and was
completed at least 24 hours after the first drinking occasion.
Most participants (61/83, 73%) completed a second mobile
assessment, approximately 1 to 2 weeks after the first assessment
(mean 11.9, SD 11.4 days). All data from the mobile
assessments were uploaded wirelessly from participants’
smartphones to a secure server for analysis.

Moreover, 2 weeks after the final EMA of a drinking episode,
study staff emailed the participant a link to a follow-up survey
assessing drinking behavior and related consequences for the
interval since completing the last real-time assessment (for
details, refer to the Measures section). The participant was then
compensated for his/her participation and debriefed.

Measures

Smartphone Drinking Episode Assessments
The first item of the predrinking baseline survey asked whether
alcohol had been consumed that day. If the response was yes,
then the assessment did not proceed and the participant was
reminded that the baseline survey needed to completed before
drinking was initiated, and to try back again in ≥24 hours. If
the response was no, that is, no alcohol consumed yet, then the
1-min baseline survey proceeded to assess context (current
location; presence/absence of others; and consumption of food,
nonalcoholic beverages, caffeine, nicotine, and other drugs up
to the time of the survey) and baseline subjective measures.

For the post first-drink survey and 7 subsequent follow-up
surveys, the participant was asked to select the alcohol type
(beer, wine, or liquor), number of drinks (ie, “0,” “1,” “2,” “3,”
or “4 or more”) finished since the last survey, and the size of
drinks consumed. For beer, drink size options were “less than
12 oz.,” “12 oz. (bottle or can),” “16 oz. (pint/pounder),” “24
oz. (tall boy),” “32 oz.,” or “40 oz. or more”; for wine, drink
size options were “5 oz. (standard glass),” “10 oz.,” or “more
than 10 oz.”; and for liquor, drink size options were “1.5 oz. (1
shot),” “3 oz. (2 shots),” “4.5 oz. (3 shots),” “6 oz. (4 shots),”
or “more than 6 oz.” Participants were also asked about current
contextual variables as in the baseline survey (see prior
paragraph). They also completed 10 adjective-based
alcohol-subjective effects items [30,31] that will be the subject
of a separate report and are not presented here.

Next-Day Survey
The EMA app issued a survey at 11:00 am following the
conclusion of each real-world drinking assessment to capture
additional information regarding that drinking episode. This
next day survey assessed the type/brand of alcohol consumed,
duration of continued drinking after the 3-hour EMA period,
participants’ activities during the assessment (time spent

working, socializing, standing, sitting, dancing or engaging in
other physical activity, and playing games; rated from 0=“none”
to 8=“a lot”), and consequences of drinking via a modified
24-item Brief Young Adult Alcohol Consequences
Questionnaire (BYAACQ; [32]) assessing drinking-related
consequences over the past 24 hours. Finally, an item asked the
participant to indicate if the prior days’ drinking episode
reflected a typical drinking occasion (answered “yes” or “no”).

Follow-Up Survey
The follow-up survey included TLFB calendar and modified
BYAACQ assessing alcohol use and related consequences
during the past 2 weeks, respectively, and 5 items assessing the
acceptability of the real-time monitoring method. The
acceptability items were as follows: (1) “Overall, the mobile
app was easy to use”; (2) “The mobile assessments (surveys)
were intrusive”; (3) “The mobile assessments (surveys) were
too long”; (4) “I would recommend the study to other potential
participants”; and (5) “Overall, I was satisfied with the study
experience.” Each acceptability item was rated on a 1 to 5 scale,
with 1=“strongly disagree” and 5=“strongly agree.” Participants
in the safety comparison group completed an identical follow-up
survey 2 weeks after their screening, excluding the acceptability
items related to the smartphone assessments.

Statistical Analyses
Feasibility was examined by (1) the percentage of
nonparticipant-initiated prompts completed and (2) the estimated
number of standard drinks reported at each time point. The
number of estimated standard drinks consumed was used to
determine the percentage of episodes that included heavy
drinking. In addition, this information was used to estimate
BAC (estimated BAC, eBAC) levels throughout the drinking
episode according to the equation of Matthews and Miller [33]:
eBAC=[(c/2) × (CG/w)]−(β60 × t), where c is the number of
standard drinks consumed to that point in the drinking episode,
GC is a gender constant (7.5 for men and 9.0 for women), w is
weight in pounds, β60 is a constant representing the average
population alcohol metabolism rate (0.017 g/dl per hour), and
t is the time in hours since drinking began. We assumed that
participants consumed the first drink in the episode over 20 min
when calculating t, as in previous studies [10,14]. This equation
approximates actual BrAC and is most accurate at BAC ≤0.08
g/dL [34].

Acceptability was determined from responses to the satisfaction
items from the follow-up survey. Finally, safety of the procedure
was examined by comparing drinking behavior and alcohol
consequences at baseline versus the 2-week follow-up for the
experimental and control group with generalized estimating
equation (GEE) analyses examining group, time, and their
interaction. Skewed data were log-transformed before analysis,
as appropriate.
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Results

Mobile Assessment Compliance and Study
Demographics
Examination of data from the mobile assessments revealed that
a high majority of participants correctly recorded their drinking
during the drinking episode (83/87, 95%). Despite training
participants during screening to indicate only the number of
drinks finished since the prior EMA prompt, 4 participants
incorrectly reported their cumulative number of drinks at each
prompt instead. Thus, their data could not be interpreted,
resulting in a final study sample of 83 participants. eBAC
calculated for a small number of survey responses was ≥0.30

g/dl, a level of intoxication associated with loss of consciousness
or death. We assumed that those time points reflected errors in
reporting [14] and opted to treat reported alcohol consumption
and calculated eBAC for those specific responses as missing
when calculating mean number of standard drinks consumed
and eBAC per time point. This resulted in dropping reported
alcohol use and eBAC data from 16 survey responses (16/673,
2.4%) across all participants who completed at least one survey
(n=83) and 25 responses (25/996, 2.5%) across all those who
completed both surveys (n=61). Demographic and drinking
information for the sample and the safety comparison group is
presented in Table 1. The groups did not differ on any
demographic or drinking-related variables.

Table 1. Demographic characteristics, baseline, next-day, and 2-week follow-up drinking and safety outcomes for the smartphone (n=83) and safety
comparison (n=25) groups.

P valueSafety comparison groupSmartphone groupOutcome

Demographics

.26a24.7 (2.5)25.3 (2.6)Age (years), mean (SD)

.85b15 (60)48 (58)Male, n (%)

.16b20 (80)54 (65)White, n (%)

.42a15.6 (1.9)15.9 (1.8)Education (years), mean (SD)

Baseline drinking and consequences, mean (SD)

.61a45.3 (16.7)47.4 (18.9)% Drinking days (past month)

.13a19.7 (7.7)23.1 (10.3)% Binge drinking days (past month)

.11a4.1 (1.2)4.7 (1.5)Drinks/drinking day (past month)

.46a,d3.6 (3.0)2.9 (2.6)BYAACQc (past 2 weeks)

.74a11.4 (4.9)11.1 (4.3)Alcohol Use Disorders Identification Test total

Next-day survey (smartphone group only), mean (SD)

——f2.7 (1.9)Duration of continued drinking after the 3-hour EMAe period (hours)

——2.9 (1.9)Additional standard drinks consumed following the 3-hour EMA period

——2.1 (2.1)BYAACQ (past 24 hours)

Two-week follow-up drinking and consequences, mean (SD)

.47a40.0 (12.0)42.8 (17.8)% Drinking days (past 2 weeks)

.19a19.7 (11.7)23.2 (11.5)% Binge drinking days (past 2 weeks)

.06a3.9 (1.5)4.6 (1.6)Drinks/drinking day (past 2 weeks)

.44a,d3.4 (2.8)4.1 (3.4)BYAACQ (past 2 weeks)

at test.
bChi-square test.
cBYAACQ: Brief Young Adult Alcohol Consequences Questionnaire.
dData log-transformed before analysis.
eEMA: ecological momentary assessment.
fParticipants in the safety comparison group that did not complete the next-day survey.

Feasibility
All participants completed the self-initiated baseline and post
first-drink survey prompts and 87.2% (507/581) of the remaining

7 system-initiated prompts over the ensuing 3 hours of the EMA
session (Figure 3). Most participants (64/83, 77%) started
drinking during the evening hours (ie, 5:00 pm-12:00 am) on a
Thursday, Friday, or Saturday (58/83, 70%). The majority of

JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 11 |e13765 | p.385https://mhealth.jmir.org/2019/11/e13765
(page number not for citation purposes)

Fridberg et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

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


prompts were completed in the presence of others (556/657
prompts, 84.6%) in various locations (bar/restaurant: 33.7%
[221/656], one’s own home: 32.0% [221/656], or friend’s home:
24.2% [221/656]). Food consumption was not common during
drinking, with participants reporting eating during only 12.2%

(70/574) of prompts. Cigarette smoking or recreational drug
use were also not common as they were reported during only
3.1% (18/574) and 0.2% (1/574) of prompts, respectively. For
the latter, only 1 participant reported using drugs
(cocaine/stimulants) during only a single prompt (0.2%).

Figure 3. Mean (SE) of the mean standard alcoholic drinks (left y-axis) and estimated BAC (eBAC; right y-axis) at each survey time point (bottom
x-axis) during the real-world drinking episode. Time 0 represents the survey that participants completed immediately after finishing their first drink in
the drinking episode. The number of participants completing the survey prompt at each time point and corresponding percentage of the total study
sample (n=83) is presented for each time point on the top x-axis. Drinking and eBAC data for time points where eBAC was ≥0.30 g/dl were excluded
from calculations of the means for those outcomes; see the Results section for details. BAC: blood alcohol concentration; eBAC: estimated blood alcohol
concentration.

Real-World Drinking Behavior
Participants reported consuming any alcohol on 75.4% (445/590)
of 590 completed prompts from the self-initiated post first-drink
survey onward (ie, not including the predrinking baseline
survey). They consumed 7.3 (SD 3.0) standard drinks during
the 3-hour drinking assessment, with eBAC reaching 0.13 (SD
0.07) g/dL at the final time point (+180 min; Figure 3). Most
participants (71%, 59/83) engaged in heavy (binge) drinking
during the first 2 hours of the assessment, consuming 7.4 (SD
2.8) standard drinks during that time (9.1 [SD 2.9] drinks over
the entire 3-hour drinking episode), with eBAC reaching 0.14
(SD 0.06) g/dL (eBAC 0.17 [SD 0.07] g/dL at the conclusion

of the EMA period). In contrast, participants who did not binge
consumed 2.9 (SD 0.9) drinks during the first 2 hours of the
EMA period (4.5 [SD 1.8] drinks over the entire 3-hour drinking
episode), with eBAC reaching 0.04 (SD 0.02) g/dL during that
time (eBAC 0.07 [SD 0.03] g/dL at the conclusion of the 3-hour
monitoring period). For all participants, beer was the most
common alcoholic drink consumed at each prompt (48.1%,
214/445), followed by liquor (40.2%, 179/445) and wine (16.9%,
75/445; note that percentages sum to greater than 100% because
participants could report consuming multiple types of alcohol
at each time point). Participants averaged 1.1 (SD 1.0) standard
drinks reported at each of the 7 post baseline survey prompts.
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Participants Completing Both Mobile Sessions
Background characteristics and alcohol consumption during
drinking episodes did not differ between participants who
completed 2 smartphone drinking assessments (73%, 61/83)
and those who completed 1 assessment (n=22), all Ps>.60.
Among participants who completed 2 drinking episode
assessments, most (>60%) had high response rates and
completed all the study prompts (9/9) with an average of 8.1
and 8.3 prompts completed in the first and second episodes,
respectively. There was more drinking alone during the second

episode (109/504, 21.6%) than the first (78/491, 15.8%; χ2
1=5.4;

P=.02). Participants’ reported location when completing the
prompts or consumption of food, nicotine, or other drugs did
not differ across assessment sessions, all Ps>.07.

Acceptability
Participants rated the smartphone survey software as easy to
use overall (mean 4.6, SD 0.7 out of 5 points) and endorsed
high satisfaction with study participation (mean 4.6, SD 0.6).
Similarly, participants did not consider the surveys to be time
consuming (mean 2.1, SD 1.0) or intrusive (mean 2.0, SD 0.9).
Overall, participants agreed that they would recommend
participation in the study to others (mean 4.6, SD 0.6).
Intrusiveness ratings were slightly higher among participants
who completed only 1 smartphone assessment than among those
who completed 2 assessments (mean 2.5, SD 1.1 vs mean 1.9,
SD 0.9; P=.02), but other acceptability ratings did not differ
based upon the number of smartphone sessions completed
(Ps>.16).

Safety

Next-Day Survey
A total of 93% (77/83) of participants in the smartphone group
completed the next-day survey after the real-world drinking
episode. Most participants (60%, 46/77) reported continued
drinking after the final survey prompt for the episode (see Table
1). Participants reported few drinking-related consequences
during or after the real-world drinking episode on the modified
past 24-hour BYAACQ (Table 1). The most frequently reported
consequences (endorsed by ≥10% of participants) were less
energy after drinking (61%, 47/77), hangover (40%, 31/77),
drinking larger amounts than anticipated (14%, 11/77), and
saying or doing something embarrassing as a result of drinking
(13%, 10/77). None of the participants reported any serious
adverse events (eg, arrest or injury) related to their drinking
during the assessment period.

Two-Week Follow-Up Survey
GEE revealed that self-reported drinking frequency decreased
at follow-up for both the smartphone and control groups (time:
beta [SE]=–4.7 [1.8]; P=.008), but binge drinking frequency
and drinks consumed per drinking day did not change for either
group (Ps>.12). There was a significant increase in self-reported
alcohol consequences from baseline to 2-week follow-up (time:
beta [SE]=0.4 [0.2]; P=.02 [data log-transformed]; see Table
1) but no main effect or interaction of group for that outcome
(Ps>.22).

Discussion

Principal Findings
This study demonstrated the feasibility, acceptability, and safety
of using smartphone-based EMA to measure real-time alcohol
use and related outcomes in young adult heavy drinkers, most
of whom (71%, 59/83) completed the EMA protocol in the
setting of a drinking binge. The smartphone-based approach
was feasible, as evidenced by a high response rate (87.2%,
507/581) to system-initiated study prompts during the 3-hour
assessment period, and acceptable, with participants reporting
high satisfaction study procedures and low ratings on
intrusiveness for the brief (1 min each) EMA surveys. Safety
was evidenced by few drinking-related consequences and no
increases in drinking quantity or frequency over the 2-week
follow-up. The results of this study show that young adult heavy
drinkers can complete mobile assessments of their drinking
behavior and related outcomes even during very heavy drinking
episodes at BAC well over the threshold for intoxication. The
method described here is user-friendly and easy to administer
on participants’ own smartphones and could be customized to
facilitate future research on a variety of topics related to risky
drinking. Furthermore, it may be less susceptible than
retrospective or laboratory-based studies of binge drinking
outcomes to limitations posed by recall bias and unclear
ecological validity, respectively.

Relative to prior EMA studies in social drinkers, our 87%
response rate to survey prompts is similar to, or higher than,
response rates reported in previous studies [10,12-15]. Nearly
three-quarters (71%, 59/83) of participants engaged in binge
drinking during the first 2 hours and averaged just over 7
standard alcoholic drinks (eBAC 0.13g/dL) through 3 hours
(see Figure 2), which is considerably higher than the 2 to 4
drinks reported in prior EMA studies [10,11,14,35]. In contrast
to those studies, however, this study recruited heavy social
drinkers specifically (ie, light drinkers and those with severe
AUD were excluded from participation) and limited
measurement of alcohol use and outcomes for up to 2
self-selected drinking events. Previous EMA studies have
recorded drinking behavior and outcomes over longer durations
(eg, 3 weeks [14]), which can provide data on heavier- and
lighter-drinking events. Of note, the drinking episode was not
an isolated event for the study participants, with the vast
majority (85%, 66/77 completing the next day survey) reporting
that it was indicative of their typical drinking.

Regarding feasibility and acceptability of the EMA approach,
participants reported good compliance with study directions to
avoid alcohol or other drug use during the assessments and high
overall satisfaction with study procedures. The data from this
study suggest that heavy drinkers can comply with instructions
to avoid those substances even during binge episodes with high
BAC and that this approach can produce data on drinking-related
outcomes that are contaminated only minimally by other
substance use. The high acceptability ratings reported in this
study echo previous findings from EMA studies in general
young adult drinker samples [13,36]. The brief duration of the
mobile surveys (approximately 1 min each) may have facilitated
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the overall high acceptability of the mobile procedure despite
the repeated survey prompts throughout the 3-hour drinking
episode. Furthermore, the high rates of smartphone use among
young adults and participants’ high degree of familiarity with
these devices may have contributed to the high overall
satisfaction and usability ratings reported in this study.

Importantly, the results of this study suggest that EMA of a
real-world binge drinking episode in heavy drinkers is safe.
Participants reported few alcohol-related problems during the
drinking episode, and those that were reported tended to be
minor (eg, hangover and less energy after drinking). Both groups
reported a small decrease in their frequency of alcohol use from
baseline to 2-week follow-up, with no changes in binge drinking
frequency. This finding is in line with the results of previous
studies indicating that EMA of alcohol use is associated with
minimal or no changes in reported drinking behavior [11,37-39].
However, studies of reactivity to multiple assessments of alcohol
use via retrospective self-report or interview (eg, TLFB) spaced
several weeks/months apart have shown that, in general,
self-reported alcohol use and consequences decrease over time
with those repeated assessments (for a review, refer to the study
by Schrimsher and Filtz [40]). In contrast, we observed a small,
but significant, increase in self-reported alcohol consequences
over the 2-week follow-up period across all participants, but all
reported consequences tended to be mild, with no serious
adverse events reported. This effect appeared to be driven
mainly by the small (approximately 1 point) increase in mean
BYAACQ scores from baseline to 2-week follow-up among
the smartphone group (Table 1), although our GEE model did
not show a significant effect or interaction of group for that
outcome. We speculate that completing the next-day assessments
of alcohol-related consequences related to the real-world
drinking episodes increased awareness of those consequences
among the smartphone group, resulting in them reporting slightly
higher scores on the 2-week follow-up BYAACQ relative to
baseline. However, this study was not designed to test this
hypothesis directly, and to our knowledge, no previous studies
have examined the effect of monitoring drinking on perceptions
of alcohol-related consequences over time. Whether EMA of
alcohol use affects individuals’ awareness of drinking-related
risks may be a promising area for future research.

Strengths and Limitations
This study featured several strengths, including a
well-characterized sample of young adult heavy drinkers,
application of existing mobile phone technology to support
EMA of real-world heavy drinking and related outcomes, and
inclusion of an independent heavy drinking sample as a safety
comparison group. However, there are also some limitations
worth noting. First, although we recruited current binge drinkers,
light drinkers and those meeting criteria for severe AUD were
excluded from participation. Thus, based on the current data,
we cannot infer the feasibility, acceptability, or safety of our
smartphone-based EMA approach in those groups. Second, the
duration of our monitoring period (3 hours per drinking
occasion, over a maximum of 2 occasions) was brief and fixed,
in contrast to previous studies that have assessed alcohol use
outcomes over several weeks [11] and scaled the duration of

the EMA sessions according to participant-reported drinking
patterns [14]. Participants in this study reported continued
drinking for nearly 3 hours after the EMA period ended,
consuming approximately 3 additional drinks during that period.
Additional research is needed to evaluate the feasibility,
acceptability, and safety of using this assessment method over
longer drinking episodes, including any potential effect of a
longer monitoring duration on compliance with the survey
prompts. Third, the protocol used in this study relied upon
participant self-report to estimate alcohol consumption and
BAC, and the equation we used to compute eBAC is less
accurate at BAC ≥0.08 g/dL [34]. Future research on EMA of
drinking behavior may benefit from incorporating recently
developed wearable alcohol biosensors, which can measure
consumption passively at the skin, to provide an objective
measure of alcohol use [41]. Fourth, for the purposes of this
study, “safety” was conceptualized in terms of scores on the
next-day BYAACQ (for the smartphone group) and changes in
drinking behavior or self-reported alcohol-related consequences
on the BYAACQ at 2-week follow-up, compared across the
smartphone and safety comparison groups. We did not examine
other safety-related outcomes, such as the potential for the
smartphone prompts to serve as a distraction while walking or
driving (although we note that participants were instructed not
to drive after consuming alcohol during the study), nor did we
collect next-day report data from members of the safety
comparison group, which prevented us from examining possible
group-related differences on consequences related to real-world
drinking events. Future studies could implement a broader
definition of “safety” to evaluate the potential effects of EMA
of alcohol use on a wider range of safety-related outcomes.
Finally, this study does not speak to the reliability and validity
of using smartphones to measure alcohol use and related
outcomes during real-world (binge) drinking events. We will
present data on the reliability of the smartphone-based EMA
method across multiple real-world drinking sessions and validity
of the approach relative to the laboratory alcohol challenge
session in a separate report.

Conclusions
In sum, the results of this study provide preliminary support for
the feasibility, acceptability, and safety of using
smartphone-based EMA to assess alcohol use and related
outcomes (eg, subjective responses and drinking context) in
young adult heavy drinkers. These data suggest that young
adults can use smartphones to monitor their drinking even during
very heavy drinking episodes, with average consumption
approximately double (or more) that of previous work in this
field [10,11,14,35]. Future research could use this technology
to further study the dynamics of binge drinking behavior, refine
EMA-based treatment approaches targeting risky drinking
specifically [42,43], or develop “just-in-time” interventions to
reduce heavy drinking and associated risks in young adults [44].
In sum, smartphone-based EMA has great potential to provide
a practical, inexpensive, and efficient way to capture a large
amount of data on real-world drinking behavior and associated
consequences, which may inform future research on the
epidemiology of and intervention for AUD.
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