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Abstract

With onein five adultsin the United States owning a smartwatch or fitness tracker, these devices are poised to impact all aspects
of medicine by offering amore objective approach to replace self-reported data. Oncology has proved to be a prototypical example,
and wearables offer immediate benefits to patients and oncologists with the ability to track symptoms and health metricsin real
time. We aimed to review the recent literature on consumer-grade wearables and its current applications in cancer from the
perspective of both the patient and the provider. The relevant studies suggested that these devices offer benefits, such asimproved
medication adherence and accuracy of symptom tracking over self-reported data, as well as insights that increase patient
empowerment. Physical activity is consistently correlated with stronger patient outcomes, and a patient’s real-time metrics were
found to be capable of tracking medication side effects and toxicity. Studies have made associations between wearable data and
telomere shortening, cardiovascul ar disease, alcohol consumption, sleep apnea, and other conditions. The objective data obtained
by the wearable presents a more complete picture of an individual’s health than the snapshot of a 15-minute office visit and a
single set of vital signs. Real-time metrics can be translated into a digital phenotype that identifies risk factors specific to each
patient, and shared risk factors across one's social network may uncover common environmental exposures detrimental to one's
health. Wearabl e data and its upcoming integration with social mediawill be the foundation for the next generation of personalized
medicine.

(IMIR Mhealth Uhealth 2021;9(7):€28664) doi:10.2196/28664

KEYWORDS
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Wearable research in oncology applications has demonstrated
benefits, such asimproved medication adherence and accuracy
of symptom tracking, over self-reported data, aswell asinsights

Introduction

In 2020, one in five adults in the United States wore a

smartwatch or similar fitness tracker [1]. As its prevalence
increases, its integration in medical management and research
increases aswell. Wearables have introduced objective measures
to replace self-reported dataand supply new variablesthat offer
previously unattainable insights. With increasing options and
entry pointsfor consumer wearables, the prevalence of devices,
such as the Apple Watch, Fitbit, Samsung Galaxy Watch, and
others, is increasing. These consumer wearables are poised to
have an impact across al aspects of medicine, and oncology
has proved to be a prototypical example.

https://mhealth.jmir.org/2021/7/e28664

that increase patient empowerment. Physical activity is
consistently correlated with stronger patient outcomes, and a
patient’s real -time metrics were found to be capabl e of tracking
medication side effects and toxicity. Studies have made
associations between wearable data and telomere shortening,
cardiovascular disease, alcohol consumption, sleep apnea, and
other conditions. Herein, we review the literature on the new
objective measures introduced by consumer-grade wearables
and the current applications in cancer from the perspectives of
both the patient and the provider.
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Objective M easures

The advent of wearables brings new objective measures along
with the ability to remotely monitor the data being collected in
real time. Before delving into the oncological applications, we
summarize the most prevalent wearable measures as an
introduction to subsequent studies. The accuracy of these
measures, however, remains mostly untested. Some consumers
have reported perceived inaccuracy in step counts and sleep
metrics in Amazon product reviews [2]. The metrics have also
been shown to be affected by a slower gait [3]. Despite this
potential limitation to its objectivity, consumer wearables have
shown validity in tracking physical activity and are a step
forward from self-reported activity data[4].

Of these new measures, physical activity is often the most
commonly used and is usually calculated by consumer devices
asstepsor calories per day. Still, as Beauchamp et a highlights
through 25 studies, there exists widespread diversity in metrics
gathered. For example, physical activity may be measured as
not only steps or calories per day, but also steps or calories per
hour, sedentary minutes, standing time, etc. Sleep information
iscommonly collected, though thisalso isreported by differing
metrics including sleep efficiency percentage, sleep hours,
nighttime total wake time, time in bed, and number of
awakenings[5].

Many consumer wearables promote continuous heart rate
measurement and heart rate variability, with the Apple Watch
expanding the concept a step further with a single-lead
electrocardiogram (ECG) in certain models. Aswill be detailed
further in this article, the focus of the single-lead ECG is atrial
fibrillation detection, but it may aso be helpful in QT
prolongation detection.

Together, physical activity, sleep, and heart rate tracking form
the core of consumer wearable measures. Other featuresinclude
fal detection, handwashing, and preliminary blood oxygen
saturation. Many more exciting new measures are upcoming
and are mentioned in the discussion on future outlook.

Impact on Oncology Care

Patient Per spective

Apps

A searchfor “cancer” in any app store reveal s dedicated services
aimed to support cancer patients. Thereisan increasing number
of apps that take advantage of the typical wrist location of the
wearable to send essential aerts to the patient, such as timely
medication reminders to increase adherence. One such app is
the Medopad chemotherapy app, which provides on-wrist
medication reminders, but aso allows patients to submit
symptoms and temperatures [6]. The LivingWith: Cancer
Support app by Pfizer maintainsthe medication reminder system
and addsthe ability to track self-reported mood and painin just
afew taps.

One of the most interesting features comes from the chemoWave
app, which maintains the symptom tracking and medication
logging features, and combines them with wearable data to
generate insights in an easily understandable manner. For

https://mhealth.jmir.org/2021/7/e28664
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example, the app may provide theinsight that on dayswith less
sleep, the patient is 43% more likely to experience a headache
[7]. The app uses artificial intelligence to generate “personal
insights’ as in the above example, aswell as “global insights”
such as “on days chemoWave users like you took more than
7000 steps, they were 90% more likely to feel better” [8]. This
appears to be the first consumer-level integration of wearable
data with wearable-tracked activity. chemoWave allows users
to generate graphsthat detail symptoms, exercise, medications,
water intake, and more. Patients can show these graphs to the
oncologist and assisting doctors to pinpoint changes in patient
activity with associated medications or procedures. The benefits
include increased accuracy compared with self-reported data,
such as having a patient in the office and prompting them to
remember what side effects they experienced on days 3 or 4 of
treatment. Oncologists have used chemoWave to view trends
and better time a patient's next cycle of chemotherapy.
Communication is also streamlined, as patients are able to send
doctors daily updates through the app [9].

Although not directly related to cancer, the most highly reviewed
app that appears when searching for “cancer” inthe Apple App
Store is Motivation-Daily Quotes, with over 444,000 reviews
at an average rating of 4.8/5. Reviews on the Apple App Store
include comments, such as “this app helped me to get through
so many tough times” and follow a general theme of
appreciating positivity from the app. Users seemto particularly
enjoy the app’s reminder feature. As one user says, “whenever
| need encouragement to continue living my life and keep a
positive mindset, the app throws the perfect quote for the
situation in the perfect moment” [10]. It may not utilize the
wearable' s data collection features, but the app takes advantage
of the proximity and direct interactivity of the wearable to
provide consistent remindersthat over time may improve mood
and adherence.

Some of the aforementioned apps allow users to connect with
family members and cancer support groups to further tap into
the motivational aspect. Though functional, these apps are not
always successful. For instance, reviews on the Pfizer app
mention a “clunky interface” and users have specifically
reported choosing to create a group chat on Facebook instead.
Recently, Facebook announced the devel opment of asmartwatch
intended to connect users with health apps, which is expected
to release in 2022 [11]. Patients who typically receive socia
support over Facebook, as with the patient who reviewed the
Pfizer app, may opt for this smartwatch. At a minimum, social
support received through Facebook is likely to be more often
seen by the patient through the smartwatch and may augment
the overall perception of support to a greater degree. Though
only speculation, it is likely that Facebook would incorporate
sharing of tracked measures, such as step counts, which may
increase the timeliness of support messages by aerting the
patient’s support network when physical activity has decreased
persistently. In this way, the wearable would allow a patient’s
supporters to have greater involvement and interactivity in the
patient’s overall health, which may contribute to increased
morale for the patient and respective socia network.
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Geriatrics

As cancer remains a significant disease affecting the geriatric
population, it is necessary to consider the relevant applications
and ease of use[12,13]. Lessthan half of adults over the age of
65 yearsreported owning asmartphonein 2017, with anincrease
of 24% from 2013. Even so, up to two-thirds of adults over the
age of 65 years say they go online [14]. Thus, there may be a
subset of older adults who do not have a smartphone, but use
other devices to go online [15]. In addition, Hoogland et al
showed that despite feeling less confident in using technology,
older adults with cancer were mostly agreeable to using health
information technology to communicate with their oncology
careteam[16]. Yet, even if older adultswere open to wearables,
most consumer devices require a connected smartphone to
function as intended. The lack of a smartphone therefore
becomes a significant deterrent to wearabl e use. The Facebook
smartwatch will be independent of any smartphone, perhaps
offering ease of use to elderly patients without a smartphone.
Another challenge identified in elderly populations is lack of
internet access, with one out of three patients without any
connection to home internet [14]. The Facebook smartwatch
will offer its own data connection, further extending coverage
of elderly patients and allowing the benefits of wearables to
reach geriatric cancer patients.

Young Adults

On the other end of the age spectrum, cancer survivors aged 18
years or older tend to struggle with meeting physical activity
recommendations intended to reduce cancer recurrence,
mortality, and adverse chronic conditions. These guidelines
consist of two strength training sessions per week with either
75 minutes of vigorous physical activity or 150 minutes of
moderate activity per week [17]. Miropolsky et al tested the use
of a Fitbit device with 13 young adult cancer survivors and
found that the participants reported the Fitbit device helped
them to reach activity goals. However, this study implemented
a buddy system, in which the cancer survivors chose a friend
to participate in reaching activity goals. Though participants
reported that both the Fitbit device and the buddy system were
significant motivators, the impact of the Fitbit device alone is
unclear. Nonethel ess, this study showsthat consumer wearables
are afeasible option that may help to increase physical activity
in young adult cancer survivors[18].

Melanoma

Up to this point, the information has been relevant for all
cancers, but thefifth most common cancer, melanoma, presents
aunique opportunity for wearables, asthe foremost modifiable
risk factor is an individual’s UV exposure [19,20]. Although
no smartwatches or Fitbit devices can directly measure UV
radiation, anew commercially available wearable called Shade
contains a UV sensor and provides users with a timeframe of
how long they can safely be under the sun. Notifications can
be sent through the on-wrist device and companion app every
time auser comes 20% closer to the UV exposure limit [21]. A
randomized controlled trial involving the use of Shade in
melanoma survivors is underway, with results expected to be
available in 2022 [22]. Nagelhout et a investigated the
feasibility of the Shade wearable and found that 73% of adults
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and 61% of children selected that they wore the device “al of
the time they were outside” on a questionnaire following a
2-week period with Shade[23]. Thelargest obstacle may bethe
cost a US $499, but nevertheless, the first commercialy
available UV sensor is amilestone in consumer wearables and
may be invaluable to patients with afamily or personal history
of melanoma to assuage concerns of sun exposure.

Provider Per spective

From the viewpoint of the provider, the focus shifts onto the
role of wearables in the management of patients currently
undergoing cancer treatment, as well as cancer survivors.
Numerous studies have been conducted on this topic, but the
most recent and relevant studiesthat used typical consumer-level
devices or measures will be briefly summarized. The goal of
this section is not to analyze the directions of future clinical
trials using wearables, but rather to update clinicians on how a
patient’s wearable may provide clinically relevant data in the
near future.

Physical Activity

Several studies have shown that physical activity tracked by
wearables is a strong predictor of outcomes in cancer patients
[24]. In patients undergoing chemotherapy or radiation
treatment, lower step counts were found to be correlated with
lower quality of life, greater hospitalization risk, decreased
adherence, depression, and shorter survival [25-28]. On the
other hand, higher step counts were associated with decreased
postoperative complications in abdominal cancer patients and
better functiona statuswith reduced likelihood of hospitalization
or death [29,30]. A patient, family member, or clinician can
generate agraph of the patient’s step counts before, during, and
after treatment using the wearable's specific app or one of the
previously discussed apps. This may aid in identifying at-risk
patients and provides another tool to consider in prognosis,
especialy if done remotely. In addition to tracking physical
activity, wearables have been shown to increase physical activity
among cancer patients and survivors as well [17,31,32].
Conversely, Rahimy et a found that a Fithit program for
survivors of endometrial cancer led to atransient 22% increase
in average steps at 6 months, but by the end of the study at 9
months, participants had returned to their baseline activity levels
with no change in BMI. The authors interestingly found step
count to be correlated with emotional well-being (P=.005),
though thisresult may represent that subjectswho are physically
capable of higher step countsare morelikely to be healthy, with
less severeresidual effects of disease and therefore an improved
emotional well-being [33]. Overall, these studies suggest that
while wearable fitness trackers may motivate some patients,
others may require different interventions to inspire enduring
lifestyle changes.

Chemotherapy Toxicity

Consumer wearable data can be further used to assess
chemotherapy toxicity and side effects using step count, heart
rate, and ECG data. In apilot study, chemotherapy patients had
their step countstracked by asmartphone with a pedometer app.
The study found that contacting patientsif step counts decreased
by 15% or more hel ped to identify chemotherapy toxicity [34].
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While virtually al consumer wearables track step count, it is
commonplace to also see wearables that can track heart rate.
However, only relatively newer models of the Apple Watch are
ableto record asingle-lead ECG. Both heart rate and ECG data
may be used to track side effects in patients taking cardiotoxic
chemotherapy drugs. For example, taxanes and angiogenesis
inhibitors, such as thalidomide, can lead to sinus bradycardia
[35]. Smartwatches can detect bradycardia, and some devices,
such asthe Apple Watch, alow athreshold heart rate to be set,
such that the patient is notified if the heart rate fals below a
specified value. Physicians can instruct patients on what heart
rate to specify for the alert and thereby have accessto continuous
remote monitoring for bradycardia.

Atria fibrillation is a common side effect of chemotherapy
regimens that include anthracyclines, trastuzumab, busulfan,
and cyclophosphamide[36]. ECG datahasthe potential to detect
atrial fibrillation, though thereis conflicting dataasto how often
false positives occur [36-38]. QT interval prolongation may
also be tracked. Timely detection of QT prolongation can
prevent conversion to torsades-de-pointes, a life-threatening
ventricular tachycardia. Studies have previously approved
nonconsumer wearables, such as KardiaM obile-6L, to monitor
the QT interval in COVID-19 patients, as remote monitoring
became a sudden essential need during the COVID-19 pandemic
[39]. Regarding consumer-level wearables, the American Cancer
Saociety recommendsthat patientswho are starting chemotherapy
drugsassociated with QT prolongation should obtain abaseline
12-lead ECG, but subsequent monitoring can be “accurately
and safely performed with topical devices’ such as the Apple
Watch [40].

Digital Phenotype

Ultimately, wearables have the potential to create a digital
phenotype of each patient, which isareal-timerecord of patient
metrics that are trandated into stress levels, risk factors, and
other determinants of health [41,42]. This potentiad was
illustrated by Teo et a, where self-reported demographics,
socioeconomic status, and lifestyle factorswere compared with
Fitbit-recorded total sleep time (the amount of time apersonis
asleep) and sleep efficiency (the fraction of time spent asleep
over the time a person is in bed) in 482 individuals. The total
sleep time was found to be associated with age, gender, habitual
alcohol consumption, ethnicity, and occupation type.
Interestingly, the authors also sequenced the DNA of study
participants and used quantitative polymerase chain reaction to
estimate telomere length, a biomarker of aging. Users with
insufficient sleep were more likely to show premature telomere
shortening. Subjects who had adequate sleep (7 hours or more)
had telomeres that were 356 base pairs longer on average than
those with insufficient deep (less than 5 hours) (P=.02). In
addition, sleep efficiency was associated with cardiovascular
disease risk markers such as BMI. The authors compared the
same associations with self-reported sleep data, and no
significant links were found, emphasizing the overal
improvement in data collection with wearables rather than
self-reported information [42].

Furthermore, Tison et a used deep learning algorithms that
showed promisein developing digital biomarkersfor screening
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sleep apnea and hypertension with an accuracy of 90% and
82%, respectively [43]. These studies further support the role
of wearable data in ushering in a new era of personalized
medicine, especially in oncology. The massive inflow of
wearable data can be integrated into a straightforward digital
phenotype, enabling cliniciansto assessin real time apatient’s
baseline risk factors and any changes that may occur asaresult
of disease progression or a side effect of a newly initiated
chemotherapy regimen. A digital phenotype may also guide
interventions, as clinicians can avoid starting a patient on
medicationswith side effectsthat can del eteriously interact with
apatient’srisk factors (ie, acardiotoxic drug in apatient whose
digital phenotype shows significant cardiovascular risk).

Future Directions and Conclusions

The impact of wearables has seeped into all fields of research
and poses unique opportunities previously unseen in oncol ogy.
The above studies indicate clear benefits to both patients and
providers. Based on the presented literature, oncol ogists should
use wearable data to increase treatment adherence and
patient-physician communication, as well as monitor physical
activity and ECG data to guide medical decision-making. The
objective measuresintroduced by consumer wearableswill soon
bejoined by others, including oxygen saturation, blood glucose,
and biomarkersin sweat that may indicate cortisol levels[44,45].
Updatesto existing consumer deviceswill include advancements
to ECGs, the ability to detect smoking gestures, and smartwatch
UV radiation sensors[24]. Completely new wearableswill enter
the consumer market, such as a headband for the detection of
glioblastoma [46].

Soon to be uncovered is how the merging of social media and
wearableswill expand the landscape. With theimminent launch
of the Facebook smartwatch, social media will be integrated
with wearable data. Thus, oncologists will have the data of not
only their patients, but also each patient’s peers. Thiswill allow
the oncologist to individualize treatment plans to address the
specific risk factors of the patient. For example, location data
of a patient and members of the patient’s social network may
yield data on healthy food access, neighborhood crime rates,
air quality, socioeconomic status, local policies on marijuana
use, etc, which can serve as predictors of anindividual’s health
in conjunction with wearable data such as physical activity and
total sleep time [47]. Likewise, any regional exposures, such
asair pollution and lead level swith wearable-measured disease
states (ie, reduced physical activity and increased time at
hospitals), may unveil carcinogenic environmental exposures
[48]. The integration of social media will contribute to the
development of future wearable-derived health predictors and
assist oncologists in tailoring treatment to target risk factors
specific to each patient.

Wearables have becomeincreasingly prevalent in the consumer
market, and alook in any direction is likely to reveal aFitbit,
a smartwatch, or another wearable on someone's wrist. From
the patient’s perspective, consumer wearables allow for
improved medication adherence, symptom tracking and insights,
communication with physicians and family members,
motivational support, and increased reach to patientswho were
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previously inaccessible despite the advent of the smartphone.
From the provider’s perspective, wearables assist in achieving
the benefits of continuous rather than episodic care, especialy
in monitoring for medication side effects and toxicity.
Oncologists are able to track changes in a patient’s baseline
metrics outside of the office and infer if any recent treatment
changes were responsible. Real-time metrics can be trandated
into a digital phenotype that identifies risk factors specific to
each patient, and shared risk factors across one’s social network

Fonseka & Woo

may uncover common environmental exposures detrimental to
one's health. The objective data obtained by the wearable,
viewed in the context of one's social network, presents a more
complete picture of an individual’s health than the snapshot of
a 15-minute office visit and a single set of vital signs. Overall,
wearable data and its upcoming integration with social media
will be the foundation for the next generation of personalized
medicine.
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Abstract

Background: Asthe world's population rapidly ages, the number of older adults with cognitive impairment will also increase.
Several studies have identified numerous complex needs of people with dementia, which assistive technologies still fail to support.
Recent trends have led to an increasing focus on the use of embodied conversational agents (ECAS) as virtual entities able to
interact with a person through natural and familiar verbal and nonverbal communication. The use of ECAs could improve the
accessibility and acceptance of assistive technologies matching those high-level needs that are not well covered to date.

Objective: The aim of this thematic literature analysis was to map current studies in the field of designing ECAs for patients
with dementia in order to identify the existing research trend and possible gaps that need to be covered in the near future. The
review questions in this study were as follows: (1) what research frameworks are used to study the interaction between patients
with dementiaand ECAS? (2) what are the findings? and (3) what are the barriers reported in these studies?

Methods: Separate literature searches were conducted in PubMed, Web of Science, Scopus, and Embase databases by using
specific umbrella phrases to target the population (patients with dementia) and the technology-based intervention (embodied
conversational agent). Studiesthat met the inclusion criteria were appraised through the Mixed Methods Appraisal Tool and then
discussed in athematic analysis.

Results: The search process identified 115 records from the databases and study references. After duplicates (n=45) were
removed, 70 papers remained for the initial screening. A total of 7 studies were finally included in the qualitative synthesis. A
thematic analysis of the reviewed studies identified major themes and subthemes: the research frameworks used to gather users
perspectives on ECAs (theme 1), the insights shared by the 7 studies aswell asthe value of user involvement in the development
phases and the challenge of matching the system functionalities with the users needs (theme 2), and the main methodological
and technical problems faced by each study team (theme 3).

Conclusions: Our thematic literature analysis shows that the field of ECAs is novel and poorly discussed in the scientific
community and that more sophisticated study designsand proofs of efficacy of the approach are required. Therefore, by analyzing
the main topic of the narrative review, this study underscoresthe challenge of synchronizing and harmonizing knowledge, efforts,
and challengesin the dementia care field and its person-centered paradigm through the user-centered design approach. Enabling
strict collaboration between interdisciplinary research networks, medical scientists, technology developers, patients, and their
formal and informal caregiversis still agreat challengein the field of technologies for older adults.

(JMIR Mhealth Uhealth 2021;9(7):625381) doi:10.2196/25381

KEYWORDS

dementia; patient with dementia; older adults with dementia; embodied conversational agent; virtual personal assistant; virtual
agent; virtual companion; design for older adults; patients; elderly; virtual; personal assistant; cognitive; cognitive impairment
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Introduction

Background

The world’s population is rapidly aging and approximately 47
million people are now experiencing dementiaworldwide. This
number could triple by 2050 with anincremental estimated cost
that will range from US $818 hillion in 2015 to US $2 trillion
by 2030 [1]. Dementia is characterized by the progressive
deterioration of both cognitive and functional abilitiesthat affect
a person’s capability to perform everyday activities [2,3].
Nowadays, the tendency to view dementia solely within a
medical framework is overcome through a new personhood
paradigm based on the identification of the numerous complex
needs of patients with dementia as described by Maslow [4]
and Kitwood [5]. There is consensus that individuals living
independently [6] or in long-term care [7-9] are able to express
needs [10] and preferences [11] consistently, even in the
advanced stage of dementia[12].

Since the challenges of responding to the growing number of
people with dementia and their complex needs are substantial
for governments [13], the field of assistive technologies is
receiving more and more interest. In aged care, the term
“assistive technology” refers to any device, product, or
equipment that helps people to perform a task they would
otherwise be unable to do or that facilitates older adults
activities of daily living [14]. In dementia care, assistive
technologies (ie, technologies for daily living, meaningful and
pleasurable activities and health care) can compensate for
cognitive impairment, improve quality of life, favor autonomy,
enable people to remain in their homes for longer, and reduce
care costs [15-19]. Actually, a broad spectrum of technologies
supports community-dwelling persons with dementia. These
technologies mostly address basic physiologica and safety
needs, whereas little attention is devoted to higher-level needs
such as self-esteem, quality of life, recreationa activities or
contrast behavioral issues, for example, aggression and mood
changes [6,20-22]. Recently, several studies [23-27] proposed
the use of screen-based entities designed to stimulate human
face-to-face conversation skills caled as embodied
conversational agents (ECAS) or personal virtual assistants
[28,29]. Such virtual entities are able to interact with a person
through verbal and nonverbal communication. There is a
significant and growing list of use cases for ECASs targeting
older adults with or without cognitive impairment or their
caregivers [15]: virtual coaches [30], virtua companions
[31-33], personal virtual assistants[26], virtual butlers[34,35],
and training tools to help formal and informal caregivers[36].

The use of ECAs could improve the accessibility and acceptance
of computer-based assistive technologies when compared to
graphical user and voice interfaces, especialy for older adults
with cognitive impairment [37-39], thus matching those
high-level needs that are not satisfactorily covered by assistive
technologies. The extent to which this specific innovation may
be able to support people affected by dementia aong the
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progressive nature of the disease represents a great challenge
for the entire scientific community. Unfortunately, it seemsthat
research in that specific direction isstill poor and littleisknown
on how patientswith dementiainteract with ECAsand how this
interaction should be designed and managed by the system [15].
Therefore, to bridge this gap, this paper discusses the
implications derived from a thematic literature review of the
available studiesfocusing on personal virtual assistantsin favor
of patients with dementia.

Aim of This Study

The aim of thisthematic literature analysis was to map current
studiesin thefield of designing ECAsfor patientswith dementia
in order to identify the existing research trends and possible
gaps that need to be covered in the near future. The review
guestions were (1) what research frameworks are used to study
the interaction between patients with dementia and ECAS? (2)
what are the findings? and (3) what are the barriers reported in
these studies?

Methods

Design of This Study

Separate literature searches were conducted in PubMed, Web
of Science, Scopus, and Embase databases by using the
following umbrella phrases to target the population and the
specific technol ogy-based intervention: (“patient with dementia’
OR “peoplewith dementia’ OR “person with dementia’) AND
(“virtual agent” OR “persona virtual assistant” OR *“virtual
companion” OR “embodied conversational agent”). Inclusion
criteria were published papers written in English with the aim
of studying the use of ECAs (1) among older adults (=65 years)
with dementia living at home, in long-term care, or nursing
homes and their formal and informal caregivers, (2) for coping
in patients with dementia without any restriction in terms of
service applications (ie, cognitive games, reminders, medicine
intake, calendar, etc), (3) for presenting empirical findings about
interactions between users and ECAs, and (4) in randomized
controlled trial s (qualitative, quantitative, and the mixed methods
approach wereincluded). Therewas no restriction on publication
dates, and the searcheswerefinalized in July 2020. Paperswere
excluded if reviews, theoretical or technica studies, and
contributions were not original research papers that met the
inclusion criteria or were not written in English. According to
predefined criteria, the screening phase was based on the
analysis of titles and then abstracts. Later, full texts of those
titles/abstracts of screened publications were reviewed
independently by the first and the corresponding author in
August 2020. Another researcher was involved in reaching
consensus in cases of disagreement. Studies that met the
inclusion criteriawere included, and the results of the searches
were summarized. Then, we performed a manual thematic
analysis of the findings. We used the Preferred Reporting Items
for Systematic Reviews and Meta-Analysis [40] flowchart in
the retrieval and selection process (Figure 1, Multimedia
Appendix 1).
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Figure 1. Flow diagram of the studiesincluded in the thematic review as well as the main reasons for rejection.

Quality Appraisal

Three authorsindependently appraised thefinal papersfor their
methodological quality by using the Mixed Methods A ppraisal
Tool version 2018 [41]. The Mixed Methods Appraisal Tool
assesses the quality of qualitative, quantitative, and mixed
methods studies and can be used to appraise the quality of
different study designs. Precisely, it focuses on the
methodological criteria and includes 5 core quality criteriafor
qualitative, randomized controlled, nonrandomized, quantitative
descriptive, and mixed methods. Owing to these advantages, it
was chosen over other tools prior to starting the narrative review.
The results of each appraisal were compared, and any
disagreement was solved through the intervention of the last
author and discussion among the authors. According to the
scoring system proposed by Pluye et a [42], a quantitative
appraisal scorewas calculated by ng the presence/absence
of criteria (yes/no). The quality score was calculated as a
percentage by using the formula: (number of “yes’ responses
divided by the number of appropriate criteria) x 100.
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Thematic Analysis

A thematic analysiswas conducted to identify themes based on
the 6 phases described by Braun and Clarke [43]. Themeswere
coded based on our specific review questions by following these
steps: first, authors read the data from each study; and second,
the corresponding author carried out asystematic manual coding
of the features that led to initial codes before searching for
themes in the third step. Themes were then reviewed for
correlation with codes and the identification of subthemesduring
the fourth phase. After defining the themes in phase five,
findings were evaluated for rel evance to the research questions.
Finally, the authors discussed the analysis process and reached
consensus on the labelling.

Results

Reviewed Studies

The search processidentified 95 records from the databases and
an additional 20 by manually searching those studies' references.
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After duplicates (n=45) were removed, 70 papers remained for
initial screening by title. Thisresulted in 37 potentialy eligible
abstracts. The abstracts retained were analyzed by authors
according to the research questions in order to obtain the final
list of full-text papers to be reviewed. After the analysis of the
abstracts, 33 of them were excluded asthey did not fit the settled
criteria  of the target population and the specific
technology-based intervention. A second screening step was
performed for those full-text papersthat matched all the criteria
(n=19). From this process, 12 papers were excluded because
(2) studiesrecruited both patientswith dementiaand older adults
in good hedlth status (n=3), (2) no empirical feedback from
users was reported (n=3), (3) the intervention was performed
using both ECAs and other technologies (n=2), and (4) the
intervention was not specific for patients with dementia (n=4).
Finally, atotal of 7 studies were included.

A summary of the studies and their findings are presented in
Table 1. The 7 studieswere conducted in Spain [24], Japan [27],
France [15,44], Canada [45], Italy, and Luxembourg [46,47]
and published between 2008 and 2019. They were heterogeneous
interms of objectives, population, contexts, and methodol ogies.
Four of the 7 studies describe the development of 2 specific
agents: Louise [15,44] and Anne [46,47].

The different agents are shown in Figure 2. Carrasco et al [24]
built a prototype that included atool for real-time streaming of
arealistic avatar, previously programmed by a caregiver, to a
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television. This technique was used to simulate a true virtua
assistant on thetelevision screen. The avatar hasarealistic voice
and thelipsarein synchronization with its speech to ensure that
itsfacial movements appear natural. Yasudaet al [27] devel oped
an agent conversation system shown on a computer screen in
theform of an animated face resembling a5-year-old grandchild.
Thissystem can detect the end of the speech sound of asubject’s
reply to a question and begins asking the next question. When
the subject speaks, the agent reacts by automatically generating
nods, mouth movements, and acknowledgments. Wargnier et
al [15,44] proposed a prototype of a semiautomatic system that
allows the animation of afemale cartoon-like character called
L ouise and speech synthesisfrom text. The character, displayed
on either acomputer screen or atelevision set, isin anidle pose
and movesitslipswhile speaking. Thissystem includes attention
monitoring and interaction management based on a predefined
script and keyboard inputs of a (presumably hidden) operator.
Konig et a [45] developed an emotionally intelligent cognitive
assistant in theform of ahumanoid female character that shows
up on ascreen in an inactive pose. de Jong et a [46] and Stara
et al [47] shared the know-how gained in the design and
adaptation of the personal virtual assistant Anne, which is a
friendly, female human-looking avatar talking and interacting
with users on a screen. Older adults can communicate with the
ECA through voice and touch. This system is able to learn
autonomously from its users and gets to know their personal
preferences and needs.
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Table 1. Summary of the reviewed studies.

Studies Purpose Type of system Method for datacol- Sample Country, test set-  Findings

lection ting

Carrascoet Tovdidateafunc-  Avatar displayed on  Yes/No questions 21 persons had Alzheimer  Spain, day care  All users engaged

a [24] tional prototypethat astandardtelevision andoneto-oneobser- disease, withaGloba De-  center naturally with the
givesameasureon  set vation terioration Scale [48] mea- avatar, understood
how natural theinter- sureranging from3to 5 the information
action between (from mild to moderate) conveyed by the
avatars and people avatar, and an-
with Alzheimer dis- swered successful-
easeis. ly by means of the
To increase the ac- television remote
ceptability of the control
system by target
users

Yasudaet  Toinvestigate the A computer screen  Qualitative inter- 8older adults(2malesand  Japan, hospital All users con-

a [27] effectiveness of a that showsananimat-  views 6 females) had mild versed with the
conversation system  ed face of achild Alzheimer disease, with a conversational
based on an animat- agent Mini-Mental State Exami- agent system and
ed face of achild nation [49] mean score of enjoyed the conver-

22.2. The average age was sation.
78.5 years.

Wargnier  To collect design A semiautomated Semiautomated 14 specidists(4maesand France, hospital  All participantsin-

etd [44] guidelinesto devel-  cartoon like ECA Wizard of Oz, video, 10 females) in assistive teracted naturally
op asemiautomated prototypethat runs  observation, open  technologies for older with the ECA.
ECA? prototype onastandard person-  interview, question-  adultsor care professionals Most displayed

a computer with naire (medical doctors and neu- high levelsof atten-

Microsoft Windows ropsychologists, mostly) tion. Globally, the
feedbacks turned
out to be rather
positive.

Konigeta Toidentify affective Anintelligent cogni- Qualitative inter- 12 older adult carehome  Canada, Univers-  Definition of user

[45] identitiesin patients tive assistantinthe  view residents(5malesand 7  ty and Research  requirements for
with dementiafor form of a humanoid females) with Alzheimer  Ingtitutefor Ag-  thedesign
the design of cogni- female character diseasewho showed cogni-  ing
tive assistivetech- ~ shown on a screen tiveand functional impair-
nologies ment to an extent that it

affected their autonomy in
performing certain com-
plex activities of daily liv-
ing and 9 associated care-
givers (2 malesand 7 fe-
males). The average age of

the residents was 84.5
years.
Wargnier  Toconduct ausabili- A semiautomated Redlistic assistive 14 participants (3 males  France, hospital  Most of the partici-
et a [15] ty study to refine cartoon like ECA scenarios and and 11 females) with mild  and University pants were able to
and validate the prototypethat runs  semistructuredinter- cognitive impairment interact with the
Louise ECA onastandard person-  view (9/14) or Alzheimer dis- ECA, succeededin
al computer under ease (5/14), whose Mini- completing the
Microsoft Windows Mental State Examination proposed tasks,
[49] scoresranged from 8 and enjoyed the
to 30 (mean 23.8, SD 4.9). design
The average age was 78.8
years.
deJong et Reportthefirstiteras A persona assistant Focus group 16 caregivers. 10inLux-  Luxembourg, Definition of user
al [46] tion of acomprehen-  called Anne that embourg (6 qualified nurs-  Italy, hospital, requirements for
sive user-centered  works on a Surface ing assistantsand 4 infor-  day carecenter  the design
development process  Pro tablet under the mal carers) and 6 in Italy
of virtual agentsfor Microsoft Windows (3 care professionals and
patientswithdemen- 10 operating system 3informal caregivers)
tiaand their care-
givers
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Studies Purpose Type of system Method for datacol- Sample Country, test set-  Findings
lection ting
Staraetal  How patients xperi- A personal assistant Protected environ- 5 female patients with Italy, Luxem- Definition of user
[47] enceapersond virtu- called Anne that ment test scenarios  moderate dementiaand 2 bourg, hospital,  requirements for
al assistant in the workson aSurface  with observation of  formal caregiversin Italy; day carecenter  thedesign
stage of moderate Pro tablet under the theinteractionsbe- 1 female patient with de-

dementia; how a
personal virtual assis-
tant can be modified
to the requirements
of peoplein the
stage of moderate
dementia

Microsoft Windows
10 operating system

tween patients and
the personal virtual
assistant and inter-
view to formal care-
givers

mentiaand 2 formal care-
giversin Luxembourg

8ECA: embodied conversational agent.

Figure 2. Embodied conversational agents described in the reported studies. A) Carrasco et a [24]; B) Yasuda et a [27]; C) Wargnier et a [15,44];
D) Konig et a [45]; E) de Jong et a [46] and Stara et a [47].

@arla_SmileTurn

Quality Appraisal of the Selected Studies

The design of the 7 research studies was assessed by using
screening questions and the 5 criteria of the Mixed Methods
Appraisal Tool [41] for qualitative and mixed methods studies
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reported in Textbox 1: (1) appropriateness of objective/research
question, (2) adequacy of the qualitative approach/method, (3)

adequate gathering of findings from data, (4) sufficient
interpretation of results from data, and (5) coherence between
qualitative data sources, collection, analysis, and interpretation.
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Textbox 1. Mixed Methods Appraisal Tool version 2018 criteria to appraise the study design.

Methodological quality criteria

Screening questions (for all types)

S1. Arethere clear research questions?

S2. Do the collected data allow to address the research questions?
Qualitative

Q3. Arethe findings adequately derived from the data?
Q4. Istheinterpretation of results sufficiently substantiated by data?

Mixed methods

QL. Isthe qualitative approach appropriate to answer the research question?
Q2. Are the qualitative data collection methods adequate to address the research question?

Q5. Isthere coherence between qualitative data sources, collection, analysis, and interpretation?

M1. Isthere an adequate rationale for using a mixed methods design to address the research question?

M2. Are the different components of the study effectively integrated to answer the research question?

M3. Are the outputs of the integration of qualitative and quantitative components adequately interpreted?

M4. Are divergences and inconsistencies between quantitative and qualitative results adequately addressed?

M5. Do the different components of the study adhere to the quality criteria of each tradition of the methods involved?

All the studies used appropriate research design, taking into
account the research questions and problems related to the use
of a specific innovation technology among persons with
dementia. The prevalent data collection methods were open or
semistructured  interviews  [15,27,4547], observations
[24,44,47], aquestionnaire[24,44], and afocus group [46]. The
findings and interpretations of the results were coherent with

Table 2. Quality scores of the selected studies.

data sources, collection, analysis, and discussion in al the
studies. According to Pluye et al [42], the score for each study
was cal culated and then synthetized using 3 different categories:
low score, <35%; medium score, 36%-70%; and high score,
71%-100%. All studies met the 5 quality criteria; therefore, the
score calculation synthesized a high score of methodological
quality results (Table 2).

Studies Screening question  Qualitative studies  Mixed methods Total Appropriate criteria  Quantity Score category
score score studies score score n) score (%)
Carrascoeta [24] 2 N/AR 5 7 7 100 High
Yasudaet al [27] 2 5 N/A 7 7 100 High
Wargnieretd [44] 2 N/A 5 7 7 100 High
Konig et al [45] 2 5 N/A 7 7 100 High
Wargnier et al [15] 2 N/A 5 7 7 100 High
de Jong et al [46] 2 5 N/A 7 7 100 High
Staraet a [47] 2 5 N/A 7 7 100 High

3N/A: not applicable.

Thematic Analysis

Following the analysis of reviewed studies, 3 major themes and
subthemes within each theme were identified: (1) research
frameworks, (2) efficacy of ECAs, (3) limitations of the studies
and problems faced.

Theme 1: Research Frameworks

All the studies dealt with 2 research questions: (1) could virtual
agent be a technology that patients with dementia can really
use? and (2) which are the design features that can facilitate or
hinder this usage? Methodologicaly, both qualitative and
guantitative designs were applied to answer these questions

https://mhealth.jmir.org/2021/7/e25381

focusing on meanings and understanding of experiences of
people with dementia and their carers. In al cases, participants
took part in the researches in participatory sessions or
observations to avoid the discomfort of being the subjects of
an experimental study. Overall, the 7 studies cameto the general
assumption that the use of ECAs is suitable for people with
dementia. This common evidence based its foundation on the
use of voice as an interaction modality between the systems.
The voice as input/output modality is the natural and familiar
way to engage people with dementia in such researches.
Therefore, from 2008 to 2019, even though the readiness level
of the virtual agents was changed considerably, especially in
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the human-looking appearance, none of the studies shared
skepticism or disadvantagesin the use of ECAs by the enrolled
patients. Additionally, the use of common screen devices asthe
presentation platform on the television [24], computer
[15,27,44,45], or tablet [47] concur with the positive engagement
of users. A notable consideration that emphasi zes this outcome
is the rigorous recruitment strategy followed by each team: as
reported in Table 1, enrolled participants were previously
diagnosed and scored on the Global Deterioration Scale [48]
and the Mini-Mental State Examination [49]. Moreover, the
experimental settings were always under the responsibility of
researchersor formal caregiversin all the studies. However, the
objectives of the 7 studies were different from the research
question about which feature design could improve or impede
the use of virtual characters. Thisis due, in part, to the specific
purpose of each system under development that varied from
natural interaction [24,27,45] and their specificities [15,44] to
support independent living [46,47]. Features such asinteraction
paradigm and prompting style are seen asthe main components
that could be personalized and used for matching the needs and
capabilities of users, thereby improving the user experience.
Probably becausethe ECA field is till green, none of the studies
pursued the general purpose to achieve general features design
asthe guidelines for future researchesin the field.

Theme 2: Efficacy of ECAs

Findings of the Selected Studies

As previously mentioned, all the studies reported positive
feedback on the use of agents by users: the majority of patients
with dementia naturally interacted and responded to the virtual
character fulfilling the assigned tasks [15,24,27,45]. The
artificial assistant caught the attention of people, and in some
cases, it was seen as a companion by older participants as well
asformal and informal caregivers[46,47]. On the contrary, the
preference of having a “real person helping me rather than a
machine” [45] clearly showed the importance of a human
contact. Moreover, participants with the most severe memory
impairment frequently forgot how to interact with the system
or talk to the ECA and it caused them some frustration or they
seemed to be intimidated by the character [15]. These results
arein line with the findings of the study conducted by Stara et
al [47], who found that patients with moderate dementia spoke
freely to the ECA without using the touch control. Personswith
dementiagenerally had little experience with mobiletechnology
before they became affected by dementia; therefore, patients
seemed to have trouble using a touchscreen and navigating the
different applications of the ECA. For that reason, formal
caregivers involved in this research suggested a supervised
usage of the virtual agent in a controlled environment such as
daily centers. Formal caregivers were strongly convinced that
their patients with moderate dementia could not use Anne
independently at home. For them, ECAs could be useful tools
for their daily working activities but only if controlled by
professional staff. Nonetheless, positive results in terms of
efficacy are reported in studies from the perspective of formal
caregivers [44,46,47]. In particular, according to de Jong et al
[46], virtual agents could help and support people with forgetful
problems who are living independently in their homes.
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Value of a User-Driven Approach

User-centered design as “a philosophy based on the needs and
interests of the user, with an emphasis on making products
usable and understandable” [50] is a common methodology
involving end users during all iterations of the design process
[51]. Four of the reviewed studies dealt with the development
of the ECA through this user-driven approach: Louise [15,44]
and Anne [46,47]. Louise was developed by adopting a
co-design living lab approach involving older adults with
dementiaand stakehol ders such as care professionals. The ECA
caled Anne [46,47] was developed using the umbrella
framework of the SO standard user-centered design [51] and
providing a human-centered perspective through the active
involvement of patientsand their formal and informal caregivers.
For us, this underlies key strengths to overcome the main
barriers in applying technology for older adultsin general and,
in particular, for people who experience dementia. Therefore,
Louise and Anne could be considered as good examplesfor the
next generations of ECAs that will benefit from user-centered
design by using input from users, patients, formal and informal
caregivers as well as clinicians and other stakeholders. As
reported by de Jong et a [46] and Konig et al [45], examining
feedback from the point of view of family caregivers or other
carers (ie, nurses, health care professionals, or care workers
who work with persons with dementia) could build more
awareness on how to devel op effective technol ogies. This benefit
can create better design, thus enhancing usability, user
experience, acceptance, and potential market success.
Nonetheless, how users come to accept and use the given
technology was mainly explored by Wargnier et a [15] and
Stara et al [47] who evaluated Louise’s and Anne's usability
and acceptance through direct observations. In addition,
Carrasco et a [24] observed usersduring their interactionswith
the system and noted their observations in usability reports.
None of the other studies reported in this narrative review
mentioned information on the user-driven approach despite all
the studies being clearly oriented to define the requirements
definitions of the ECAs as a starting point of the devel opment
process. These requirements were analyzed to map
functionalities and preferences for the next iterations. The user
and technical requirements definitionsareindeed thefirst actions
of the user-centered design process [51].

Matching Needs With Technology

People with dementia have many changing needs during the
progression of their disease, varying from memory support to
almost all aspects of daily functioning. In these studies, specific
ECA functions matched the physiological, comfort, and
attachment needs. ECAs described in 3 of the included studies
[24,27,45] sought mainly to overcome the memory problems
of persons with dementia, guide them in their daily activities,
and meet their need for communication and social interaction.
Memory problems are certainly abasic component of dementia,
but communication, emotional, and behavioral problems
represent significant issues too. The evolution of this disease
can easily |ead these peopleto refuse or forget to drink, eat, and
take medication and to feel more alone, apathetic, and isolated.
In these cases, the ECA could play a supporting role not only
in helping patients to perform their daily activities more
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independently but also in stimulating dial ogues and encouraging
their participation in the conversation and, consequently, in
maintaining social relationships. For example, in the study of
Yasuda et al [27], a man with early onset dementia said, “In
thissystem, | can talk freely without any hesitation or anxiety.”
This comment means that conversations with normal people
were stressful to him owing to the difficulty of answering
guestions that he cannot reply to. As dementia severity
progresses, depression and boredom increase as well as the
sense of powerlessness, lack of control, and social withdrawal.
For thisreason, 4 of the reviewed studies[15,44,46,47] designed
ECAs to meet multiple and more complex user needs. More
precisely, in the studies on Louise [15,44] and Anne [46,47],
the devel opment of multi-purposetoolsisdescribed. Thevirtual
agent Anne [46,47] offers some features such as reminder
(personal and medication agenda), communication (video calls),
information (news), and entertainment (games and music) that
support users in all aspects of daily life. In particular, these
features engage persons with dementiain various activities and
help them passthe timein amore meaningful way and improve
their quality of life. Louise [15,44] proposes others features to
patients such as guiding through a task, cognitive stimulation
exercises, and attention management. In this latter case, the
ECA aimed to compensate for users attentional disorders by
performing autonomous prompting (ie, calling the user toregain
attention in case of distractions). In summary, these
multi-purpose agents are able to engage persons with dementia
both emotionally and motivationally and stimulate their
attentional skills, thereby making them feel part of a larger
project and therefore less apathetic and isolated. This
engagement could increase the physical, cognitive, and
emotional well-being of patients but this possibility is only
postulated in the mapped studies.

Theme3: Limitationsof These Studiesand the Problems
Faced

Common limitations and problems are reported in the selected
studies. The challenge of small samples is clearly mentioned
evenif they underwent the preliminary evaluation of the systems
[15,27,47]. Thislimitation isstrictly correlated to the willingness
to involve the entire spectrum of dementia severity [15,46,47]
in order to adapt the virtual agents to the changing needs of
older patients through various stages of thisillness. A problem
that arose concerns the importance of personalized solutions
[47]. For example, a specific personalized prompting style
should be programmed reaffirming the user in hisor her overall
personaand situational identity [45]. This meansthat each user
has different preferences that may influence adherence to the
system. For instance, peoplewho want the ECA to addressthem
in a very polite manner may reject the ECA considering it
disrespectful if it calls them by their first name and uses a
personal pronoun [15]. In addition, with regard to pleasantness,
inthe study of Wargnier et al [44], all users expressed apositive
or very positive opinion and more than half (7/13) said they
would like to be able to personalize the character’s appearance.
Moreover, the ECA’s prompting styles is another feature that
needs to be adapted since patients with neutral valence and
weaker identity profiles prefer to be less in control and,
therefore, did not mind a dominating prompting style. On the
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other hand, userswith identities that were positive and powerful
reported they prefer to bein control over what happensto them,
thus preferring more subtle prompts [45].

Discussion

Principal Findings

This review surveyed the literature on the usage of ECAs by
patients with dementia with the aim to identify the current
research trends and possible gaps to cover in the future. Three
main questions piloted this study: (1) what research frameworks
are used to study the interaction between personswith dementia
and ECASs? (2) what are the findings? and (3) what are the
barriers? Only 7 paperswere returned from the search. Overall,
the main findings of this narrative review demonstrate that
research on ECAs as an innovative way to cope with dementia
is little covered in the state of the art even though interesting
topics emerged from the mapped studies: the research design
used to perform such studies (theme 1), mgjor findings, the
value of a user-driven approach, the importance of a
well-balanced matching between the system functionalities and
the users needs (theme 2), as well as the reported problems
faced by each study team (theme 3). Therefore, this section will
discuss the implications raised through the lens of each theme
reported in this study.

By examining the research frameworks of studies included in
this review, it clearly emerges that the use of ECAs deserves
(1) a more sophisticated study design and (2) proof of the
efficacy of the approach, as in any other technology designed
for people with dementia. The key to managing both demands
isto directly involve older adults with dementia in the design
of services dedicated to them. The early engagement of users
from the outset and across all stages of the devel opment cycle
is relevant for people affected by dementia, since they
progressively lose the ability to generalize between past and
present experiences or to modify cognitive representations. For
this reason, familiarity with the technology to be used is to be
firmly considered and needs to be carefully planned. Indeed,
while healthy adults are easily able to manage routine changes
such asintroducing a new device into their home environment,
for older adults with dementia, these novelties can become
extremely distressing and disorientating. Moreover, different
limitations can overburden users: limitationsin knowledge and
understanding of the technology and limitations in
communication between the user and the technology. As
discussed in themes 1 and 2, the use of acommon television or
computer screen and the possibility of using verbal response as
an input/output mode enables amore natura way of interaction.
This is a valuable benefit for people with mild and moderate
dementia. According to Kaplan and Kaplan [52], familiarity is
the relationship between an individual and something that this
individua has had considerable experience with. The experience
leads to the development of an interna model on how one
expects something to work. Some of the included studies
[15,46,47] revealed that less familiarity (alow experience with
new technologies) and greater dementia severity will almost
certainly lead to greater difficulty in accessing technology and
inevitable intervention of the caregiver who will have to spend
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additional time to teach and support persons with dementiain
using anew tool. Thisisin line with the state of the art in this
field [53-57]. In fact, familiarity helps in encouraging older
adults to learn and understand how to interact with new
technologies by using their existing knowledge. Moreover,
considering that perceived difficulties become more pronounced
as dementia severity increases, the ability of a system to adapt
to the changing needs and capabilities of users will determine
the successful implementation of this system in everyday use.

The concept of familiarity is not the only principleto follow in
the field of designing ECAs for persons with dementia. In the
last decade, we conceived theimportant shift to amodel of care
centered on the person, which broke the traditional
disease-focused approach. Thanks to this new paradigm, care
and support are seen as ways to prevent functiona decline,
frailty, and disability [58] and to create amultifunctional status
(ie, intrinsic capacity) to follow up over time[59,60]. Therefore,
when approaching technological solutions that enable older
peopleto remain independent at home, it isdecisiveto embrace
the same paradigm: a model of design that follows the same
path of the model of care, giving valueto the person’sfunctions
and needs[61-65]. Just asit isimportant to disseminate amodel
of care centered on the patients and their needs[66-68], it would
be desirable to have a model of design that allows the
participation of end users to propose more customized and
consequently, more effective solutions. The benefits of a
personalized design will spill over to end userswho will achieve
a higher level of well-being because they will see their needs
met and caregivers whose burden will lighten. These concepts
also emerged from some of the included studies [15,45-47]
discussed in the theme 2. According to de Jong et al [46],
persons with dementia cannot be treated as a homogeneous
group and not in the same way. There is no “one right way” to
take care of them, and one tool that will “fit all” cannot be
created. Wargnier et a [15] also recommended a planning of
technological strategiesthat consider theinterpersonal variability
of dementiaand itsevolution in timefor each person. Moreover,
Konig et al [45] underscored the importance of understanding
past and current identities of persons with impaired cognitive
abilities in technology-based efforts to provide individualized
care and to suggest participatory design so that personalized
solutions can be provided and the quality of life can be
enhanced.

Thisnew paradigm emphasi zes the power of self-determination
over decisions that affect the individual’s body and mind.
Therefore, the individual dignity and autonomy, which are the
primary values and the fundamental rights of every human
being, are restored. In this new vision, patients actively
participate in clinical decisions outside the old schema of only
being a sick person who needs to be treated. Nowadays,
well-beingisthe goal of dementiacarethat offersindividualized
interventions and considers the person as a whole, thus
considering individuals medical, cognitive, psychological,
environmental, cultural, and socia needs [69]. Such
individualized intervention can be co-designed with the direct
involvement of patients. Co-designing creates a common
knowledge base among designers, patients, and other
stakeholders on the quality of life, pains, and gains and on how
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to support the remaining capabilities of persons with dementia
[70]. Thevalue of co-designiswell recognizedin al the studies
reported in this narrative review. These considerations suggest
that the field of new technologies such as ECAs needs to
synchronize and harmonize knowledge, efforts, and challenges
in the dementia care field and the new person-centered
paradigm. For example, the respect of the principle of familiarity
can promote the major involvement of people with dementiain
the design of artifacts from theinitial stage of the devel opment
process. Moreover, this engagement can also provide a sense
of continuity for them, facilitating long-term use and acceptance
of assistive devicesaong the disease’ s progression. At the same
time, usage continuity could open up the possibility of recruiting
bigger samples of patients for enrollment in high-quality
scientific research frameworks, thereby overcoming the
limitations reported in the theme 3.

Another instance of harmonization is to focus on personhood
and needs by clarifying what functionality and attributes are
important in the new products for target users, what motivates
them to use aproduct, what factorswould hinder a positive user
experience with a proposed product, and to conceptualize how
parts of their lives could be improved by technology. Across
the 3 themes analyzed in this review, the user experience of
ECASs could be improved firstly by responding to the changing
needs of people with dementia. This matching will
enable technologies that better support the quality of life of
people with dementia. This is particularly highlighted in the
studies with more advanced ECAs such as Louise [15,44] and
Anne [46,47]. Moreover, as predominantly reported in the 7
research studies, technologies should be able to adapt to the
reserved skills of people with dementia without discouraging
people with dementia from engagement; therefore, the natural
modality of interaction by voice and the use of common screen
devices are significant features to enable positive user
experience. Additionally, as argued in themes 1 and 3, features
such as interaction paradigm and prompting style are seen as
the main components that can be personalized and used for
matching the needs and capabilities of users, thereby improving
the user experience. To date, the predominant use of
technological solutionsfor safety and security [22] needsto be
overcome by embracing anew paradigm that offersinnovation
supporting higher-level needs such as belonging, self-esteem,
identity, and self-actualization [6]. The use of ECAs could be
the future response to these higher-level needs and the
management of everyday life across the disease’s journey. In
any case, this approach seeks coordination between
multidisciplinary teams composed of research elements,
technology developers, health care communities, formal and
informal caregivers, and primary users [6] as the core of the
user-driven approach [51]. Asreported in this narrative review,
the significant valence of the user-centered design as well as
the iterative measurements of the usability and acceptance rate
are dtill milestones to achieve during the research and
devolvement process of technologiesfor peoplewith dementia.

Comparison With Prior Worksand Limitations

To the best of our knowledge, no other narrative reviews are
reported in the literature regarding the research frameworks
used to study the interaction between persons with dementia
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and ECAs and between the mapped outcomes and barriers.
Degpite this positive aspect, there are some limitations to this
review. Data sources were drawn from only 4 databases (ie,
Scopus, Web of Science, PubMed, and Embase) and accessed
only during a specific period of time (July 2020). The choice
of using specific phrasesto target the population (“ patient with
dementia’ OR “people with dementia’” OR “person with
dementia’) and the specific technology-based intervention
(“virtual agent” OR “persona virtual assistant” OR “virtual
companion” OR “embodied conversational agent”) could have
omitted some results from the search. It is possible that other
literary sources were available in other unselected databases.
However, well-known and broad-spectrum databases were used
inthisreview. Moreover, we collected arel atively small sample
of studiesand excluded non-English language studies. Therefore,
even if the 7 studies included in this paper were homogeneous
in terms of their qualitative research design and their meeting
our inclusion criteria, this may have created some biases. In
addition, some authors of thisreview are co-authorsin 2 of the
reported studies [46,47]. Despite these limitations, our study
offers several research directions, which may take the existing
debates to the next level.

Futureof ECAs

Thisreview mapped the actual use of ECAsintheresearchfield
of dementia. The readiness level of this specific
technology-based intervention grew across the years, shifting
from to be initially displayed on a standard television set [24]
and computer screen [15,27,44,45] to mobile standalone
solutions [46,47]. This led to important achievements in the
visual representation as well as in the conversational abilities
of the ECAsthat technol ogically could be seen asthefoundation
for advanced applications in the near future as nontherapeutic
interventions to assist individuals with dementia. However,
despite these promising improvements over 12 years, it remains
difficult to prove that ECAs are effective to mimic interpersonal
communication when interacting with users and safe to use in
the care practice. Technological advances in the embodiment,
content, communication modality, and strategy are not indeed
the only axes of improvement since there is still to discover
how preferences regarding the appearance, animation, and
personalized features can influence user acceptance and efficacy
of the intervention. The scarcity of evaluation and
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implementation phase studies underlined the necessity for further
research with larger sample sizes, suitable control groups, and
clinical populations but the emerging interest on the field isa
gaining advancement [71,72]. Anyway, possible steps forward
for the use of such systemsin health care delivery can be seen
in integrated platform services. For example, telemedicine,
ambient intelligence, and machine learning systems can be
improved through conversational agents especially in the area
of heath counselling, coaching, psychotherapy, and
self-monitoring. Additionally, interactions between virtua
agents and advanced robotics is a new design challenge [73]
that could embody ECAsin social robots enforcing the attention,
facia expressions, and tone of voice of future human-like robots.

Conclusions

Thisnarrative review summarizesthe current research on ECAs
for patients with dementia. Technologically, these artificial
characters are very interesting and the mapped studies shared
promising results in terms of engagement of patients.
Unfortunately, until now, it has been difficult to prove that
ECAsare effective and more efforts need to be spent to achieve
to this evidence. Therefore, our thematic analysis reported on
3 main themes, namely, the research frameworks used to gather
users perspectives on ECAs (theme 1), the valuable insights
shared by the 7 studies as well asthe value of user involvement
in the development phases and the challenge of matching the
system functionalitieswith users' needs (theme 2), and the main
methodological and technical problems faced by each study
team (theme 3). It emerged that this specific field of research
is novel and poorly discussed in the scientific community, but
possible stepsforward for the use of such systemsin health care
delivery are predictable. Moreover, anayzing the main
metaphors across the studies, our work underscored the
challenge to synchronize and harmonize knowledge, efforts,
and chalenges within the dementia care field and its
person-centered paradigm. This can be effectively possible by
adopting the well-known but still little used user-centered design
[51] approach, which standardizes the compelling
multidisciplinary vision of research and development of
innovative technologies. The challenge is therefore to enable
strict collaboration between interdisciplinary research networks,
medical scientists, technology developers, patients, and their
formal and informal caregivers.
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Abstract

Background: Breastfeeding isessential for maintaining the health of mothers and babies. Breastfeeding can reduce theinfection
rate and mortality in newborns, and can reduce the chances of overweight and obesity in children and adol escents. For mothers,
alonger duration of breastfeeding can reduce therisk of breast cancer, ovarian cancer, and type 2 diabetes. Although breastfeeding
has many benefits, the global breastfeeding rate islow. With the progress of time, the popularity of mobile devices hasincreased
rapidly, and interventions based on mobile health (mHealth) may have the potential to facilitate theimprovement of the breastfeeding
status.

Objective: Themain objective of this study wasto analyze the existing evidence to determine whether mHealth-based interventions
can improve the status of breastfeeding.

Methods: We systematically searched multiple el ectronic databases (PubMed, Web of Science, The Cochrane Library, Embase,
CNKI, WanFang, and Vip) toidentify eigible studies published from 1966 to October 29, 2020. I ncluded studies were randomized
controlled trials (RCTs) studying the influence of mHealth on breastfeeding. The Cochrane Collaboration Risk of Bias tool was
used to examine the risk of publication bias. RevMan 5.3 was used to analyze the data.

Results: A total of 15 RCTswith atotal sample size of 4366 participates met the inclusion criteria. Compared with usual care,
interventions based on mHealth significantly increased the postpartum exclusive breastfeeding rate (odds ratio [OR] 3.18, 95%

Cl 2.20-4.59; P<.001), enhanced breastfeeding self-efficacy (mean difference [MD] 8.15, 95% CI 3.79-12.51; P=.002; 1°=88%),
reduced health problems in infants (OR 0.62, 95% CI 0.43-0.90; P=.01; 1=0%), and improved participants attitudes toward

breastfeeding compared with usual care (MD 3.94, 95% Cl 1.95-5.92; P<.001; 1>=0%). There was no significant difference in
the initiation of breastfeeding within an hour of birth between the intervention group and the usual care group (OR 1.26, 95% CI
0.55-2.90; P=.59). In addition, subgroup analysiswas carried out according to different subjects and publication times. Theresults
showed that the breastfeeding rate was not limited by the types of subjects. The breastfeeding rate based on mHealth at 1 month
and 2 months after delivery did not change over the time of publication (2009 to 2020), and the breastfeeding rate based on
mHealth at 3 months and 6 months after delivery gradually increased with time (2009 to 2020).

Conclusions; Interventions based on mHealth can significantly improve the rate of postpartum exclusive breastfeeding,
breastfeeding efficacy, and participants' attitudes toward breastfeeding, and reduce health problems in infants. Therefore,
encouraging women to join the mHealth team is feasible, and breastfeeding-related information can be provided through simple
measures, such as text messages, phone calls, and the internet, to improve the health of postpartum women and their babies.
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Introduction

Methods

Proper feeding isaprerequisite for the healthy growth of babies.
The World Health Organization (WHO) recommends starting
exclusive breastfeeding within an hour of birth and continuing
it for at least 6 months after delivery. However, maintaining
breastfeeding to 2 yearsor longer can be beneficial to the health
of both infants and mothers. For babies, early initiation and
exclusive breastfeeding within 6 months can reduce theinfection
rate and mortality in newborns, and continuous breastfeeding
for 2 years or longer can reduce the chances of overweight and
obesity in children and adolescents. For mothers, a longer
duration of breastfeeding can reduce the risk of breast cancer,
ovarian cancer, and type 2 diabetes [1].

Although breastfeeding has many benefits, the rate of exclusive
breastfeeding within 6 months in low-income countries and
middle-income countries is only 37%, and in high-income
countries, the duration of exclusive breastfeeding is shorter than
that in low-income and middle-income countries [2]. Victora
et al reported that a total of 63% of infants younger than 6
months were not breastfed, and the weighted prevalence for 6
months of exclusive breastfeeding was 20.8% [2]. Moreover,
the exclusive rate was found to be only 17% in Chinese urban
areas[3].

Many factors have been identified as having an impact on
breastfeeding outcomes, and a key to solving the problem of
the low breastfeeding rate is to improve awareness among
pregnant women and mothers, as well as perform regular
follow-ups [4]. Face-to-face interventions require high levels
of cooperation in postpartum women, and it is easy for women
to belost to follow-up. One proposed solution is mobile health
(mHealth), which could provide medical assistance with the
help of electronic mobile devices. Compared to face-to-face
medical assistance, mHealth is cheaper and can have improved
compliance[5]. Thus, mHealthisbeing appliedin anincreasing
number of fields[5-7]. A new mother’smood may changefrom
extreme joy to tension and anxiety, which may stimulate her to
use electronic mobile devices to search for breastfeeding
knowledge. These therefore provide the best entry point for
mHealth [8]. Information can be provided by professional
medical staff or trained volunteerswith breastfeeding experience
[8]. Since volunteers are more likely to resonate with
primiparous mothers, they may be more suitable to help
primiparous women with low income or with basic or no
education.

Previous research into the effectiveness of mHesalth-based
interventions for promoting breastfeeding have been
inconclusive. Therefore, the purpose of this study was to
integrate the best evidenceto clarify whether theseinterventions
can improve the current breastfeeding status.

https://mhealth.jmir.org/2021/7/e26098

Search Strategy

A systematic search of databases (PubMed, Embase, The
Cochrane Library, and Web of Science) was conducted to
identify eligible studies published from 1966 to October 29,
2020. The retrieval strategy of the PubMed database was as
follows: ((“breastfeeding” OR “exclusive breastfeeding”) AND
(“Mobile Applications” OR “Telemedicine’ OR *“Text
Messaging” OR “Cell Phone” OR “Smartphone” OR “mHealth”
OR “eHedth” OR “Mobile’ OR “Portable Software
Application” OR “Tele*” OR “e-Health” OR “m-Health” OR
“?phone*” OR “Text*” OR “Short Message” OR “SMS’ OR
“App” OR “Apps’ OR “App-based” OR “Electronic” OR
“Message*” OR “Web” OR “Web-based” OR “Internet*” OR
“Digital*") AND (“randomized controlled trial” OR “ controlled
clinical trial” OR “randomized” OR “placebo” OR “clinica
trials as topic” OR “randomly” OR “trial”) NOT (“animals’)
NOT (“humans’ AND “animals)). The detailed search strategy
for each database is presented in Multimedia Appendix 1. To
ensurethat the search was comprehensive, we a so searched the
referencelists of the studiesyielded by the original search. This
study was performed in accordance with the recommendations
of the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement [9].

Study Inclusion Criteria

We included all studies that met the following requirements:
(1) research subjects were pregnant or postpartum women; (2)
the intervention group included studies that involved mHealth
interventions, such as phone calls, text messages, and interactive
computer systems, and the control group received usua care;
(3) the study was a randomized controlled trial (RCT); (4) the
definition of breastfeeding conformed to the WHO definition;
and (5) the study mentioned the calculation of sample size and
reported enough data to calculate the effect size.

Study Exclusion Criteria

Studies were excluded from the meta-analysis if (1) both the
intervention and control groups accepted mHealth treatment;
(2) the data could not be obtained, or the extracted data could
be combined with other data; and (3) the study was not published
in English.

Literature Screening and Data Extraction

Literature screening first involved reading thetitle and abstract
to determine if the study met the inclusion criteria and then
reading thefull text beforefinally determining whether it should
be included. The main data extracted were (1) the name of the
first author and the date of publication; (2) research
characteristics, such asthe mean sample age, interventions, and
samplesize; and (3) outcomes, including exclusive breastfeeding
rate, breastfeeding self-efficacy, health problems of infants, rate
of initiation of breastfeeding within an hour of birth, and
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maternal attitude to breastfeeding. Data extraction was
performed independently by two reviewers. Any discrepancies
were resolved by discussion or by athird investigator.

Study Quality Assessment

The bias of RCTs included in the systematic review was
assessed using the Cochranetool [10]. Thefollowing indicators
of internal validity specific to the methodology of an RCT were
collected: (1) random sequence generation, (2) allocation
concealment, (3) blinding of participants and personnel, (4)
blinding of outcome assessment, (5) incompl ete outcome data,
(6) selective reporting, and (7) other bias. An additional
researcher was asked to conduct an evaluation to help resolve
disputes that arose during the evaluation process.

Statistical Analysis

The meta-analysiswas performed using RevMan 5.3. The odds
ratios (ORs), mean differences (MDs), 95% Cls, and P values
were calculated. Statistical significance was considered at a P

Figure 1. Screening flowchart.
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value <.05. The heterogeneity among the included studies was
analyzed by the chi-sguare test, and the test level was a=.10.
If P was >.1 and 1% was <50%, a fixed effects model was used
for the meta-analysis. If P was <.1 and |2 was >50%, a random
effects model was used for the meta-analysis. We also used
subgroup analysis to detect the source of heterogeneity and
carried out asensitivity analysis using the method of one-by-one
exclusion.

Results

Search Results

A total of 1368 paperswerefound, and further screening yielded
35 papers for the full-text search. Of these, 20 papers were
excluded owing to irrelevant content, failure to meet the
inclusion criteria, and qualitative results. The screening process
isshown in Figure 1.
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Study Char acteristics

A total of 15 RCTs were included in this study, and the basic
characteristics of the included studies are shown in Table 1
[4-8,11-20]. The intervention measures included were divided
into (1) telephone support (one article mentioned this
intervention), (2) SMStext messaging (onearticle), (3) internet

Table 1. Characteristics of the clinical trialsincluded in this study.

Qianetd

intervention (seven articles), and (4) telephone, SMS text
messaging, and other interventions (six articles). The subjects
of 11 studies were pregnant women, and the subjects of four
studieswere postpartum women. The age of the subjectsranged
from 16 to 49 years, and the follow-up duration ranged from
24 hours to 6 months.

First author and Mode of intervention Location Type of participant  Intervention  Control sub- Outcomes
year subjects, n jects, n
Sari, 2020 [12] Web-based program  Turkey Pregnant women 35 36 1. Infant prevalence
Wen, 2020 [13] Telephone support +  Australia Pregnant women 770 385 1. Exclusive breastfeed-
SMSS support ing rate
Uscher-Pines, 2019  Video call North Centrd Pennsyl-  Postpartum women 94 93 1. Exclusive breastfeed-
[11] vania ing rate
Puharic, 2019 [5]  Telephone support +  Split DalmatiaCounty  Pregnant women 232 123 1. Exclusive breastfeed-
booklet ing rate
2. Infant prevalence
3. IIFAS?
Cavalcanti, 2019  Onlinesocia network Northeast Brazil Postpartumwomen 123 128 1. Exclusive breastfeed-
[4 ing rate
Patel, 2018 [20] Telephone support +  Rural India Women inthethird 519 518 1. Exclusive breastfeed-
SMS support + stan- trimester ing rate
dard management 2. Infant prevalence
Araban, 2018 [6] SMSsupport + cours-  Iran Pregnant women 56 54 1. Exclusive breastfeed-
es+ standard manage- ing rate
ment 2. BSES®, BSES-SF°
Ahmed, 2017 [17] Breastfeedingmonitor- Midwestern Hospital ~ Postpartum women 49 57 1. Exclusive breastfeed-
ing system ing rate
2. Infant prevalence
Efrat, 2016 [8] Telephone support +  Spain Pregnant women 111 109 1. Exclusive breastfeed-
standard management ing rate
Flax, 2014 [14] Telephone support +  Nigeria Pregnant women 196 194 1. Exclusive breastfeed-
courses ing rate
Bonuck, 2014 [7]  E-prompt Bronx First or second 236 7 1. Exclusive breastfeed-
trimester of asingle- ing rate
ton pregnancy
Scott, 2013 [16] Web-based program  United States Pregnant women 49 50 1. IIFAS
Tahir, 2012 [18] Telephone support +  Malaysia Postpartum women 179 178 1. Exclusive breastfeed-
standard management ing rate
Simonetti, 2011 Telephone support Italy Postpartum women 55 59 1. Exclusive breastfeed-
[19] ing rate
Pate, 2009 [15] Web-based program  United States Pregnant women 23 23 1. BSES, BSES-SF

4|1 FAS: Infant Feeding Attitude Scale (17-item 5-point scale).
bBSES: Breastfeeding Self-Efficacy Scale, amother’s confidence in her ability to breastfeed.

CBSES-SF: Breastfeeding Self-Efficacy Scale-Short Form, a measurement of exclusive breastfeeding self-efficacy (14-item 5-point scale).

Risk of Bias

The bias of RCTs included in the systematic review was
assessed using the Cochrane tool, and the results are shown in
Figures 2 and 3. Of the 15 papers included, seven papers did
not mention the generation and all ocation of random sequences,

https://mhealth.jmir.org/2021/7/e26098

RenderX

nine papers did not mention whether the participants and
intervention providers were blinded, and five papers did not
mention whether the eval uator was blinded. All studiesreported
the outcome indicators mentioned in the research protocol or
method.
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Figure 2. Biasrisk assessment chart.
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Figure 3. Summary of risk of bias.

M eta-analysis Results
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Exclusive Breastfeeding Rate at 1 Month After Delivery

A total of seven studies [4,7,8,14,17-19] reported exclusive
breastfeeding rates at 1 month after delivery. The results of

https://mhealthjmir.org/2021/7/e26098

RenderX

random effect

model analysis showed that mHealth-based

interventions significantly improved the rate of exclusive
breastfeeding compared with usual care (OR 1.83, 95% ClI
1.28-2.06; P<.001; 1°=74%). The sensitivity analysis showed
that the results were stable. The forest plot is shown in Figure
4
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Figure 4. Forest plot of exclusive breastfeeding rates.

Experimental

Control

Odds Ratio
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Odids Ratio

Study or Subgroup  Bvents  Total Bvents Total Weight M-H, Random. 95% CI M-H. Random. 95% CI

1.1.1 exclusive breastfeeding at 1m

Ahmed 2017 il 49 23 a7 3.8% 2.595[1.16, 5.59]

Bonuck 2014 17 224 7 T3 3.9% 077 [0.31,1.589] - 1

Cavalcanti, 2019 113 123 106 128 3.8% 2.35[1.06,5.18] -
Efrat, 2016 24 74 22 To 3.9% 1.05[0.52, 2.11] I

Flax, 2014 143 1496 118 194 4.3% 1.74[1.13, 2.66] I
Simonetti, 2011 42 55 25 ] 3T7% 4.39 [1.96, 5.86] -
Tahir, 2012 140 166 121 162 4.1% 1.82[1.04, 3.16] —
Subtotal (95% CI) 887 743  27.2% 1.83[1.28, 2.60] <

Total events 10 427

Heterageneity: Tauw®=0.10; Chi®=11.29, df= 6 (F=0.08); F= 47%

Test far overall effect £= 3.34 (P = 0.0008)

1.1.3 exclusive hreastfeeding at 2m

Ahmed 2017 il 49 11 a7 3.6% T.20[2.89,17.22] -
Araban, 2018 32 56 il a4 3.8% 2.10[0.98, 4.49] I
Cavalcanti, 2019 110 121 T8 127 3.9% B.28 [3.07,12.85] -
Subtotal (95% CI) 226 238 11.3% 4.51[2.09, 9.74] -
Total events 173 110

Heterogeneity: Tau*=0.30; Chi*= 581, df= 2 (P =0.048); = 66%

Testfor overall effect: £= 3.83 (F = 0.0001)

1.1.4 exclusive breastfeeding rate at 3m

Ahmed 2017 27 49 11 a7 3.6% 813 [2.16,12.20] -
Bonuck 2014 10 227 2 T4 2.9% 1.66 [0.36, 7.79] I

Cavalcanti, 2019 e Le] 118 65 121 4.1% 4.49[2.45 8.24] -
Efrat, 2016 17 55 13 a6 3T7% 1.48 [0.64, 3.44] -

Flax, 2014 139 1496 113 194 4.3% 1.75[1.15, 2.66] I
Puharic,2019 105 129 58 123 4.1% 4.90[2.78, B.65] -
Sari 2020 il 35 12 36 3.0% 15,50 [4.44, 54 14]

Simonetti, 2011 30 55 17 ] 3.8% 296 [1.37, 6.43] -
Uscher,2019 a3 94 42 93 4.1% 1.57 [0.88, 2.80] T

Subtotal (95% CI) 958 813  33.2% 3.05[1.97, 4.73] .

Total events a11 333

Heterageneity: Tau®= 0.29; Chi®= 2646, df=8 (F = 0.0009); F=70%

Test far overall effect: £=4.98 (P = 0.00001)

1.1.6 exclusive breastfeeding at 6m

Bonuck, 2014 4 222 1 T 1.7% 1.281[0.14,11.68]

Cavalcanti, 2019 38 114 10 120 3.8% 5480258, 11.71] -
Efrat, 2016 12 54 4 49 1% 321 [0.86,10.75]

Flax, 2014 125 1496 83 1494 4.3% 2.35[1.57, 3.54] -

Patel, 2018 469 482 231 478 4.1%  38.26[21.43, 68.32] -
Puharic,2019 g2 129 4 123 3.3%  51.90[18.00, 149.65] —
Tahir, 2012 20 160 18 1458 4.0% 1.05[0.53, 2.04] -

Wen, 2020 23 384 15 385 4.0% 1.57 [0.81, 3.06] N
Subtotal (95% CI) 1741 1576 28.3% 4.70 [1.59, 13.83] e —
Total events T3 367

Heterageneity: Tau®= 217, Chi*=119.68, df= 7 (P = 0.00001); F= 94%

Test for overall effect: £= 2.81 (P = 0.0048)

Total (95% CI) 3812 3370 100.0% 3.18[2.20, 4.59] -

Total events 1967 1232

Heterogeneity: Tau®= 0.77; Chi®= 189,93, df = 26 (P < 0.00001); F= 86% J 502 0’1 ; 1’0 5’0

Test far overall effect £=6.17 (P = 0.00001)
Test for subaroup differences:; Chif=7.36. df= 3 (F = 0.06). F=553.2%

Exclusive Breastfeeding Rate at 2 Months After Delivery

A totd of three studies[4,6,17] reported exclusive breastfeeding
rates at 2 months after delivery. The results of random effect
model analysis showed that mHealth-based interventions
significantly improved the rate compared with usua care (OR
451, 95% Cl 2.09-9.74; P<.001; 1°=66%). Although there was
heterogeneity among the studies, the sensitivity analysis showed
that the results were stable. We conducted a subgroup analysis
to find heterogeneity from intervention measures, sample size,
publication year, types of subjects, etc. The source of

https://mhealth.jmir.org/2021/7/e26098

Favours [control] Favours [experimental]

heterogeneity was not found, and weinferred that heterogeneity
may have been the result of a combination of multiple factors.
Theforest plot is shown in Figure 4.

Exclusive Breastfeeding Rate at 3 Months After Delivery
A tota of nine studies [4,5,7,8,11,12,14,17,19] reported
exclusive breastfeeding rates at 3 months after delivery. The
results of random effect model analysis showed that
mHealth-based interventions significantly improved the rate
(OR 3.05, 95% CI 1.97-4.73; P<.001; 1>=70%). Although the
studies showed heterogeneity, the sensitivity analysis showed
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that the results were stable. We conducted a subgroup analysis
to find heterogeneity from intervention measures, sample size,
publication year, types of subjects, and average number of
interventions, etc. The source of heterogeneity was not found.
Theforest plot is shown in Figure 4.

Exclusive Breastfeeding Rate at 6 Months After Delivery

A total of eight studies[4,5,7,8,13,14,18,20] reported exclusive
breastfeeding rates at 6 months after delivery. The results of
random effect model analysis showed that mHealth-based
interventions significantly improved the rate compared with

usual care (OR 4.70, 95% Cl 1.59-13.83; P=.005; 1°=94%).
Although there was heterogeneity among the studies, the
sensitivity analysis showed that the results were stable. We
conducted a subgroup analysis to find heterogeneity from
intervention measures, sample size, publication year, types of
subjects, average number of interventions, literature quality,
etc. The source of heterogeneity was not found, and weinferred
that excessive heterogeneity may have been the result of a
combination of multiple factors. The forest plot is shown in
Figure 4.

Subgroup Analysis

In order to explore whether a different starting time of the
intervention has an effect on the rate of exclusive breastfeeding,
asubgroup analysiswas carried out according to different types
of subjects. The results of the study showed that there was no
significant difference between the pregnancy group and the
postpartum group for the increase in the rate of exclusive
breastfeeding at 1, 2, 3, and 6 months after delivery, indicating
that the time to start the intervention had no effect on the

Figure5. Forest plot of breastfeeding self-efficacy.

Qianetd

increasein the breastfeeding rate. Theforest plotsare shownin
Figures S1-$4 in Multimedia Appendix 2.

We a so conducted a subgroup analysis of the publication year.
Wefound that the publication time of the study did not influence
the breastfeeding rate at 1 and 2 months after delivery, and the
reason may be that people generaly think exclusive
breastfeeding in the short term after delivery isvery important.
Therefore, it does not show a significant time effect. However,
with extension of the follow-up, the publication time of the
study had an impact on the breastfeeding rate. The possible
reason is that with the extension of time, people stop exclusive
breastfeeding dueto lack of corresponding knowledge. However,
with the comprehensive popularization of mobile devices in
recent years, peopl€'s perceptions have changed in all directions.
They are paying more attention to breastfeeding, and there are
increasing number of ways to obtain breastfeeding knowledge.
Thus, the breastfeeding rate at 3 months after delivery has
gradually increased with time. The forest plots are shown in
Figures S5-S8 in Multimedia Appendix 2.

Breastfeeding Self-Efficacy

A total of three [5,6,15] studies reported on breastfeeding
efficacy. The results of random effects model analysis showed
that mHealth-based interventions significantly improved
breastfeeding efficacy compared with usual care (MD 8.15,

95% Cl 3.79-12.51; P<.001; 1>=88%). Although there was
heterogeneity among the studies, sensitivity anaysis showed
that the results were stable. Through subgroup analysis of the
data, the heterogeneity between the studies was significantly
reduced, indicating that the intervention measures may have
been the main source of the heterogeneity. The forest plots are
shown in Figures 5 and 6.
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Figure 6. Forest plot of the breastfeeding self-efficacy subgroup.
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Infant Hospitalization

A total of three [5,12,20] studies reported the rate of infant
health problems. The results of fixed effects model analysis
showed that mHeal th-based interventions significantly reduced
health problemsin infants compared with usual care (OR 0.62,

95% Cl 0.43-0.90; P=.01; 1>=0%). The sensitivity anaysis

Figure 7. Forest plot of health problems of infants.

Qianetd

showed that the results were unstable. The sensitivity analysis
was performed by removing the studies one by one. However,
after removing the study by Sari et al, there was no significant
difference between the intervention and control groups (OR

0.67, 95% CI 0.46-0.99; P=.05; 12=0%). Theforest plot isshown
inFigure7.

Experimental Control Odds Ratio Ouds Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Patel, 2018 32 518 45  A13 59.3% 063043, 1.10] -
Puharic,2019 20 227 16 123 265% 065 [0.32,1.30] =
Sari,2020 5 35 12 36 14.2% 0.33[0.10,1.08] —
Total (95% Cl) 780 672 100.0%  0.62[0.43, 0.90] L
Total events ar 73
Heterogeneity; Chif= 1.26, df= 2 (P = 0.53); F= 0% u 002 051 ) 1=|:| SDDI

Testfor overall effect Z= 250 (P=0.01)

Participants Attitudes Toward Breastfeeding

A total of two [5,16] studies reported participants' attitudes
toward breastfeeding. The results of random effects model

Figure 8. Forest plot of breastfeeding attitudes.

Experimental Control

Mean Difference

Favours [experimental] Favours [control]

analysis showed that mHeal th-based interventions significantly
improved participants' attitudes toward breastfeeding compared

with usual care (MD 3.94, 95% CI 1.95-5.92; P<.001; 1°=0%).
Theforest plot is shown in Figure 8.

Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
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Initiation of Breastfeeding Within an Hour of Birth

Two studies [14,20] reported the rate of initiation of
breastfeeding within an hour of birth. There was no significant

Figure 9. Forest plot of initiation of breastfeeding within an hour of birth.

Favours [control]  Favours [experimental]

difference in the initiation of breastfeeding within an hour of
birth between the intervention group and the usual care group
(OR 1.26, 95% CI 0.55-2.90; P=.59; 1°=92%). The forest plot
isshown in Figure 9.

Experimental Control Risk Ratio 0Odds Ratio
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Test far overall effect: £=0.94 (P = 0.59)

Discussion

Principal Findings

In this meta-analysis, we included 15 RCTs comprising 4293
patients. The purpose of this meta-analysis was to evaluate
whether mHealth-based interventions can improve the current
breastfeeding situation compared with usual care. The
meta-analysis showed that these interventions could improve
therate of exclusive breastfeeding at 1, 2, 3, and 6 months after
delivery, improve breastfeeding efficacy, and reduce health
problems in infants. Since breastfeeding efficacy has a great
impact on postpartum breastfeeding, using mHealth
interventions to enhance breastfeeding efficacy could greatly

https://mhealth.jmir.org/2021/7/e26098
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improve the breastfeeding status. As for breastfeeding attitude
and the proportion of rapid initiation of breastfeeding, there was
no significant difference between the groups. Thus, interventions
based on mHealth are effective for improving the breastfeeding
status.

In terms of health problems in infants, sensitivity analysis
showed that the results were unstable. This may be related to
theinconsistent follow-up duration. One paper assessed therate
over 3 months, one assessed the rate from 3 to 6 months, and
one assessed theratein thefirst 6 months. It may also berelated
to the different intervention modes used, which were telephone
support and other interventions, telephone and SMS support,
and internet-based support.
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In terms of the exclusive breastfeeding rate, this study found
that mHealth-based interventionsincreased the rate, and thisis
consistent with a study by Lee et a [21]. However, our
meta-analysisinvestigated several factors, whereasthe previous
meta-analysis[21] mainly studied the effect on the health status
of mothers and babies. Another meta-analysis[22] assessed the
initiation of breastfeeding, breastfeeding efficacy, breastfeeding
attitude, and breastfeeding duration, but there were many
differences between the two studies. First, our study included
15 RCTs, whereasonly six RCTswereincluded in the previous
meta-analysis [22]. Second, our study compared the rate of
exclusive breastfeeding from childbirth to 6 months postpartum,
allowing the effects of mHealth-based interventions to be
directly seen. The previous meta-analysis [22] only compared
the duration of exclusive breastfeeding (not intuitive enough).
Third, whether mobile medicine can increase the breastfeeding
rate within 1 hour of birth has not been found in previous
studies. Fourth, the previous meta-analysis [22] showed that
mHealth interventions did not improve the efficacy of
breastfeeding, whereas our study, which included more RCTS,
did find an improvement with the use of mHealth interventions.
We therefore conclude that mHealth is very important for
promoting breastfeeding. Fifth, we explored whether
interventionsin different periods have an impact on the results.

The two existing measures to improve the breastfeeding status
have their own advantages and limitations. One way to
effectively convey health information to mothers who wish to
breastfeed is mHealth-based interventions. The verbal and
nonverbal communication behaviors of mHealth used by the
provider can be used to build trust with the patients to improve
satisfaction and adherence to the treatment plan [23]. mHealth
can bewidely applied to areaswith low income and low medical
levelsin order to reduce medical expenses of postpartum women
and improve their attitude toward breastfeeding. Second, it can
improve maternal well-being and reduce anxiety by providing
maternal and childcare information during pregnancy. With the
improvement in health knowledge, maternal mental health may
also beimproved [22]. Third, fathers can also actively participate
in pregnancy and postpartum care through the use of mobile
apps. Anincreasein paternal participation canimprove maternal
confidence and attitudes toward breastfeeding, which can greatly
increase the rate of health care use [24]. Finaly, mHealth
procedures can be used to collect pregnancy and child health
datato facilitate the devel opment of related research [21].

Limitations

Breastfeeding can not only reduce the risk of breast cancer and
ovarian cancer, but also promote the healthy growth of babies
[1]. Increasing numbers of mothers are realizing theimportance
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of breastfeeding, but due to a lack of knowledge about
breastfeeding, the overall level of breastfeeding in China and
foreign countries is dlightly low [2,3]. With the devel opment
of the economy and society, the popularity of the internet and
mobile devicesisincreasing, which will provide an opportunity
to increase the breastfeeding rate. Our research showed that the
use of mHealth to convey key breastfeeding information to
mothers during pregnancy or after delivery can help increase
the breastfeeding rate. Therefore, we can use mHealth to provide
pregnant or postpartum women with relevant knowledge and
solve the problems that they encounter in the process of
breastfeeding, so as to improve breastfeeding confidence and
attitude, and achieve an increase in the breastfeeding rate.
Women who want to increase the breastfeeding rate can
positively seek help from people with knowledge of
breastfeeding through telephone, text messages, the internet,
and other tools before or after delivery, which can solve the
problemsthat they encounter during breastfeeding and improve
breastfeeding self-efficacy and attitude. For example, they can
improve  self-breastfeeding knowledge by  watching
breastfeeding videos on the internet or using electronic devices
to communicate with breastfeeding professionals about the
problems they encounter.

The study has severa limitations. First, there was insufficient
literature on several outcomes, which may lead to bias. For
example, the outcome of rapid initiation of breastfeeding
requires more data to obtain more reliable results. Second, the
results of the sensitivity analysis of some outcomes were not
stable, which may lead to bias, and they need to be further
verified by more studies. Third, several articleswere not highly
representative. For example, the research subjects in the study
by Flax et a [14] were women with microfinance, and since
this population is not representative, these results should not
necessarily be extrapolated to the whole population. Third, the
source of heterogeneity needs to be further assessed in future
research.

Conclusion

Our study found that interventions based on mHealth can
improve the rate of exclusive breastfeeding, the breastfeeding
attitude of mothers, and breastfeeding efficiency, and reduce
health problemsin infants. In view of the universality of mobile
devices, mHealth can be used to promote the health of pregnant
mothers and infants. The meta-anaysis found limited
improvement in rapid initiation of breastfeeding with mHealth
interventions. More clinical studies are needed to confirm this
view. In general, interventions based on mHealth can improve
the breastfeeding status.
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Abstract

Background: Several reviews of mobile health (mHealth) physical activity (PA) interventions suggest their beneficia effects
on behavior change in adolescents and adults. Owing to the ubiquitous presence of smartphones, their use in mHealth PA
interventions seems obvious; nevertheless, there are gapsin the literature on the eval uation reporting processes and best practices
of such interventions.

Objective: The primary objective of this review is to analyze the development and evaluation trajectory of smartphone-based
mHealth PA interventions and to review systematic theory- and evidence-based practices and methods that are implemented
along this trgjectory. The secondary objective isto identify the range of evidence (both quantitative and qualitative) available on
smartphone-based mHealth PA interventions to provide a comprehensive tabular and narrative review of the available literature
in terms of its nature, features, and volume.

Methods: We conducted a scoping review of qualitative and quantitative studies examining smartphone-based PA interventions
published between 2008 and 2018. In line with scoping review guidelines, studieswere not rejected based on their research design
or quality. Thisreview, therefore, includes experimental and descriptive studies, aswell as reviews addressing smartphone-based
mHealth interventions aimed at promoting PA in al age groups (with a subanalysis conducted for adolescents). Two groups of
studies were additionally included: reviews or content analyses of PA trackers and meta-analyses exploring behavior change
techniques and their efficacy.

Results.  Included articles (N=148) were categorized into 10 groups. commercia smartphone app content analyses,
smartphone-based intervention review studies, activity tracker content analyses, activity tracker review studies, meta-analyses
of PA intervention studies, smartphone-based intervention studies, qualitative formative studies, app development descriptive
studies, qualitative follow-up studies, and other related articles. Only 24 articlestargeted children or adolescents (age range: 5-19
years). There is no agreed evaluation framework or taxonomy to code or report smartphone-based PA interventions. Researchers
did not state the coding method, used various evaluation frameworks, or used different versions of behavior change technique
taxonomies. |n addition, thereis no consensus on the best behavior change theory or model that should be used in smartphone-based
interventions for PA promotion. Commonly reported systematic practices and methods have been successfully identified. They
include PA recommendations, trial designs (randomized controlled trias, experimental trials, and rapid design trials), mixed
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methods data collection (surveys, questionnaires, interviews, and focus group discussions), scales to assess app quality, and
industry-recognized reporting guidelines.

Conclusions: Smartphone-based mHealth interventions aimed at promoting PA showed promising results for behavior change.
Although there is a plethora of published studies on the adult target group, the number of studies and consequently the evidence
base for adolescentsislimited. Overall, the efficacy of smartphone-based mHealth PA interventions can be considerably improved

through a more systematic approach of developing, reporting, and coding of the interventions.

(JMIR Mhealth Uhealth 2021;9(7):624308) doi:10.2196/24308

KEYWORDS

scoping review; smartphone application; physical activity; behavior change; mobile health; research design; mHealth; adolescents,
adults; BCT; mobile phonescoping review; smartphone application; physical activity; behavior change; mobile health; research

design; mHealth; adolescents; adults; BCT; mobile phone

Introduction

Background

Physical inactivity has been identified as a global pandemic
and isreported to be the fourth leading cause of death worldwide
[1]. Thereis strong evidence that physical inactivity shortens
life expectancy and increases the risk of noncommunicable
diseases such as breast and colon cancers, type 2 diabetes, and
coronary heart disease, resulting in 5.3 million deaths annually
worldwide [2]. Moreover, the world economy suffers great
financial losses because of physical inactivity, bearing ayearly
estimated burden of US $53.8 hillion health care costs
worldwide [3]. To avoid these health and financia
consequences, it is important to pursue pre-emptive strategies
to identify and mitigate the causes of low levels of physical
activity (PA).

At the same time, the world is facing another life-threatening
pandemic caused by SARS-CoV-2 or COVID-19 [4]. TheWorld
Health Organization (WHO) declared the virus outbreak as a
pandemic on March 11, 2020, and more than 5.5 million cases
of COVID-19 worldwide have been reported since, resulting in
more than 346,600 deaths as of May 26, 2020 [5]. Asaresponse
to this crisis, many governments introduced confinements,
curfews, or quarantines as compulsory or recommended
containment and prevention measures [6]. Several studies have
since found that home quarantine introduces a shift in lifestyle
toward limited socialization and reduced PA, which may
contribute to an exacerbation of already reduced PA levelsin
the population and its associated health risks [7,8].

Although confinement measures have been introduced to reduce
the spread of the virus, with some successin flattening the curve,
these interventions to contain the COVID-19 outbresk have
unsurprisingly resulted in an increased use of digital
communi cation technol ogies, such asin mobile health (mHealth)
and telehealth approaches in the domains of PA and medicine
[9-12]. Inlight of these devel opments, and the resulting increase
in the importance of digital technologies for health, it has
become even more evident that it is crucial to significantly
advance the field of mHealth PA technologies by identifying
knowledge gaps, evaluating reporting processes, and establishing
best practices. This scoping review, therefore, focuses on the
analysis of the development and evaluation trajectory of
mHealth PA interventions and on the review of systematic
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theory- and evidence-based practices and methods that are
implemented along this trajectory. We describe the advantages
and disadvantages of theory- and evidence-based practices and
methods to present recommendations on how to improve and
accelerate the overall process of the devel opment and evaluation
of mHealth PA interventions. The overall aim of thisreview is
to provide guidance in the field of smartphone- and
wearable-based mHealth PA interventions.

A major declinein PA levels occurs during the transition from
childhood to adolescence [13,14]. A high percentage of the
global population of adolescents does not reach the levels of
PA recommended by the WHO [15,16]. Insufficient levels of
PA tend to track through childhood and adolescence into
adulthood [17-19]. According to the report Health at a Glance:
Europe 2016 from the Organi zation for Economic Co-operation
and Development, 36% of the adult population of the European
Union does not meet the recommended level s of PA. According
to the same report, the majority of reported adolescents in the
European Union, by the age of 15, do not even reach 30% of
the recommended PA time[16]. Given the scale of the problem
and the fact that higher PA is associated with physical [20] and
mental [21] hedth benefits, it is important to develop
interventions that can effectively support and promote PA,
which can reach large numbers of people easily and that can do
this low-touch or remotely, and at low cost.

Face-to-face interventions are resource intensive and limited
because of their attachment to their specific environment and
multicomponent nature [22]. They can be difficult to access
depending on circumstances such as a busy schedule, illness,
childcare, lack of safe and attractive spaces to exercise, or, as
has now been demonstrated, disasters such as the COVID-19
pandemic. Smartphones and affordable wearabl e sensors have
become ubiquitousin thelives of today’s population [23]. These
devices could be beneficial for the development and delivery
of remote PA interventions [22,24,25]. The advantages of
smartphones and devices integrated into smartphone platforms
include the ability to schedule the delivery of intervention
content that can take into account the time of day and
momentary environment of the user. These technologies offer
the possihility of high-level personalization toward the user and
the unobtrusive and in situ collection of behavioral data [26].
Therefore, smartphone-based interventions are accessible,
scalable, comparatively inexpensive, and can deliver low-touch
or completely remote interventions. These features make
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smartphone-based interventions more advantageous for
self-monitoring of PA compared with stand-alone pedometers
and are preferable over computer-based interventions [27,28].
Severd reviews of smartphone-based interventions have outlined
their acceptability, efficacy, and effectiveness in increasing
health behaviors in several age groups [24,29,30].

Despite their strong potential, the evidence concerning
smartphone-based interventions to improve PA and decrease
sedentary behaviors (SBs) is only emerging, and the literature
is poorly systematized, which results in methodological
inconsistencies and significant gapsin our understanding of the
developmentsin the field of mHealth PA interventions.

Prior Work

There are four recent scoping reviews, which attempted to
address these gaps [31-34]. Lee et a [34] aimed to identify the
efficacy and effectiveness of mHealth PA interventions in
adolescents; Aromatario et al [33] investigated how researchers
conducting studies with mHealth PA and diet apps as a main
component assess the app conditi ons ofeffectiveness across age
groups, McCallum et a [32] explored the extent to which
evaluations of mHeath PA apps and wearables affect the
effectiveness, engagement, and acceptability of these apps, and
Ly [31] reviewed the literature with the aim of presenting an
account of the current knowledge on the use of mHealth
interventions to enhance PA levels in young adults. These
reviews included studies evaluating a range of different target
populations with various states of health or ill health (without
illness; chronic illness [33], including attention
deficit/hyperactivity disorder [34]; cancer and diabetes [32];
and acuteillness[33]) whiletargeting either PA alone[31], diet
alone [32], or a combination of the two [33]. Finaly, yet
importantly, ailmost all reviews (excluding Aromatario et al
[33], who focused on mHealth app only) included studies with
various modes of delivery of the intervention, such as
smartphone apps, websites, SMS text message, tablets, and
PDAs.

Although thesereviews areinformative and have their strengths
in different areas, they still fail to provide answers to several
questions. First, behavior change components of mHealth
interventions are often conceptualized as behavior change
techniques (BCTs), which are described systematically in
various BCT taxonomies [35-37]. However, there is no
consensuson auniversally accepted behavior change taxonomy.
Therefore, it remains unclear why certain authors prefer one
taxonomy to another. Second, studies on smartphone-based
interventions fall under the domain of mHeath, which is
commonly defined as a medical and public health practice
supported by mobile devices, such as mobile phones, patient
monitoring devices, PDAs, and other wirelessdevices[38]. This
definition is currently argued to be outdated, as PDAs were
largely discontinued after the extensive adoption of smartphones
in the early 2010s, resulting in patient monitoring and other
devices becoming less popular and attractive in health care
compared with smartphones [39-41]. As a result, recent
publications in the mHealth domain are mostly related to
smartphone-based interventions, and it remains unclear whether
it isadvantageousto include outdated devicesin current reviews
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[42]. Third, most of the published studies on smartphone-based
interventionsinclude exclusively adults, despite theimportance
of PA levelsduring adolescence. Finally, and most importantly,
current reviews do not provide an exhaustive review of
systematic practices and methods along the trajectory of the
development and evaluation of smartphone-based mHealth
interventions for PA promotion, as they mostly focus on
reviewing specific aspects of interventions, such as effectiveness
and validity. Overall, these reviews lack a clear representation
of the mHealth PA development tragjectory and the tools
available for researchers along this tragjectory (eg, taxonomies,
theories). We argue that a clearer understanding of these would
significantly improve the quality of development, end product,
and reporting of mHealth interventions and would contribute
to the development of theory-based rather than theory-inspired
interventions.

Goal of ThisReview

This scoping review addresses these issues. It includes studies
describing or evaluating smartphone apps aone or in
combination with wearables as a primary intervention
component to enhance PA levels, focusing on studies with
healthy individuals without chronic or acute conditions
(excluding cardiovascular diseases and obesity), and targeting
studies with PA as a primary outcome. Although we included
all age groups to provide a comprehensive review, we focused
on one part of the analysis on studies involving adol escents, as
the biggest impact on future generations’ health isto be expected
from changing their behavior. The primary objective of this
scoping review is to analyze the development and evaluation
trajectory of mHealth PA interventions and to reviewsystematic
theory- and evidence-based practices and methods that are
implemented along this trgjectory. The secondary objective of
thisreview isto identify the range of evidence (both quantitative
and qualitative) available on smartphone-based mHealth PA
interventions to provide a comprehensive tabular and narrative
review of the availableliteraturein termsof its nature, features,
and volume.

This review is guided by the following research questions: (1)
What kind of literature is available in the field, and how can
the existing literature be categorized? (2) Which theories and
techniques are implemented in smartphone-based PA
interventions to support behavior changes, and how are these
theories and techniques systematized? (3) Which practices and
methods are used to systematically develop and evaluate
smartphone-based PA interventions? and (4) Which devices
and primary outcomes are used for data collection and analysis
in smartphone-based PA interventions?

Methods

Study Design

Methodological guidelines for scoping reviews developed by
Arksey and O'Malley [43], extended by Levac et al [44] and
Peters et al [45], were accommodated, and the methodology
adopted by McCalum et a [32] was implemented. In
accordance with these guidelines, studies were not rejected
based on their research design or quality.
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Identification of Relevant Articles

The literature search was conducted from September 2017 to
August 2018 in three databasess MEDLINE/PubMed,
ScienceDirect, and ResearchGate. The search was limited to
studies published in 2008 and later, as Apple App Store and
Google Play (formerly known as the Android Market) started
in July and October of that year. Only publications in English
were considered. Full papers, study protocols, conference
proceedings, dissertations, and books were considered digible.
Reference lists of germane articles and review studies were

Table 1. Search builder for MEDLINE/PubMed.

Domin et al

manually searched to identify potentially relevant articles. The
articleswereinitialy screened by the first author (AD). As per
best review practice, an assistant reviewer independently
reviewed the eligibility of articles for inclusion in the review.
Inconsistencies were resolved by discussion and consensus
between the 2 reviewers.

Search strategiesfor MEDLINE/PubMed were developed using
a combination of thesaurus and free terms based on Boolean
logic (Table 1).

Search lines Search terms Filtered by

Linel mobile phone OR cell phone OR smartphone OR smart phone OR smart-phone OR mobile device OR  Title or abstract
iphone OR mobile technology OR mhealth OR android

2. AND app OR apps OR application OR intervention OR trial OR behavior OR behaviour Title or abstract

3.AND physical activity OR exercise OR fithess Title or abstract

4. NOT heart attack OR heart failure OR cancer OR diabetes OR diabetic OR injury OR injuries OR alcohol ~ Title

OR sexual OR e-learning OR home OR HIV OR pain OR sleep OR smoke OR smoking OR epileptic

OR rehabilitation OR asthma

The use of this search builder was not possible for ResearchGate
and ScienceDirect. Consequently, various combinations of the
following search terms were used: mobile phone, cell phone,
smartphone, smart phone, smart-phone, mobile device, iphone,
mobile technology, mhealth, android, app, apps, application,
intervention, trial, behavior, behaviour, physical activity,
exercise, and fitness.

To select articles that were related to mHealth interventions
with the primary outcomein PA, thefollowing termswere used
to manually filter out articles from the initial search results:
weight, eat, nutrition, diet, and game.

Study Selection

Although all age groupswereincluded, an additiona subanalysis
for adolescents’ target groups was conducted (specifically
accounting for BCTs effective for this target population). This
was aso done to contrast the differences in BCTs used in
adol escents and other target populations. Studieswereincluded
if (1) the primary component of the intervention involved a
mobile app targeting PA and SB and (2) the study used
smartphoneswith available embedded sensorsa one (stand-alone
intervention) or in conjunction with other external components,
for example, accelerometers, pedometers, and websites accessed
through desktop computers (multicomponent interventions).
Studies were excluded from the review if (1) the intervention
was limited to using text messages only, (2) the app was used
for data collection only (eg, phone-based questionnaires), (3)
the intervention included any mobile device other than
smartphone or PA tracker, for example, PDAs, (4) the
intervention targeted other preventive health issues, such as
alcohol abuse, smoking, and sport injuries, and (5) they focused
on patients with chronic conditions other than cardiovascular
diseases and obesity, for example, diabetesmellitus. Thisreview
includes experimental and descriptive studies, aswell asreviews
addressing smartphone-based mHealth interventions aimed at
promoting PA. Two additional groups of studieswereincluded:
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reviews or content analyses of PA trackers and meta-analyses
exploring BCTs and their efficacy. This approach was used to
obtain additional evidencefrom the domains, which are closely
related to smartphone-based mHealth PA promoations, to provide
theoretical evidencerelated to thefield and to present the latest
developments in the domain. Instead of considering studies
using combined interventions designed to reduce body weight
(ie, PA promotion and dietary interventions), we aimed to
include studies promoting PA and reducing sedentary time, as
it is difficult to disentangle the effects of specific intervention
BCTson particular behaviorsin studiestargeting several health
behaviors. For example, a BCT such as adding objects to the
environment as a part of one intervention may be successful in
terms of changing eating behaviors, while having a neutral or
even negative effect on PA outcomes. Therefore, we tried to
avoid drawing conclusions on the effectiveness of BCTs across
interventions targeting PA behavior only and interventions
targeting PA, eating, and other behaviors.

Data Extraction, Collation, Summary, and Reporting
of Results

A data extraction form was developed specificaly for this
review and served as a basis for Tables S1-S10 presented in
Multimedia Appendix 1 [2,22,24-30,35-37,46-181]. A mixed
methods descriptive approach was adopted to anayze the
extracted data[32]. Theidentified articleswere categorized into
10 groups. commercial smartphone app content analyses,
smartphone-based intervention review studies, activity tracker
content analyses, activity tracker review studies, meta-analyses
of PA intervention studies, smartphone-based intervention
studies, qualitative formative studies, app development
descriptive studies, qualitative follow-up studies, and other
related articles.

For al groups of publications, data were extracted for author,
year, target group, and targeted behavior. Depending on the
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group, data were further extracted for several additional
categories, asfollows:

«  For commercial smartphone app content analyses, datawere
extracted for evaluation framework or taxonomy used for
coding, number of apps included, app market name and
category, and findings rel ated to the theoretical background.

« For smartphone-based intervention review studies, data
were extracted for taxonomy used for coding, information
on BCTs, identified psychological theories, number of
studies included, objective, industry-recognized reporting
guidelines.

- For activity tracker content analyses, data were extracted
for evaluation criteriaor taxonomy used for coding, number
of trackers included, number of BCTs included (mean
value), BCTs present in al included devices, and BCTs
present in none of the included devices.

- For activity tracker reviews, data were extracted for
evaluation criteria or taxonomy used for coding, humber
of studies included, industry-recognized reporting
guidelines.

«  For meta-analyses, data were extracted for taxonomy used
for coding, BCTs associated with more effective
interventions, BCTs associated with less effective
interventions, and industry-recognized reporting guidelines.

« For smartphone-based intervention studies, data were
extracted for pilot, protocol, sample size, theoretical
background, study design, study duration, stand-alone or
multicomponent intervention, principal outcome measures,
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industry-recognized
recommendations.

«  For qualitative formative studies and qualitative follow-up
studies, data were extracted for sample size, theoretical
background, and method of data collection.

- For app development descriptive studies, data were
extracted for sample size, theoretical background,
commonly reported systematic theory or evidence-based
practices, and methods for development, evaluation, and
reporting.

- For al other related articles, data were extracted for
keyword, title, type of study or methodol ogy, and objective
and narratively described further.

reporting guidelines, and PA

Results

Summary of Search Results

A total of 1531 articleswereidentified during theinitial database
search. The searches of the MEDLINE and PubMed and
ScienceDirect databases yielded 785 and 546 results,
respectively. ResearchGate database search results were
restricted to 200 because the database search engine generated
an unlimited number of search results. After the removal of
duplicates, 1003 articles were screened for their titles and
abstracts, resulting in 176 full-text articles. Of these, 94 full-text
articles were excluded for the following reasons. The resulting
82 articleswere hand-searched for referencesto relevant articles,
leading to the identification of an additional 66 articles. As a
result, 148 articles were included in the review (Figure 1).
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Figurel. PRISMA (Preferred Reporting Itemsfor Systematic Reviews and Meta-Analyses) flow diagram.
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Categorization of theLiterature Availablein the Field

To categorize the included studies, we used the stepwise
approach developed by Whittaker et al [182]. Whittaker et al
[182] organized the study methods according to the research
and evauation steps in the development of an mHealth
intervention. We mapped the identified studies in the same
fashion, aligning the development and evaluation trajectory of
mHealth PA interventions with the study types used along this
trajectory. Although the approach developed by Whittaker et
al [182] was the mogt fitting, it did not accommodate all the
identified study types; therefore, a more fine-graded stepwise
trajectory was developed. After the literature search was
completed, 148 included studies were divided into 10 groups

https://mhealth.jmir.org/2021/7/e24308
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according to the study type (Figure 2), which was in line with
the adopted development and evaluation trajectory. If a study
could not be allocated to one specific category, it wasincluded
in the group Related Articles section. After conducting the
analyses of theincluded studies, commonly reported systematic
theory or evidence-based practices and methods for
development, evaluation, and reporting of mHeath PA
interventions were identified (Multimedia Appendix 1). This
was the categorization principle used in this review.

To improve further categorization attempts, we refined the
outcome of our analysis, which resulted in the table presented
below (Table 2). This categorization system may be
advantageous for future studies.
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Figure 2. Map of search results by number of studies. PA: physical activity.
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Table 2. Possible categorization approach for smartphone-based interventions for physical activity promotion.

Stepsin the devel opment and eval uation process[182] and devel-

opment and eval uation trajectory of mHealth? PAL interventi ons,
study type

Common reported systematic theory or evidence- Purpose
based practices and methods for development,
evaluation, and reporting

Formative research
Summarizing findings

Commercial smartphone app content analyses

Smartphone-based intervention review studies

Activity tracker review studies
Activity tracker content analyses

Synthesizing findings

Meta-analyses of PA intervention studies

Qualitative formative research

Qualitative formative studies (assessing general topic
perception by target users)

Pretesting
Describing an intervention

App development descriptive studies

Pilot study
Pilot testing
Pilot trials

Trial protocol
Study protocols

*  BCT®taxonomies « Tocriticaly evaluate the
«  Scalesto assess app quality material that has already
«  PA recommendations been published

«  Toprovideanoverview of
the current state of knowl-

edge

« Industry-recognized reporting guidelines

»  Behavior change theories or models

«  BCT taxonomies

«  Industry-recognized reporting guidelines

«  BCT taxonomies

«  BCT taxonomies o  To assessthe strength of

»  Industry-recognized reporting guidelines evidence present through
establishing statistical sig-
nificance

»  Mixed methods data collection (surveys, «  Toinform the develop-

questionnaires, interviews, and focus groups ment of the intervention
discussions)
«  BCT taxonomies «  Todescribe the interven-
»  Behavior change theories or models tion development process
«  PA recommendations and intervention features
«  Scalesto assess app quality «  To control acceptability,

engagement, and experi-
encesof proposed interven-
tion to target audience

« Toimprove andrefinein-
tervention on the basis of
qualitative feedback

«  Behavior change theories or models «  Toexamine content of in-

«  PA recommendations tervention

«  Industry-recognized reporting guidelines «  Toexamine feasibility of

* Trid designs (RCTSY, experimenta trials, atrial approach, trial pro-
and rapid design trials) cesses (eg, recruitment,

registration, data collec-
tion), methods

«  Behavior change theories or models «  To describe processes of
«  PA recommendations trials (eg, recruitment,
o Industry-recognized reporting guidelines registration, data collec-
«  Trial designs (RCTs, experimental trials, and tion)

rapid design trials)
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Stepsin the devel opment and evaluation process[182] and devel-  Common reported systematic theory or evidence-  Purpose
opment and eval uation trajectory of mHealth® PAP interventions, Pased practices and methods for development,
study type evaluation, and reporting
RCTs
Testing
Clinical trias Behavior change theories or models «  Toexamine the effect of

PA recommendations
Industry-recognized reporting guidelines
Trial designs (RCTs, experimental trials, and

theintervention asawhole
package or the effect of
one of its components

rapid design trials)

Qualitative follow-up
Qualitative follow-up evaluation

Qualitative follow-up studies (assessing the developed  »
intervention by target users)

Mixed methods data collection (surveys, .
guestionnaires, interviews, and focus groups
discussions)

«  Behavior change theories or models

To control acceptability,

engagement, and experi-

encesof proposed interven-

tion to target audience

«  Tocontrol implementation
issues

«  Tocontrol the effect of the

intervention after dissemi-

nation

3mHealth: mobile health.

bpa: physical activity.

°BCT: behavior change technique.
9RCT: randomized controlled tridl.

Study Char acteristics

Overview

The characteristics of the included studies are presented in
Tables S1-S10 of Multimedia Appendix 1. All included articles
(n=148) were separated according to the subject of the article
in the following groups. commercial smartphone app content
analyses (n=11), smartphone-based intervention review studies
(n=13), activity tracker content analyses (n=3), activity tracker
review studies (n=6), meta-analyses of PA intervention studies
(n=6), smartphone-based intervention studies (n=38), qualitative
formative studies (n=6), app development descriptive studies
(n=7), qualitative follow-up studies (n=7), and related articles
(n=51). All articles were published between 2008 and 2018.
The most common targeted behaviorswere PA, SB, and dietary
behavior, although the mgjority of theincluded articlestargeted
asingle health behavior, namely PA. Although the mgjority of
studies included adult populations (125), 24 articles targeted
children and adolescents (age range: 5-19 years).

Commercial Smartphone App Content Analyses

Articleswere allocated to thisgroup if the objective of the study
was to analyze the content of commercial apps presented on
digital distribution platforms (ie, App Store, Google Play, and
Microsoft Store). The included studies (n=11) were published
from 2012 to 2018, and most of them targeted the genera
population (n=7) and adults (n=2), whereas only 2 targeted
children and adolescents. More than half of the content analyses
targeted PA behavior (n=7); the other reported lifestyle-related
health behaviors, outcomes and aims were SB, diet, health and
fitness, and obesity prevention. Sample sizes ranged between
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25 and 3336 (mobile) apps, and the most common digital
distribution platform was App Store (n=11). A tota of 6 studies
used different variations of the BCT taxonomy (26, 40, and 93
BCTs) as an evaluation or coding framework. The average
number of the BCTsin those studies ranged from fewer than 4
to 8.1, and the most common BCTsfor adultsincluded provide
instruction, provide feedback on performance, prompt specific
goal setting, prompt self-monitoring of behavior (26 BCTs
taxonomy [35]), provide instruction on how to perform the
behavior, provide feedback on performance, goal setting
(behavior), prompt self-monitoring of behavior (40 BCTs
taxonomy [36]), instruction on how to perform the
behavior,feedback on behavior, goal setting (behavior), and
self-monitoring of behavior (93 BCTs taxonomy [37]).
Interestingly, this supports the study reporting that the average
number of BCTs used in gamified apps aimed at health
promotion was higher (14 BCTs) [46] than in nongamified
health promotion apps. For children and adolescents, only one
study reported the most frequently used BCTs [47]. They were
providing instructions, general encouragement, contingent
rewards, and feedback on performance (26 BCTs taxonomy).
Thetwo most recent studies[47,48] used the Mobile App Rating
Scale (MARS) to assess the quality of apps. On a5-point scale,
the overall app quality was moderate: the total MARS score
ranged from 3.6 to 3.88 points.

Smartphone-Based | ntervention Review Studies

This group included intervention studies aimed at reviewing
smartphone-based intervention publications. The included
reports (n=13) were published between 2013 and 2017 and
targeted the general population (n=6), adults (n=4), and children
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and adolescents (n=3). More than half of the reviews targeted
PA behavior exclusively (n=7), whereas the other reported
lifestyle-related health behaviors and outcomes and aims were
SB, diet, weight reduction, obesity combatting, healthy nutrition,
and overweight prevention. The number of articlesincluded in
these reviews ranged from 7 to 52. Only two studies used the
taxonomy of BCTs (26 and 93 BCTs) to code the included
interventions [49,50]. These studies reported that for adultsthe
following BCTs were most frequently employed: goal setting
(behavior), self-monitoring of behavior, social support
(unspecified), feedback on behavior, instruction on how to
perform the behavior, adding objects to the environment,
information about health consequences, and prompts or cues
(93 BCTstaxonomy). For adolescents, prompt self-monitoring
of behavior and provision of feedback on performance
techniques were most often applied (26 BCTs taxonomy). The
other 4 studies provided information about behavioral
componentswithout mentioning any taxonomy used for coding
[24,29,51,52]. Self-monitoring, cues to action, feedback, and
social support wereidentified asthe most commonly used BCTs
[29]. The most efficacious and helpful BCTs were reported to
be goal setting, self-monitoring, performance feedback,
motivational cuing, rewards, socia support, and coaching
[24,51,52]. The mgjority of theidentified reviews (n=9) reported
the theoretical background of smartphone-based interventions.
The most frequently used theoretical framework wasthe Social
Cognitive Theory (n=7), followed by the transtheoretical model
(n=4), Self-Determination Theory (n=4), and the Theory of
Planned Behavior (n=2). The other reported models and
theoretical approachesincluded the Persuasive Systems Design
Model, the Control Systems Theory of Self-regulation, the
Behavior Change Whedl, the Five A'sModel, the Fogg Behavior
Model, Learning Theory or operant conditioning, Socia
Influence Theory, the Theory of Reasoned Action, and Cognitive
Behavior Therapy. Of 13 reviews, 3 used the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) reporting guidelines [24,25,50].

Activity Tracker Content Analyses

Articles were included in this group if the objective of the
content analysis was to analyze the theoretical components
included in the activity trackers. The included studies (n=3)
were published between 2014 and 2017 and targeted the general
population [53-55]. Themajority of the content analysestargeted
PA behavior exclusively (n=2), whereas the other reported
lifestyle-rel ated health behaviorswere SB and sleep. The number
of included activity trackers per article ranged from 3to 13. All
3 studies used the taxonomy of BCTs (40 and 93 BCTs) to code
the included interventions [53-55]. According to these content
analyses, the average number of BCTsincluded in the activity
monitors ranged between 9 and 25 BCTs (40 BCTstaxonomy).
Therewas an agreement between 2 studies about BCTs present
in all included devices, which were provide information about
others’ approval, provide normative information about others
behavior, prompt review of behavioral goal, provide rewards
contingent on successful behavior, prompt self-monitoring of
behavior, prompting focus on past success, provide feedback
on performance, facilitate social comparison, and plan social
support or social change (40 BCTs taxonomy) [53,54].
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According to the same studies, prompt anticipated regret, fear
arousal, prompt self-talk, prompt use of imagery, and general
communication skillstraining BCTs were not present in any of
the included devices (40 BCTs taxonomy).

Activity Tracker Review Studies

Review studiesin this group aimed to provide evidence on the
effectiveness, efficacy, feasibility, validity, or reliability of
activity trackers. The included studies (n=6) were published
between 2012 and 2018 and targeted adults (n=5) and children
and adolescents (n=1) [56-61]. The mgority of the reviews
targeted PA behavior exclusively (n=5), whereas the other
reported lifestyle-related health behavior was sleep. The number
of articles included per review ranged between 5 and 134
publications. Five studies used PRISMA or PRISMA-P
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses Protocols) reporting guidelines [56-60].

Meta-analyses of PA Intervention Studies

Articles were included in this group if the objective of the
meta-analysis was to analyze PA intervention studies and to
definethe BCTsthat were associated with more or less effective
interventions. It is important to note that all identified
meta-analyses (n=6) reviewed only classic interventions and
did not include smartphone-based interventions [62-67]. Only
onemeta-analysisreviewed PA smartphone-based interventions
[50]. However, this meta-analysis was excluded because it did
not provide information on the effectiveness of BCTs because
of the small number of included studies.

Articles included in this group were published between 2009
and 2017 and mainly targeted adults with one exception, where
the targeted group included children and adolescents [65]. Al
the included meta-analyses targeted PA, with 3 studies
additionally targeting healthy eating (HE) and diet [62,65,67].
Two studies used 26 BCTstaxonomy for coding, 3 studies used
40 BCTs taxonomy for coding, and 1 study used the latest 93
BCTs taxonomy for coding. Reported results for BCTs
associated with interventions that are more effective were
divergent, with self-monitoring and feedback reported to be
effective according to 4 and 3 meta-analyses, respectively. Every
meta-analysis reported different results for BCTs associated
with less effective interventions. For the adol escent target group,
BCTs (26 BCTs taxonomy) associated with more effective
interventions include provide information on consequences,
provide information about others approval, prompt intention
formation, prompt self-monitoring of behavior, and agree on
behavioral contract [65]. The provide instruction BCT was
associated with less effective interventionsin adolescents [65].
Only the latest meta-analysis used PRISMA reporting guidelines

[67].

Smartphone-Based | ntervention Studies (Study
Protocols, Pilot Trials, and Clinical Trials)

The smartphone-based intervention study group included 38
articlesrepresenting 32 research studies published between 2008
and 2018. The majority of these studies targeted adults (n=20),
whereas 12 targeted adolescents, and the sample size ranged
from 8 to 700 participants, and the duration of interventions
ranged from 2-32 weeks (most common duration: 8 weeks).
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The participants ages ranged from 8-81 years. A total of 14
studies exclusively targeted PA behavior; the other reported
lifestyle-related health behaviors, aims, concepts, outcomes,
and conditions included weight loss, SB, cardiorespiratory
fitness, diet, leep, fitness, and obesity. The most common study
design was atwo-arm randomized controlled trial (RCT; n=10);
for other study designs, the number of intervention groups
ranged between 1 and 4. There was a preponderance in the
number of multicomponent interventions (n=19) over
stand-aloneinterventions (n=13). Theinterventionsmainly used
newly designed smartphone apps (n=29) rather than
commercialy available apps (n=3), the theoretical background
of which was unknown. The most common outcome measures
were minutes spent with moderate-to-vigorous PA (MVPA)
and a daily step count. In total, 14 studies did not report a
theoretical background. For adults, the most frequently used
theoretical framework was Social Cognitive Theory (n=11),
followed by Self-Regulatory Theory (n=3) and the Fogg
Behavior Model (n=2). Of the 12 studiesincluding adol escents,
several (n=4) did not report any theoretical background, and
among those who did, Self-Determination Theory (n=6) was
the most frequently used. The other reported theoretical
frameworks and models include the Theory of Meaning
Behavior, the Five Factor Model of Personality, the Health
Belief Model, the Technology Acceptance Model, the Theory
of Motivation in Videogames, the Transtheoretical Model of
Health Behavior Change, the Functional Triad, the
Transcontextual Model of Motivation, the Synergy Hypothesis,
Learning Theory, Basic Psychological Needs Theory, the
COM-B (Capability, Opportunity, Motivation, Behaviour)
model, and the Behavior Change Wheel. A total of 10 studies
used CONSORT (Consolidated Standards of Reporting Trials)
reporting guidelines, 1 study used SPIRIT (Standard Protocol
Items: Recommendations for Interventional Trials) reporting
guidelines, and 2 studies used both CONSORT and SPIRIT
reporting guidelines.

Qualitative Formative Studies

Articles in this group used a qualitative approach to examine
users' views of and preferences for app features in terms of
usability and attractiveness, among others, that can inform the
devel opment of future mHealth PA interventions. Theidentified
studies (n=6) were published between 2011 and 2016 and
included adults (n=5) and adol escents (n=1) target populations
[68-73]. Sample sizes ranged between 14 and 120 participants,
and research designs included focus groups (n=3), web-based
surveys (n=3), and individual interviews (n=3). The studies
focused on the perception of apps targeting PA (n=3), health
behavior changein general (n=2), and health and fitness (n=1).
The app features that were evaluated by participants in the
majority of these studies (n=4) were socia networking, context
sensing or personalization, design, self-monitoring, and goal
setting.

Social networking, that is, exposing one's headth behavior
through integration of the PA app in social networks (eg,
Facebook), was generally perceived negatively. Context sensing
or personalization, self-monitoring, and goal setting were
perceived as valued featuresin smartphone apps. The design of
the app appeared to be a crucial feature, in that users preferred
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asimple and structured layout, which was easy to use, playful,
and fun. Apps were not used or uninstalled if they contained
unnecessary features, required excessive dataentry for sign up,
had complicated operating procedures, and required instructions
that were time-consuming or burdensome.

App Development Descriptive Studies

Articleswereincluded inthisgroup if the objective of the study
was to describe the intervention development process and
intervention features. The identified studies (n=7) were
published between 2012 and 2018 and included adults (n=5),
adolescents (n=1), and general populations (n=1) [74-80]. The
intervention groups differed in terms of sample size, ranging
from 10 to 68 participants. The developed interventions mostly
targeted PA (n=6), and other related behaviors, such as SB (n=2)
and weight loss (n=1). Common reported systematic theory or
evidence-based practices and methods for development,
evaluation, and reporting included PA recommendations (n=1)
[76], BCT taxonomies (n=2) [78,80], and MARS (n=1) [79].
The most frequently used theoretical framework was Social
Cognitive Theory (n=5); the other reported theoretical
frameworks and modelsincluded Health Belief Model, Theory
of Planned Behavior, Technology Acceptance Model, Fogg
Behavior Model and Self-Determination Theory.

Qualitative Follow-up Studies

This group of studies aimed at assessing the acceptability,
engagement, and experiences of the target audience with the
intervention and the effect of the intervention after
dissemination. The identified studies (n=7) were published
between 2012 and 2017 and included adults (n=4) and
adolescents (n=3) as target populations [81-87]. Sample sizes
ranged between 5 and 68 participants and research designs
included surveys (n=3), interviews (n=2), focus groups (n=1),
and questionnaires (n=1). The apps included in the studies
targeted PA (n=5), fitness (n=1), and well-being (n=1). The
theoretical frameworks and models were reported only in 2
studies, which included the Theory of Planned Behavior in both
studies (n=2) [84,87]. The other reported theoretical frameworks
and models included the Theory of Meaning Behavior, the 5
Factor Model of Personality, and the Functional Triad [84,87].

Related Articles

Therelated articlesgroup included 51 articles published between
2008 and 2018. These articles were mainly identified through
manual reference searches, and although they were relevant to
the topic of this review, they did not fit into the other groups
presented above. The study types included methodological,
theoretical, conceptual studies; reports; recommendationsfrom
workshops; other literature reviews (reviews of methodol ogical,
theoretical, and conceptual studies); and reviews and trials on
related topics (eg, gamification) that represented theoretical and
methodological findings and recommendations that were
grouped into severa topical subgroups. activity tracking,
automation, BCT, behavior change theory, GPS, just-in-time
adaptive interventions, mHealth apps, PA, profiling, and RCT
alternatives for mHealth. Relevant information from these
articleswas analyzed and presented narratively inthe Discussion
section.
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Discussion

Theories and Techniques Implemented in
Smartphone-Based PA Interventionsto Support
Behavior Changes: Current Situation and
Recommendations

The science of behavior change has advanced significantly in
recent years. Neverthel ess, many challenges remain concerning
the standardi zation of the devel opment and reporting of methods
of behavior change interventions. As presented in the tables of
Multimedia Appendix 1, there is a plethora of approaches in
devel oping smartphone-based PA interventions; however, most
of them have been developed and reported without an explicit
theoretical foundation. This has been described as the
development of theory-inspired interventions (in which the
theoretical background is often chosen depending on the
experiences and preferences of researchers and developers),
rather than theory-based interventions (in which the chosen
theoretical background was measured and tested in the
intervention or conditions) [88].

To accomplish a more standardized methodological approach,
severa frameworks have been developed by Michie et al [88]
in the domains of smoking, PA and HE, acohol consumption,
and safer sex. For the PA and HE domains, these authors
devel oped the Behavior Change Technique Taxonomy, in which
aBCT is defined as “an observable and replicable component
designed to change behavior” [37]. Itisthe smallest component
compatible with retaining the postulated active ingredients and
can be used alone or in combination with other BCTs[89]. The
taxonomy itself has been described as* an extensive, integrated,
hierarchical classification system for reliably specifying
intervention components (BCTs)” [88]. Therearethree versions
of the BCT taxonomy: A Taxonomy of Behavior Change
Techniques (26 BCTs), developed for coding PA and HE
interventions for adults in 2008; The CALO-RE (Coventry,
Aberdeen & London—Refined) taxonomy (40 BCTSs), devel oped
in 2011, which is the extended version of the previous
taxonomy; and finally The Behavior Change Technique
Taxonomy (v1), whichisthelatest (developed in 2013) 93 BCTs
cross-domain taxonomy, and which isrecommended to be used
instead of the previous versions, which are considered as
“domain specific proto-versions’ [35-37,89)].

In addition, Michie et a [88,183] created a compendium of 83
theories of behavior and behavior change, containing morethan
1700 theoretical constructs, some of which can be potentially
considered as so called “theoretical mechanisms of action.” In
this context, mechanisms of action are conceptuaized as “a
range of theoretical constructs, defined broadly asthe processes
through which a behavior change technique affects behavior”
[88].

To overcome the unsystematic intervention development and
reporting, it is also important to understand how BCTSs can be
linked to theoretical mechanisms of action, which is currently
being investigated [88,90]. Such alink will provide a basis for
a systematic and transparent method for developing behavior
change interventions. Until then, the Behavior Change Wheel
was considered the most appropriate development framework
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for selecting appropriate BCTs for specific behavior change
interventions. This framework was also developed by Michie
et a [91,184], introducing a synthesis of 19 behavior change
frameworks, providing a systematic guide for designing and
evaluating behavior change interventions and policies.

Several important tendencieswereidentified in all theincluded
groups of studies. First, studies aiming to promote PA via
smartphone-based  interventions in  adolescents are
underrepresented in comparison with those targeting adults.
While analyzing the studies including adolescents, Schoeppe
et al [24] confirmed that there was no difference in the BCTs
incorporated in apps for adolescents compared with those used
inappsfor adults. Thisissurprising, as adolescents motivations,
socia environment, and financial opportunities, among others,
are much different from those of adults[185].

Second, the tablesin Multimedia Appendix 1 demonstrate that
there is no agreed evaluation framework or taxonomy to code
or report smartphone-based PA interventions. Researchers did
not state the coding methods [24,29,51,52], used various
evaluation frameworks [92-94], or used different versions of
the BCT taxonomy by Michie et al [66,89], who developed all
versions of the BCT taxonomy, recommend using the latest
version, which consists of 93 BCTs, and athough severa
authors justified their preference for the specific version of the
taxonomy (eg, O'Brien et a [66] stated that the 40 BCTs
CALO-RE taxonomy was used “ asit was specifically developed
for use with PA and dietary interventions’), it is evident that
such an approach is disadvantageous because it hinders the
systematic accumulation of evidence. However, this is not
surprising, as the field of mHealth is still afairly young field
of research, where new, dynamic theories and models of
behavior that better fit the capabilities of mobile systems have
yet to be developed or are currently under devel opment [186].
These new devel opmentsin behavioral models and mechanisms
of action must be taken into account for the field to progress.
Thus, while striving for uniformity in reporting, researchers
should periodically upgrade their reporting methods while
maintaining a balance between systematic and innovative
approaches. It is therefore important to realize that as the field
grows, the taxonomy will be extended and modified, and it will
be subject to further refinement and development, as stated by
Michie et a [37].

Third, the tables in Multimedia Appendix 1 demonstrate that
there seems to be no consensus about the optimal behavior
changetheory or model that should be used in smartphone-based
interventions for PA promotion. Until now, there has been no
clear evidence for the best behavior change model; however,
the results show that Social Cognitive Theory seems to be the
most favored among researchers. Progress in this field of
research will be hampered if theoretical models on
which interventions are based are not selected according to
explicit criteria but on personal preferences. Although some
researchers continue in their work to eventually provide
systematic solutions, the most coherent approach at this time
seems to consist of selecting BCTs based on the features and
goals of the designed intervention using the Behavior Change
Wheel framework [88,184].
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Reviews of the commercia app market (Table S1in Multimedia
Appendix 1) also suggest that there is a lack of theory-based
and evidence-based apps [92,95-98]. One should differentiate
those terms; although the first usualy refers to the systematic
selection of BCTs and theories or models, the second refers to
the compliance of apps with various national and international
PA norms.

As previously outlined, the included meta-analyses did not
analyze smartphone-based interventions. We decided to include
them here, based on the rational e of Brannon and Cushing [65],
who state that classic and smartphone-based interventions do
not represent disparate bodies of evidence. After comparing
BCTs used in commercial, research-driven apps, activity
trackers, and meta-analyses (corresponding tables in the
Multimedia Appendix 1), it becomesclear that thereisno agreed
theoretical or evidence base for the choice of BCTs in
smartphone-based interventions. However, it is still important
to report on and verify accumulated evidence for the field to
progress, while considering its inconclusive nature. For
adolescents, a comparison of the review by Schoeppe [24] and
Brannon and Cushing meta-analysis [65] shows that BCTs
associated with effective interventions provide information
about others' approval and prompt self-monitoring of behavior.

There is a clear need to conduct meta-analyses on mHealth
studies. Until now, such a meta-analysis has been conducted
once by Direito et al [50]; however, the author concentrated
more on RCTs of mHeath technologies, rather than
smartphone-based mHealth interventions tested with more
suitabletrial designs. Asaresult, only RCTs were selected for
this meta-analysis, despite the latest considerations that RCTs
may not provide the most advantageous design for the evaluation
of mHealth interventions [99]. Second, out of the 21 studies
included, only 5 described smartphone-based interventions,
whereas the rest included interventions delivered through a
website, SM S text messages, and PDA devices, that is, modes
of delivery that are often considered outdated in the mHealth
domain.

In generadl, it is also important to consider the mechanisms of
action and the parameters of effectiveness of coded BCTs.
Although the current approach applied for coding, using the
taxonomy of Michie et al [37], does not consider the context of
BCTs, Kok et al [100] argued that thisiscrucial. They state that
the taxonomy developed by Michie et a [37] is useful for
coding, but is not a good basis for intervention devel opment,
asit may contain ineffective and even countereffective methods
(BCTs) [100]. Kok et a [100] define the parameters of
effectiveness as* the conditions that must be satisfied in practical
applications for the method (BCT) to be effective” and add that
if parameters of effectiveness for the particular method (BCT)
are violated, it may become less effective or even
countereffective. Consequently, an aternative, that is, A
Taxonomy of Behavior Change Methods, has been designed to
take parameters of effectiveness into consideration, while
developing an intervention [100]. Variousresearchers, including
Michie et a [88], support the idea that BCTs should not be
treated in a vacuum, considering their context and possible
combinations [101-103].
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When selecting atheoretical model, many researchers seem to
assume that the basic motivation of the user isto become more
physically active, which isnot alwaysthe case[104]. Therefore,
which models consider the level of motivation before favoring
a specific framework is worth assessing [104]. Interestingly,
the present analysis of intervention studies shows that only
interventions targeting adolescents used Self-Determination
Theory, whereas for adults, Social Cognitive Theory was by
far the most frequently used model. Finally, researchers have
recently started to question whether the theoretical models
developed before the invention of smartphones, and
digitalization in general, are till applicable [51,105,106,186].
Such critiques are justifiable, as digital devices such as
smartphones provide unprecedented opportunities for
observation, data collection, and just-in-timeinterventions and,
therefore, the interaction between the user and the device
delivering the intervention [26].

Other Commonly Reported Systematic Theory or
Evidence-Based Practices and M ethods for the
Development, Evaluation, and Reporting of
Smartphone-Based PA Interventions. Current
Situation and Recommendations

Overview

As is evident from the results in this review and the tables
presented in Multimedia Appendix 1, commonly reported
systematic practices and methods could be successfully
identified. They include PA recommendations, trial designs
(RCT trials, experimental trials, and rapid design trials), mixed
methods data collection (surveys, questionnaires, interviews,
and focus group discussions), scales to assess app quality, and
industry-recognized reporting guidelines. Nevertheless, there
seems to be no consensus on which practices and methods are
preferable to use, which reflects the same tendency as outlined
for theories and techniques. To advance this field of research,
researchers and developers should consider using existing
practices and methods depending on the aims and features of
the developed intervention. The more systematic the
development process, the higher the replicability of the results.
As a result of the current review, we provide a list of best
practices and methods that can be used during the devel opment
evaluation and reporting of PA mHealth interventions.

WH O Global Recommendations on PA for Health

These are evidence-based recommendations of the WHO that
“address the links between the frequency, duration, intensity,
type and total amount of PA needed for the prevention of NCDs’
[15]. Alternatively, researchers can use other public PA
guidelines used by national agencies and health ingtitutions,
such as Canadian Physical Activity Guidelines for Adults,
Physical Activity Guidelinesfor Americans, American College
of Sports Medicine Guidelines, Center for Disease Control
Guidelines, American Heart Association Guidelines, UK
Department of Health Guidelines, Institute of Medicine
Guidelines, and US Department of Health and Human Services
Guidelines [97,98,107]. Applying one or several of these
guidelines will help researchers to understand PA norms that,
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for instance, can be used as a PA goa for participants or
inclusion and exclusion criteria.

MARS and User Version of the MARS

The MARS scal e has been devel oped quite recently in many of
the most recent mHealth research studies [47,79,108]. Thisis
a“reliable, multidimensional measure for trialing, classifying,
and rating the quality of mobile health apps’ [109]. The MARS
scaleisuseful if the researcher wishesto reliably rate or seethe
possible flaws of the developed mobile app.

I ndustry-Recognized Reporting Guidelines

The following industry-recognized reporting guidelines have
been illustrated:

PRISMA: thisis an evidence-based minimum set of items
for reporting in systematic reviews and meta-analyses[187].
PRISMA-P: thisis a set of items aimed at facilitating the
development and reporting of systematic review protocols
[188].

CONSORT statement: this internationally acknowledged
tool can be used to assess the quality of RCT studies and
to design or report an RCT of the highest quality and
standard [189].

SPIRIT: aguideline for minimum content of aclinical trial
protocol [190].

Rapid Design Trials

Although RCT study designs are widely considered a gold
standard for intervention research in many areas, it has been
suggested that they may not be the best approach for the
evauation of mHealth interventions for several reasons. First,
the duration of the completion of an RCT islong (5.5 yearson
average from recruitment to publication of the trial results
[99,110]), which in the modern ever-developing digital world
may be the cause for an app becoming obsolete. Second, an
RCT is a rigid design requiring interventions to remain
unchanged and stable during the entire duration of thetrial. This
creates a problem, as software is meant to change, progress,
evolve, and adapt to its user in short periods
[32,51,99,108,110-114]. Therefore, mHealth interventions could
make use of flexible evaluation designs and methodologies,
providing timely information and being responsive and agile.
Consequently, aternative designs and methodologies for the
evaluation of mHeath interventions have been proposed
[32,99,108,110-113]:

1. Continuous Evaluation of Evolving Behavioral Intervention
Technologies

Sequential Multiple Assignment Randomized Trial

The Multiphase Optimization Strategy

Microrandomized trial (MRT)

Step-wedge design (ie, cluster randomized design)
n-of-1trias

Practi ce-Based-Evidence methodology

Trial of Intervention Principles framework

Collaborative Adaptive Interactive Technology framework

© 0Nk WD

However, these designs have rarely been implemented.
According to the most recent review of PA apps, only 2 of 111
included studies used rapid research designs [32]. The

https://mhealth.jmir.org/2021/7/e24308

Domin et al

methodol ogy of the most recent rapid design, MRT, iscurrently
being developed, and the first protocols and trials have been
recently published [115,191].

Qualitative Studies

Although thereis no one recommended methodol ogy, the most
commonly reported methods in identified studies include
surveys, questionnaires, interviews, and focus group discussions.
On the basis of thisreview, we cannot recommend any specific
method, yet thereis a clear need for more systematic reporting
of results. Neverthel ess, the studies summarized in Tables S7-S9
in Multimedia Appendix 1 provide someindication of the most
efficacious and user-attractive features in mobile apps aimed at
PA promotion.

1. Design smplicity: Ease of use and navigation through the
app, absence of unnecessary features, unambiguous
information, and a structured layout were al listed as
features that positively affected participants’ engagement.
Apps with excessive data entry for sign up, presenting
features that required instructions, and complicated
operating procedures were negatively perceived by users
[28,29,69-71,81,82,116].

2. Personal approach for each user- tailored coaching, goals,
feedback, and notifications: Users perceive a personalized
approach as an important factor for motivation and
engagement. Therefore, it is important to consider
sociodemographic user differences [117,118]. Moreover,
the users themselves prefer to be in control of the app’s
features, having the ability to hide or add them
[28,69,71,72,81,82,116].

3. Reward: A transparent reward system was positively
recognized by users[28,71,82,116].

4. Self-monitoring and goal setting: These app features were
the key features enjoyed or rated positively by app users
[68,70,72,82].

5 Gamification: This feature can positively affect user
engagement by bringing more enjoyment to exercise or
activity [119,120].

6. Social networking: This feature was perceived differently
in various apps.

+ Peer-to-peer influence was delivered through
encouragement, praise, and competition with the
participants’ peers. Asindicated by Klasnja and Pratt
[121], theresults presented by different researchersare
inconclusive: studies report both positive and null
effects [120-125].

»  Social support fromfamily and friends: Asthereviews
show, the effect on participants depends on the
behavioral goals of friends or family members: if the
goals differ, the effect of social support seems to be
low [121].

»  Social modeling (eg, tips for health-related resources
from successful peers) seems to have a positive effect
on participants [121].

» Integration with social networks (eg, Facebook) was
perceived negatively by app users[69,71,81,82].

These findings demonstrate that a chosen method of social
support can significantly affect the acceptability and usefulness
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of the app among users. Overall, it isimportant to underline the
necessity of pretesting the app with a specific target audience
to optimally refine the app’s features and components.

Devicesand Primary Outcomes Used for Data
Coallection and Analysisin Smartphone-Based PA
Interventions: Current Situation and
Recommendations

Smartphone-based interventions can be divided into stand-alone
interventions, where only the app is used and multicomponent
interventions, where the app is one of several intervention
components. The choice of intervention components affectsthe
intervention outcomes, and, if a multicomponent approach is
chosen, may lead to the inclusion of various devices as
additional components of the intervention.

For the majority of researchers, the selection of
smartphone-based i ntervention components depends on several
factors, such as the accuracy of data collection, device
compatibility with the user, and durability. As can be seen from
Table S6 in Multimedia Appendix 1, al smartphone-based
intervention data collection components can be divided into
three groups: smartphones, commercial activity trackers, and
medical-grade activity trackers. The selection of adatacollection
device is usualy well aigned with the chosen outcome
measures.

As presented in Table S6 of Multimedia Appendix 1, a
stand-alone intervention that includes only a smartphone with
the installed app and inbuilt accelerometer can track the most
common PA outcome measures, that is, minutes spentin MVPA
and SB, and daily step count [126]. These data can also be
collected with a range of precision levels (depending, for
instance, on the use of built-in GPS sensors, which can provide
datathat are more accurate) [127-129]. The drawbacks of solely
using smartphones include the short battery life of the device,
only moderate accuracy levels, moderate durability, and limited
exposure time (the user will not usually carry the phone during
certain periods of the day) [26,121].

The validation reviews presented in Table S4 of Multimedia
Appendix 1 demonstrate that commercially available, usually
wrist-worn activity trackers can help collect similar data with
higher accuracy levels, although still in a moderate range
[56,60]. In addition, some built-in sensors (eg, heart rate[HR])
can provide supplementary data and improve the accuracy of
MVPA measures. They avoid most of the drawbacks of
smartphone devices, as they provide along battery life for the
device, high device durability, and extended exposure time.
Commercial activity trackers show good potential in the
implementation of theory-based practices and improve the data
collection procedure in human physiology research for both
adults and adolescents [58,120,130-132,192].

Medical-grade activity trackers (hip, waist, or wrist worn), for
example, ActiGraph devices, provide the highest measurement
accuracy levels; however, they also have certain drawbacks.
The hip and waist location can lead to low user compatibility
levels and reduced exposure, whereas HR can only be measured
with awireless HR monitor [193].
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Consequently, while developing PA interventions, researchers
should consider these factors and choose the device according
to the characteristics most suitable for their projects. It is
important to note the findings of arecent review, which confirms
that multicomponent interventions tend to be associated with
higher intervention efficacy [24]. Although some researchers
chose to use simplistic outcome measures such as a daily step
count, studies show that a multidimensional approach with
several outcome measures is more comprehensive [107].

Advancing mHealth Further: Technological Advances
Applied in Smartphone-Based mHealth I nterventions

Researchers working in the smartphone-based mHealth field
often face problems with participants engagement: the
long-term retention levels are usually quite low at 18 months
follow-up measurements [ 133]. One way to solve this problem
is to make the intervention more attractive to the participants
by personalizingit. Personalized smartphone-based PA mHealth
interventions may be more effective and preferred by
participants over interventions with a generic program and
advices or notifications [28,51]. Various researchers have
suggested that personalization or tailoring of PA interventions
will positively affect participants’ perception and engagement
[59,134-136]. Some studies have attempted to personalize the
intervention components manually and using automated
approaches[137,138]. Manual automation (wherethe researcher
inputs a large amount of collected data individually into every
participant’s profile) has shown positive trends. Nevertheless,
depending on the number of variables, the number of entries
required for each participant, and the number of participants,
this approach might be too time-consuming to become
impractical [139,140]. More automated approaches, specifically
machine learning or data mining, require minimum assistance
during the utilization period, and are therefore promising for
solving big data challenges, including behavior change
interventions [113,194]. Rabbi et a [138,195] have aready
successfully implemented machine-learning solutionsin various
smartphone-based mHealth interventions, demonstrating their
potential. However, machine learning science is in its early
stage of development, and some questions still need to be
answered and tested. One of them concerns the level of
automation: Which one should the researcher choose for his or
her particular intervention? Although full manual tracking is
considered outdated and has a high data collection burden, fully
automated tracking requires high data collection accuracy and
may lower participants  self-awareness; therefore,
semiautomated tracking is currently the best solution[141,142].

Asthe articles listed in Table S10 of Multimedia Appendix 1
show, numerous technol ogical advances areincreasingly being
used in smartphone-based PA mHealth interventions. One
example concerns HR monitoring. Previously, HR monitoring
PA interventions used separate devices. Currently, commercial
activity trackersinclude built-in HR sensors, which can increase
participants’ acceptance of the intervention. Another example
concerns the use of a smartphone's inbuilt GPS sensor, which
can provide high accuracy of movement speed and location,
among others; however, it is highly energy consuming and
drains smartphone batteries very fast. The latest power
management algorithms help to reduce the resource demands
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of continuous sensing, which ensures longer usability time,
providing researchers with additional data collection
opportunities [143].

Implications for Future Research

On the basis of this review and in light of the widely used
international reporting guidelines, several recommendationsfor
future research can beinferred:

«  Support uniformity of reporting by describing interventions
and proceduresin an adegquate and consistent manner, using
industry-recognized reporting guiddlines, such asPRISMA,
CONSORT, and SPIRIT [196].

« Develop and code interventions in a more systematic way,
using recommended practices while taking into account
new models that offer additional opportunitiesin behavior
research [186]. Currently, the systematic approachiseither
not applied or various frameworks are being used (eg,
different versions of taxonomy by Michie), which slowsor
even prevents knowledge transfer and evidence
accumulation. After the first results will be yielded in the
development of a methodology for linking BCTs to
theoretical mechanisms and the Human Behavior-Change
Project, more systematic solutions will become available
[88,194].

+ Meta-anayses, including modern mHealth solutions (eg,
smartphones) and excluding outdated devices or methods
(intervention based solely on SMS, PDAS, etc), provided
thereisasufficient number of studies meeting theinclusion
criteria.

«  Profitfrominterdisciplinary collaboration while devel oping
mHealth interventions. Various researchers and research
groups working on the development of PA mHealth
interventions have underlined the positive effect of
collaboration between related stakeholders and expertsin
the domains of behavior change, software development,
machine learning or data science, physiology, and public
health [29,65,70,94,102,106,113,135,144]. A recent
systematic review demonstrated that the collaboration of
experts from various research domains greatly enhances
the quality of the produced publications and research work
in general [145].

«  Perform more studies designed for adol escents, accounting
for differences in levels of motivation and lifestyle
compared with adults.

« Implement rapid study designs while evaluating the
intervention (eg, MRT, Multiphase Optimization Strategy,
Sequential Multiple Assignment Randomized Trial, etc)
[32].

«  Implement wearable activity monitorswith built-in sensors
(eg, HR and GPS) will provide more opportunities for data
collection. Both commercial and research-grade trackers
are advantageous. However, the collaboration of two
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domains, for instance ActiGraph and Garmin, isyet to bring
fruitful results[197].

Implement the latest findings of machine learning or data
mining and artificial intelligence domains into behavior
change interventions [88,138,194].

Improve engagement with smartphone-based mHealth
interventions by testing and implementing meaningful
gamification and social networking features [120].

Build the reward and engagement engine of the app in a
way that userswill become autonomously physically active
over time and do not depend on an app, a tracker, or an
intervention in perpetuity.

Strengthsand Limitations

The strength of this scoping review isthe comprehensive search
strategy, which allowsthe magjority of published related articles
to beincluded. Therefore, the scope of the review iswider than
the scope of systematic reviews on smartphone-based mHealth
interventions for PA promotion. However, a scoping review
does not consider the methodol ogical quality assessment of the
included studies. Consequently, several studies had moderate
methodological quality, which calls for their findings into
question. It is important to emphasize that the included
interventions devel oped and eval uated apps and activity trackers
that provide sensor-based feedback on PA. Smartphone-based
interventions related to chronic diseases other than
cardiovascular diseases and obesity (eg, diabetes mellitus),
preventive health issues (eg, alcohol abuse, smoking, and sports
injuries), weight loss, diet, and nutrition were not included in
this review. Finally, yet most importantly, only
smartphone-based mHealth interventions were included in this
review.

Conclusions

Smartphone-based mHealth interventions aimed a PA
promotion in adolescents and adults show promising resultsfor
effective behavior change. Although there is a plethora of
published studies with adults, the number of studies and,
consequently, the evidence base for adolescentsisvery limited.
In the past few years, a growing number of researchers have
developed multicomponent mHealth interventions that, in
addition to the app, include commercial or research-grade
activity trackers, which can provide additional insight into a
participant’slifestyle. Overal, the efficacy of smartphone-based
mHealth PA interventions can be considerably improved through
amore systematic approach to devel oping, reporting, and coding
of the interventions. Specifically, researchers should aim to
develop theory-based rather than theory-inspired interventions,
which is currently challenging, as there is no consensus on
devel opment, eval uation, or coding practice. Finaly, the current
stage of behavior science advocates an interdisciplinary
approach to the development of behavior change interventions,
including innovative approaches such as machine learning and
data mining.
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Abstract

Background: Smartphone-based apps represent a major development in health care management. Specifically in headache
care, the use of electronic headache diaries viaapps has becomeincreasingly popular. In contrast to the soaring volume of available
data, scientific use of these data resourcesis sparse.

Objective: Inthisanalysis, we aimed to assess changes in headache and migraine frequency, headache and migraine intensity,
and use of acute medication among people who showed daily use of the headache diary as implemented in the freely available
basic version of the German commercial app, M-sense.

Methods: The basic version of M-sense comprises an electronic headache diary, documentation of lifestyle factors with a
possible impact on headaches, and evaluation of headache patterns. This analysis included all M-sense users who had entered
datainto the app on adaily basisfor at least 7 months.

Results: We analyzed data from 1545 users. Mean MHD decreased from 9.42 (SD 5.81) at baseline to 6.39 (SD 5.09) after 6
months (P<.001; 95% CI 2.80-3.25). MMD, AMD, and migraine intensity were also significantly reduced. Similar results were
found in 985 users with episodic migraine and in 126 users with chronic migraine.

Conclusions: Among regular users of an electronic headache diary, headache and migraine frequency, in addition to other
headache characteristics, improved over time. The use of an electronic headache diary may support standard headache care.

(JMIR Mhealth Uhealth 2021;9(7):626401) doi:10.2196/26401

KEYWORDS
headache; migraine; mobile app; headache app; electronic diary; app; pain; frequency; intensity

: in functionality. Functions comprise headache documentation
Introduction in so called e-diaries, therecording of lifestyle factorsthat may
The rapid development of modern technol ogies hasled to major potentially influence headaches, and the automatic incorporation

advancesin health care [1,2]. The trend toward eHealth and, in of external information, such asweather conditions. Some apps
particular, mobile health (mHealth) has entered the headache &S0 Providedigital-based education programs and self-managed

field and includes the use of smartphone-based apps. In recent nonpharmacological interventions, like relaxation methods.
years, headache apps have increased not just in number but also
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Tracking headaches and associated symptoms is a pillar of
headache management. Digital headache documentation has
proven to have a higher compliance than do paper headache
diaries[3,4]. From aclinical perspective, proper documentation
can facilitate health care providers in diagnosing headache
disorders, evaluating the course of the disease, and assessing
treatment effects. It aso provides patients with a better
understanding and awareness for their headaches [5]. Through
a comprehensive analysis of headache attacks and associated
factors, digital algorithms can recognize and offer a clear
presentation of headache patterns and may improve the
self-management of headaches. Conversely, the constant dealing
with headache symptoms and potential triggers may lead to an
increased focus on the disease. In this way, these apps could
even become stressors themselves and cause a worsening of
headaches [6].

Hence, apps may offer new opportunitiesbut also entail possible
risks in the outpatient care of migraine patients [7]. Previous
studiesindicate that the complementary use of smartphone apps
and other internet-based technologies could lead to a better
treatment of headache patients compared to standard care [8].
However, evidence of positive health outcomes through the use
of mHealth is scarce [9]. Most available headache apps lack
scientific evaluation, and uniform quality standards have not
yet been established [10,11].

In this analysis, we aimed to assess the evolution of headache
characteristics among regular users of thefreely available basic
version of a commercial headache app (M-sense). We tested
whether headache and migraine frequency, headache and
migraine intensity, and days with intake of acute medication
differed between baseline and after 6 months. In extension
analyses, we compared outcomes at baseline to those at 12
months.

Methods

M -sense

M-sense is a certified German headache app developed by
Newsenselab. In Germany, Austria, and Switzerland, it has been
available for Android since 2016 and for iOS since 2017 [12].
From September 2016 to May 2020, the app was downloaded
approximately 250,000 times and had nearly 85,000 registered
users.

There are 2 versions of the app: afree “basic” version, and an
additional, paid, “active” version. Our study focused on the
basic version. Inthisversion, users can document their headache
information in a diary according to a predefined scheme. This
includes the start and end of the headache, maximal pain
intensity (on a 11-point numeric rating scale from 0 to 10),
unilateral headache (yes or no), throbbing headache (yes or no),
worsening through physical activity (yes or no), nausea (yes or
no), vomitus (yesor no), photophobia (yes or no), phonophobia
(yes or no), and migraine aura (yes or no). For each headache
attack, users can record theintake of acute medication including
the name and dose of the drug and time of intake. A
standardized, validated algorithm based on the International
Classification of Headache Disorders (ICHD-3) criteria [13]
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classifies single headache attacks as migraine, tension-type
headache (TTH), or nonmigraine or non-TTH [14]. A detailed
description of the classification algorithm can be found in the
publication by Roesch et al [14]. For the purposes of this study,
we assessed migraine days and headache days. A migraine day
was defined as a calendar day on which the user experienced a
qualified migraine attack. To identify if an attack should be
counted as migraine or TTH, we applied al relevant ICHD-3
guidelines[13]. A qualified migraine attack needed to meet the
following ICHD-3 criteria for migraine: a headache with or
without aura lasting at least 4 hours with both features A (at
least 2 of the following: unilateral location, pulsatile quality,
moderate or severe pain intensity, and aggravation caused by
physical activity or avoidance of physical activity) and B (during
headache, at least 1 of the following: nausea and/or vomiting
and/or photophobia and phonophobia). Any headache attacks
accompanied by intake of a migraine-specific medication (eg,
triptans) to treat a headache or accompanied by aura were
defined as migraine regardless of the duration and pain features
or associated symptoms. The ICHD-3 classifications of TTH
and probable migraine differ depending on whether or not a
patient hasreceived adiagnosis. During the onboarding process
of the app, users were asked if they received a headache
diagnosisby ahealth care professional. In userswith aprevious
migraine diagnosis, all headaches that fulfilled the criteria of
both TTH and probable migraine were counted as migraine
according to the ICHD-3. A headache day was defined as any
calendar day on which the user experienced a headache attack
(including migraine). The app provides an exportable, graphic
overview of headache attacks, subdivided into migraine, TTH,
and others.

Users can also enter daily data on predefined lifestyle factors
with a possible impact on headaches (eg, sleep duration, sleep
quality, or stress level). In addition, the app collects weather
data. Users can see the course of these factors over time and
their mean values on the daysimmediately preceding aheadache
and on headache days. After 60 days of daily entries, the app
analyzes correl ations between the entered factors and headaches
and, if necessary, a further medical consultation is
recommended.

Population and Outcomes

This analysis included all M-sense users who entered data in
the app every day for at least 7 months on a daily basis. No
further inclusion or exclusion criteria were applied.

The primary outcome was the number of monthly headache
days (MHD). Secondary outcomes included monthly migraine
days (MMD), monthly days with intake of acute headache
medication (AMD), mean monthly headache intensity, and mean
monthly migraine intensity.

The outcomes were selected based on recent guidelines for
migrainetrials[15]. Asrecommended in the guiddlinesfor trials
of behavioral treatmentsfor recurrent headache, we focused on
all monthly headache days and not only on moderate or severe
monthly headache days, in addition to monthly migraine days
[16].
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A month was defined as 4 weeks (28 days), beginning with the
first day of app use. Both triptan and nontriptan pain medication
(eg