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Abstract

Background: Over the past decade, the wide availability and small size of different types of sensors, together with the decrease
in pricing, have allowed the acquisition of a substantial amount of data about a person’s life in real time. These sensors can be
incorporated into personal electronic devices available at a reasonable cost, such as smartphones and small wearable devices.
They alow the acquisition of images, audio, location, physical activity, and physiological signals among other data. With these
data, usually denoted as lifelog data, we can then analyze and understand personal experiences and behaviors. This processis
called lifelogging.

Objective: The objective of this paper was to present a narrative review of the existing literature about lifelogging over the past
decade. To achieve this goal, we analyzed lifelogging applications used to retrieve relevant information from daily digital data,
some of them with the purpose of monitoring and assisting people with memory issues and others designed for memory
augmentation. We aimed for this review to be used by researchers to obtain abroad idea of the type of data used, methodologies,
and applications available in this research field.

Methods: We followed a narrative review methodol ogy to conduct a comprehensive search for relevant publications in Google
Scholar and Scopus databases using lifelog topic—related keywords. A total of 411 publications were retrieved and screened. Of
these 411 publications, 114 (27.7%) publicationswere fully reviewed. In addition, 30 publications were manually included based
on our bibliographical knowledge of this research field.

Results: From the 144 reviewed publications, atotal of 113 (78.5%) were selected and included in this narrative review based
on content analysis. The findings of this narrative review suggest that lifelogs are prone to become powerful tools to retrieve
memories or increase knowledge about an individual’s experiences or behaviors. Several computational tools are already available
for a considerable range of applications. These tools use multimodal data of different natures, with visual lifelogs being one of
the most used and rich sources of information. Different approaches and algorithms to process these data are currently in use, as
this review will unravel. Moreover, we identified several open questions and possible lines of investigation in lifelogging.

Conclusions: The use of personal lifelogs can be beneficial to improve the quality of our life, as they can serve as tools for
memory augmentation or for providing support to people with memory issues. Through the acquisition and analysis of lifelog
data, lifelogging systems can create digital memories that can be potentially used as surrogate memory. Through this narrative
review, we understand that contextual information can be extracted from lifelogs, which provides an understanding of the daily
life of aperson based on events, experiences, and behaviors.

(JMIR Mhealth Uhealth 2022;10(5):€30517) doi:10.2196/30517

KEYWORDS
lifelog; lifelogging; information retrieval; image retrieval ; computer vision; signal processing; event segmentation; mobile phone
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Introduction

Background

With the expansive use of technology by humans, such as
smartphones and wearable devices accessible worldwide, the
acquisition of data about a person’'s activity is changing
dramatically, alowing the acquisition of a huge amount of
different types of data every day in the form of images,
locations, and physiological signals. With therapid development
of Internet of Things solutions, these personal data can be
applied in a wide range of applications. One such application
islifelogging.

Lifelogging is defined as a form of pervasive computing,
consisting of a unified digital record of the totality of an
individual's experiences, which is usually caled a lifelogger,
captured multimodally through digital sensors and stored
permanently as apersonal multimediaarchive. Inasimpleway,
lifelogging is the process of tracking and recording personal
data created through our activities and behavior [1,2].

The idea of storing knowledge and information to provide an
auxiliary memory to support peoplewas envisioned by Vannevar
Bush [3]. At the end of the Second World War in 1945,
Vannevar Bush presented the Memex concept to the world.
Memex represented a device in which an individual stores
knowledge and information, such as his books, records, and
communications, based on association, similar to the brain, and
exposesit asamemory aid. Bush also envisioned 2 other devices
that have come to life: the minicamera worn on the forehead
that would allow users to take photographs from their point of
view and a device that would record voice in text format.
Remarkably, the use of these 3 devices together would enable
what could be considered as the starting point of lifelogging.

With the evolution of digital technologies over the years,
solutionsto record, store, and organize alifetime of information
and knowledge have become possible, as envisioned by
Vannevar Bush. Bush's vision remains an inspiration for many
information retrieval and lifelogging systems. However, the
amount of information available to be stored and processed
today is difficult to analyze and retrieve. To overcome this
problem, awide range of research fields can be explored, such
asimage and information retrieval, knowledge extraction, image
understanding, sentiment analysis, and datamining just to name
afew, which provide solutionsto organize, process, and retrieve
personal data. These personal data are also named as lifelogs
and can be used as surrogate memory within a lifelogging
system capable of organizing and managing these lifelogs [2].
Therefore, the extraction of relevant information from personal
lifelogs can be used to improve the quality of everyday life for
people with memory problems or even used as adigital diary.

The practice of lifelogging has become an important resource
of contextual data. Projects such as Digital Eye Glass [4-11],
MyLifeBits [12-16], and SenseCam [17,18] were the most
relevant in the past. The amount of lifelog data (volume), the
different types of data obtained from several sources (variety),
and the agility to processthelifel ogs and generate the necessary
information (velocity) make lifelogging an interesting and
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challenging big data application [2,19]. For example, Gurrin et
al [20] started to analyze the large visual lifelogs that were
captured during a period of more than a year. Therefore, it is
not surprising that the complexity and interdisciplinary
challenges are increasing the attention on the lifel ogging subject
from the research community.

Objectives

Memory is often compared with acomputer asit constitutes an
information processing system. Both systems have basic
functions such as encoding (input and processing of
information), storage (retention of information), and retrieval
(obtaining information from the storage) [21]. The loss of
information from memory, also known as forgetting, occurs
when afailurein encoding occurs owing to interference or other
memory errors. Encoding failures can be circumvented through
lifelogging. Lifelogs, particularly visua lifelogs, provide context
cues that can help recall and recognition [21]. As a result,
lifelogging has the potential for supporting memory
augmentation, which can be applied to aid memory retrieval
not only for people with dementia but also for healthy people.

The world's population above the age of 60 years has been
increasing since 1950, and it is estimated to reach approximately
2.1 billion by 2050 [22]. Consequently, the World Health
Organization recognized dementia as a public health priority
and proposed a global action plan with several action areas,
which includes the development, implementation, and
improvement of surveillance and monitoring systems, to
improve the functional trajectories of people with dementia,
their careers, and families [23]. Considering everything
mentioned above, patients with dementia could benefit from a
lifelogging application that would work as a digital everyday
life journal or as apersonal historical record [24].

Lifelogging technologies give us the opportunity to create
human digital memories, allowing usto represent and understand
every moment of our lives and store thisinformation for further
use. However, each memory has specific cues, which can be
captured from multipl e sources based on our surroundings, such
asvisual cues, verbal and environmental sounds, locations, and
actions, thus providing alarge amount of contextual information
that requires an interactive software tool to retrieve and explore
the memory space. In this narrative review, we have discussed
about the several types of personal lifelogs and lifelogging
applications used to retrieve these lifelogs.

Methods

Sear ch Strategy

This narrative review [25,26] explored a broad perspective of
lifelogging approaches and technologies with the aim of
synthesizing and understanding the literature on this research
topic. Google Scholar and Scopus databases were used to
conduct an iterative search based on a combination of search
terms or keywords and appropriated Boolean operators to
identify relevant publications.

The following search terms were explored: (lifdlog OR
lifelogging) AND (visual OR audio OR location OR physical
activity OR physiological signal OR dementia). A search period
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was included for searching the publications within the period
of 2008 to 2020. However, to explore a historical view of the
research topic, relevant publications before 2008 were manually
identified and included. This additional inclusion of potential
manuscripts of interest was based on our knowledge of this
research topic and the association of authors and references of
the publications included previously. Only publications in
English were considered.

Inclusion and Exclusion Criteria

A total of 411 search results were screened based on the
relevance of their title and abstract. Of these 411 publications,
114 (27.7%) publications were selected for full-text analysis.
Of the 114 publications, 31 (27.2%) publicationswere excluded
based on their content, and finally, 113 publications were
included in our narrative review after including severa other
publications through citation searching.

Figure 1 showsaflow diagram with the search strategy that led
to the included citations, following the PRISMA (Preferred

Ribeiro et al

Reporting Items for Systematic Reviews and Meta-Analyses)
2020 guidelines [27]. Initially, our search resulted in atotal of
14,614 articles by searching the keywords lifdlog and
lifelogging. However, as the number of resulting publications
was high, we chose to combine keywords, such asvisual, audio,
location, physical activity, physiological signs, and dementia.
Several duplicate articleswere excluded, and we selected 2.81%
(411/14,614) of the publications. To further restrict our article
selection, severa articleswere excluded based on the relevance
of their title and abstract, number of citations, relevance, and
approaches or methods. As a result of this search, 27.7%
(114/411) of the publicationswere selected and fully reviewed.
Moreover, 27.2% (31/114) of these publicationswere excluded
based on their content. Finally, based on our knowledge of this
research topic and by exploring the publication records of the
authors of the selected papers, we included 30 more articlesto
conclude our manuscript collection process with 113
publications.

Figure 1. Flow diagram of the literature selection process for this narrative review.
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Results

Types of Lifelog Data

Overview

Recent technological advances have introduced new types of
sensors and devices that allow the compilation of vast archives
of personal data. According to our research, the review of the
literature proposes that the most prominent dataexploredin the
lifelogging research are images, videos, locations, physical
activities, and physiological signals, as presented graphically
in Figure 2. In visua lifelogs, data are captured by camerasin
the form of images or videos. Although audio is not widely
used, the voice of the users or sounds in the environment can
be useful data that can be integrated into lifelogging systems.
The locations can be understood in 2 different ways, such as
GPS locations (longitude and latitude) or physical locations

Ribeiro et al

(University of Aveiro, home, work, etc). Currently, devices
such as smartwatches, which are wearable devices that
incorporate sensors such as accelerometers, gyroscopes, force
sensors, and pressure sensors, are frequently used by many
people. They enable the extraction of information to monitor
physical activities. However, these types of wearable devices
also incorporate other sensors capable of recording physiological
signals such as heart rate and body temperature.

Table 1 summarizesthetypes of data usedin the selected studies
on lifelogging. Description of the several approaches is
presented in the following subsections. As seen in Table 1,
visual data are the most used owing to its richness and the
advances in image processing algorithms that alow the
extraction of relevant information from images or video.
However, severa studies have already been reported on the use
of other types of data and multimodal solutions.

Figure2. Main types of lifelog data used in lifelogging identified from our review of the literature.
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Table 1. Studiesand types of data used.

Ribeiro et al

Study Visual Audio Location Physical activity Physiological signals
Piasek et al [24] 0 (SenseCam) _a — — —
Hodges et al [17] 0 (SenseCam) — — — —
Doherty et al [28,29] O (SenseCam) — — — —
Gurrin et a [30] 0 (smartphone) — — — —
Pauly-Takacs et a 0 (SenseCam) — — — —
[31]
Wangeta [32,33] O (SenseCam) — — — —
Song et a [34] [ (Google Glass) — — — —
Li et al [35] 0 (SenseCam) — — — —
Bolanos et a [36] O (Narrative Clip) — — — —
Talaveraet a [37] O (Narrative Clip and Sense- — — — —
Cam)
Dimiccoli et a [38] 0 (data sets) — — — —
Guptaand Gurrin[39] O (OMG Autographer) — — — —
Fan et a [40] O (Narrative Clip) — — — —
Garciadel Molinoet I (data sets) — — — —
a [41]
Furnari et al [42] [0 (Looxcie LX2) — 0 (semantic) — —
Oliveira-Barra et d 0 (data sets) — — — —
[43]
Ellisand Lee [44] — ] — — —
Shaikh et al [45] — | — — —
Shah et al [46] — o 0 (GPS) — —
Yamano and Itou [47] — ad 0 (GPS) — —
Ziaei et a [48] — 0 — —
Li et al [49] — — 0 (GPS) — —
Tanakaet a [50] — — 0 (GPS) — —
Aizawaet a [51], O ad 0 (GPSand semantic) [0 (multiple sensors) —
Hori et d [52], and
Datchakorn et al [53]
Doherty et d [54] 0 (SenseCam) — — O (smartphone) —

Hurvitz et al [55] — — 0 (GPSand semantic) [0 (multiple sensors) —

Yang et a [56,57] — — — O (multiple sensors) —

Dobhins et al [58] — — — [ (data sets) [ (data sets)

Ni et al [59] — — 0 (GPS) O (smartphone) —

Kim et a [60] — — — — O (smartwatch)
Choi et a [61] — — — — O (multiple sensors)
Dobbins and Fair- — — — — O (multiple sensors)
clough [62]

The study does not use this type of data.

Visual to trigger memories. Photographs are the preferable

representation of autobiographical memories[63,64]. In recent
We can observe from Table 1 that several studies on lifelogs  years, wearable devices capable of capturing images or videos
have explored the use of visual data. Visudl lifelogsaregenerally  continuously from apersonal perspective areincreasingly used.
collected in the form of photographic or videographic records Examples of these wearable devices are SenseCam, OMG
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Autographer, Narrative Clip, Google Glass, and GoPro. In
addition to these wearable devices, smartphones with
high-quality cameras and other sensors are also an important
tool for lifelogging. Gurrin et a [30] explored the use of
smartphones as an alternative solution to wearable devices such
as SenseCam and described several advantages of using
smartphones as behavior monitoring devices.

The ability of devices, such as SenseCam, to improve
autobiographical memory was studied on apatient with amnesia
[17]. This case study indicated that short-term recall improved
owing to the use of SenseCam. Furthermore, the use of
SenseCam al so enhanced long-term memory of autobiographical
events. In contrast to the SenseCam application, the written
diary helped to recall events in the short term, but not in the
long term. The main challenge that this type of devices, and
consequently visual lifelogs, face is the processing of such
tremendous amounts of data [18]. It is essential to develop
techniques that are able to automatically label, segment, and
present relevant images in a meaningful sequence.

Pauly-Takacs et a [31] used theimages captured by SenseCam
during a walk to assist a boy aged 13 years, with profound
episodic memory difficulties in remembering those moments.
Theresult of this experiment shows the ability of theimagesto
support the formation of personal semantic memories and
memory rehabilitation. In addition to helping in theimprovement
of retrospective memory, SenseCam can also be applied to
patients with dementia, but as a cognitive stimulation therapy.
A case study was conducted with the aim of mentally stimulating
the patient and encouraging factual and opinionated
communication [24].

It is obvious that visual lifelogs are essential as memory
reminders to reconstruct previous life experiences, but these
lifelogs can be used in other use cases, such as general lifestyle
analysis. Doherty et al [28,29] proposed a method to
automatically classify visual lifelogsinto different lifestyletraits
using images collected by SenseCam. The camera captures
details of the individual’s everyday activities, in an approach
to build a memory of the past. Moreover, Doherty et al [54]
used SenseCam images to complement accel erometry measures
toidentify behavior type and context information acrossarange
of activity episodes.

It is essential to develop techniques that are capable of
summarizing the large number of images collected through
visual lifelogging. Similarly, Wang and Smeaton [32] proposed
a technique for identifying everyday activities captured using
SenseCam. It is worth noting that these findings are consistent
with previous literature [2,21]. In terms of daily human
activities, a very wide range of semantic concepts can be
identified in visual lifelogs. For the same activity, a variety of
semantic concepts can be observed across individuals. Wang
et al [33] characterized everyday activities and behaviors of
individuals based on the detection of semantic concepts that
appear in visual lifelogs obtained from events that have been
automatically segmented based on the technique introduced in
the study by Lee et al [65].

In another study conducted using SenseCam, a day of a user
was recorded by taking a photo every 30 seconds [35].

https://mhealth.jmir.org/2022/5/€30517
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Following the lifelogging process, the user reviewed the
collected data and classified the day into 12 events to create a
ground truth. This method has the potential to retrieve
autobiographical events, enabled by the creation of visual
lifelogs. Therefore, the use of awearable cameraalong with the
methods mentioned in this paper constitutes a promising
approach to help people retrieve their memories.

In the study by Song et a [34], several egocentric videos were
recorded using Google Glass, which captured the diversity and
complexity of different daily human activitiesfrom afirst-person
perspective. These videos were collected from 10 different
individuals and contained 13 categories of activitiesrelevant to
lifelogging applications. Song et a [34] performed several
experiments through which they accurately recognized these
activities by adopting the dense trajectory approach.

Bolanos et a [36] proposed a method for creation of visua
summariesof aset of egocentricimages captured by awearable
camera, the Narrative Clip. This summarization aimsto support
people with neuronal degradation. Other similar studies have
been proposed based on the same methodology of
clustering-based event segmentation [37] and summarization
using contextual and semantic information [38].

Recently, methods based on deep learning to extract visua
concepts from images have grown rapidly, making it possible
to automatically extract and annotate visual lifelogs accurately.
Gupta and Gurrin [39] proposed event segmentation of visual
lifelogs based on 2 different approaches for visual concept
extraction and image classification, such as objects and
activities. The visual lifelogs were collected using a wearable
camera, OMG Autographer.

Fan et al [40] proposed the compilation of ajourna using the
captions of photo streams acquired through camera-based
lifelogs. This type of lifelogging collects a large number of
images, which in turn are of low quality, noisy, and ambiguous,
as they are taken automatically. In this study, 2 authors used
Narrative Clip cameras for 5 months to create a data set.

Most studiesthat used visual lifelogs collected images or videos
and created data setsthat often contain very limited data, which
results in insufficient data to train machine and deep learning
algorithms efficiently. In the study by Garcia del Molino et al
[41], alarge-scale data set with afirst-person perspective was
created with >1.5 million images captured by 57 users using a
wearable camera to train a visual context predictor. This
approach can be used to model daily activities and learn the
associations between different scenes.

Furnari et al [42] presented amethod for temporal segmentation
based on persona locations. This study is very promising
because it achieves results that are as accurate as those of other
methods in the literature. Oliveira-Barra et al [43] proposed a
comprehensive methodology for egocentric photo stream
analysis. They performed a summary of autobiographical
episodes and a semantic key-frame selection and, finally,
implemented text-based inverted index retrieval techniques.
The episode temporal segmentation was based on semantic
regularized—clustering [38]. This model was applied to a data
set, and the results suggest that this system stimulates the
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memory of patients with mild cognitive impairment; for
example, patients with dementia.

Audio

Asstated in Table 1, alifelogging application can also use audio
lifelogs, generally captured by wearable audio recorders,
smartphones, or video camerasthat can record audio for several
hours or days using a microphone. In the MyLifeBits project
[12,13], Gordon Bell used a wearable microphone to record
audio clips and stored them in his personal lifelogs. Ellis and
Lee [44] described several practical advantages of using audio
lifelogs and conducted experiments with different equipment
and techniques. Totally, there are 3 major advantages of using
audio lifelogs [44]: audio devices, such as microphones, are
less sensitive to positioning or motion than cameras; audio data
are smaller in file size than videos or image sequences; and
audio archives can provide awide range of useful information,
such as location, activities, people, and words.

Audio lifelogs can provide useful information to lifelogging
systems, and human activities are reflected in arich variety of
acoustic events and environmental sound cues. Shaikh et al [45]
proposed a method to detect and classify activities of daily
living, such as laughing, talking, cooking, and so on, and
location of the person, such asinside atrain, at home, at schooal,
and so on, from the environmental sound cues. Shah et al [46]
proposed alifelogging system using audio recordsthat included
speech, music, and environmental sounds. In large audio
lifelogs, manual browsing and searching for events or specific
audio clipsis time-consuming. Therefore, to deal with several
types of audio and build an easy, intuitive, and efficient
lifelogging application, a generalized and more complex
approach was presented in the study by Shah et al [46].

Other studies have used audio lifelogs to segment and classify
them according to several characteristics. For example, Yamano
and ltou [47] recorded audio lifelogs using wearable
microphones and conducted several experiments that enabled
browsing theselifelogs. Theaudio lifelogswere segmented and
clustered into events to classify them according to place,
speaker, and time. Ziael et a [48] proposed an analysis system,
which automatically estimates the number of unique people and
environments using personal audio records.

Location

Lifelogs based on locations can be recognized in 2 different
ways: GPS coordinates, such as longitude and latitude, and
physical or semantic locations characterized by the place or
environment, such as home, office, or more specific locations
such asthe University of Aveiro. Literature indicates that GPS
tracking devices and wearable devices improve the users
self-esteem when evaluating the effects on the quality of life
[66,67]. It isimportant to note that in this case, the data from
GPS tracking devices were not intended to retrieve memories.
Nevertheless, the location information may complement visual
lifelogs by identifying where the images were taken. This
information is usually expressed as coordinates. Moreover,
lifelogs offer the option to register relevant locations under
intuitive names such as my son’s house [42,49]. When the user
checksher lifelog, both theimage and the location are displayed.
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Thus, the user may recall the corresponding memory more
easily, even if no spatial cues are visible in the image.

Li et a [49] proposed a method for relating user activities to
their location. The authors used spatial and temporal constraints
toinfer wherethe user worked or studied. Although this method
does not correctly identify all the activities, the results are
promising. Furthermore, the proposed method points to the
possible automatic compilation of ajournal with the placesand
activities of everyday life by just using a smartphone, which,
in turn, can aid memory retrieval.

In the study by Tanaka et al [50], a method for daily context
recognition by recording lifelogs based on GPS location from
a smartphone was proposed. The proposed method recognizes
the lifelogger’s location and activity as contexts. It can also
recognize severa contexts at the same location; for example,
in a shopping mall, the method can distinguish between
shopping, eating ameal, or watching amovie at the cinema. By
using a smartphone, the lifeloggers can track their activities
over time and observe their daily life in more detail.

Physical Activity

Physical activity is fundamental for human beings and is
associated with better general health status and improved quality
of life. Accelerometers, gyroscopes, goniometers, force sensors,
and pressure sensors enable the collection of diverse
information. When strategically placed on the user, these sensors
can assessthe gait and detect falls[68]. Moreover, these sensors
are often incorporated into smartwatches or smart bands to
monitor physical activity [40]. Inaddition to counting stepsand
estimating walked distance, smartwatches and wristbands can
record the heart rate and detect stair climbing, arousal, stress,
and excitement through electrodermal activity [21].

Doherty et a [54], following their previous study on event-based
segmentation [28] and recognition of human activities [29],
proposed the use of accel erometers combined with imagesfrom
wearable camerasto identify certain physical activity behaviors.
In this approach, the accelerometer data determined the event
boundaries, and the authors could identify sedentary and light,
moderate, and vigorous intensity physical activities.

With the easy accessibility of sensors such as accelerometers,
which measure the acceleration forces acting on an object or
person to determine the object’s position in space and monitor
the movement, Hurvitz et al [55] proposed methods to measure
and analyze activity behaviors using data, such as location,
activity, and environment, collected from the combination of
accelerometers, GPS data, and travel diaries. The authors also
provided an interface tool to structure and visualize location
and physical activity data simultaneously.

Yang et a [56,57] studied several existing lifelogging physical
activity measurement devices and i dentified some measurement
uncertainties in an Internet of Things environment that impact
the efficiency and accuracy of lifelogging and health
applications.

Several diseases such as obesity, hypertension, and
cardiovascular diseases are correlated with insufficient physical
activity. Dobbins et al [58] proposed an approach to collect and
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process data from triaxial accelerometers and a heart rate
monitor to classify physical activities, such as lying, sitting,
running, working on computer, and walking, into different
activity levels. In addition to this classification, avisual interface
was provided to display the classification of daily physical
activities of the user on a smartwatch.

Recently, Ni et a [59] explored a 2-stage hybrid model to
predict human physical activity status from lifelogging data
collected by wearable sensors. Their goal wasto provide health
care analytics to support individual decisions in real-time
monitoring and statistical analysis, provide personalized advice
to individuals, and ultimately, encourage positive attitudes
toward healthy lifestyles.

Physiological Signals

Physiological data are inevitably related to the hedth care
service area. These datahave been increasingly used in lifelogs
over the years, which can be explained by the expansion of the
fitness industry [21,60]. The main physiologica data are
presented in Figure 3. The most relevant data are heart rate,
blood pressure, €lectroencephalogram, electromyogram,
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electrocardiogram, blood oxygen saturation, blood glucose,
body temperature, and breathing rate [61,68,69]. However, the
sensors needed to collect most of these data still have to be
incorporated into more practical devices before they become
prominent in lifelogging applications.

Heart rateisrelated to user activity; therefore, it playsarelevant
role; for example, when theintention isto identify user activities
fromvisua lifelogs. In the study by Dobbins et a [58], the use
of heart rate information was combined with an accel erometer
to detect physical activity and support people with diseases such
asobesity. Another relevant biological signal isblood pressure,
and similar to heart rate, the respective sensors can be
incorporated into wearable devices, particularly smartwatches
[69].

Dobbins and Fairclough [62] collected lifelogging data from
multiple sources including physiological signals, such as ECC
and photoplethysmogram data, and driving data, such as the
speed of the vehicle, location, and first-person environment
images, to develop several classifiers for detecting stress in
real-world driving.

Figure 3. Summary of the main physiological data. ECG: electrocardiogram; EEG: electroencephalogram; EMG: electromyogram.
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Challenges and Data Sets

Over the past years, theterm lifelogging has received significant
attention from both research and commercia communities. The
events that introduced the lifelogging concept to the academic
community were the Association for Computing Machinery
Continuous Archiving of Personal Experiencesworkshopsfrom

Table 2. Datasets.

2004 to 2006 [ 70-72]. These workshopswere essential for those
who previoudly designed and devel oped sol utionsindependently
[6,44,73,74], share tools and experiences, and lead lifelogging
as an emerging research area.

Table 2 presents the most relevant data sets existing in the
literature for lifelog research.

Data sets Visual Audio

Location Physical activity Physiological signals

O (OMG Autographer) _b

NTCIR?12 lifelog [75]
NTCIR-13 lifelog [76]
NTCIR-14 lifelog [77]

O (Narrative Clip)
0 (OMG Autographer)

EDUB®[78] O (Narrative Clip) —

O (music listened) O (semantic)

O (music listened) [ (semantic)

O (semantic) O (smartphone) —

O (smartphone) O (multiple sensors)

0 (smartphone) O (multiple sensors)

3NTCIR: National Institute of Informatics Testbeds and Community for Information Access Research.

bThe data set does not contain this type of data.
®EDUB: Egocentric Dataset of the University of Barcelona

In 2016, the first test collection for personal lifelog data was
introduced [75], which has been used for the National Institute
of Informatics Testbeds and Community for Information Access
Research (NTCIR)-12-Lifelog task [79]. It promoted a
comparative evaluation of information access and retrieval
systems operating over personal lifelogs. The lifelogs in this
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test collection consisted of images from 3 lifeloggers using the
wearable camera, OMG Autographer. It also contained several
semantic locations, such ashome, work, and so on, and physical
activities, such aswalking, transport, and running. The data set
was anonymized to ensure the privacy of both lifeloggers and
individuals by removing identifiable content, such as
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recognizable faces and absolute GPS locations. The test
collection also included a set of topic descriptions, which
represent the retrieval and reflection reason of thelifelogger for
accessing memories [75].

Consequently, chalengesregarding lifelogging started emerging.
The First Workshop on Lifelogging Tools and Applicationsin
2016 [80] aimed to discuss approachesto lifelog data capture,
analytics, and applications, thus identifying opportunities and
challenges for researchersin this new and challenging area. In
2017, the Second Workshop on Lifelogging Tools and
Applications was organized simultaneously with the lifelog
evaluation tasks, NTCIR-13 Lifelog-2 Task [76] and
ImageCLEFlifelog 2017 Task [81].

The ImageCLEFlifelog 2017 challenge was introduced with
theNTCIR-12-Lifelog dataset [ 75], but different subtaskswere
proposed to the participants. However, in the NTCIR-13
Lifelog-2 Task, the organizers created a new data set based on
the requirements of the first test collection for personal lifelog
data. In addition to the tasks of NTCIR-12-Lifelog, they
addressed 2 different challenges for lifelog data organization
and retrieval [76].

Sincethen, workshops and tasks have been organized to advance
research on some of the key challenges: ImageCLEFlifelog
challenges [82-84]; Lifelog Search Challenge [85-87], which
aims to encourage the development of efficient interactive
lifelog retrieval systems; and NTCIR Lifelog Tasks [77]. Over
the years, these challenges have focused on creating a
comparative benchmark activity for lifelogging applications,
and data sets used in each of them are very similar or even the
same. These data sets start with the first test collection for
personal lifelog data[75], which they extend or improve.

In addition to the data sets used in these challenges, severa
other data sets containing egocentric data are available
[34,42,78,88]. However, most of these data sets focus on
different and smaller amounts of data for specific use case
applications and not on capturing all the daily activities and
behaviors of alifelogger. An example of these data sets is the
Egocentric Dataset of the University of Barcelona(EDUB) [ 78],
which is divided into different sub—data sets depending on the
data annotations, such as EDUB-Obj data set for object
localization or segmentation [89], EDUB-Seg data set for
egocentric event segmentation [37,38], and EDUB-SegDesc
data set that can be used either for egocentric event segmentation
or for egocentric sequence description [90].

Lifelog Retrieval Software Tools

Throughout the referred challenges and workshops, severa
applicationswere presented. The Lifelog Search Challenge has
been one of the challengesin which severa lifelogging systems
have been presented with several utilities for real-world use,
unlike other challenges, such asImageCLEFlifel og challenges,
which present very specific tasks.

A retrieval and exploration lifelogging system, called lifeXplore,
which alows to search and browse features that have been
optimized for lifelog data, was presented by Miinzer et al [91].
It was based on a video search system, diveXplore [92-94],
previously developed for video retrieval competitions. Besides
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efficient presentation and summarization of lifelog data, it
includes different methods of retrieving and visualizing content,
such as feature map, day inspector, lifelog filter, sketch search,
and similarity search. Over time, the lifeXplore system was
improved by including location-based filtering, automatic festure
map browsing, and optical character recognition. Moreover,
uniform sampling was used as an alternative method for
segmenting videos [95,96].

Other tools obtained from video retrieval competitions are the
VIRET tool [97-100], which isan updated version of the SIRET
interactive video retrieval tool [101] addressing specific
properties of visual lifelogs, and vitrivr [102,103], which was
developed for video retrieval [104] and later adapted to support
multimodal data[105], such aslifelogs.

Zhou et a [106] proposed an iterative lifelog search engine
called LIFER, whichisqueried based on severa different forms
of lifelog data, such as visual concepts, activities, locations,
time, and so on. Despite some limitations of LIFER, this
application allows users to retrieve the moments from their
personal life archives in a reliable and efficient manner.
Enhanced versions of LIFER, such as LIFER 2.0 [107] and
LIFER 3.0[108], were proposed with additional visual features
to solve several tasks of ImageCLEFlifelog 2019 and 2020,
respectively. It should be noted that many other applications
have been proposed in the chall enges and workshops mentioned
previously [109-114].

In addition to the mentioned applications, other applications
have been incorporated into the context of health care. Health
lifelogsfocuson medical and clinical perspectives. Inthiscase,
lifelogs exploit other sensors to gather information. Physical
activity, heart rate, blood pressure, and body temperature are
exampl es of measurementsthat may be valuablefromaclinical
perspective [61,115,116]. Lifelogs can be used to create
platforms that provide a collection of digital memories in a
structured and searchable manner, similar to the DigMem system
[117]. Another example of an application is the compilation of
adiary based on information extracted from the lifelogs [40].

A recent study introduced the use of lifelog monitoring for the
early detection of complications in pregnancy [116]. These
lifelogsfeature physiological dataand self-reported information.
The authors aimed to detect physiological changes and, together
with the multiomics data, try to understand the mechanisms
responsible for pregnancy-related diseases. Kim et al [118]
proposed the development of a ubiquitous health care system
based on biological and lifelog data. This system was designed
to assist the care of patients with chronic medical conditions.
A Japanese study discussed the viability of aplatform (PeOPLe)
containing self-recorded lifelogs and medical recordsto support
health care applications [115]. Each patient should provide
lifelogs to the platform to assist the health management of the
patients who are old and request physician support based on
automatic predictions. Similar to PeOPL g, the study presented
by Choi et a [61] identified machine learning and mobile
learning as helpful tools to examine big data resulting from
lifelogs.

In addition to developing diagnostic and health care systems,
asillustrated by the examples mentioned previoudly, lifelogging
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can assist the change of lifestyle and behaviors [119]. The
awareness provided by self-monitoring encourages users to
make healthy choices, and if the progression is noticeable, they
feel motivated to continue. This applies to nutrition, physical
activity, sports, active travel, and psychological well-being
[2,40,64,115,120].

Applications

Lifelogs comprise data of different natures, and consequently,
they present an extensive range of possible applications within
different use cases, as presented in Table 3. It is noteworthy
that work or other procedures may be recorded through
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lifelogging. An example isthe visual lifelogging of a workday
by hedth care professionals [2]. Despite the popularity of
wearable lifelogging devices, other sensors can be strategically
placed to monitor user activity. These sensors can be used for
older people with assisted living needs, and the data acquired
by them can be recorded as alifelog.

In summary, besides memory assistance, monitoring isthemain
application of lifelogging in health care. This is specifically
relevant for the older population, but not exclusively. In
addition, monitoring prompts self-reflection by the user,
resulting in the motivation for self-improvement.
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Table 3. Applications of the research presented in the selected publications considering 5 major areas.

Study Daily activities Event segmentation Hedlth care Summarization Retrieval
Piasek et al [24] a — O — —

Hodges et al [17] — — O — —
Doherty et d [29] O — — — —
Gurrin et a [30] ad — — — —
Pauly-Takacs et a [31] — — O — —
Wang et al [32,33] O — — — —
Song et a [34] O — — — —
Li et al [35] —
Bolanos et a [36] —
Talaveraet a [37] —
Dimiccoli et a [38] —

OO oo o
|
|
|

Guptaand Gurrin [39] —
Fan et a [40] — — — O —
Garciadel Molino et al [41] —
Furnari et a [42] — O — — —
Oliveira-Barra et al [43] — — — a g

Ellisand Lee [44] — O — — —
Shaikh et al [45] 0 — — — —
Shah et &l [46] — — — — 0

O
|
|
|

Yamano and Itou [47] — O — — —
Ziaei et a [48] — 0 — — —
Li et al [49] 0

Tanakaet a [50] O

Doherty et a [54] ad

Hurvitz et al [55] O — — — —
Yang et a [56,57] ad

Dobbins et al [58] O

Ni et al [59] 0

Kim et al [60] — — — —
Choi et al [61] — — ] —
Dobbins and Fairclough [62] — — O —
Leibetseder and Schoeffmann [96] — — — a
Koval¢ik et al [100] — — — —
Gasser et al [105] — — — —
Leeta [108] — — — —
Leetal [110] — — — —
Ribeiro et a [109] — — — —
Mai-Nguyen et a [111] — O — —
Tran et al [112] — O — —

Rossetto et al [113] — — — —
Khan et a [114] — — — _
Dobbinset a [117] — — — —

O O ooooooogogo g
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Study Daily activities Event segmentation Health care Summarization Retrieval
Karako et a [115] — — 0O _ _
Sugawara et a [116] — — O — —
Kim et a [118] — — 0 _ _
Dobbins and Fairclough [64] — — O — —

&The computational tool does not focus on this application.

Privacy and Concerns

One of the most evident challenges associated with lifelogging
isinfringement of privacy [2,108]. The nonconsensual logging
of bystanders and even the logging of aware friends and family
exposes them. A possible solution for visua lifelogsisto blur
faces [21,121]. However, when visua lifelogs are used as a
memory aid, blurring the faces may hinder this function.
Moreover, lifelogs may pose aprivacy threat to the surrounding
people. Lifeloggers are also susceptible to privacy issues, as
lifelogs may constitute valuable information for corporations,
including advertisers, which reinforces the necessity of the
General Data Protection Regulation. Neverthel ess, unobtrusive
recording of audio or capturing of images without the explicit
consent of everyone involved is prohibited by law.

The use of smartwatches by lifeloggers can be advantageous
for recording health data. Kim et a [60] proposed a method to
collect data from smartwatches while preserving the user's
privacy. This study is of interest as it attempts to circumvent
privacy issues regarding the use of smartwatches. These
principles can serve as inspiration for similar approaches for
other devices.

Lifelogs may affect our perception of reality; for example,
memories may seem more recent than they actually are [119].
Furthermore, despite al the efforts, lifelogs can only capture a
small fraction of redlity, and as such, only concrete information
about subjective experiences can be recorded. Consequently,
lifelogs cannot be considered as the ground truth, as there may
be failures that prevent full documentation [21].

Another result of our analysis was the permanent character
inherent in lifelogs. Although this is advantageous for
applications such as memory retrieval, it may become
problematic. For example, people with mental illnesses may be
obsessed with some memories and dwell on them [7].
Furthermore, even for healthy people, this permanent record
may put them under the impression that they are not allowed
to change[119]. Therefore, it has been proposed in the literature
that lifel ogs should try to mimic human memory and implement
aforgetting functionality [2,21,64].

Another pertinent concern regarding lifelogging isthe possibility
that people may rely excessively on lifelogsto remember [119].
This is specifically relevant for future research, as the goal is
to enhance the memory of healthy people or improve the
memory of people with dementia.

With the popularization of lifelogs and adherence by most of
the population, surveillance may become anissue. On one hand,
law enforcement may consider lifelogs as a viable method to
investigate criminals, which may result in intrusion of the
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privacy of innocent people [21]. On the other hand, lifelogs
may be admitted as proof of innocence. In addition, lifelogscan
also potentially empower surveillance by authorities. A
legitimate ethical question that emerges from this surveillance
is whether illegal behaviors perpetrated by bystanders should
be reported by lifeloggers[2].

Discussion

Principal Findings

In lifelogging, devices should be ubiquitous, and data capture
should occur without requiring any action on the part of the
wearer. Currently, everything and everybody with network
connectivity can be turned into sensors that continuously
generate data. Mobile and wearabl e devices have been integrated
into everyday activities in a seamless and ubiquitous manner.
It has become increasingly possible to remotely monitor
behaviors using our smartphones or wearable devices.

Lifelogs are personal data created through life experiences and
behaviors of individuals during their daily life, such asimages,
videos, audio, biometric data, or locations, that are collected by
physical sensors. Lifelogs are prone to become a powerful tool
to retrieve memories or increase the knowledge about an
individual's experiences or behaviors. However, regarding
human digital memories (or personal digital memories), different
viewpoints arise. Although some refer to human digital
memoriesinterchangeably with lifelogs, it isvalid to argue that
human digital memories are the result of the processing and
organization of lifelogs[2,122,123].

Visual lifelogs are one of the most used data in lifelogging
approaches and applications. These lifelogs provide important
visua information such as environment, objects, activity, and
behavior, which are performed and visualized by thelifelogger.
As human beings, we can distinguish this visual information
and interpret it to reconstruct a memory that was previously
experienced. However, for machines such as our computers,
this information is only pixels or numbers, which requires the
development of algorithms and methods for the interpretation
and anaysis of these data to retrieve a specific memory
efficiently. One of the main advantages of visual lifelogging is
theresulting feeling of security. The usersare not worried about
remembering because they know that everything is being
documented [21]. It should be noted that visual lifelogs are
usualy accompanied by supplementary information, as
illustrated by the examples analyzed in the previous sections.
These data can help in memory retrieval, because the richer the
lifelogs, the more likely they are to hold relevant cues.
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Audio lifelogs are less used in lifelogging applications than
visual lifelogs because of the additional challenges that they
bring to the application. They can be uncomfortable for the
lifelogger. However, audio lifelogs may contain important
information for lifelogging applications, such as conversations,
speeches, music, or several environmental sounds. Moreover,
visua entry lifelogs can take advantage of sound records, as
illustrated in the cases mentioned in the Results section.
Although audio devices are mainly used as reminder devices,
voice records can be used to document important events as the
user is experiencing them or shortly thereafter. However, there
is a lack of studies on the use of audio lifelogs and their
relevancein lifelogging applications for people with dementia.

Location-based lifelogs allow people to retrieve information
about the environment and activities that may occur in that
location. Regarding memory retrieval, the locations
complemented by other information, such as visual lifelogs or
temporal features, facilitate the search for these data and make
alifelogging system more accurate [21]. For example, people
with dementia tend to lose their ability to recognize familiar
places or locations or become lost and confused about their
location. Such information can be retrieved together with visual
lifelogs and, therefore, stimulate the memory of these people.

Extracting physical activities only from images is a complex
process and sometimes inaccurate, because certain objects or
scenes can be associated with a wide range of activities.
However, lifelog data such as heart rate and accel erometer data
can be used to recognize activities of the lifelogger. By using
semantic concepts extracted from the images and locations, the
classification of these activities can improve significantly.
Human physiological signals have several potential benefitsin
lifelogging applications, such as for health care and daily life
monitoring. However, to use awide range of these data, several
sensorsare necessary, and most existing lifel ogging technologies
do not incorporate al these sensors. For example, multiple
devices are required to collect these signals from an individual
inreal time, which becomes challenging for data synchronization
and filtering [64].

Physiological data are rarely used in isolation, and generally,
these data alone rarely show cues to retrieve memories,
particularly in patients with dementia, as their memories are
triggered mainly by visual information. The main utility of
physiological data in lifelogging is for medical records and
physical activity. However, they may also be used to detect
emotions, and similar to visua lifelogs, they can form a more
complete digital memory [117].

Regarding privacy and concerns, lifeloggers must have access
to their data and opportunities to rectify, remove, and control
thedatathat iscollected. In addition, lifeloggers should be avare
of how their data are stored and used, who owns the lifelogs,
and who ownstheinformation obtained from their lifelogs[119].
Gurrin et al [2] assume that the data gatherer ownsthelifelogs,
which raises the question, “What happens to lifelogs when the
correspondent lifelogger dies?” On one hand, lifelogs contain
alifetime of personal information. However, if they are stored
in databases, it can help to improve research approaches. Thus,
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it isnecessary to establish regulations on how to approach these
concerning issues.

Conclusions

The integration of lifelogging into people's lives can be
beneficial to improve the quality of their life, either by serving
as a tool for memory augmentation or by providing support
when having memory issues. Lifelogging systems can create
relevant digital memories. Through this narrative review, we
understand that contextual information can be extracted from
lifelogs, which provides an understanding of a person’s daily
activities based on events, experiences, and behaviors.

Initialy, the scientific community in the lifelogging research
field focused their attention on the design and development of
solutions or devices capable of acquiring and storing data
without interfering with one's daily life. However, with the
increase in wearable devices available for personal data
acquisition and the large amount of data to be stored and
retrieved, new challenges and i ssues arose regarding the storage,
processing, organization, and retrieval of lifelogs.

An important conclusion of thisresearch exerciseisthat visua
lifelogs are most prevalent when the goal is to create digital
memories as surrogate memories. Nevertheless, there is a
tendency to associate visual lifelogswith other lifelog datasuch
asaudio, location, physical activities, and physiological signals.
Audio lifelogs can provide relevant information, such as
speeches or environmental sounds, which encode information
about locations, activities, and overall context. Along with these
personal data, location-based lifelogs can provide additional
information. Physical activity and physiological lifelog dataare
often associated with health care and quality of life. The several
sensors that can be incorporated in wearable and easy-to-use
devices provide useful information for the recognition and
classification of the activities and behaviors of a user. These
data used in isolation have some benefits for health care and
personal monitoring. Nevertheless, when combined with other
lifelogs, they potentially provide important cuesto retrieve and
form more compl ete personal digital memories. In addition to
creating human digital memories, the acquisition and processing
of these lifelogs can be used for monitoring daily life and
self-improvement. As they comprise data of different natures,
they present an extensive range of possible applications within
different use cases. In addition to their relevance in health care,
several other applications have been explored such as daily
activity analysis, event segmentation, summarization, and
information retrieval .

The practice of lifelogging requires tracking and recording of
lifelogs in everyday life, for which it is necessary to capture
personal data over long periods or even the lifelogger’s entire
life. These lifelogs can be combined to develop methods to
recognize several contextual data to provide a broader
understanding of the lifelogger's life, such as events,
experiences, behaviors, and moments. However, the lifelogs
must be synchronized with each other, which can be achieved
through timefeatures recorded at the time of lifelog acquisition.

Nevertheless, when these lifelogs are introduced into a
lifel ogging application, some of them are not relevant or do not
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contain useful information for further processing and
visualization. Therefore, preprocessing methods can be applied
to select only relevant lifelogs and remove or correct those that
may introduce errors and noise into the system. To retrieve and
visualize the previoudly selected lifelogs, the lifelogging system
must be able to interpret these lifelogs in away similar to that
of thelifelogger. Therefore, it isimportant to annotate, organize,
and store the lifel ogs with semantic concepts that provide more
information about the environment and activities of the

Ribeiro et al

lifelogger. These semantic concepts are useful to understand
the lifelogger's behavior and define events and specific
moments, which may be required and visualized in the future
as surrogate memories.

Thisnarrative review showsthat thereis aconsiderable number
of published studies on lifelogging. However, we identified
several open questions through the analysis and possible lines
of investigation in this currently important topic.
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Abstract

Background: In the era of digital health information technology, there has been a proliferation of devices that collect
patient-generated health data (PGHD), including consumer blood pressure (BP) monitors. Despite their widespread use, it remains
unclear whether such devices can improve health outcomes.

Objective: We performed a systematic review of the literature on consumer BP monitors that collect PGHD for managing
hypertension to summarize their clinical impact on health and surrogate outcomes. We focused particularly on studies designed
to measure the specific effect of using a BP monitor independent of cointerventions. We have also summarized the process and
consumer experience outcomes.

Methods: Aninformation specialist searched PubMed, MEDLINE, and Embase for controlled studies on consumer BP monitors
published up to May 12, 2020. We assessed the risk of bias using an adapted 9-item appraisal tool and performed a narrative
synthesis of the results.

Results: Weidentified 41 different types of BP monitors used in 49 studies included for review. Device engineers judged that
38 (92%) of those devices were similar to the currently avail able consumer BP monitors. The median sample size was 222 (IQR
101-416) participants, and the median length of follow-up was 6 (IQR 3-12) months. Of the included studies, 18 (36%) were
designed to isolate the clinical effects of BP monitors; 6 of the 18 (33%) studies evaluated health outcomes (eg, mortality,
hospitalizations, and quality of life), and data on those outcomes were unclear. The lack of clarity was due to low event rates,
short follow-up duration, and risk of bias. All 18 studiesthat isolated the effect of BP monitors measured both systolic and diastolic
BP and generally demonstrated a decrease of 2 to 4 mm Hg in systolic BP and 1 to 3 mm Hg in diastolic BP compared with
non—BP monitor groups. Adherence to using consumer BP monitors ranged from 38% to 89%, and ease of use and satisfaction
ratings were generally high. Adverse events were infrequent, but there were afew technical problems with devices (eg, incorrect
device derts).

Conclusions: Overall, BP monitors offer small benefits in terms of BP reduction; however, the health impact of these devices
continues to remain unclear. Future studies are needed to examine the effectiveness of BP monitors that transmit data to health
care providers. Additional datafrom implementation studies may help determine which components are critical for sustained BP
improvement, which in turn may improve prescription decisions by clinicians and coverage decisions by policy makers.

(JMIR Mhealth Uhealth 2022;10(5):€33261) doi:10.2196/33261

KEYWORDS

patient-generated health data; consumer devices; hypertension; blood pressure monitors; digital health; cardiovascular diseases;
wearabl e devices; health information; mobile phone
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Introduction

In 2018, nearly half a million deaths in the United States
included hypertension as a primary or contributing cause [1].
Current data support the use of out-of-office blood pressure
(BP) monitoring for hypertension management because it
provides clinical information beyond in-office BP monitoring
and enhances titration of the medication dose [2-4]. This
evidence has led to the proliferation of consumer
patient-generated health data (PGHD) devicesfor hypertension
management.

The Office of the National Coordinator for Health Information
Technology defines PGHD as “health-related data created,
recorded, or gathered by or from patients (or family members
or other caregivers) to help address ahealth concern” [5]. These
health-related data are captured by the patient, who may also
need to share this information with a health care provider or
others (if data transmission is not automatic). The adoption
curve of consumer PGHD devicesfor hypertension management
is maturing due to the rising numbers of wearables and BP
monitors on the market. The global market size of automated
home BP monitors is expected to gain market growth between
2020 and 2025, with a compound annua growth rate of 2.3%,
forecasting US $1068.3 million by 2025, from US $975.6
million in 2019 [6].

Consumer PGHD devices can improve the health outcomes of
patients and play an important role in managing hypertension.
Thisreview summarizesfindings on hypertension from alarger
report that addressed PGHD for 11 chronic conditions. Thefull
report can be downloaded from the website of the Effective
Healthcare Program at the Agency for Healthcare Research and
Quality (AHRQ) [7]. In this paper, we summarize the clinical
effectiveness of consumer BP monitorsin collecting PGHD on
health and surrogate outcomes. We also summarize the process
outcomes (eg, medication titration) and consumer experience
outcomes (eg, device adherence, ease of use, and technical
problems).

Methods

Search Strategy

A professional information specialist searched MEDLINE and
Embase, in-process MEDLINE and PubMed unique content,
and the Cochrane Database of Systematic Reviews for

https://mhealth.jmir.org/2022/5/€33261
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systematic reviews or controlled trials published from inception
until May 12, 2020. We aso searched Clinical Trials.gov for
active studies until June 19, 2020. Thereview protocol is posted
on the PROSPERO website [7].

Selection Criteria

Textbox 1 shows study €ligibility criteriafor studies evaluating
the effects of BP monitors on hypertension. Device engineers
examined the devices from the screened studies (manufacturer
and model names) and determined whether each device was
availablefor direct purchase by consumers. Studiesthat included
nonconsumer devices (eg, devices requiring a prescription) were
excluded. The technology had to collect and store consumer
data without requiring manual input and potentially could be
sent to a health care professional, although data transmission
was not required for study inclusion. We included both
US-marketed and non—US-marketed technol ogies that met the
criteria. However, any technology subject to Food and Drug
Administration (FDA) clearance must have received FDA
clearance to be included.

We carefully examined the interventions provided to each
treatment group and determined whether the study design
isolated the effect of the BP monitor. This occurred when the
intervention group received the BP monitor whereas other
comparison groups did not, and any additional treatmentswere
the same between groups. In cases where clinicians made
changesto treatment plans (eg, medication or dose adjustments)
based on feedback from the BP monitor, we considered it as
part of the BP monitor’s effect because such adjustments were
only possible due to the device. The comparison groups
commonly received usua care, which would not preclude the
clinician’s decisions to modify hypertension treatment plans
based on BP measurements in other contexts and settings.

Using DistillerSR (Evidence Partners), 3 reviewers (JRT, BR,
and JR) screened the titles, and all 6 screened abstracts and
full-text articles. For titles, only 1 reviewer assessed the general
relevance to the topic. For abstract screening, 2 reviewers were
necessary to exclude an article from further consideration;
however, only 1 reviewer was necessary to order the full text.
Regarding full texts, 2 reviewers assessed the study against the
inclusion criteria, and disagreements were resolved by a
(senior-level) third reviewer (JRT or JR). Full-text screening
also involved determining which articles were associated with
other included articles of the sametrial.
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Textbox 1. Eligibility criteria.
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Category and criteria

.  Populations

. Interventions

but could be via the same or a different technology)

«  Comparators

«  Exclude comparators that used the same PGHD intervention

. Outcomes

of life)

of medications secondary to inaccurate BP data

opinions, dietary behavior, activity level, and steps per day

«  Timing/setting

«  Study designs

« Language
o Include studies published in English.

« Includeindividuals who have (or may potentially develop) hypertension

«  Excludeindividuals with other conditions and pregnant and postpartum women

« Include consumer blood pressure (BP) monitors for the prevention or treatment of hypertension. The monitor must collect and store the
patient datawithout manual input, which could be used by the patient or sent to ahealth care professional (datatransmission was not required

« Include non—patient-generated health data (PGHD) interventions, other PGHD interventions, or no intervention

« Include health outcomes: direct measures of health (eg, mortality, emergency room visits, hospitalizations, disease progression, and quality

o Include blood pressure: systolic or diastolic BP change and change in BP control

« Include potential harms:. serious adverse events (eg, hospitalization or delay in care) and other potential harms such as underuse or overuse

« Include process outcomes (if 1 of thefirst 3 outcome categories were reported): medication changes

« Include consumer outcomes (if 1 of thefirst 3 outcome categories were reported): BP measurement adherence, interoperability, functions,
acceptability/usability, sustainability, feasibility, fidelity, and integration into electronic health records

« Includecosts (if 1 of thefirst 3 outcome categories were reported): total cost and cost-effectiveness

«  Exclude surrogates such as prescription filling behavior, biomarkers that do not define the condition, adherence, disease knowledge, beliefs,

o Include no limitations on timing. The setting must be at home or otherwise outside of a hospital or health care center.

« Include any study design with a separate comparison group of patients who received a different intervention strategy or single-arm registry
studies. Systematic reviews were only used to screen their included studies to ensure none were missed by the database searches.

«  Exclude reviews, case reports, editorials, comments, |etters, meeting abstracts, and studies with <10 patients per arm at follow-up.

Data Extraction

For each included trial, 1 reviewer (BR or NM) extracted the
genera tria information, patient characteristics (eg, baseline
BP), treatment details (including specific PGHD devices),
risk-of-bias items, and outcome data. We examined data on the
following reported health outcomes: mortality, emergency room
visits, hospitalization, quality of life (QoL), and adverse events
(AES). Surrogate outcomesfor hypertension consisted of systolic
BP (SBP) and diastolic BP (DBP). Process outcomes included
medication changes, dose adjustments, physician consultations,
and office visits. We aso extracted data on consumer
experience, including device adherence, the number of BP
readings taken or transmitted, device derts, ease of use, patient
satisfaction, and technical problems.

https://mhealth.jmir.org/2022/5/€33261

Risk-of-Bias Assessment

We assessed the overall risk of bias based on 9 items, including
randomization, alocation concealment, baseline similarity
between groups, and masking of outcome assessors. The items
wereadapted from the AHRQ report titled “Mobile Applications
for Self-Management of Diabetes’ [8]. In addition, weincluded
an item about whether the device's effects could beisolated (ie,
consumer BP monitor alone vs usual care). After considering
all 9 items, we categorized each trial as at low, moderate, or
high risk of bias.

Device Similarity
Given that theincluded studieswere published asearly as 1997,
for each BP monitor used within the included studies, device
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engineers assessed the similarity to devices currently on the
market from that manufacturer. They used the following scale:
(1) this model is similar to a device available from this
manufacturer; (2) this model is somewhat different than any
device available from this manufacturer; (3) thismodel is very
different from any device available from this manufacturer; and
(4) we could not reliably determine the similarity of this model
with the ones currently available from this manufacturer.

Results Classification

For isolated effects on health outcomes, we narratively
synthesized the summary effect into one of four categories: (1)
likely no effect, (2) unclear, (3) possible positive effect, or (4)
likely positive effect. If the results consistently demonstrated
the lack of an effect (via narrow Cls around a null effect), we
coded it as likely no effect. If the results were inconsistent in
the direction of effect or study authors could not reach a
conclusion, the findingswere coded as unclear for that outcome.
If =1 outcomes had minor inconsistency in findings, but at |east
1 study with moderate or low risk of bias showed a positive
effect, thefindings were coded as possible positive effect. If the
results had a consistent positive effect, we coded it as likely
positive effect.

When we categorized health outcome data as unclear, we then
examined surrogate outcomes, which for hypertension were
SBP and DBP. To help interpret the SBP/DBP outcomes, we
used a minimally important difference of 2 mm Hg [9,10].

https://mhealth.jmir.org/2022/5/€33261
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For studies of multicomponent interventions, we did not attempt
to classify the data in the manner described earlier because the
effect of BP monitoring in those studies could not be determined.

Results

Literature Search

For the full report (ie, 11 clinical conditions), our searches
identified 8667 potentialy relevant articles, of which we
excluded 5755 (66.40%) at the title level (not relevant) and
2196 (25.33%) at the abstract level (Figure 1). We dual-screened
the full texts of the remaining 716 articles (8.26%). Thereview
team included 126 (17.6%) of these studies, but upon further
review of the devices by device engineers, 12 studies (1.7%)
had used only nonconsumer devicesand were therefore excluded
from the full report (none of the 12 addressed hypertension). A
total of 114 unique studies were described in 166 articles. For
the subset of screened studies enrolling patients with
hypertension, we included 51 studies reported in 80 articles.
Thisreview focuseson 49 (96%; 79 articles) of those 51 studies
that used BP monitors to generate PGHD for managing
hypertension; 2 studies did not use BP monitors to manage
hypertension, 1 evaluated a pedometer [11], and the other
compared 2 mobile apps [12]. Of the 49 studies, 18 (36.7%)
used designs that isolated the effect of BP monitors (eg, BP
monitor alone vsusual care or BP monitor+scalevs scalealone),
whereas the other 31 (63.3%) used multicomponent designs
that did not permit conclusions about the impact on outcomes
specific to BP monitors (eg, BP monitor+scale vs usual care).
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Figure 1. Study flow diagram. BP: blood pressure; DBP: diastolic blood pressure; PGHD: patient-generated health data; SBP: systolic blood pressure.

8667 articles identified

Titles
screened

202
abstracts

716 full-text
review

—

5755 articles excluded

2196 articles excluded

550 articles excluded

202: Mot a consumer device

127 Mot a comparison of interest

71: Mot automated data entry

35: Marrative review, protocol, commentary, guideling, editorial, or letter
25 All groups received the same PGHD device(s)

18: N=10in an arm at follow-up

18: No outcomes of interest

: Mat in English
. Unable to obtain

T N W]

13: Inpatient or laboratory setting

12: Single-arm study and not a registry

10: Pregnancy -related

. Mot a clinical condition of interest

- Other study design

. Specific device not named

. Did not report data specifically for a clinical condition of interest

A J

166 articles reporting data on 114 included studies:
+  Hypertension: 51 studies (80 articles)
«  (Other conditions: 63 studies (86 articles)

‘L

49 of 51 hypertension studies (76 articles) evaluated BF monitors |

A

BP-monitor only vs usual care)
- @ ofthe 18 reported health outcomes (eg, quality of life)
- 18 ofthe 18 reported SBP andior DBEP

A
18 ofthe 49 included studies isolated the effect of BP monitors (e.g.

-9 ofthe 18 reported the percentage of patients achieving BP control

31 ofthe 49included studies did not
isolate the effect of BP monitors (e.g.,
BPF-monitor+scale vs usual care)

Study Char acteristics

Key characteristics of the studies using BP monitors for
hypertension are shown in Table 1 (18 isolated-effect studies)
and Multimedia Appendix 1 (Table S1; 31 multicomponent
studies). Of the 49 studies, 47 (96%) were randomized trials,
and 2 (4%) were nonrandomized; 21 (43%) studies were
conducted in the United States, and other notable countries
included the United Kingdom (n=6 studies, 12%), Canada (n=3
studies, 6%), Denmark (n=2 studies. 4%), Finland (n=2 studies,
4%), and South Korea (n=2 studies, 4%). The median number
of patients per study at baseline was 222 (IQR 80-433). Patient
enrollment dates were reported in 29 (59%) studies and ranged
from May 1999 to June 2017. The median length of follow-up
was 6 months (IQR 4-12).

https://mhealth.jmir.org/2022/5/€33261
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Study group comparisonsare shownin Table 2 and Multimedia
Appendix 1 (Table S1). Of the 49 studies, 42 (86%) had 2 study
groups, 4 (8%) studies had 3 groups, and 3 (6%) studies had 4
groups. A usual care control group was used in 43 (88%) studies,
whereas 3 (6%) studies used a consumer device in the control
group, and 4 (8%) other studies used active comparators without
a consumer device (eg, counseling alone). Statistical power
analyses were conducted apriori in 39 of the 49 (80%) studies,
and 29 of these 39 (74%) studies were based on SBP, DBP, or
BP control. Note that 31 of the 49 (62%) studies used only
multicomponent interventions, making it impossibleto discern
the impact specific to the BP monitor. Among these 31 studies,
25 (81%) used aBP monitor along with nondeviceinterventions,
3 (10%) studies used a BP monitor along with another device,
and the other 4 (12%) studies used a BP monitor along with =2
other devices.
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Table 1. Genera characteristics of studiesisolating the effect of blood pressure monitors.
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Study Design Country N at baseline  Study duration Study groups (BPPmonitor manufac- Outcomes
turer and model)
Aekplakorn et al rcT?  Thaland 224 12months ~ «  pGHD® (Omron HEM 7117) *  Surrogate (SBP", DBF®,
(2016) [13] . Usua care or BP control)
o  Process
«  Consumer experience
Bosworth et al (2009) RCT United 636 2years « PGHD (Omron773ACor637) « Hedth (hospitalizations)
[14] States «  Behaviora intervention «  Surrogate (SBP, DBP, or
«  Combination (PGHD+behav- BP control)
ioral) o  Process
e Usud care o Adverseevents
«  Consumer experience
Bosworth et al (2011) RCT United 636 24 months « PGHD (Omron773ACor637) «  Surrogate(SBPor DBP)
[15-17] States «  Behaviora intervention
«  Combination (PGHD+behav-
ioral)
e Usud care
Broege 2001 [18] RCT United 40 3 months «  PGHD (Omron HEM-702) *  Hedth (QoLf)
States «  Usud care . Surrogate (SBPor DBP)
«  Consumer experience
Fuchs et a (2012) RCT Brazil 121 60 days « PGHD (OmronHEM-705CP) «  Surrogate (SBPor DBP)
[19] e Usud care «  Consumer experience
Green et a (2008) RCT United 778 1lyear e  PGHD (OmronHEM-705CP) «  Health (QoL)
[20,21] States «  Combination (PGHD+pharma= «  Surrogate (SBP, DBP, or
cist care) BP contral)
e Usud care o Adverseevents
Hebert et a (2012) RCT United 416 18 months « PGHD (Omron HEM-712C) .«  Health (mortality)
[22] States o Combination (PGHD+nurse  «  Surrogate (SBP, DBP, or
management) BP control)
e Usud care «  Process
Hoffmann-Petersenet  RCT Denmark 356 3 months e PGHD (A&D 767PlusBT or «  Surrogate (SBP, DBP, or
a (2017) [23] Omron 705IT) BP control)
e Usua care o  Process
Hosseininasab et al RCT Iran 194 24 weeks « PGHD (Samsung SHB-200w) «  Surrogate(SBPor DBP)
(2014) [24] e Usua care
Kaharaet a (2014) RCT Japan 57 2 weeks « PGHD (Omron HEM-7251G) .  Surrogate(SBPor DBP)
[25] «  Conventional BP monitor o  Consumer experience
Kauric-Klein et a RCT United 34 12 weeks « PGHD (OmronIC) «  Surrogate (SBPor DBP)
(2007) [26] States o Usuad care
Kim et a (2016) RCT United 160 6 months e  PGHD (Withings) «  Surrogate (SBP, DBPR, or
[27,28] States o Usua care BP control)
«  Consumer experience
Lakshminarayaneta RCT United 50 13 weeks e PGHD (upper aam Withings «  Surrogate (SBP)
(2018) [29] States [Nikia] wirdlessBP monitor) «  Consumer experience
«  Conventional BP monitor
Marquez-Contreraset  RCT Spain 250 6 months « PGHD (Omron M4 automatic «  Surrogate (SBP, DBP, or

a (2006) [30]

monitor)
Usual care

BP control)
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Study Design Country N at baseline  Study duration Study groups (BP?monitor manufac- Outcomes
turer and model)
McManuseta (2018) RCT United 1173 12 months «  PGHD (Omron M10-IT) o Health (QoL)
[4,31-33] Kingdom o  Combination(PGHD+demon- «  Surrogate (SBPor DBP);
itoring) process
o Usuad care o Adverseevents
Qi et a (2017) [34] RCT China 1032 5years « PGHD (OmronHEM-7121) .  Surrogate (SBP, DBP, or
«  Control group BP contral)
Zaleski et al (2019) RCT United 24 4 months « PGHD (BPOmron705CPN) .  Surrogate(SBPor DBP)
[35] States o Usuad care « Adverseevents

«  Consumer experience

Zhaeta (2019) [36] RCT United 25 6 months « PGHD (iHedthBP 7 wireless «  Health (QoL)
States BP wrist monitor) «  Surrogate (SBP, DBP, or
o Usuad care BP contral)

«  Consumer experience

3BP: blood pressure.

BRCT: randomized controlled trial.
°PGHD: patient-generated health data.
dsp: systolic blood pressure.

€DBP: diastolic blood pressure.

fQoL: quality of life.
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Table 2. Patient characteristicsin studiesisolating the effect of blood pressure monitors.
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Study Age (years), Sample Female, Baseline disease severity
mean (female), n n (%)
*  Mean DBP® PGHD: 83.4 mm Hg
* Mean SBPUCY: 147.2 mm Hg
« Mean DBPUC: 82.2 mm Hg
Bosworth et a (2009) [14] 61 636 420 (66) « BPcontrolled at baseline 73%
o  Mean SBP: 125 mm Hg
e Mean DBP: 71 mm Hg
Bosworth et al (2011) [15]; Bosworth 61 636 407 (64) « Mean SBP: 125 mm Hg
et a (2007) [16]; Bosworth et a « Mean DBP: 71 mmHg
(2008) [17]
Broege et al (2001) [18] 73 40 28 (70) «  Mean ambulatory awake SBP: 147 mm Hg
«  Mean ambulatory awake DBP: 82 mm Hg
Fuchs et al (2012) [19] 59.0 121 73 (60) «  Maean office SBP: 158.6 mm Hg
o Mean office DBP: 89.5 mm Hg
*  Mean 24-hour systolic ABPM®: 148.8 mm Hg
«  Mean 24-hour diastolic ABPM: 87.5 mm Hg
Green et a (2008) [20,21] 59.1 778 405 (52) « Mean SBP: 151.9 mm Hg
o« Mean DBP: 89.1 mm Hg
Hebert et a (2012) [22] 60.8 416 295 (71) « Mean SBP: 153 mm Hg
« Mean DBP: 86.0 mm Hg
Hoffmann-Petersen et a (2017) [23] 60.5 356 164 (46) «  Maean office SBP: 154.6 mm Hg
«  Maean office DBP: 93.2 mm Hg
Hosseininasab et al (2014) [24] 58.7 194 118 (61) . Mean SBP: 145.2 mm Hg
« Mean DBP: 85.3 mm Hg
Kaiharaet al (2014) [25] 64.4 57 37 (65) . Mean SBP: 144 mm Hg
o« Mean DBP: 83 mm Hg
Kauric-Kleinet et a (2007) [26] 48.7 34 23 (68) «  Mean SBP PGHD: 161 mm Hg and 162 mm Hg
in the UC group
«  Mean DBP PGHD: 94 mm Hg
« Mean DBP UC: 100 mm Hg
«  Patients were chronic hemodialysis patients
Kim et a (2016) [27]; Bloss (2016) 57.6 160 104 (65) «  Mean SBP: 140.6 mm Hg
[28] « Mean DBP: 89.4 mm Hg
«  Mean number of antihypertensive medications:
2
Lakshminarayan et a (2018) [29] 66 50 14 (28) «  Mean SBP: 140 mm Hg
«  Mean DBP: not reported
Marquez-Contreras et al (2006) [30] 59.1 250 123 (49) « Mean SBP: 157.4 mm Hg
e Mean DBP: 91.7 mm Hg
McManus et a (2018) [4,31-33] 66.9 1173 540 (46) « Mean SBP: 153.1 mm Hg
e Mean DBP: 85.5 mm Hg
Qi et al (2017) [34] 64.0 1032 464 (45) «  Mean SBP: 140.0 mm Hg

« Mean DBP: 92.5 mm Hg
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Study Age (years), Sample Female, Baseline disease severity
mean (female), n n (%)
Zaleski et a (2019) [35] 52.3 24 13 (54) «  Mean SBP: 136.2 mm Hg
o Mean DBP: 85.2 mm Hg
»  Mean duration of hypertension: 6.2 years
Zhaet a (2019) [36] 52.2 25 22 (88) « Mean SBP: 145.72 mm Hg

o Mean DBP: 90.57 mm Hg

85BP; systolic blood pressure.

bPGHD: patient-generated health data.

°DBP: diastolic blood pressure.

duC: usual care.

€ABPM: ambulatory blood pressure monitoring.

Table 2 (isolated-effect studies) and Multimedia Appendix 1
(Table S2; multicomponent studies) show the patient
characteristics from the 49 studies. The mean age ranged from
49 to 73 years, and the percentage of females ranged from 5%
to 88%. The mean baseline SBP was reported in 44 (90%)
studies and ranged from 125 to 161 mm Hg. The mean baseline
DBP was reported in 42 (86%) studies and ranged from 71 to
97 mm Hg. Only 3 (6%) studies were conducted in rural
populations [25,37,38], whereas 24 (49%) were not of rural
populations[22,23,26,29,30,35,36,39-62] and the other 22 (44%)
did not specify.

Only 21 of the 49 (43%) studies reported health outcomes,
which included mortality (n=3 studies, 6%b), hospitalizations or
emergency room visits (n=2 studies, 4%), QoL (n=13 studies,
26%), and AEs (n=13 studies, 26%). No studies reported other
health outcomes related to hypertension, such as major adverse
cardiovascular events. All studies reported SBP, DBP, or BP
control.

Device Characteristics

The included studies used 41 different BP monitoring devices
(see specificsin Table 1). Of these, 34 (83%) were arm devices
and 2 (5%) werewrist devices, and thewrist or arm was unclear
in the other 5 (12%) studies. A total of 38 (93%) BP monitors
were judged as similar to devices currently on the market from
the corresponding manufacturer, 1 (2%) was judged as
somewhat different, and 2 (5%) were of unknown similarity.

Regarding the transmission of data (eg, to a website, to study
staff, or to health care providers), 19 of 49 (39%) studies used
automatic transmission, 6 (12%) used manual data entry for
transmission, 20 (41%) had no electronic datatransmission, and
the other 4 (8%) did not report whether or how data were
transmitted.

| solated Effects on Health Outcomes

Theisolated effects of aconsumer BP monitor device on health
outcomes were evaluated in 6 of the 49 (12%) studies. The
consumer BP monitors examined included the iHealth BP 7
Wireless Wrist Monitor, Omron 637, Omron 773AC, Omron
HEM-705 CP, Omron HEM-712C, and Omron M10-IT. Only
1 of the 6 (17%) studies reported mortality [22], 1 (17%)
reported hospitalization [14], and the other 4 (67%) reported
QoL [4,18,20,21,31-33,36].

https://mhealth.jmir.org/2022/5/€33261

For mortality, Hebert et a [22] followed patients for 18

months and found that 8 deaths occurred in the 3 study

groups (Omron HEM-712C BP monitor, Omron HEM-712C

BP monitor plus nurse management, and usua care).

Mortality ratesdid not differ significantly acrossthe groups

(group-specific rates were not reported).

« For hospitalizations, Bosworth et a [14] reported no
statistically significant differences in hospitalization rates
among the 4 study groups. The rates ranged from 19% to
23% (group-specific rates were not reported). The groups
received Omron 773AC or 637 (depending on patient arm
circumference) compared with usual care, behavioral
management alone, or acombination of BP monitoring and
behavioral management.

« For QoL, 3 of the 4 (75%) studies found no statistically
significant differences between groups at follow-upsranging
from 3 to 12 months. To measure QoL the studies used the
Short Form Health Survey 36 (SF-36) [18], the Short Form
Health Survey-12 [20,21], or the EQ-5D [4,31-33]. The
fourth study [36] found that at both baseline and the
6-month follow-up, there was a statistically significant
difference in SF-36 scores favoring the usual care group
over the BP monitor group (suggesting a problem with
randomization rather than an effect of the BP monitor).

I solated Effects on Surrogate Outcomes

Of the 49 studies, 18 (37%) [4,13-26,28-36] examined the
isolated effects of consumer BP monitors on blood pressure.
All evaluated the effects compared with usual care (ie, no BP
monitor), except for 2 (11%) studies [25,29], each of which
compared BP monitors with automatic data transmission with
BP monitors without automatic transmission.

All 16 studies on comparisons with usual care reported the
effects of PGHD interventions on SBP (Figure 2). The top 4
points were from studies using automatic transmission of BP
data, and the remaining 28 points were from studies that did
not use automatic  transmission. Six  studies
[4,15-17,19-21,26,31-34] found a satisticaly significant
reduction in SBP favoring the BP monitoring group compared
with the control group. However, the results were somewhat
inconsistent. For example, Bosworth et a [15-17] found
significant improvement only in non-White patients at 12
months; differences were not statistically significant for White
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patients at any time point or 24 months for any subgroup. The
point estimates for SBP are shown in Figure 2, corresponding
to 32 reported outcomes from 16 studies. Moreover, 4 of 32
(13%) SBP outcomesidentified areduction of 6 mm Hg or more
favoring the consumer BP monitor group compared with usual
care; 12 (38%) identified an SBP reduction between 2 mm Hg
and 6 mm Hg favoring the consumer BP monitor, 10 (31%)
identified SBP differences from -2 mm Hg to +2 mm Hg, and
the remaining 3 (9%) found an SBP reduction =2 mm Hg
favoring the usua care groups. Whether the BP monitor
automatically transmitted data (comparing the top 4 pointswith
the other points) did not appear to modify the effect on SBP.

The overall findings for DBP were similar to those for SBP; 5
(31%) [4,15,19,30-34] studiesfound that consumer BP monitors
significantly reduced DBP compared with controls. However,
similar to SBP, the results were inconsistent, and statistical
significance was found only for particular subgroups or time
pointsin astudy. The 32 point estimates for DBP are shown in
Figure 3 (restricted to studies with usual care comparison
groups). Of these, 1 (3%) identified a DBP reduction of 6 mm
Hg or more favoring the consumer BP monitor, 9 (28%)
identified a DBP reduction between 2 mm Hg and 6 mm Hg,
favoring the consumer BP monitor, and the remaining 19 (59%)
identified DBP differences from -2 mm Hg to +2 mm Hg.
Whether the BP monitor automatically transmitted data did not
appear to modify its effect on DBP.

Treadwell et al

Regarding the 2 studies examining the effect of data
transmission (eg, BP monitor with vswithout datatransmission),
Kahara et a [25] found that data transmission resulted in an
estimated 6 mm Hg lower SBP but no statistically significant
effect on DBP. Lakshminarayan et al [29] found a statistically
nonsignificant difference of 3.7 mm Hg in favor of data
transmission and did not report data on DBP.

BP control was examined in 9 (15%) studies of the isolated
effects of consumer BP monitors [13,14,19-23,27,28,30,34].
Most defined BP control as SBP <140 mm Hg and DBP <90
mm Hg, but 1 study [23] used <135/<85 mm Hg; 2 [14,23]
studies included a separate definition of <130/80 mm Hg for
patients with diabetes. Only 2 of the 9 (22%) studies [19,34]
reported statistically significantly higher rates of BP control
with BP monitors than with controls.

« Fuchset a [19] found that at 60 days, the BP control rates
measured in the office were similar for BP-monitored
patients and usual care patients (43% and 41%,
respectively), but for 24-hour BP, 32% of BP-monitored
patients had BP control compared with only 16% of usual
care patients;

« Qietal [34] found that at 5 years, 85% of BP-monitored
patients had BP control compared with 80% of usual care
patients.

Theremaining 7 (78%) studiesfound nonsignificant differences
in BP control rates between BP-monitored and control patients.

Figure 2. Systolic blood pressure (SBP) differences in studies of isolated effects of blood pressure (BP) monitors. PGHD: patient-generated health

data.
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Figure 3. Diastolic blood pressure (DBP) differences in studies of isolated effects of blood pressure (BP) monitors. PGHD: patient-generated health

data.
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| solated Effects on Process Outcomes

Of the 18 studies on isolated effects of BP monitors, 5 (28%)
reported process outcomes, and the results were mixed. For
medication prescribing, McManus et al [4,31-33] found that
those in the BP monitor group were prescribed statistically
significantly more antihypertensive drugs than thosein the usual
care group (difference 0.11; 95% CI 0.02-0.19), and 3 other
studiesfound no statistically significant impact of BP monitoring
on prescriptions.

« Hebert et al [22] reported that the percentage of patients
who had no change in medications a 9 months was not
statistically significantly different among those who had
BP monitoring (44%) compared with the control group
(38%).

«  Hoffmann-Petersen et a [23] found that at baseline, 59%
of the BP-monitored group and 61% of the control group
did not receive any antihypertensive medication. At
follow-up, these percentages were reduced to 23% in the
BP-monitored group and 22% in the control group (not a
significant difference).

- Ackplakorn et a [13] found that prescription of
antihypertensive medicationsincreased in both groups, but
there were no significant between-group differencesin drug
itemsor drug classes (the authorsdid not report the number
of prescriptions at follow-up).

https://mhealth.jmir.org/2022/5/€33261

RenderX

Favors PGHD Favors no PGHD,
-2 mm Hg 2 mm Hg
o
i L ]
i L]
| [
i i
i
i i
0 ]
. | i
1 + @ No statistically sig
e } O 5tatistics rificance not reported
, L] 1
] ° ! Statistically significant difference
i ] i
: . :
i b i
i . i
1 L] ;
i p i
. I
L]
.
L
L
L]
L ]
i i
L]
L ]
i i
0 2

Difference in DBP (mm Hg)

However, these studies were not statistically powered to detect
such effects, so they did not rule out the possibility of animpact
on prescriptions.

In addition, Bosworth et al (2009) [ 14] found no between-group
differences in the number of outpatient encounters (medians
ranged from 13 to 15).

With regard to datatransmission, 5 of the 18 (28%) studies used
automatic data transmission, 2 (11%) used manual entry, 10
(31%) had no €electronic data transmission, and 1 (3%) did not
report whether or how data were transmitted. Of those using
automatic data transmission, in Hoffmann-Petersen et al [23],
data were transmitted using a Tunstall RTX3371 or Numera
telehealth monitor to a study database or an electronic health
record after BP measurements.

InKaiharaet al [25], the BP monitor wirelessly transmitted data
to a study database over the internet.

In Kim et a [27], the BP monitor readings were wirelessly
transmitted via the HealthCircles app on a smartphone to a
website.

In Lakshminarayan et a [29], a smartphone transmitted daily
BP measurementsto astudy database. Participantsin the PGHD
group transmitted data on an average of 89% of the study days
and rated the ease of use of the system favorably.

In Zhaet al [36], the wireless BP wrist monitor would transmit
data to a website using the iHealth MyVitals app on a
smartphone.
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Of the 18 studies, 2 (18%) studies used manual datatransmission
[4,35]. In these 2 studies, participants sent BP readings via an
SMS text message service or web-based form to a website [4]
or entered their BP measurements on a BP-tracking website
[35].

Adver se Events

Of the 49 studies, 12 (24%) reported on AEs and generally
found them to occur infrequently, and 4 [4,14,20,21,31-33,35]
of the 18 (22%) studies on isolated effects of BP monitoring
reported on AES; 2 (17%) studies reported that no AEs occurred
during the course of the study. A study [20,21] found that serious
AEs, including nonfatal cardiovascular events, were rare and
not substantialy different between the BP monitoring and
control groups. Another study [4,31-33] reported on various
other AEs, including pain, fatigue, and dry mouth. Only dry
mouth occurred significantly more frequently in the BP monitor
group than in the usual care group. Of the 49 studies, 11 (22%)
[4,14,20,21,31-33,38,44-46,50-56,60,63-74] reported on AES
in studies with multicomponent device groups. Only one of
those studies [69-73] reported a significant increase of an AE,
swelling of legs, in a multicomponent intervention group that
included a BP monitor compared with usual care.

Consumer Experience

Of the 49 studies, 26 (53%) reported the outcomes of consumer
experience. Adherence to the use of BP monitors ranged from
38% to 89%, but device adherence had variable definitions. For
example, Logan et a [47] defined adherence as a minimum of
8readings per week. Zaleski et al [35] only determined whether
patients said they were still monitoring their BP. Zha et al [36]
measured adherence by dividing the number of received readings
by expected readings.

Some studies reported that adherence declined throughout the
study. For example, Bosworth et a [14] reported that during
the first 2 months, 91% of those using a BP monitor were
adherent, whereas 64% were adherent during the last 2 months.
The studies also measured BP monitor use in various ways,
including the total number of transmissions during the study
and the average number of transmissions per week.

Studies measuring the ease of use or satisfaction with consumer
BP monitors found favorable ratings. For example, Magid et a
[49] reported that 68% of patients using the monitor found it
very or extremely easy to use. Rifkin et al [75] reported that
96% of patients would continue to use the BP monitor.

Only 2 studies reported problems with BP monitors. Bosworth
et a [63-65] found that 35 alerts were triggered by the
monitoring system due to BP monitor problems, which
represented 5% of thetotal alertsthat occurred during the study.
Lakshminarayan et al [29] found that some patients experienced
issues with the BP monitor and the smartphone provided to
transmit BP data, including an inability to hold a charge and
difficulty using the phone app to see BP data.

M ulticomponent Effects

Of the 31 multicomponent studies[38-87], 11 (35%) examined
the multicomponent effect of BP monitors on health outcomes,
and all 31 evaluated multicomponent PGHD for surrogate

https://mhealth.jmir.org/2022/5/€33261
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outcomes including SBP, DBP, and BP control. These study
designs did not permit any determination of the effectiveness
specific to BP monitors.

Risk of Bias

Of the 18 studies of isolated effects, we rated 6 (33%) as low
risk of bias, 9 (50%) as moderate risk of bias, and 3 (17%) as
high risk of bias. In contrast, of the 31 studies of
multicomponent effects, we rated 6 (19%) as low risk of bias,
13 (42%) as moderate risk of bias, and 12 (39%) as high risk
of bias. The full AHRQ report (in its Appendix Table C-26)
containstheitem-level and overall risk-of-biasratings for each

study [7].

Discussion

Principal Findings

This systematic review summarizes 49 comparative studiesthat
used consumer BP monitors for hypertension management.
However, the effects of these devices on health outcomesremain
unclear. Only 18 studieswere designed to isolate the BP monitor
effect, and only 6 of these 18 (33%) studies reported any health
outcome, such asmortality, hospitalization, and QoL. One study
[36] found a statistically significant difference in QoL at
follow-up favoring usua care over BP monitoring, but QoL
also favored usual care at baseline (suggesting aproblemin the
randomization process). None of the 5 remaining studiesfound
statistically significant effects on health outcomes, possibly
because they were powered to detect differences in BP
measurements and not necessarily differences in health
outcomes. Many studieshad only 6 months of follow-up, which
may also explain the uncertain effect of BP monitors on health
outcomes.

Wefound consistent benefits of BP monitoring on both surrogate
outcomes, SBP and DBP. SBP reductions typical of included
studies ranged between 2 and 4 mm Hg, and DBP reductions
ranged from 1 to 3 mm Hg. It is unclear whether these modest
changes in BP related to consumer BP monitors lead to lower
risks of hypertension-related complications or mortality. Many
factors may have potentially modified BP reduction in these
studies. BP self-monitoring may support behavioral changes or
reminder strategiesto assist with lifestyle changes or medication
adherence [2-4]. In addition, select BP monitors transmit data
to heath care providers and can improve BP control by
facilitating timely recommendations from providersto patients
to better manage their BP [87,88]. However, only 5
[23,25,27-29,36] of the 18 (27%) studies on isolated effects of
BP monitors used automatic data transmission, and the effects
on provider behavior change were rarely described among the
included studies. This indicates that many studies did not use
the advanced capabilities of modern BP monitors and may
explain the unclear impact on health outcomes.

Most studies reported adherence to BP monitor use that ranged
from 38% to 89%, but adherence wasinconsistently measured.
Therewas also alarge gap between self-reported and measured
adherence, such as a set number of recordings per week, as
self-reported information is not always reliable. In addition,
adherence can be affected by a variety of factors, such asdaily
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access to the device, consumer comfort with the device, or
self-motivation factors[89]. Spillover to other adherencefactors,
such as medication adherence or compliance with lifestyle
behavior changes to manage hypertension, were not reported
but may ultimately be amechanism by which consumers of BP
monitors improve their hypertension. Ancther consumer
experience outcome, overall satisfaction, wasreported ashighly
favorable among theincluded studies, thus validating the current
rising consumer market for these devices.

Many studies evaluated multicomponent interventions, with BP
monitorsrepresenting only 1 component, and did not separately
evaluate the impact of the BP monitor. In our evidence base,
only 18 of the 49 (37%) studies permitted such a direct
assessment of BP monitor impact. Many PGHD technologies
areintended to be used in combination with other interventions
for chronic disease management, such as additional devices,
exercise sessions, or health education sessions with medical
personnel. These interventions may also influence outcomes,
therefore, studies should be designed to measure the impact of
isolated PGHD technology when added to other components.

Strengths and Limitations

Thissystematic review has several strengths. To our knowledge,
this is the first systematic review to synthesize the
patient-centered health effects of consumer BP monitors for
hypertension management, in addition to their effects on BP.
We closely followed the PRISMA (Preferred Reporting Items
for Systematic Reviewsand M eta-Analyses) reporting standards
and used robust AHRQ Evidence-based Practice Center
systematic review methodology, including duplicate literature
screening and data extraction. The findings of our review mirror
those from 2 recent meta-analyses of systematic reviews of
individual patient data [90,91] and contribute summary-level
data on hedth effects as well as key data on medication
management and consumer experience. Furthermore, in this
review, we used device engineers to verify the consumer
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Abstract

Background: Mobile health (mHealth) tools have emerged as a promising health care technology that may contribute to cost
savings, better access to care, and enhanced clinical outcomes; however, it isimportant to ensure their acceptance and adoption
to harness this potential. Patient adoption has been recognized as a key challenge that requires further exploration.

Objective: The aim of this review was to systematically investigate the literature to understand the factors affecting patients
adoption of mHealth tools by considering sociotechnical factors (from technical, social, and health perspectives).

Methods: A structured search was completed following the participants, intervention, comparators, and outcomes framework.
We searched the MEDLINE, PubMed, Cochrane Library, and SAGE databases for studies published between January 2011 and
July 2021 in the English language, yiel ding 5873 results, of which 147 studies met theinclusion criteria. The PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses) guidelines and the Cochrane Handbook were followed to ensure a
systematic process. Extracted datawere analyzed using NVivo (QSR International), with thematic analysis and narrative synthesis
of emergent themes.

Results: Thetechnical factors affecting patients’ adoption of mHealth tools were categorized into six key themes, which in turn
were divided into 20 subthemes: usefulness, ease of use, data-related, monetary factors, technical issues, and user experience.
Health-related factors were categorized into six key themes: the disease or health condition, the care team’s role, health
consciousness and literacy, health behavior, relation to other therapies, integration into patient journey, and the patients' insurance
status. Social and personal factors were divided into three key clusters: demographic factors, persona characteristics, and social
and cultural aspects; these were divided into 19 subthemes, highlighting the importance of considering these factors when
addressing potential barriers to mHealth adoption and how to overcome them.

Conclusions: Thisreview builds on the growing body of research that investigates patients' adoption of mHealth services and
highlights the complexity of the factors affecting adoption, including personal, social, technical, organizational, and health care
aspects. We recommend a more patient-centered approach by ensuring the tools' fit into the overall patient journey and treatment
plan, emphasizing inclusive design, and warranting comprehensive patient education and support. Moreover, empowering and
mobilizing clinicians and care teams, addressing ethical data management issues, and focusing on health care policies may
facilitate adoption.

(JMIR Mhealth Uhealth 2022;10(5):€36284) doi:10.2196/36284
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Introduction

Mobile health (mHealth) tools have emerged as a promising
health care technology that may contribute to better access to
health services, enhanced quality of care, and cost savings[1-6].
These novel technologies may also present an opportunity to
enhance communication between patients and their health care
providers and facilitate self-monitoring and self-management
[7-9], leading to better trestment outcomes. Patients' adoption
is a key factor for mHealth success;, however, it has been
recognized as one of the key challenges.

Results from several trials showed that up to 70% of patients
who were invited to use mHealth technologies either declined
to participate or dropped using thetools prematurely [10]. Trials
that reported higher retention rateswere usually conducted over
ashort time frame and may not necessarily reflect the situation
in real-world adoption [11]. A survey study on the topic stated
that >50% of the surveyed clinicians cited patient resistance as
one of the key barriers to adoption [12]. Furthermore, several
studies have established that only a small fraction of patients
kept using mHealth tools in the long term, and that up to 80%
of userswould only show minimal engagement, using thetools
<2times[13,14]. Another study conducted on alargerea -world
cohort of 189,770 people reported that only 2.58% of the people
who downloaded the app sustained its active use, concluding
that the impact of such apps may remain minimal if they fail to
reach the patients who need them most [15].

The scope of this study isto build abetter understanding of the
different factors that may affect patients' adoption of mHealth
technologies. This study defines mHealth as* medical and public
health practice supported by mabile devices, such as mobile
phones, patient monitoring devices, Personal Digital Assistants
(PDAS), and other wireless devices’ as per the World Health
Organization’s Global Observatory of eHealth, which considers
mHealth a subcategory of eHealth. Telemedicine is, in turn, a
subcategory of mHealth and defined as “the communication or
consultation between health professional's about patients using
Voice, text, data, imaging, or video functions of amabiledevice.
But it can be applied to other situations; the management of
chronic diseases of patientsliving at home being one example’
[16].

Accordingly, a systematic review was conducted to provide a
precise and up-to-date description of factorsthat affect patients
adoption of mHealth toolsfrom atechnol ogy, social, and health
perspective. It also reflects on potential implications and
suggests directions for relevant stakeholders to overcome
barriers to adoption and thus facilitate the use of mHealth by a
broader population. This work is part of an ongoing research

https://mhealth.jmir.org/2022/5/e36284

project that exploresthe clinicians' perspective and supplements
itsinitial findings, which have already been published [17].

Findings from this study will help inform heath care
professionals, technology providers, and policy makers by
presenting them with an up-to-date and comprehensive review
of key factors affecting patients' adoption of mHealth tools, as
reported in the academic literature. This can guide them in
making more informed decisions to promote adoption and
harness the potential advantages of these tools.

Methods

Overview

The methods for this review were drawn from the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) guidelines [18] and the Cochrane Handbook
[19], both of which provide guidance toward a rigorous and
reliable literature review methodology. The review methods
were defined in advance and the protocol was published in the
PROSPERO (International Prospective Register of Systematic
Reviews) and is available on the web [20]. The analysisdid not
require any major divergence from the initial protocol. The
research question that guided this review was the following:
“According to the literature, what are the social, technical and
health factors impacting patients’ adoption of mHealth tools?’

Search Strategy

A search of MEDLINE, PubMed, Cochrane Library, and SAGE
databasesin July 2021 identified the relevant studies. The scope
of this review was narrowed to studies published in English
between January 2011 and July 2021. Only original,
peer-reviewed, and published paperswereincluded in this study.
Other forms, such as editorials, unsystematic reviews,
interviews, comments, unstructured observations, and position
papers, were excluded. We decided not to include articles on
the basis of manual searches of reference lists for causes
summarized in the Cochrane Handbook: “positive studies are
more likely to be cited” and “retrieving literature by scanning
reference lists may thus produce a biased sample of studies’
[19].

The search string shown in Figure 1 was developed according
to the participants, intervention, comparators, and outcome
framework [21]. There were no limitations to the types of
conditionsthat qualified for inclusion, and both qualitative and
guantitative studies were included. Comparators were not
applicable to this study. Participants included studies that
focused on patients. Interventions (mHealth) included studies
involving smart device use such as mHealth apps or telehealth.
Outcomes (adoption) included studies addressing the factors
affecting mHealth technology adoption or use.
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Figure 1. The search string according to the participants, intervention, comparator, and outcome (PICO) framework. mHealth: mobile health.

Participants (P): Patients

Intervention (1): mHealth

Outcome (O): Adoption

patient OR patients OR sick OR inpatient OR cutpatient OR sufferer

mHealth OR “mobile health” OR telehealth OR eHealth OR “mobile applications”
OR "mobile apps” OR smartphone OR telemonitoring OR app

Adoption OR Practice OR enable OR encourage OR foster OR acceptance OR use
OR experience OR implementation OR usability OR attitude OR diffusion

AND

AND

Study Selection

Two researchers (CJ and ES) were involved in the screening,
eligibility, and inclusion phases, and any divergence was agreed
upon in the discussion between them. In cases in which they
could not reach an agreement, a third reviewer (ASV or ClI)
discussed it with them and made thefinal decision. Theresearch
team used the open-source app Rayyan QCRI (Qatar Computing
Research Institute) to facilitate collaborative screening [22].
Screening lasted from June to September 2021.

Theinclusion and exclusion criteria, detailed in Textbox 1, were
developed according to the participants, intervention,
comparators, and outcome framework. Studies were excluded
if they did not involve the use of mHealth or smart devices;
focused solely on, for example, clinicians, caregivers, or
technology providers; did not include patients, were not
peer-reviewed;, were editorias, interviews, comments,
unstructured observations, or position papers; did not address
the factors affecting adoption; or if the full text was not
available, freely available, or availablein English.

Textbox 1. Inclusion and exclusion criteria according to the PICO (participants, intervention, comparator, and outcome) framework.

Inclusion and exclusion criteria
Population

« Include: focused on patients

«  Exclude: focused only on clinicians, caregivers, or technology providers

Intervention

« Include: focused on solutionsinvolving a smart device (eg, mobile health [mHealth] apps and telehealth)

«  Exclude: using other technologies (eg, virtual reality and machine learning)

Comparators

« Doesnot apply

Outcome

« Include: addresses factors impacting patients’ adoption, acceptance, use, experience, usability, or attitude of using mHealth, regardiess of the

condition

«  Exclude: focused only on mHealth success or development in general

Publication type
« Include: original, peer-reviewed, and published paper

«  Exclude: editorials, interviews, comments, unstructured observations, and position papers

After completing the screening and resolving any conflicting
views among the researchers, the selected full texts were
assessed for eligibility independently by CJ and ES. Any
disagreements were resolved through discussion with ASV or
Cl. Therisk of bias was assessed using the Critical Appraisal
SkillsProgram tool [23]. The checklist isincluded in Multimedia
Appendix 1, and a Microsoft Excel sheet with the appraisal of
the included studies can be accessed in Multimedia Appendix
2.

https://mhealth.jmir.org/2022/5/e36284

Data Collection and Synthesis

Thevariety of procedures and resultsthat wereidentified in the
included studies was not homogeneous enough to enable a
guantitative analysis of the data. Therefore, anarrative synthesis
was used and structured around the social, health, and technical
factors affecting patients’ adoption of mHealth solutions. NVivo
(QSR International), a computer-assisted qualitative data
analysis software, was used to assist with this task.

Data coding began with a preliminary data extraction grid that
included themes based on previous research and technology
acceptance frameworks; the initial codebook was informed by
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our previous work that aggregated the factors used in the most
used frameworks[24]. More codes were added asthey emerged
during the review process. Thematic analysis by Braun and
Clarke[25] was used to identify and extract themes under social,
technical, and health factors addressed in the research question.
Social factors include any social-related elements, such as the
effects of people and groups influencing one another through
culture; technical factorsinclude elementsrelated to the material
sides of the technology, such as its ease of use and usability;
and health-related factors were linked to elements such as the
health condition itself and the patient’s health literacy. The
phases of the thematic analysis are explained in detail in
Multimedia Appendix 3. This process lasted from September
to November 2021.

Theoretical Framewor k

Health care technologies are generally more complex than tools
that address individual user needs, as they usually support
patients with comorbidities who are typically treated by
multidisciplinary teamswho might even work in different health
care organizations. The specia nature of how the health care
sector operates and its high degree of regulation, normalized
budget deficits, and the interdependence between health care
organizations necessitate some crucial expansions to existing
theoretical frameworks usually used when studying adoption.

Therefore, the authors were guided in their thinking about
technology adoption by theoretical frameworks in the field of
socia studies of technology and sociotechnical theory; they
view technology, roles, and practices and organizational
structures as interacting parts of a mutualy constituting
ensemble of elements [26]. They used a consolidated model
that the research team had previously published [24], in which

Jacob et d

they reviewed and aggregated the most used frameworks applied
to technology adoption in health care. Most factors could be
linked to one framework or another, but there was no single
framework that could adequately cover al relevant and specific
factorswithout some expansion. Thisled the authorsto suggest
a shift toward an extended framework that considers the
complexity of the health care landscape, its highly regulated
nature, and the interdependence between its different
stakeholders[24]. Thisisaligned with what other scholars have
also suggested, explaining that many of the broadly used
frameworks adopt a technol ogy-centered view focusing on the
tool itself [27-30], and proposed a move to multidimensional
models that go past usability to encompass the surrounding
context, as well as societal and implementation challenges
[27,28,30-33].

Results

Overview

As shown in the study selection flow diagram (Figure 2), the
search string yielded 5873 studies, of which 5262 (89.6%) were
from PubMed, 584 (9.9%) from SAGE, and 27 (0.5%) from the
Cochrane database. Of these 5873 studies, 2540 (43.2%) were
excluded after limiting the scope to studies published in English
and published after January 2011, leaving 3333 (56.8%) studies
for screening. Screening of the titles and abstracts excluded
another 3032 articles because 37 of them did not involve
mHealth or smart devices; 367 focused solely on nonpatient
populations such as clinicians, caregivers, or technology
providers, 438 were editorias, interviews, comments,
unstructured observations, position, or non-peer-reviewed
papers; and 2190 did not address factors affecting adoption.

Figure 2. Study selection flow diagram on the basis of the PRISMA (Preferred Reporting Items for Systematic Review and Meta-Analysis) guidelines.

5873 records identified

* 5262 in PubMed database
» 584 in SAGE database

+ 27 in Cochrane database

Identification

Screening 3333 records screened

Titles and abstract analyzed >
for inclusion or exclusion decision -

Eligibility 301 full-text eall;g::tl’m: jssessed for

Inclusion 147 studies included

in qualitative synthesis

https://mhealth.jmir.org/2022/5/e36284

RenderX

2540 records excluded as per the following criteria:
501 studies dating before 2011 (older than 10 years)
- 86 studies in languages other than English
2 |- 1640 studies were done on nonhuman subjects
- 78 studies did not have any full text available
- 61 studies were not classified as research articles
- 174 studies were duplicates

3032 articles excluded, for one or more of the following reasons:

37 studies not involving mobile health or smart devices
- 367 studies focusing solely on caregivers, clinicians, or technology providers
and not including patients
438 studies are either nonpeer-reviewed, editorials, interviews, comments,
unstructured observations, or position papers
- 2190 studies do not specifically address the factors impacting adoption

154 articles excluded, for one or more of the following reasons:

- 34 studies not involving mobile health or smart devices

- 12 studies focusing selely on caregivers, clinicians, or technology providers and
not including patients

- 11 studies are either nonpeer-reviewed, editorials, interviews, comments,
unstructured observations, or position papers

- 1 study where the full text is

- 96 studies do not specifically address the factors impacting adoption

not available, or not freely available
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In the eligibility phase, 301 articles were included for full-text
assessment. A total of 154 articles were excluded for the
following reasons. 34 for not involving mHealth or smart
devices; 12 for focusing solely on nonpatient populations such
asclinicians, caregivers, or technology providers; 11 for being
editorials, interviews, comments, unstructured observations,
position, or non—peer-reviewed papers; 1 because the full text
was not available; and 96 for not addressing the factors affecting
adoption. This resulted in the inclusion of 147 articles for the
qualitative synthesis [34-180].

Characteristics of Included Studies

Multimedia Appendix 4 presents the sample characteristics of
the included articles. Overall, 85 studies focused on patients,
24 on both healthy and sick people, 24 on patients and health
care professionals, 4 on patients and caregivers, and 10 included
patients and other populations, such as clinicians, researchers,
policy makers, and medical students. From a disease area
perspective, some were more represented than others in the
included studies; 16 studies focused on diabetes and obesity,
13 on cardiovascular disease and heart failure, 13 on mental
health, 11 on surgery, 10 on oncology, 9 on chronic diseases,
8 on primary care, and 6 on neurology and neurosurgery,
whereas the other disease areas were represented <4 times in
theincluded studies.

Most of the publications did not mention the use of atheoretical
framework. Among those that used one, the Unified Theory of
Acceptance and Use of Technology was the most common
(n=12), followed by the Technology Acceptance Model (n=11)
and the Diffusion of Innovation Theory (n=2). Other models
were used only once, as described in Multimedia Appendix 4.

https://mhealth.jmir.org/2022/5/e36284
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From a geographical perspective: 46 studieswere conducted in
the United States, 12 in China, 10 in the United Kingdom, 8 in
Canada, 5in Australia, 5in Germany, 5 in Singapore, whereas
other geographies were covered in <4 studies. From a sample
size perspective, most of theincluded studies had asample size
>100 participants (n=80), whereas most studies that included
smaller samples were qualitative in nature and did not
necessitate the larger samples that are typically required in
guantitative approaches.

Critical Appraisal

On the basis of the critical appraisal, 42.8% (63/147) studies
did not clearly justify their choice of study design, but still used
adesign that is suitable for their objectives, 4.8% (7/147) did
not report aclear participant recruitment strategy, 0.7% (1/147)
did not provide sufficient details on the data collection
techniques, 19% (28/147) did not report if the study procedure
was reviewed for ethics approval, 18.4% (27/147) were not
clear enough about their data analysis strategy and whether it
was sufficiently rigorous, and 8.2% (12/147) did not sufficiently
discuss the practical or policy implications of their findings.
However, articleswere not excluded based on technical quality
to enable researchers to capture both theoretical and empirical
contributions from the published studies.

Social and Personal Factors

The social and personal factors affecting patients’ adoption of
mHealth were categorized into three key themes: demographic
factors, personal characteristics, and cultural and socia
elements. These were, in turn, subdivided into 19 subthemes.
Figure 3 provides an overview of these socia and personal
factor themes and subthemes and their respective occurrence.
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Figure 3. Overview of social and personal factors and their occurrence.

Psychologlcal (anxiety,

slress...)

Demographic factors were the most prominent, often related to
matters such as age (n=71), gender (n=34), education (n=34),
technology skills (n=30), technology experience (n=27),
ethnicity (n=24), socioeconomic factors (n=22), geographic
residence (n=9), and marital status (n=7). An in-depth analysis
of the demographic factors was also done to clarify which
factors were mostly cited as barriers (they hinder adoption),
facilitators (they facilitate adoption), mixed results (their
relationship to adoption is not linear and may vary based on
context), or had no impact on adoption according to theincluded
studies, this subanalysisis visualized in Figure 4.

https://mhealth.jmir.org/2022/5/e36284
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Gender

Personal characteristics also played a central role, with factors
such as patient attitudes and preferences (n=29), psychological
factors (n=17), time constrain and distraction (n=16), and
motivation (n=12) being in the center. Other personal
characteristics were also mentioned, including the locus of
control (n=7), awareness (n=6), and habits (n=5). Thesefactors
were complemented by cultural and social el ements including
social influence (n=30), language (n=8), and culture (n=4).
Multimedia Appendix 5A detailsthe social and personal factors
affecting adoption, their occurrence, and the respective studies
where they were identified.
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Figure 4. Subanalysis of the demographic factors according to their classification in the included studies.

Technical skills (lack of) 24

Technical experience (having experience) 26

Marital status (being single - living alone) 5 11

Income-socioeconomic status (lower income) 15 4

Geographic residence (rural) 1 2 2

Gender (being female) 4 12 7

Ethnicity (non-White) 10 & 4

Education (lower level of education) 22

Age (older age)

Barrier

Technical and M aterial Factors

The technical and material factors affecting patients' adoption
of mHealth were categorized into six key themes, which were
in turn divided into 20 subthemes: usefulness, ease of use,
data-related, monetary factors, technical issues, and user
experience. Figure 5 provides an overview of these technical
and material themes and subthemes and their respective
occurrence.

Usefulness was the most prominent factor in the technical and
material clusters and was often related to matters such as
perceived benefits and performance expectancy (n=55),
convenience and accessibility (n=40), communication (n=36),
health education (n=33), self-management (n=31), quality of
care (n=12), health benefits (n=12), monitoring (n=11), early

https://mhealth.jmir.org/2022/5/e36284

RenderX

20
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Mixed results Not a factor

detection of symptoms (n=6), personalized feedback (n=5), and
quality of life and well-being (n=4). Ease of use (n=54) was
also very prevalent, aswere data-related factors, mostly evolving
around privacy and security (n=51), quality and credibility
(n=20), and relevance (n=6).

There was also afrequent mention of monetary factors (n=35),
such as cost and reimbursement, as well as user experience,
where the focus was mostly on the usability of thetools (n=19)
and personalization (n=17). Technical factors evolved around
technical issues such as infrastructure and log-in problems
(n=43), access to technology (n=20), training (n=13), and
technical support (n=5). Multimedia Appendix 5B details the
technicad and material factors affecting adoption, their
occurrence, and the respective studies where they were
identified.
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Figure5. Overview of technical and material factors and their occurrence.
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Health-Related Factors

Health-related factors affecting patients' adoption of mHealth
were categorized into six key themes: the disease or health
condition, the care team’s role, health consciousness and
literacy, health behavior, relation to other therapies and
integration into patient journey, and the patients insurance
status. Figure 6 provides an overview of these health-related
themes and subthemes and their respective occurrences.

The disease or health condition that the patient had was not only
the most prominent factor, often related to matters such as
perceiving the worse condition as a barrier to adoption (n=21),
but also afacilitator in other contexts (n=11). The disease type
itself may also be afactor (n=7) and the patient’srisk perception
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of their health condition (n=5), whereas other studiesfound that
the health condition was not a factor (n=3). Similarly, the care
team’srole was mostly reported as afacilitator (n=14), but also

sometimes as a barrier (n=8), although some papers reported
mixed results (n=4).

Other health-related aspects such as health consciousness and
literacy (n=17), relation to other therapies, and the integration
of mHealth into the patient journey (n=15), as well as the
patient’s baseline health behavior (n=7) and insurance status
(n=5) were cited as potential factors that may affect health
technology adoption. Multimedia Appendix 5C detailsthe health
factors affecting adoption, their occurrence, and the respective
studies where they were identified.
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Figure 6. Overview of health-related factors and their occurrence.
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Principal Findings

The main findings of this review emphasize the central factors
affecting patients' adoption of mHealth tools. Analyzing the
prevalence of the different factors shedslight on the significance
of social and health-related factors that go beyond technical
features, stressing their importance when developing and
deploying these tools.

Social and Personal Factors

The prominence of social and personal factorsin the included
studies highlights how mHealth adoption is closely connected
to and shaped by the societal dynamics in which they are
embedded. Demographic factors, personal characteristics, and
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other social and cultural elements may play a key role in
patients' willingness to adopt an mHealth tool.

Demographic Factors

Age was the most prominent demographic factor, with older
age mostly cited as abarrier, and many studies have reported a
negative relationship between age and willingness to use such
tools[34-55]. Some studies further explained that this may not
be because of age per se but indirectly because of other factors
such asolder individua sfacing physical or cognitive challenges
[56,57], unfamiliarity with the use of technology or smartphones
in general [58-63], or lack of phone ownership [64-66]. In the
case of solutions dedicated to child patients, parents’ age was
negatively associated with their willingnessto use digital tools,
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whereas children’s age was positively associated with their
willingness to adopt these tools [67].

Nevertheless, older age was cited asafacilitator in some studies,
with older patients being among the highest adopters and the
most adherent users [68-70], especialy in cases where thereis
a clear need such as during the COVID-19 pandemic when a
remote health service may help older patients minimizeinfection
risk [71]. Other researchers have reported that ageis not afactor,
and that older patients are as interested as their younger
counterparts, especially after adjusting for other factors, such
astechnology skills and experience [72-76]. This may explain
why some studies concluded that increasing age should not
necessarily be considered alimitation because it mostly depends
on the context and other related factors [ 77-80], suggesting that
ensuring ease of use and delivering better training could help
close this gap [81-83], and that a better understanding of how
thetools may help them improvetheir condition could motivate
the adoption decision [84,85].

Gender was also a prominent demographic factor, with being
female mostly cited as afacilitator, and many studies reporting
on the positive relationship between being female and the
willingness to use such tools [39,51,55,71,85-88], with some
researchers describing that this may be because of
gender-specific behavioral patterns, as women frequently
undertook therole of health careliaison for their families[82],
that mothers may experience more anxiety than fathersand are
thereforemorelikely to seek alternative solutions[67]; therefore,
these gender-related use patterns may very well be because of
the care role that society assigns to women rather than gender
per se [54,83]. Furthermore, this may be because of trial bias
and self-selection bias presented by femal e participants, as seen
in the patient characteristics of many mHealth studies. However,
it is worth noting that an equally prevalent number of studies
reported that gender was not significantly associated with the
adoption decision [36,40,45,50,53,62,68,73,89-91].

Conversely, some studies have concluded that adoptionismore
widespread among male users [43,92,93], sometimes because
of other related factors, such asmore prevalent phone ownership
among male members of a specific society [65]. Moreover,
other researchers have established that gender is not necessarily
a decisive factor, and that adoption may vary according to the
context and other factors [49,94,95]. For instance, Abelson et
al [77] explained that while women in their study were more
likely than their male counterparts to be anxious about losing
face-to-face communication with their care providers, they were
also morelikely to welcome the benefit of avoiding unwarranted
clinic visits. Other studies noted that women may tend to be
more adopters of specific types of digital tools compared with
others. For example, Beard et a [35] noted that women are more
likely to adopt mental health apps, but lesslikely to adopt other
types of apps that use entertainment, for example, compared
with men. Gender-specific behavior may also differ according
to the health condition in question, as reported by Foster et a
[69], where adopters were most likely femalesin the depression
trial and most likely males in the cardiovascular disease risk
trial.
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Education was another prominent demographic factor, with
lower levels of education mostly cited as a barrier, and many
studies have reported a positive relationship between the level
of education and the willingness to use mHealth tools
[35,49,53,55,64,65,72,84,92,96-98]. Thiswas explained in some
studies by lower access to, and skills in using technology
[89,90], and lower eHedlth literacy among the less educated in
some contexts[44]. Only one study reported that education was
not significantly correlated with adoption [68].

Unexpectedly, some studies concluded that lower education
may, in some cases, facilitate adoption [45]. For example, people
with less education may have higher health information needs
that, in turn, foster their digital information—seeking behaviors
and consequently promote adoption [88], or they may be more
likely to seek alternative or supplementary solutionswhen care
problems occur [99]. Other researchers established that
education is not necessarily a conclusive factor, and that
adoption may vary according to the context and other factors
[95], such aslower rates of computer and internet access among
the less educated [82], lower technical skills [78], and
differences depending on the type of solution at hand [39,51].
Furthermore, Torrent-Sellens [83] found that the relationship
between education and adoption was not linear but rather
U-shaped, with usage being greater among participants with a
secondary education and lower among those with primary and
tertiary education.

Technology-related skills were predictably among the most
prominent factors, with the lack of technology skillsbeing cited
as a barrier, and numerous studies have reported a positive
relationship between technology skills and the willingness to
use mHealth tools [52,62,74,80,100-103], especially among
ol der patientswho may lack these skills[61,69,77,79,103-105].
Some studies concluded that a lack of technical skills may be
the underlying cause of lower adoption in older age groups, not
their age as such [72]. However, one study stated that
self-efficacy and a person’s perception of their own skills did
not have an impact on adoption [36]. Although the lack of
technical skills was typically perceived as a hindrance to
adoption in the included articles, some studies reported that it
is not necessarily the case; for example, if the person believes
that everything can be learned, it is no longer considered a
hindrance, meaning that the adoption decision also depends on
the person’s attitude and opennessto learn new skills[106] and
on other contextual factors such as the availability of training
and some additional help or support [58,64,66,107].

Similarly, technological experience was prominent, with all
studies except one reporting a positive relationship between
previoustechnol ogy experience and adoption decisions, stating
that factors such as previous smartphone use or ownership
[84,92,96,107], ownership of wearable devices [49], use of
health apps [38,46,54,56,83,97,109-113] or apps in general
[40,48,78,85], and broad experience with digital technologies
[102,114-118] may increase the odds of mHealth acceptance
and adoption. However, Zhang et al [127] pointed out that even
userswith previous technology experience may still choose not
to adopt a tool that they perceive as irrelevant or less useful
compared with their traditional methods in receiving health
care.
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Ethnicity came up in severa studies, with being non-White
mostly reported as a barrier to adoption, and a negative
relationship between mHealth acceptance and being of
non-White ethnicity [35,71,84,119,120], sometimesrel ating the
impact of ethnicity to other indirect factors, such as
socioeconomic factors [62], lower health literacy [121], less
access to technology [64,66], and insurance status [122].
However, some studies have reported mixed results [95], with
ethnicity being a significant factor in some contexts and not a
factor in others, as described by Foster et a [69], who
highlighted that the rel evance of ethnicity varied in the different
trials they conducted depending on the health condition in
guestion. Other researchers who also reported mixed results
pointed out that ethnicity itself may not be the real factor, but
rather other underlying triggers such as systemic racism and
theexisting disparitiesin health servicesthat may haveincreased
theneed for such aternative sol utions among non-White patients
[123]. In other contexts, being non-White was reported as a
facilitator of adoption [43,51,124,125], which was sometimes
linked to other contextual factors such as non-White patients
being less concerned about privacy issues compared with their
White counterparts[77], or more use of mobile appsin general
and the perception that mobile phones are essentia,
predominantly because of the lack of home landlines [44].
However, some studies concluded that ethnicity had no impact
on patients’ decisions to adopt mHealth [50,53,86,90].

Although some researchers have established that socioeconomic
factors such as income have no impact on mHealth acceptance
[48,50,52], lower or insufficient income has often been reported
as a barrier to adoption [37,43,44,57,63,77,83,84,90,91,126],
frequently citing other interrelated factors such as insurance
status, skills and education, or access to technology
[51,82,89,127]. There are a so studies that have reported mixed
results where income may be a factor in some contexts but not
in others[41,95], sometimes depending on other elements such
as the level of education [62] or the specific health condition
[39].

Geographic residence seemsto al so sometimes affect adoption,
and several papers reported that living in arural areais mostly
considered a barrier to adoption [71,83], sometimes owing to
lower technology access because of a less developed
infrastructure in some rural areas [89]. Jaffe et al [50] reported
that the prevalence of mHealth use in some regions more than
others may also be related to other interrelated factors such as
alower number of COVID-19infectionsin the regionsthat had
lower adoption rates, most likely because there was less need
for mHealth use in those regions with fewer cases. Rush et a
[113] is the only study that concluded that living in a rural
location may be afacilitator because of the long distances that
a patient has to travel to access health care services and the
life-saving effect that a remote service may have in such cases.
Neverthel ess, some studies have reported mixed results[76,95],
whereas others have found that geographic residence was not
afactor affecting adoption decisions [90,91].

Interestingly, marital status was also reported as a potential
demographic factor affecting the adoption of these tools;
seemingly, being single or living alone was usualy a barrier
[43,83,119], most likely because of the absence of accountability
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and support that asignificant other may offer [82,95]. One study
concluded that marital status has no impact on adoption [53],
and another study reported that living alone or being single,
divorced, or widowed may increase the odds of using maobile
health [50].

Personal Characteristics

Patients’ attitudes and preferences are among the most prevalent
personal characteristics that may affect mHealth acceptance.
For instance, preference for face-to-face interactions with their
care team [37,77,115,119,127,128], resistance or openness to
change [36,45,129,130], negative or positive perceptions of
mHealth [41,43,56,60,62,83,87,102,114,131-134], lack of
interest [55,58,69,101,103], and fear of technology [135] are
all elementsthat play arolein whether apatient is more or less
receptive to these technologies.

Thereare a soimportant psychological aspectsto consider, such
asindividual-level processes and meaningsthat influence mental
states. For instance, although mHealth may increase the feeling
of safety for some patients as they know they are being
monitored or have accessto additional safety measures[67,80],
it may trigger a sense of anxiety and stress in others for many
reasons, such as being constantly reminded of their symptoms
and so their disease [80,101,107,118,136-139], with these
feelings sometimes subsiding when patients become more
comfortable managing their own condition [112]. Furthermore,
sometimes patients may give up the use of mHealth because
they are overwhelmed or struggling to cope with their condition
[140], they do not want the additional stress of managing their
condition and prefer relying on their careteam [73,79], or they
may lack the emotional capacity to even try to use the tools
[69]. Interestingly, users may also abandon digital tools and
choose face-to-face examinations because of their emotional
need to have physical contact and get out of the house [115].
Conversely, mHealth may help overcome some psychological
challenges by enabling patients to receive health care services
in amore private way, particularly in stigmatized areas such as
mental health services [85].

Distraction and time constraints may a so interferewith mHealth
adoption, some patients drop the apps because they tend to
forget to use them [100,110,133], get too busy with other
competing priorities that take wup al their time
[69,80,91,100,112,115,116,137,138,140,141], find the tool stoo
time consuming [55], or get annoyed by the interference of the
app withtheir daily life through frequent remindersat unsuitable
times that cannot be customized to their schedules [118,120].
This factor may also relate to a patient’s existing habits [57]
and how asuccessful adoption istied to the person’swillingness
to embed the mHealth tools in their day-to-day routines to
become a natural part of their existing agendas [70,140].
Haldane et al [110] pointed out that it might be easier for newly
diagnosed patients to adopt these tools compared with
established patients who have been managing their conditions
using traditional methods for a long time. Conversely, other
scholars have concluded that habit may not necessarily be a
hindrance to adoption in the case of user-friendly toolsthat only
require minimal effort and no major change in the user’'s daily
habits and routines [142].
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Motivation is another personal characteristic that emerged asa
noteworthy determining factor of behaviora intention to use
new heath technologies [140,142,143]; hence, motivating
patients to use mHealth may be a challenge, especially if they
perceivethetoolsasaburden or as not useful to them [130,144].
The lack of motivation in general [100,107,145] or lack of
engaging mechanisms within the apps themselves may also be
a challenge to adoption [146], whereas apps that include
motivational elements such as rewards or interactivity may
encourage adoption [101,114,147]. Similarly, self-efficacy and
locus of control may also affect patients' decisions to adopt
mHealth; people who feel that they are morein control of their
lifeand their condition are moreintrinsically motivated to adopt
self-management tools [80,140,148], and they are more likely
to adhereto the toolswhen they feel responsiblefor their health
and see it as an important purpose [110,143]. Furthermore, the
lack of awareness and knowledge of mHeath apps may
negatively affect patients intentions to wuse them
[58,60,102,127], especialy with the vast number of apps
available, which makes it difficult for patients to choose the
one that suits them most [78,135].

Social Influence and Cultural Factors

Several scholars argued that patients are often subject to the
socia influence surrounding them when making their health
technology decisions [78,129,131,140,149,150], such as the
presence or absence of caregivers who can encourage and
support them in using the apps [70,107,108,115,128,132,
151,152], particularly inthe case of peoplewith lesstechnology
experience or those surrounded by a socia circle that lacks
technology experience[95,110,142]. Interestingly, the presence
of strong social support and people who constantly care for the
patient may sometimes discourage adoption as the person gets
enough help from their caregiver and deems mHeadth
unnecessary [102]. It is also worth noting that social influence
was not limited to the patient’s personal socia network but also
to the careteam’s endorsement [81,153], input and support from
other fellow patients who had undergone similar experiences
through online communities and forums[104,113,118,154-157],
or membership of a patient association [57]. Khalemsky et al
[67] pointed out that this factor may also depend on the level
of aperson’semotional autonomy, especially inthe case of sick
children and their relationship with their parents. In other
contexts, researchers found no impact of socia influence on
adoption decisions [36].

Language barriers such aslack of language optionsin thetools
may hinder adoption and compromise user experience
[61,106,110,158], especiadly in the case of patients with low
literacy [159,160]. This also applies to tools that use a
complicated medical or technical language that is not easy for
the patient to understand [78,158]. Conversely, Spooner et a
[44] argued that the brevity and accessibility of some forms of
mHealth tools, such as those using text messaging, may help
overcome language barriers as they require less fluency
compared with in-person or phone communication. Culture may
also be an influencing factor, accounting for cultural nuances
and tail oring the content to specific cultural beliefs and attitudes
may foster adoption [95,118,121]. Gender issues in some
cultural contexts may be a challenge; Duclos et al [115], for
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example, explains how male dominance may compromise
mHealth implementation in some countries, as husbands prevent
their wives from owning or using a phone.

Technical and Material Factors

It is no surprise that technical factors related to mHealth tool
features and capabilities also played a central role in adoption.
Factors such as usefulness and ease of use are crucial for patient
acceptance, as well as user experience and personalization,
data-related factors, monetary factors such as cost and funding,
and technical factors including access to technology and
technical challenges.

Usefulness

Perceived benefit and performance expectancy were among the
key factors affecting patient acceptance of health care
technologies, indicating that user adoption has much to do with
the tool’s performance [40,76,78,81,92,94,101,110,114,129,
134,140,142,146,147,150,156,161,162], especialy if they find
it more useful compared with their current methods
[87,106,117,141,157]. This perceived usefulnessis not always
related to the diseaseitself, but may also extend to other benefits
such as better relaxation, an enhanced quality of sleep, or a
sense of achievement [100,107,163]. In this context, it is
important to note that agood understanding of thetool’s purpose
and how it aimsto help the patients may lead to higher adoption
[60,132,137,164]. Furthermore, evidence of effectiveness may
also encourage patients to start using the apps [43]. Similarly,
lack of functionality or information [154] and lack of necessity
or suitability [79,102,127,165,166] may lead to the tool’'s
abandonment. Surprisingly, Koivuméki et al [167] reported that
their study found no impact of a tool’s performance on its
adoption, contrary to most other studies.

Convenience and better accessto care are typically facilitators
to adoption [38,70,75,107,111,120,130,135,167,168], as
mHealth tools may help savetime and the cost of frequent clinic
visits [77,105,128,137,151,169], are more flexible and may fit
better in the patients' schedule[61,92,115,170], and immediate
accessto care may also be convenient, especially whenit is not
easy to reach a physician on weekends or in the evening, for
example [79,127,141,144)]. Some studies specified that longer
travel times [34,65,96,103,116] and difficulties accessing
traditional care servicesaresimilarly positively related to health
app adoption [54,74,99,113,152]. Conversely, Kemp et al [119]
reported that travel distance does not have a significant impact
on adoption decisions.

Communication between patients and their care team and
whether it is positively or negatively affected by the use of
mHealth apps aso  affects patient  acceptance
[70,75,152,160,171]. Severa studies havereported that mHealth
may positively affect communications [128,130,131,136,141,
154,171], for instance, by enabling a quicker and easier
exchange with their care team [60,61,79,80,98,104,113,
116,118], and hence foster adoption. In contrast, other scholars
concluded that in some contexts, users may perceive anegative
impact on their communication with their care team
[69,92,111,115,173], as it is less personal [52,107,146,165,
168,169], leading to lower acceptance and adoption. It isworth
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noting that some studies have pointed out the importance of
combining web-based and offline communication to encourage
adoption, suggesting that mHealth should complement
traditional care and not replaceit [79,137].

Health education was perceived as a facilitator of mHealth
adoption in al included studies [88,105,107,113,116,118,
147,152], and the educational and informative content in the
apps may address knowledge gaps, rai se disease awareness, and
encourage healthier behaviors. Such benefits may encourage
patientsto accept thesetools asthey help them better understand
their medication and possible drug interactions
[40,42,79,104,130Q], their symptoms[101,136], and their specific
condition [38,53,80,102,141,149,154,155,170,174,175], and
hence achieve better health results [140,145,157].

Self-management is another factor that is predominantly
perceived as a facilitator [104], helping patients be more
proactive in coping with their condition [43,164], more
conscious of their health condition and behaviors
[60,117,141,145,157], more engaged in self-care
[61,70,75,79,80,101,109,113,118,139,140,152,163], and feeling
more secure and confident in managing their disease
[120,131,136,149,161]. This particularly appliesin the case of
newly diagnosed patients, as it may help them build and adopt
new habits to better manage their condition [144]. Woo and
Dowding [102] found that patients who have been successfully
managing their condition using traditional methods for along
time may be reluctant to adopt mHealth tools as they may fail
to see their value. Conversely, Fairbrother et al [175] reported
that patients may not engage in self-management as they
perceive thisto be the responsibility of their care team, so they
may choose to adopt mHealth to enable their care teamsto better
monitor them but not to engage in proactive management of
their own condition.

Several studies have reported that mHealth adoption may
improve health outcomes[42,55,114,149]. Patientswho perceive
potential health benefits such as better health effects and
enhanced health behaviors resulting from the use of these apps
aremorelikely to adopt them [49,58,98,107,117,138,140,141].
Similarly, tools that target a better overall quality of lifethat go
beyond solely focusing on the disease or health condition are
usually highly appreciated and may have better chances of being
accepted by patients [70,103,135,176].

Continuous monitoring may encourage adoption asit increases
patients feeling of safety because their care team constantly
monitors them [77,79,80,120,170,174], allowing for treatment
optimization and better control of the condition [107,145], and
aclearer overview of patients' development for better follow-up
[104,155]. Early detection of symptoms and health care issues
is another benefit closely related to monitoring and may foster
adoption, as the tools allow the care team to stay in the loop
between clinic visits and intervene in case of symptom
deterioration [40,80,87,101,107,144].

Seeking a better quality of care as an outcome of mHealth
adoption may motivate user acceptance, several studiesreported
on quality improvement and better continuity of care
[42,118,168-170,172], streamlining the processes of follow-up
and care management [61,113,163], enhanced documentation
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and evidence-based health decisions[174], and amore holistic
and individualized care approach [79,135], as potential
facilitators. Personalized feedback is a closely related factor
that may also enhance the overall quality of care and facilitate
adoption as it enables a more patient-centric approach tailored
to each patient’s individual needs [95,101,147,170].

Ease of Use

Ease of use is one of the leading factors affecting mHealth
adoption [70,104,107,117,150,160,161,163,177], patientswould
typically abandon toolsthat are complex or requirealot of effort
[55,56,59,60,97,120,135,142,162,165,175], especialy when
they are aready burdened by their condition [77,129]. In
contrast, easy-to-use technologies that do not overburden
patients have higher odds of being accepted and adopted
[36,384957,58,76,7894,101,102,112,114,130,131,134,136,139,149,157,170).
Some studies have suggested that users' perception of ease of
use may be enhanced with good training material that shows
the user how to optimize their use of these technologies
[72,110,132,147], and by applying amore participatory approach
to design that ensures the inclusion of patients in the
development of tools[81,95].

User Experience

Usahility was often mentioned in theincluded study, especially
with the multitude of tools availableto patientsto choose from;
they would most likely adopt tools that give them the best user
experience [40,60,107,129,137,139,173]. Elements such as app
appearance and attractiveness, including font size, navigation,
layout, colors, text length, automated features, and interactive
design, may play a role in the adoption decision
[78,130,135,146,152,154,157,162,178]. Some studies have
pointed out that design factors such asfont size, color brightness,
and screen size may play aparticularly important role with more
senior users and therefore must be tailored to their cognitive
and physical capabilities[101,110,136].

Personalization has been specifically mentioned in severa
studies; for instance, the inability to personalize the app
according to their specific needs (eg, diagnosis, symptoms,
medication, stage of treatment) may lead to lower adoption or
even abandonment of the tool [98,146,162,164]. Patients often
prefer to be able to adjust the tools to their specific needs
[101,104,107,118,130,138,154,157,160Q]; for instance, thetiming
of prompts and frequency of reminders[164], adjusting the app
to their preferred goals and activities [147,165], and adjusting
visual features such as colors and text size [78,118]. It isworth
noting that Zhang et a [133] pointed out that patients' desire
to have more personalized solutions may be related to adecrease
in their privacy concerns.

Data-Related Factors

Privacy and security are without adoubt very important factors;
they were mostly perceived as a concern and a barrier to
adoption, with many studies reporting on theimportance patients
put on the protection of their personal health information
[38,40,43,52,55,61,85,87,97,101,108,128,130,137,139,168,169,175],
typically requesting to know who will have accessto their data
and how the data will be protected against cybercrime
[77,104,107,116-118,129,141,146,147,152,160,165], and

JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 5 [e36284 | p.54
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

sometimes voicing concerns or demanding control on whom to
access their information, including other family members
[58,155,157].

Conversely, some studies found that privacy may also facilitate
adoption when patients perceive the apps to be secure and to
offer a private way of sharing their health data [57,167],
especialy with users who already practice high privacy
measures such as locking their phones with strong passwords
[96]. Interestingly, van Heerden et a [174] pointed out that
clinicians and patients are aready using their smartphones to
communicate and exchange information, which makes mHealth
tools a more private and secure option compared with generic
communication apps.

Other studies reported mixed outcomes regarding data privacy
and security, expressing that not all participants perceived this
factor as a barrier or as a facilitator but recognized both the
advantages and the threats that it brings and highlighted the
importance of securing the data[78,92,154,172]. For instance,
Amann et a [144] explained that although some participants
expressed concerns about data privacy, they also acknowledged
that it is necessary to obtain the support they need through the
app. Bauer et al [164] reported that although patients felt
reassured knowing that their care team could access data about
their symptoms through the app, they were simultaneously
concerned about who else could have access to these data
Lupiafiez-Villanueva et a [93] concluded that patients do not
have the same sensitivity to data privacy, and that their level of
sengitivity may differ from one context to another. Interestingly,
their study found that even userswho are quite concerned about
privacy are not necessarily willing to pay for it but rather would
prefer their data to be protected by legal requirements [93].
Nonetheless, afew studies reported that they found no, or very
minimal, impact of data privacy concerns on the adoption
decision [69,94,120].

Quiality, credibility, and reliability of the data available through
mHealth tools may also play arole in the adoption decision
[107,109,127,130,179]. The credibility of the information on
the tool from the patients' perspective often increases when it
is provided or endorsed by trusted sources
[40,58,78,93,110,116,154,175], reassurance that the information
on the app is up-to-date to ensure its accuracy [144], and
scientific evidence that warrants the app’s safety and reliability
[57,59,101,113,118]. Relevance and appropriateness of the
information offered by the app may aso affect patient
acceptance; content that is appropriate for users may foster
adoption [118,146], whereas information that is not relevant,
inappropriate, or not tailored to patients’ needs may discourage
adoption [117,137,162]. For instance, Connor et al [154]
explained that even an inappropriate tone, such as pushing too
many tips through an app, could lead users to abandon it,
especidly if they are very sick.

Monetary Factors

Monetary factors such as app costs and lack of reimbursement
were mostly perceived as barriersto adoption [61,91,131,169].
Several researchers have reported that patients may not be ready
to pay for health apps or chooseto pay only for the featuresthat
they find crucial for their perceived health benefits[78,104,106].
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Hidden costs generated through extra data use were also
mentioned asapotential barrier to adoption [55,58,97,118,152],
whichisparticularly relevant in specific socioeconomic contexts
where prepaid maobile services are the norm, and an overuse of
the data package may result in service discontinuity [166].
Additional costs resulting from the patient’s need to buy new
technology to facilitate mHealth use may also deter adoption
[52]. Conversely, mHealth affordability was reported as one of
the facilitating factors in other studies [111,116,167], and it
could even help save costs, mostly by saving travel time and
expenses [43,80,105,113,151,172]. Interestingly, other
researchers have reported no impact of mHeath costs on
patients’ intentionsto use mHealth [81,129,142]. Other scholars
reported mixed or inconclusive results, stating that some users
may be more cost-sensitive than others[42,65,92,93,126,168],
for instance, younger usersmay belesswilling to pay for health
apps [65,168].

Technical Factors

Technical issues were frequently cited as a barrier, with issues
such as technology failure, insufficient phone storage, battery
drain, syncing, and technical difficulties creating frustration
and discouraging adoption [37,68,70,77,80,100,114,118-120,
130-132,135,137,138,141,151,178]. Poor technology
infrastructure, including connectivity, network availability, and
Wi-Fi issues [65,77,78,102,112,116,118,120,132,148,152,
155,158,166] as well as log-in difficulties [78,152,170] were
also prevalent in the included studies. Access to technology is
another important technical factor that should not be overlooked.
Several studies have reported that the lack of patient access to
technologies such as smartphones, computers, or specific apps
[34,43,66,85,92,100,103,107,108,115,128,132,166], or lack of
internet access [37,52,69,95,127], especially among older
patients [135,157] could be barriers to mHealth adoption.

Training emerged in several studies as a particularly important
factor for adoption given the disparity of technical skillsamong
patients, especially in the older age groups and users with low
levels of education [70,79,80,100,108,116,117,131,157,162].
The lack of such training may be a major concern and a real
barrier to adoption [61,171,174]. Furthermore, technical support
has often been cited as a facilitator to patient adoption if it is
available and efficient in hel ping users overcometheir technical
issues [70,102,131], but it could aso be a barrier if it is not
adequate, leading users to abandon the tools when they do not
feel supported when they face technical difficulties [55,117].

Health-Related Factors

Health- and health care—related factors were equally central in
the included studies. Elements such as the specific disease a
patient has, the severity of their health condition, their health
behavior, health consciousness and literacy, the relation of the
mHealth tool to other therapies, and the role that the care team
plays may affect a patient’s willingness to use mHealth tools.
The patients disease and health condition may affect their
decision to adopt mHealth. The severity of symptoms and
complexity of the health condition were prevalent factorsinthe
included studies; however, there were mixed results on whether
they were a barrier or a facilitator. It is worth noting that the
studies that established that more severe disease could be a
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barrier to adoption were about twice the number of studies that
found it to be afacilitator.

Several researchers have reported that their studies found that
patientswith low baseline health, worse baseline clinical disease
activity, higher prevalence of chronic conditions, high level of
comorbidity, higher levels of pain and fatigue, higher frequency
of hospital readmission, and those who were hospitalized or in
the end-of-life phase were less likely to use the apps
[52,64-66,68,73,76,80,107,112,114,115,119,148,159,161]. This
could sometimes be explained by the closer follow-up usually
needed by patientswith aworse condition, resulting in areduced
need for mHealth [57]. In some specific cases, such as mental
health disease, patients having a depressive episode, or those
with more depressive symptoms, for example, may experience
a sense of hopelessness that makes them disengaged in many
aspects of life, including health care apps [104,121]; similarly,
patients with severe psychotic symptoms may have an
exaggerated sense of fear of the potential surveillance resulting
from remote monitoring apps [117].

Conversely, other studies found that patients who are more
affected by their disease or health state may be more motivated
to use mHedth to manage their condition better
[39,41,49,83,89,98,132]. For instance, Ross et al [138] reported
that patientswith higher pain ratings had a higher adoption rate,
most likely because their perceived benefit from the app is
higher compared with those who have pain levelsunder control.
Similarly, Runz-Jgrgensen et al [79] explained that patients
with a higher burden of illness placed a higher value on the
benefits that they could obtain from mHealth. Interestingly, 3
studies concluded that disease and health condition did not have
a significant impact on patients decision to use mHealth
[35,48,100].

Some studies have also reported that the disease type may be a
factor that affects patients’ intentions to adopt health apps
[83,90,91,120]. For instance, health care technologies seem to
be more accepted among mental health patients compared with
other conditions[50,74]. Bauer et al [86] reported that mHealth
use appears to be more common among primary care patients
compared with those with chronic conditions; however, they
rationalized that this pattern may be explained by other factors
such asolder agein chronic disease patients and not their health
condition as such. Torrent-Sellens et al [83] affirmed that the
presence of specific types of diseases such as diabetes, stroke
or cerebral hemorrhage, cancer, and cataract may increase the
odds of mHealth adoption. Patients' perception of the risk or
health threat caused by their disease could aso play arolein
their adoption decision. A higher perception of risk or health
threat may positively affect the adoption of health care
technologies [36,110,123,129]. In addition, a higher stigma
perception of the disease, such asin the case of HIV, may foster
mHealth adoption [92].

The role of the care team is also central for adoption. It has
mostly been reported as afacilitator, especially when the health
app has been recommended by the heath care provider
[59,60,70,78,81,93,97,180], when patients notice how their care
team responds to the data they feed into the apps and integrate
it into their care [136,164], and when the care team offers
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coaching and support toward patients self-management
[132,134,143]. However, Guptaet al [85] warned that clinicians
should be careful not to overdo the reminders to use the tools,
especialy with patients with high disease burden, such as
patients with cancer, to avoid overwhelming them. Several
studies concluded that the care team could be a barrier to
adoption if they lacked the necessary skills [107,168], if they
did not proactively support mHealth use [44,62,101,118,154],
or if they did not monitor the information that patients submit
to the apps [80].

Interestingly, some studies reported mixed results; for example,
clinician engagement and support of mHealth use may depend
on their medical specialty, with specialists more engaged than
genera practitionersin health care app use, perhaps because of
their higher involvement in shared decision-making and
clinician-patient communication [135,153]. It may also be
confusing to patients when the care team encourages them to
use the technology, but then fails to actively monitor the data
they feed into the apps, which eventually leads to app
abandonment even if the user initially agrees to adopt the tool
[145]. Magnol et a [57] explained that although physician’s
recommendation could initially foster mHealth adoption, their
potential lack of information on the range of available apps may
also be alimitation.

Health consciousness and literacy could play arolein patients
adoption of health caretechnol ogies[40,49,51,65,72,98,107,121,
134,159], as people with higher levels of health consciousness
and literacy are typically more cognizant of their health issues
and behaviors [93,110,142,156]. However, some studies have
concluded that health literacy is not necessarily a significant
predictor of mHealth use[73,81,86]. Health behavior isanother
factor with mixed results. Studies have reported that patients
with a positive baseline health behavior, such as better
medication adherence rate or a higher physical activity level,
weremore likely to adopt the tools[41,49,75,106]. Conversely,
other researchers found that users with poorer baseline health
behavior, such asalower treatment adherencerate, felt ahigher
need for the app and used it more frequently [67]. Although
Meyerowitz-Katz et al [98] reported alow adoption rate among
those who were already healthy eaters before the initiation of
mHealth use; Browning et al [48] found no correlation between
baseline health behavior and mHealth use in their research.

Relation to other therapies and how the app fitsinto the overall
patient journey and treatment path could play a role in the
adoption decision. Severa researchers have pointed out that
although patients may appreciate the benefitsthey receive from
mHealth, they still perceive it as a complement rather than a
replacement for other components and modes of treatment [100].
When mHealth apps are used in isolation from other parts of
the treatment and are not integrated into the overall patient
journey, adoption rates may suffer [112-114,141,162]. Similarly,
it is very important to consider any underlying comorbidities
that the patients may have from before using mHealth to ensure
aholistic understanding of the datathey submit in the apps[80].
Thetype and burden of other medications may aso play arole;
for instance, the high burden of cancer treatment can be
overwhelming, preventing patients from using an additional
tool such as a health app [85]. Furthermore, patients who take
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multiple long-term medications and those who engage in
multiple interventions may be less likely to adopt these tools
[52,98]. Jemereet a [96] found that study participants who took
medication in the form of a pill were over 3 times more likely
to adopt mHealth compared with those who took medicationin
theform of aninjection. It isa so worth noting that some studies
found that patients who have easy access to satisfactory care
services or those who need frequent hospital follow-ups or
hospitalization may have alower mHealth adoption rate because
they are often in direct contact with their care team
[54,57,102,179].

Insurance status and its impact on mHealth adoption was
inconclusivein theincluded studies. For instance, being publicly
insured has been reported as afacilitator in astudy by Pierce et
al [71] but as a barrier in a study by Warinner et a [90].
Similarly, Anosike et al [126] found that some insured patients
are less likely to use mHealth tools if they are not covered by
their insurance, and Pierce et a [71] reported that privately
insured patients are lesslikely to use these tools compared with
Medicare, Medicaid, and self-pay patients. Othersreported that
patients who had commercial insurance or preferred provider
organization insurance were more likely to use these services
[37,82]. It is worth noting that adoption decisions related to
patients' insurance status may differ from one country to another
depending on elements such as the legal regquirements of
minimum insurance cover and local policies on mHealth
reimbursement.
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Discussion

Practical Implications

This review builds on the growing body of research that
investigates patients adoption of mHeath services and
highlights the complexity of the factors affecting adoption,
spanning personal, social, technical, organizational, and health
care aspects. This implies that to achieve successful adoption
and implementation of these toals, the different playersin the
health care landscape need to work together to overcome the
barriersand harnessthe potential benefits of novel technologies
in health care. Our findings show that mHealth developers and
technology providers alone are not likely to achieve success by
focusing on creating tools that are technically superior; there
aresocial, organizational, health care, and policy-related factors
that must be considered, underlining the central role of care
teams and health care policy in promoting adoption.

Although some factors may be very hard to influence (eg,
intrinsic motivation or aperson’slocus of control), otherscould
be shifted. Figure 7 summarizes our recommendations for a
more pati ent-centered approach to mHealth adoption, covering
aspects that may help overcome some of the key barriers
reported in this systematic review. This shift may be possible
by ensuring the tools' fit into the overall patient journey and
treatment plan, emphasizing inclusive design, warranting
comprehensive patient education and support, empowering and
mobilizing clinicians and care teams, addressing ethical data
management issues, and focusing on health care policies that
may facilitate adoption.

Figure 7. Recommendations for a patient-centered approach to mobile health (mHealth) adoption.

Care Team’s Role

- Raise clinicians’ awareness of the existing tools
and how they can help themn and their patients.

- Engage clinicians in digital training to equip them
with the needed skills to administer these tools.

- Integrate mHealth in the clinical workflow to enable
the seamnless use of the data resulting from the tools
into standard clinical practice.
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Data Ethics

- Ensure that data is stored and managed in a secure

and ethical manner.

- Provide higher transparency on data policies.

- Enable users to choose which data they agree to

share and with whorn.

Health Care Policy

- Encourage reimbursement of mHealth tools that ’
contribute to cost efficiency and/or clinical efficacy. <§."_.\
- Facilitate digital training in medical education. \
- Integrate digital tools into standard of care by

supporting system harmonization, interoperability,

and infrastructure.
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Fit Into Patient Journey

- Integrate mHealth into the overall patient journey
and treatment plan (it's not used in isolation).

- Ensure relevance and suitability by cocreating the
tools with the patients (and clinicians).

- Take the specificities of the disease/condition into
account (one size does not fit all).

Inclusive Design

- An inclusive design may help evercome the digital
divide, as it makes it easier for those who lack the
skills or capabilities to use the tools.

- Minimize selection bias by accounting for user
groups who may be unfavored because they are
older, less literate, or belong to a lower

Inclusive Design

socioeconomic group (eg, through ease of use,
usahility, and personalization).

Patient Education & Support

- Reduce disparities through comprehensive training
material and continuous technical support.

- Extend patient education beyond mHealth literacy
to include health literacy and encourage healthy
behaviors (these may indirectly foster adoption).

- Incorporate caregiver awareness and training to

facilitate social support.
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Ensuring the tools' fit into the overall patient journey and
treatment plan, based on the understanding that mHealth apps
are not used in isolation, is crucial for sustainable adoption.
Technology providers may opt to co-create the tools with
patients (and clinicians) to ensure that they have taken their
overal journey into account and established how their tool
relates to other treatments that the patients are receiving, any
comorbidities, and how their specific health condition may
influence the way they use the technology [181]. Embedding
usersasequal partnersin all phases of the development process
may increase the usefulness, relevance, and appropriateness of
the resulting tools, ensuring that they reflect the specificities of
each disease and the overall context of the patients, increasing
the odds of their adoption.

Inclusive design principles may help developers address the
needs of the most vulnerable patient populations who may not
be engaging with mHealth owing to their age or health-related
physical and cognitive challenges, educational level,
socioeconomic status, or their technological skills and
experience. Numerous studies have concluded that many
demographic factorsaretypically not theroot causefor thelack
of adoption per se, but rather other underlying causes were at
play, mainly pointing back to alack of skills and literacy that
were typically correlated to more older patients, those with a
lower level of education, or those belonging to lower
socioeconomic classes. Designing for inclusivity doesnot ignore
the unique features, environments, and cultural contexts of users.
Research has shown that many aspects of the digital divide may
be addressed through an inclusive design that incorporates
cultural appropriateness, easy-to-understand lay language that
does not need high literacy levels, and ease-of -use that does not
require any sophisticated technical skills. For instance, adesign
that enables offline use may encourage patients in lower
socioeconomic classes who are weary of the overuse of their
data package to use the tool. Increasing the personal relevance
of tools through personalization may also help address the
varying needs of different users, allowing technology providers
to cater to different patient populations that may vary in their
level of skills, physical or mental capabilities, and literacy.

Another element that may help to reduce disparitiesin adoption
is patient education and support. Comprehensive training
materials and continuous technical support may assist some of
the most unfavorable patient populations to benefit from these
tools. Several studies have reported that the availability of
training enables user groups that do not necessarily have the
skills or literacy levelsto acquire the knowledge that they need
to use the tools more easily, especially when it increases their
understanding of how the tool may help them improve their
condition, step-by-step instructions on how it works, and
knowing whom to contact in case of issues or questions. It is
worth noting that extending patient education and awareness
programs to go beyond mHealth literacy to include health
literacy in general and encourage healthy behaviors may foster
adoption, asresearch has shown that these factors may indirectly
promote the tools uptake. Furthermore, given the important
role of socia influence, raising caregivers awareness may
contribute to more successful adoption.
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Data ethics is one of the most prominent factors in almost all
health technology—related discussions, mostly as a barrier to
adoption. Fostering patient adoption necessitates addressing
their main fears and concerns by ensuring that their health data
are stored and managed in a secure and ethical manner,
providing higher transparency on data policies, and, whenever
possible, enabling users to choose which data they agree to
share and with whom.

Careteams roleiscentral to patient adoption, asresearch shows
that the endorsement of the clinicianisakey facilitator of patient
acceptance of the tools. However, lack of knowledge, skills, or
active engagement with mHealth from the care team may
discourage patient adoption. Therefore, raising clinicians
awareness of the existing tools and how they can help them and
their patients and engaging them in digital training to equip
them with the necessary skillsto administer thesetoolsiscentral
to success. Moreover, integrating mHealth in the clinical
workflow to enable the seamless use of the data resulting from
the tools in standard clinical practice is crucial, as previous
studies have reported that patients would often abandon the
tools if they feel that their care team is not actively engaging
with the data that they feed on these apps.

Furthermore, recognizing potential barriers has essential policy
implications for mHealth adoption to improve access to health
care services and patient support. Encouraging the
reimbursement of mHealth tools that contribute to cost
efficiency and clinica efficacy may help overcome the
cost-related barriers that were often reported in the studies.
Fecilitating digital training in medical education may help equip
careteamswith the necessary skillsto implement and administer
new technologies. Facilitating the integration of digital tools
into the standard of care by supporting system harmonization,
interoperability, and infrastructure may play a vital role in
overcoming some of the key technical barriers that hinder
adoption.

Limitations and Recommendations for Future
Research

Although this study contributes to the understanding of the
factors affecting patients’ adoption of mHealth services, some
limitations must be acknowledged. This review may not have
included relevant studies that were not indexed in the searched
databases, written in a language other than English, and gray
literature searchesthat could have al so allowed the identification
of additional relevant insights. However, this study focused on
peer-reviewed scientific papers.

In addition, thisanalysis only considered published studies, and
no further contacts were made with the authors of the papersto
obtain additional information or to validate our thematic
analysis. Consequently, it is possible that other mHealth
adoption factors may have been missed. Future reviews could
include studies in other languages to gain a better grasp of any
interregional or intercultural differences, and to have more
studies in developed countries.

Conclusions
This systematic literature review and narrative synthesis builds
on and expands the growing body of literature investigating
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patients adoption of mHealth services. Our findings highlight
the complexity of the factors affecting adoption, including
personal, social, technical, organizational, and health care
aspects. We recommend improving patient-centered approaches
and taking a more holistic view of adoption factors beyond
technical aspects by ensuring thetools fit into the overall patient
journey and treatment plan. We emphasize the crucial role of
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Abstract

Background: Children and adolescents increasingly do not meet physical activity (PA) recommendations. Hence, insufficient
PA (IPA) and sedentary behavior (SB) among children and adolescents are relevant behavior change domains for using
individualized maobile health (mHealth) interventions.

Objective: Thisreview and meta-analysisinvestigated the effectiveness of mHealth interventions on |PA and SB, with a special
focus on the age and level of individualization.

Methods: PubMed, Scopus, Web of Science, SPORTDiscus, and Cochrane Library were searched for randomized controlled
trials published between January 2000 and March 2021. mHealth interventionsfor primary prevention in children and adolescents
addressing behavior change related to I1PA and SB were included. Included studies were compared for content characteristics and
methodological quality and summarized narratively. In addition, a meta-analysis with a subsequent exploratory meta-regression
examining the moderating effects of age and individualization on overall effectiveness was performed.

Results: Onthebasisof theinclusion criteria, 1.3% (11/828) of the preliminary identified studieswere included in the qualitative
synthesis, and 1.2% (10/828) were included in the meta-analysis. Trialsincluded atotal of 1515 participants (mean age (11.69,
SD 0.788 years; 65% male and 35% femal e) self-reported (3/11, 27%) or device-measured (8/11, 73%) health dataon the duration
of SB and IPA for an average of 9.3 (SD 5.6) weeks. Studieswith high levels of individualization significantly decreased insufficient
PA levels (Cohen d=0.33; 95% CI 0.08-0.58; Z=2.55; P=.01), whereasthose with low levels of individualization (Cohen d=-0.06;
95% CI —0.32 to 0.20; Z=0.48; P=.63) or targeting SB (Cohen d=-0.11; 95% CI -0.01 to 0.23; Z=1.73; P=.08) indicated no
overal significant effect. The heterogeneity of the studies was moderate to low, and significant subgroup differences were found
between trials with high and low levels of individualization (x?,=4.0; P=.04; 1°=75.2%). Age as a moderator variable showed a
small effect; however, the results were not significant, which might have been because of being underpowered.

Conclusions: Evidence suggests that mHealth interventions for children and adolescents can foster moderate reductionsin IPA
but not SB. Moreover, individualized mHealth interventions to reduce IPA seem to be more effective for adolescents than for
children. Although, to date, only a few mHealth studies have addressed inactive and sedentary young people, and their quality
of evidence is moderate, these findings indicate the relevance of individualization on the one hand and the difficultiesin reducing
SB using mHealth interventions on the other.
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Introduction

Rationale

“Inactivity is the epidemic of the 21st century” [1]. The
preval ence of insufficient physical activity (IPA; defined as not
meeting the specified physical activity [PA] guidelines[2]) in
children and adolescents is >80% worldwide, which is mainly
attributable to time spent on sedentary behavior (SB; defined
as any waking behavior characterized by an energy expenditure
<1.5 metabolic equivalents of task [METs] while in a sitting,
reclining, or lying posture[2,3]) and hasincreased continuously
over the past decades[4]. Thistrend remains unbroken, although
the health benefits of at |east 60 minutes of moderateto vigorous
PA (MVPA; defined as any activity withaMET value between
3 and 5.9; vigorous-intensity PA is defined as =6 METs [5,6])
on average per day for children and adolescents are
well-established [7].

Although SB and IPA may be used synonymously, and indeed
by definition, they refer to the same energy expenditure
spectrum, it should still be noted that they are not necessarily
correlated [8], and both have severe health consequences [9].
For example, children and adolescents may exhibit high levels
of SB (driving to school, sitting in class al day, and playing
video games in the evening) while simultaneously meeting the
recommended PA guidelines (going to soccer practice for an
hour in the evening). In this case, the health consequences of
SB timewould be occurring, although the PA level issufficient.
If IPA and SB are performed in childhood and adolescence, it
is assumed that these behavioral patterns will endure until
adulthood [10], which is why, from a global perspective, it is
important to target young populations with strong IPA and SB
patternsin the context of primary prevention.

Given the increasing digitization in health care and the
proliferation of smartphones [11], mobile health (mHealth)
interventions have been shown to be effective and of scopein
reducing IPA and SB in children and adolescents [12], as well
as in adults [13]. A more detailed glance at the contents of
mHealth interventions reveals that SMS text messaging
interventions are one of the most common methods used for
delivering mHealth interventions[14], which has been recently
criticized [15]. Instead, personalized approaches should focus
on responding appropriately to therealities of everyday lifeand
addressing the diversity of modern societies[16]. Key facets of
effective mHealth interventions depict the integration of
behavior change techniques (BCTs) [17] and the foundation
upon existing theoretical approaches [18]. Furthermore, there
is empirical evidence that just-in-time interventions [19,20],
individualized or tailored interventions [21], and interventions
that incorporate multiple BCTs[22] show large potential inthis
respect. However, Chen et al [23] highlight that the design of

https://mhealth.jmir.org/2022/5/€35920

mHealth interventions often lacks a theory-driven approach
[24,25], and thereis little emphasis on evidence-based content
[26]. Another difficulty with mHealth interventions occurswhen
existing evidence is summarized in meta-analyses and refersto
outcomesthat are coreported as secondary outcomes but do not
constitute the core of the intervention [27].

Until recently, there have been far more mHealth interventions
for healthy adultsaiming to reduce | PA and SB than for healthy
children and adol escents[13,28]. In one of the very few reviews
on healthy children and adolescent target groups, Schoeppe et
al [12] demonstrated an overall moderate quality of health apps
and found a positive correlation between app quality and the
number of app features and BCTs, therefore suggesting that
future apps should target user engagement, betailored to specific
populations, and be guided by health behavior theories. B6hm
et a [28] furthermore criticize the quality of mHealth
interventions for children and adolescents in this respect and
suggest that more age-appropriate solutions are needed. The
results of other reviewsindicate that smartphone-based mHealth
interventions (especialy apps) are a versdtile strategy for
increasing PA and steps in children and adolescents [29]. For
example, Laranjo et a [30] found an average increase of 1850
steps per day after an mHealth intervention. However, it isalso
occasionally mentioned that the use of mHealth could lead to
a further increase in the already high screen time of children
and adolescents [31,32], which needs to be taken into
consideration when planning and implementing mHealth apps.
Although mHealth can increase screen time, it may not
necessarily do so. The representative and longitudina
Motorik-Modul study demonstrated that increased screen time
does not correlate with PA minutes, opening various
opportunities for digital interventions and potential ways for
new approaches to target the IPA and SB of children and
adolescents [33,34].

In the context of mHealth, individualization is defined as an
adaptation to the needs or special circumstances of anindividual
and is cited as one of the main barriers that prevent patients
from changing their health behavior [23,35]. Individualized
interventions (sometimes also called adaptive, needs-specific,
target group—specific, tailored, or personalized interventions)
offer apotential way of delivering person-centered interventions
by varying levels of individua needs and empowering
individuals to monitor their health actively [21]. Non-mHealth
interventions have sometimes used individualized one-on-one
meetings, showing high effectiveness but consuming much time
and resources. Therefore, this approach has been criticized as
time consuming and resource burdening [36,37]. Apps can apply
this approach in a much more ecological way by being easily
accessible to a wide variety of populations. The enhanced
efficacy of individualized interventions compared with
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nonindividualized interventions has been repeatedly
demonstrated in various populations [30,38,39], especialy in
adults [40], but not yet in children or adolescents, although
several randomized controlled trials address this matter. For
example, the MOPO study examined the effects of a gamified
and individualized mHealth intervention and has not been cited
in any meta-analysis to date [41]. Another example of thisis
theintervention of Moreau et al [42], whichisafully automated,
theory-driven, tailored intervention. In addition, there is no
existing taxonomy for individualized app elements as there is,
for example, for behavior change mechanisms[17], from which
derives the urgent need for further systematic reviews and
development of ataxonomy for individualized elements.

Objective

Although several reviews [12,28,29,43] have been published
on mHealth-based PA promotion in children and adolescents,
and some of them also include studies with IPA and SB as
outcomes, none of the existing reviews ensures (1) aclear focus
on the at-risk target group of children and adolescentswith high
IPA and SB levels and (2) a separate analysis of effects of
mHealth on | PA and SB. Therefore, thisreview might contribute
to a better understanding of the needs of children and
adolescents who engage in IPA and high SB. For this reason,
thisreview’s aims were 3-fold.

First, there is a need to identify and describe existing SB and
IPA mHealth interventions that address PA for children and
adolescents. Second, this review sought to answer whether and
how mHealth interventions are effective in reducing 1PA and
SB in healthy children and adolescents. Third, there is a need
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to explore whether age and individualization are moderators of
the overal effectiveness of the mHealth interventions. This
leads to the following main research questions:

1. What are the characteristics of effective existing mHealth
interventionsfor children and adol escentsto reduce SB and
IPA?

2. How effective are existing mHealth interventions for
children and adolescents in reducing SB and IPA?

3. What moderating effects do individualization and age have
on the effectiveness of mHealth interventions for children
and adolescents to reduce SB and IPA?

Methods

This systematic review and meta-analysis was conducted
according to Cochrane methodology, and the results were
reported following the PRISMA (Preferred Reporting Itemsfor
Systematic Reviews and Meta-Analyses) 2020 statement [44].

Eligibility Criteria

The criteriafor eligible studies are defined in accordance with
the population, intervention, comparison, and outcomes criteria
[45] and are presented in Textbox 1. In line with World Health
Organization (WHO) recommendations [5], IPA was defined
as <60 minutes of MV PA per day or insufficient step count per
day (<5000 steps per day) [46], and SB was defined as any
waking behavior characterized by an energy expenditure of <1.5
METs while in a sitting, reclining, or lying posture [2,3].
Alternative measures can be screen time and sitting time.
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Textbox 1. Summary of the population, intervention, comparison, and outcomes and eligibility criteria.

Participants and population

« Inclusion: healthy children and adolescents (aged 0-21 years) without physical or psychological morbidities that would influence the realization
of behaviors targeted by the respective interventions and studies that include participants with any physical or psychological morbidities (eg,
populations with obesity) and provides a subgroup analysis for the healthy population separately

«  Exclusion: children and adolescents with any physical or psychological morbidities, populations with mean age >21 years, studies conducted
within clinical settings, and studies focusing on populations whose insufficient physical activity (IPA) or sedentary behavior (SB) is influenced
by disease-specific recommendations or health status

I ntervention or interventions and exposure or exposures

« Inclusion: mobile health (mHealth) interventions with healthy children and adolescents where the primary or secondary outcome measure was
IPA or SB, mixed interventions, and family-based interventions

« Exclusion: studies without mHealth interventions

Comparator (s) and control
« Inclusion: active or passive control groups

«  Exclusion: studies without a control group

Outcomes
. Inclusion:

« IPA, whichisdefined as <60 minutes of self-reported or accelerometry-measured moderate to vigorous physical activity per day or insufficient
step count per day (<5000 steps per day); therefore, various physical activity measures (min/week of physical activity, steps, counts, metabolic
equivalents of task [MET] minutes, screen time, and sitting time) need to be included

«  SB, which isdefined as any waking behaviors characterized by an energy expenditure of <1.5 METs while in asitting, reclining, or lying
posture; alternative measures can be screen time and sitting time

«  Exclusion: mHealth intervention studies that do not involve IPA or SB as a primary or secondary outcome

Types of study to beincluded

« Inclusion: randomized controlled trials (RCTs) that include individual or cluster randomization, clinical trials, feasibility studies with an RCT
design, and just-in-time adaptive interventions; for a potential meta-anaysis, only RCTs were included

«  Exclusion: nonexperimental study designs (eg, observational or case studies, studies reporting prevalence or trend data, measurement studies,
and theoretical papers), non—peer-reviewed studies, and nonprimary studies (eg, | etters, comments, conference proceedings, reviews, and narrative
articles)

Selection Process

The identified literature was imported to the reference
management software Zotero (Roy Rosenzweig Center for
History and New Media). After removing duplicates, the first
: author (HB) and a coauthor (JF) screened titles and abstractsto
g‘gong?t;'l'f: doéofumt;'r\]"eef;br?;pus' Web of Science, ;o ify all potentially eligible studies based on the inclusion

' ' and exclusion criteria (the detailed study flow is presented in
Search Strategy the PRISMA flowchart in Figure 1). Full-text articles were
retrieved for eligible abstracts and reviewed by the same 2
authors before inclusion in the review. The first author (HB)
and a second reviewer (JF) independently assessed full paper
copies of remaining potentialy eligible studies to determine
included studies, and if no consent was reached, athird reviewer
(KW) resolved the disagreement by discussion and arbitration.

I nformation Sources

After group discussion among the research team, a systematic
search for randomized controlled trials in English between
January 1, 2000, and January 29, 2021. was conducted using

The search termswerereviewed by 3 authors (HB, JF, and KW),
and the search was conducted by 1 author (HB) in March 2021.
Thefollowing vital constructs, aswell as numerous synonyms,
were used: (children OR adolescents) AND (mHealth) AND
(IPA OR SB). The entire search strategy can be found in the
Availability of Data, Code, and Other Materials section.
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Figure 1. Flowchart and study selection process (adapted from Page et al

Baumann et al

[45]). IPA: insufficient physical activity; SB: sedentary behavior.
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\ ) Records excluded after discussion (n = 664)
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2
'H Reports sought for retrieval . _
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= synthesis (n = 10) even upon request {n=1).
L

Data Collection Process and Data | tems

On a study level, data, including the name of the author, year
of publication, study type, study aim, information about the
mHealth intervention, duration of intervention, follow-up period,
target population or setting, integration of parents, country,
sample size, age (range, mean, and SD), gender, IPA or SB
criterion, relevant outcomes, measurement method, treatment
effects, individualized elements, BCT elements, and theoretical
foundation were extracted. To identify interventions with high
and low levels of individudization, we quantified the
individualized elements and defined low level of
individualization as the number of individualized items below
the IQR of the evaluated interventions and high level of
individualization as the number of individualized items within
or above the IQR of the evaluated interventions.

Study Risk of Bias Assessment

The risk of bias (ROB) in individual studies was evaluated
independently by 2 reviewers (HB and KW) using the
5-dimensional ROB 2 tool [47]. In this procedure, the overall
ROB is classified as low if all dimensions indicate low risk.

https://mhealth.jmir.org/2022/5/€35920

Once =1 dimension is rated as unclear, the entire trial is rated
the same way. Furthermore, if =1 dimension is classified as
being high risk, the overall ROB is rated high. Disagreements
between the authors concerning the ROB were resolved by
discussion, with the involvement of another author where
necessary.

Effect M easures

To perform a meta-analysis, the sample sizes, means, and SDs
of measurement time points 1 and 2 were extracted from the
intervention and control groupsof all included studies (or study
arms) for both IPA and SB. For reasons of comparability in the
meta-analysis, follow-up data were not extracted, as not all
studies included a third or fourth measurement point. When
multiple primary outcome measures were presented, the most
conclusive measure to our research questions was identified by
JF and HB. Quality of information and the orientation toward
WHO guidelines played a critica role in this process. It was
defined that |PA was most likely to be modeled by minutes of
MVPA per day, as suggested by the WHO, followed by minutes
of light MVPA per day, minutes of PA per day, and number of
steps per day. For SB, minutesin SB per day was preferred over
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the proxy measures of minutes of sitting time per day and
minutes of screen time per day.

Synthesis M ethods

If data for the meta-analysis were not available in the original
manuscripts, the study authors were contacted. The last search
was conducted in March 2021. Extracted data were then
weighted by sample size (splitted shared group procedure was
used in studieswith multiple study armsto avoid unit of analysis
error [48]), converted into Cohen d, and integrated into a
meta-analysis with random effects using RevmanWeb [49]
calculator. We used the following benchmark to interpret the
effect sizes: effect sizes >0.50 are interpreted as large, effect
sizes of 0.50 to 0.30 as moderate, and effect sizes of 0.30 to
0.10 as small or <0.10 as trivial [50]. Tests for heterogeneity,
overal effects, and subgroup differences were also calculated
using RevmanWeb.

Reporting Bias Assessment and Certainty Assessment

To assess publication bias, funnel plots were compiled using
RevmanWeb to determine asymmetric shapeswithin the natural
statistical dispersion [51]. If the plot is asymmetric because of
many large effect sizes on one side of the mean, it strongly
suggests unpublished or unconducted studies with contrary
results. To provide certainty of the evidence, the Grading of
Recommendations, Assessment, Devel opment, and Evaluations
approach [52] was used as an extension of the ROB assessment.
The following five factors were examined to obtain a
well-founded assessment: individual study limitations (ROB),
inconsistency of results (heterogeneity), indirectness of evidence
(external validity), imprecision (small sample size and wide
Cl), and publication bias.

Additional Analyses

An additional meta-regression was performed in R-Studio [53]
using the Metafor package [54] to relate the estimated effect
sizesto the mean age of the samples. We di stinguished between
primary outcome (IPA or SB) and level of individualization
(low or high). Theincluded trials (and their multiple arms) were
divided into trials with high (number of individualized items
within or above the IQR of evaluated interventions) and low
levels of individualization (number of individualized items
below the IQR of evaluated interventions) to conduct a
meta-analysis. For both IPA and SB outcomes, a separate
meta-analysis was conducted to provide the comparability of
effects. To visualize the results, a grouped bubble plot was
created in Microsoft Excel [55], plotting the weighted
standardized mean differences of the individual trials and the
average age of the participants. Group differentiation was based
on the primary outcome (IPA and SB).

Registration and Protocol

The protocol for this systematic review and meta-analysis was
prospectively registered on PROSPERO (International
Prospective Register of Systematic Reviews) and can be
accessed using registration number CRD42020209417.
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Availability of Data, Code, and Other Materials
The search string (Medical Subject Headings) was as follows:

(Child[MeSH] OR Adolescent [MeSH]) AND (Health
Promotion] MeSH] OR School Health Serviceqd MeSH]
ORPrimary Prevention MeSH] OR Health Behavior
Change) AND (Telemedicine [MeSH] OR
Patient-Specific Modelingf MeSH] OR Individuali*
ORtailored Intervention OR digital health OR Mobile
ApplicationfMeSH] OR mobile phone* OR
smartphone* OR iPhone* OR iPad* OR tablet* OR
android OR SMS OR text message* OR App OR
Reminder Systems [MeSH]) AND (SB[MeSH] OR
Physical Fithessf MESH] OR Exercisef MESH] OR
energy expenditure) / Filter applied: years 2010-2020,
only RCT and Clinical Trials

Results

Study Selection

Theinitial database search generated 828 articles, of which 125
(15.1%) were duplicates (Figure 1), and the study screening
identified 11 (1.35) studies as eligible for qualitative analysis
and 10 (1.2%) articles for quantitative synthesis.

Study Characteristics

A total of 11 randomized controlled trialswere included (n=10,
91%, paralel and n=1, 9%, crossover trial), with a duration of
9.3 (SD 5.6) weeks, of which 3 (27%) [56-58] included a
follow-up measurement. Eligible trials included samples of 40
to 496 participants (mean 138, SD 145), with amean age range
of 3.5t0 17.8 years (Table 1). In 9% (10/11) of studies, both
genderswere approximately equally represented. A single study
[41] only included male adolescents, resulting in an overall
gender distribution of 975 boys and young men to 540 girlsand
young women. Approximately 27% (3/11) of trials with young
children (aged <5 years) included parent integration, whereas
others focused on children and adolescents only. The target
population and study aims varied across studies, and the
countries were exclusively Western nations. The mHealth
interventions ranged from basic SMS text messaging
interventionsto web-based mobileinterventions, individualized
and gamified apps, and wearable interventions. In addition, of
the 15 interventions, 3 (20%) used self-reported measures, and
8 (53%) interventions used device-based measures of health
data on the duration of SB and IPA. Furthermore, it should be
mentioned that not all studies focused on reducing SB or IPA
astheir primary objective. Approximately 45% (5/11) of studies
aimed to promote PA [41,57-60], 9% (1/11) aimed to improve
fat mass index [61], 9% (1/11) aimed to reduce BMI [62], and
9% (1/11) aimed to change behavior [56] as a primary study
aim.

The quantitative results of the individual studies are presented
in the forest plots in Figures 2 and 3. To describe each
intervention (or study arm) in detail, the number and content of
individualized elements, BCTs, and theoretical foundationsare
presented in Table 2.
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Table 1. Study characteristics.
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Study Study type Study aim Description of Population (set- Sample  Age (years) sgb (unit) and 1PAC
(durationin mHealth?intervention ting), region, and  size(N) outcomes (unit); mea-
weeks) country surement method

Values, Val-
mean ues,
(SD) range

Chenetal 2-armparalel Decrease BMI i Start Smart for Chinese American 40 (male  14.9 13-18 SB (hours per day)

[62] RCTY with Teens: asmartphone-  adolescentswho ~ 23andfe- (1.67) and PA® (day's per
follow-up (12) based, culturally ap-  are overweight, male 17) week); questionnaire

propriate, andtailored  Caifornia, United (CaliforniaHealth In-
educational program  States terview Survey)
for weight manage-
ment
Nystromet 2-arm parallel Reduce obesity =~ Web-based appto de- Healthy children  313(male 4.5(0.1) 4-5 SB (min/day) and
a [61] RCT (24) (improve fat liver MINISTOPRinter-  (preschool; 170 and Mvpaf (minutes per
mass index) vention, whichprovid-  parental support), ~female day); ActiGraph
ed an extensive pro-  Ostergdtland, Swe-  143) WGT3x-BT accderom-
gram of information  den eter
and behavioral sup-
port
Direitoet  3-arm parallel Improve PA lev-  AIMFIT trial com- Healthy adoles- 51 (male 15.67 14-17  SB (minutes per day)
a [58] RCT (8) elsin hedthy pared theapps“Zom- cents, Auckland, 22andfe- (1.2) and MVPA (minutes
young people bies, run” and “ Get New Zeadland male 29) per day); accelerome-
who areinsuffi-  Running” with acon- ter (ActiGraph
ciently active trol group (device GT1M) and PAQ-AY
measured)

Downing  2-arm pilot Reducing chil- Mini-Movers; SMS  Young children 57 (male 3.05 2-4 Sitting time (minutes

et d [63] RCT (6) dren'sSBinear- text messaginginter-  (playgroups; 26andfe- (0.75) per day) and no |PA

ly age vention to providein- parental support), male 31) outcome; ActivePAL
formation and practi- Melbourne, Aus-
cal support tralia

Fassnacht  2-arm parallel Promote health ~ Daily behavior report- Healthy children 49 (male 9.6(0.4) 8-19  Screentime(hoursper

et a [59] RCT (8) with  behavior in ing and feedback vis  (elementary 23andfe- day) and PA (hours
2follow-ups  school-aged chil- SMStext messaging  school), Braga, male 26) per day); Family Eat-
(4 and 4) dren Portugal ing and Activity

Habits questionnaire
Gaudetet  Crossover Increase PA in Wrist-worn PA track- Young adolescents 46, (male 13.0 13-14  SB (minutes per day)
a [57] RCT (6) young adoles- er (Fitbit, model (schoal), New 22andfe- (0.35) and MVPA (minutes
cents Charge HR)+web- Brunswick, Canada male 24) per day); Actical ac-
based Fithit user ac- celerometer
count

Hammers- 2-arm parallel Reduce obesity  Parent focused; Childrenwhoare 86 (male 3.46 2-5 SB (minutes per day)

ley et a RCT (11) with  behaviorsin Time2bHealthy On-  overweight 43andfe- (0.92) and MVPA (minutes

[64] 2follow-ups  preschool chil- line Program with (preschool; male 43) per day); ActiGraph
(12 and 24) dren Fakebook integration  parental support), GT3X+ accelerometer

Wollongong, Aus-
tralia

Mendoza  2-arm parallel Promote PA Wearable PA-tracking  Childhood sur- 59 (male 16.6 14-18 SB (minutes per day)

et a [60] RCT among adolescent  device (Fitbit Flex) vivors of cancer, 24andfe- (1.5) and MVPA (minutes
(10) and young adult  and apeer-based web-  Seattle, United male 35) per day); ActiGraph

survivors based support group  States GT3X+ accelerometer
(a Facebook group)

Pyky etal  2-arm parallel Promote PA and Game-based persua-  Young adolescent 496 (male 17.8 16-20 SB (minutes per day)

[41] RCT (6) social activity sion, for example, by  men (military), 49 and  (0.6) and MVPA (minutes

physically moving Oulu, Finland female 0) per day); Polar Active

within the districts of
thecity; playerscould
earn points and claim
areasfor their clanin-
game

Accelerometer
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Study Study type Study aim Description of Population (set- Sample  Age (years) sgb (unit) and IPAC
(durationin mHeath?intervention ting), region, and  size(N) outcomes (unit); mea-
weeks) country surement method

Values, Val-
mean ues,
(SD) range

Sirriyeh et 4-arm ex- PA behavior Daily SMStext mess Lateadolescents  128(mae 17.3 16-19 IPAQh questionnaire;

a [56] ploratory RCT change sages, whichincluded (state schools), 38andfe- (0.68) no outcomes; time
()] manipulationsof affec-  Yorkshire, United male 90) point 0 data missing

tive or beneficial be-  Kingdom
liefs

Van 2-arm clus- Promote PA Smartphone-based Influential adoless 190(male 12.7 11-19 SB (minutes per day)

Wouden-  tered RCT NI with MyMovez2 cents (schoal), 88andfe- (0.50) and MVPA (minutes

bergeta  (10) Wearable Lab—a Venlo, Netherlands male102) per day); accelerome-

(65] smartphonewith atai- ter (Fitbit Flex)

lor-made research app

@mHealth: mobile health.

bsp: sedentary behavior.

CIPA: insufficient physical activity.

9RCT: randomized controlled trial.

€PA: physical activity.

fMVPA: moderate to vigorous physical activity.

9PAQ-A: Physical Activity Questionnaire for Adolescents.
hy PAQ: Internationa Physical Activity Questionnaire.
ISNII: social network intervention.

Figure 2. Forest plot for effect size comparison of high-individualized versus low-individualized mobile health interventions on decreasing |PA
[42,58-63,66]. IPA: insufficient physical activity.
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+ Chen 2019 092 1 23 035 1315 17 65% 1.09[0.41,1.76] ®7200°0
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(1) A1 or A2: Description of multiple study arms (arm 1 or arm 2). Splitted shared group procedure was used in these studies to avoid unit of analysis error.

Risk of bias legend

(A) Bias aring from the randomization process

(B) Bias due to deviations from intended interventions
(C) Bias due to missing outcome data

(D) Bias in measurement of the outcome

(E) Bias in selection of the reportet results

(F) Overall bias
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Figure 3. Forest plot for effect size comparison of high-individualized versus low-individualized mobile health interventions on decreasing SB
[42,58-64,66]. RCT: randomized controlled trial; SB: sedentary behavior.

Experimental Control Std. mean difference Std. mean difference Risk of Bias
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI A BCDEF
1.1.1 high level of individualization
+ Downing 2013 -248 14528 30 -3.7 140.845 29 51% -0.15[-0.66 , 0.37] N 2700 @
v Mendoza 2017 -45 825491 29 1 56.5068 30 51% -0.08[-0.59, 0.43] —t— R +
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Table 2. Mobile health intervention characteristics: study aims, BCT? cluster, theoretical foundation, and individualization.

Baumann et al

Study (RCTb and protocol) and BCT_ta>_(onomy cluster, according  Theoretical foundation  Individualization (N) L_evel pf indi-
intervention (study arm) to Michieet a [17] (N) (N) vidualization
Chen et al [62]

Fitbit app and Facebook  Goals and planning, feedback and ~ Not mentioned (0) Competitions with community or ~ High
monitoring, socia support, shaping friends, individual goal setting, task
knowledge, comparison of behavior, adjustment inrelation to BMI, direct
reward and threat, and associations biofeedback and real-time coaching,

@) goad -specific motivational coaching,
personalized advice, and guidance
(6)
Nystrém et al [61,66]

MINISTOP app Feedback and monitoring and asso- Not mentioned (0) Individual feedback (1) Low

ciations (2)
Direito et al [58]

Zombies, Run! app (1) Goals and planning and feedback ~ Self-regulatory behav-  Audio instructions, missions and Low

and monitoring (2) ior change theory [67]  defense bases, and web-based races
(€ ©)

Get Running app (2) Goals and planning, feedback and ~ Self-regulatory behav-  Human voice coach, training path, High
monitoring, comparison of behavior, ior changetheory [67]  friend integration, low threshold
and reward and threat (4) (0] approach, recovery periods, and

music (6)
Downing et al [63,68]

Mini-Movers SMStext Goals and planning, feedback and ~ Social cognitive theory Individua goal setting; goal-specific  High

messaging—based interven-  monitoring, and reward and threat [69], SMART® goal feedback; tailored SM S text mes-

tion (3 framework [70], and ~ S29€s; and just-in-time delivery of

d SMSS text messages based on pre-
CALO-RE" taxonomy . .
ferred time, date, and activity (4
113 @
Fassnacht et al [59]

SMS text messag- Goals and planning, feedback and ~ Not mentioned (0) Individual goal setting, task adjust- High

ing—based feedback inter-  monitoring, and associations (3) ment in relation to BMI, tailored

vention feedback messages, and goal -specif-

ic motivational coaching (4)
Gaudet et al [57]

FitBit appimmediateinter- Goals and planning, feedback and ~ Not mentioned (0) Competitions with community or ~ High

vention (1) monitoring, socia support, shaping friends, individual goal setting, task
knowledge, comparison of behavior, adjustment inrelation to BMI, direct
reward and threat, and associations bi of eedback and real-time coaching,
@] god -specific motivational coaching,

personalized advice, and guidance
(6)

FitBit appdelayedinterven- Goals and planning, feedback and ~ Not mentioned (0) Competitions with community or ~ High

tion (2) monitoring, social support, shaping friends, individual goal setting, task
knowledge, comparison of behavior, adjustment inrelation to BMI, direct
reward and threat, and associations biofeedback and real -time coaching,

(@) goal-specific motivational coaching,
personalized advice, and guidance
(6)
Hammerdley et al [64,72]
Time2b-Healthy Facebook Goal setting, revision of goals, Self-efficacy model Tailored reminder emails, aFace-  High

and on the web

Mendoza et al [60]

feedback, and challenges (4)

[73] and SMART goals
framework [70] (2)

book group with individual goal
setting, and goal -specific motivation-
al coaching (4)
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Study (RCT? and protocol) and BCT taxonomy cluster, according  Theoretical foundation  Individualization (N) Level of indi-
intervention (study arm) to Michieet a [17] (N) (N) vidualization
Fitbit app and Facebook  Goals and planning, feedback and ~ Not mentioned (0) Individual awards in a Facebook High
monitoring, socia support, shaping group, competitionswith communi-
knowledge, comparison of behavior, ty or friends, individual goal setting,
reward and threat, and associations task adjustment in relation to BMI,
@) direct biofeedback and real-time
coaching, god -specific motivational
coaching, personalized advice, and
guidance (7)
Pyky et al [41,74,75]
Clans of Oulu gamified Goals and planning, feedback and ~ Transtheoretical Model ~ Stage of behavior change, individual  High
app and web-based MOPO  monitoring, socia support, compar- of Behavior Change feedback on physical activity and
portal ison of behavior, comparison of [76] (1) sitting time, GPS-based tasks, com-
outcomes, reward and threat, associ- petitions with community, and peer-
ations, identity, and covert learning referenced comparison (5)
©)
Woudenberg et al [65,77]
App-based socia network Comparison of behavior, revardand Theory of Planned Be-  Content tailored to influential High
interventionr—MyMovez  threat, and identity (3) havior [78], Self-Deter-  youths, comparing individual scores
mination Theory [79],  with others, individual rewards, and
and Self-Persuasion individual identification with health
Theory [80] (3) behavior (4)
Sirriyeh et al [56]
Instrumental SM S text Goals and planning, shaping Theory of Planned Be- Individual goal setting (1) Low
message intervention knowledge, and identity (3) havior [78] (1)
Affective Goalsand planning, self-belief,and Theory of Planned Be-  Individual goal setting (1) Low
SM Stext messageinterven- identity (3) havior [78] (1)
tion
Combined Goals and planning, shaping Theory of Planned Be- Individual goal setting (1) Low
SM Stext messageinterven- knowledge, self-belief, and identity havior [78] (1)
tion 4

3BCT: behavior change technique.

PRCT: randomized controlled trial.

CSMART: Specific, Measurable, Achievable, Relevant, and Time-Bound.
4CALO-RE: Coventry, Aberdeen, and L ondon-Refined.

Among the 11 included studies, 3 (27%) had multiple study
arms [56-58], resulting in atotal of 15 mHealth interventions.
In studies with multiple arms, each study arm represented a
subintervention. Unfortunately, the subtrials of Sirriyeh et al
[56] could not be integrated into the meta-analysis because of
missing data. Overall, 33% (5/15) indicated a low level of
individualization, and 66% (10/15) of interventions showed a
high level of individualization. Individual goal setting was the
most common technique used to individualize mHealth
interventions. If thelevel of individualizationin the studieswas
low, there was also alow use of BCTs in these interventions.
The reporting of the theoretical foundation was not mentioned
in 40% (6/15) of interventions and was therefore generally poor,
although the interventions of Downing et a [68] and
Woudenberg et a [65] were each based on 3 underlying theories.
The most common theories were self-regulatory BCT [67];
Specific, Measurable, Achievable, Relevant, and Time-Bound
goas framework [70]; Theory of Planned Behavior [78];
Self-Determination Theory [79]; Self-Persuasion Theory [80];
Transtheoretical Model of Behavior Change [76]; socid
cognitive theory [69]; and the Coventry, Aberdeen, and

https://mhealth.jmir.org/2022/5/€35920

L ondon-Refined taxonomy [71]. The number of behavior change
elements correl ated with the number of individualized elements.
Of the 12 included interventions, 2 (17%) were SMS text
messaging based, 5 (42%) included some form of social media
(eg, Facebook), and 4 (33%) used the Fithit app.

ROB in Studies

Across the 11 studies, 7 out of 60 ratings (5 dimensions x12
studies) indicated high ROB, and 7 ratings showed an unclear
ROB, resulting in an overall rating of 3 (27%) studieswith low,
2 (18%) studies with unclear, and 6 (55%) studies with a high
ROB. Potential biases frequently occurred in dimensions A
(bias arising from the randomization process) and D (bias in
the measurement of the outcome). More detailed ROB
information for each study can be found in Multimedia
Appendix 1[41,57-65] and Multimedia Appendix 2 and isalso
integrated into the forest plots for the meta-analysis.

IMIR Mhealth Uhealth 2022 | val. 10 | iss. 5 [e35920 | p.79
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

Synthesis of Results

Effects of High-Individualized and Low-Individualized
mHealth I nterventions on Decreasing | PA

Approximately 82% (9/11) of studies evaluated the effects of
mHealth interventions on decreasing I PA levels, of which 22%
(2/9) included multiple study arms [57,58]. Notably, the
nonimmersive app of Direito et a [58] (arm 2) contributed to
areductionin IPA, whereastheimmersive app (arm 1) increased
IPA. One of thetrials[56] was hot included because of missing
dataon |PA. Splitted shared group procedure was used in studies
with multiple study arms to avoid unit of analysis error [48].
As shown in Figure 2, the meta-analysis of IPA demonstrated
asignificant, small overall effect size (Cohen d=0.23; 95% CI
0.02-0.45; Z=2.13; P=.03). Trids with high levels of
individualization (9/11, 82% of studies) significantly decreased
IPA levels, with amoderate effect size (Cohen d=0.33; 95% ClI
0.08-0.58; Z=2.55; P=.01). In contrast, those with low levels of
individualization (2/11, 18% of studies) indicated no overall
effect or even anonsignificant increasein IPA (Cohen d=-0.06;
95% CI -0.32 to 0.20; Z=0.48; P=.63). A test for subgroup
differences indicated that the described difference between
interventions with high and low levels of individualization was

statistically significant (x%,=4.0; P=.04; 1°=75.2%). The overall
heterogeneity was moderate (1°=0.02; x%=1.1; P=.002; 1>=64%),
and several ROB dimensions indicated a high ROB. As can be
seen in Figure 2, dimensions A (bias arising from the
randomization process), C (bias because of missing outcome
date), and D (bias in the measurement of the outcome) were
most frequently represented.

Effects of High-Individualized and Low-I ndividualized
mHealth I nterventions on Decreasing SB
Overall, al 10 included studies eval uated the effects of mHealth

interventions on decreasing SB time, and 2 (20%) studies
included multiple study arms [57,58]. The results showed a

Baumann et al

difference in positive effect sizes between the 2 arms of the
Gaudet et a [57] study, although it was a crossover trial. In
contrast, the Direito et a [58] immersive app (arm 1) showed
a dlight reduction in SB, whereas the nonimmersive app (arm
2) showed a dlight increase. In contrast to the meta-analytic
outcome measure IPA, the analysis indicated neither a
significant subgroup difference between interventionswith low

and high levels of individualization (x%=0.4; P=.54; 1°=0%)
nor ageneral, significant effect within each subgroup (Z=1.70,
P=.09; Z=.53, P=.59). Of the 15 interventions, 8 (53%)
demonstrated a small increase in SB time. The heterogeneity
of the included studies was overall low to moderate (1°=0.01;
X%1,=12.7; P=.31; 1>=13%) but varied by subgroup (trials with
high levels of individualization: 12=0.02, x%=12.5, P=.19,
12=28%; trials with low level of individualization: 1°=0.00,
x%=0.1, P=.70, 1°=0%). As demonstrated in Figure 3, several
ROB dimensionsindicated an unclear or high ROB. Dimensions
A (biasarising from the randomization process), C (biasbecause

of missing outcome date), and D (bias in the outcome
measurement) were the most frequently represented.

Reporting Biases
Publication bias between studies was assessed using funnel
plots for the 2 outcomes of IPA and SB. Statistical tests (eg,

Egger regression [81]) for publication bias were not performed
because of the small number of included studies.

Visual inspection of funnel plots (Figures 4 and 5) indicated no
serious publication biasin either case. The results of the study
by Chen et al [62] occurred outside of the 95% Cls for both
outcomes but for high-individualized trials only. Low-level
individualization showed a smaller effect, and no results were
outside the 95% CI. This a so appliesto the result of Pyky et al
[41] for the IPA outcome. Therefore, it isparticularly important
to critically reflect on the results reported by Chen et al [62]
and Pyky et al [41].

Figure 4. Funnel plot of comparison: insufficient physical activity outcomes. SMD: standardized mean difference.
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Figure5. Funnel plot of comparison: sedentary behavior outcomes. SMD: standardized mean difference.
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Certainty of Evidence

As shown in Table 3, moderate confidence was evident in the
meta-analysis effect estimate for |PA. The true effect is likely
to be close to the estimate; however, there is a possibility that
it is substantially different. By contrast, our confidence in the

estimated effect isvery limited for the primary outcome of SB,
and the true effect may be substantially different. This potential
biasisreinforced by the studies of Chen et al [62] and Pyky et
al [41], which have above-average effect sizes while being
severely weighted.

Table 3. Summary of findings based on Grading of Recommendations, Assessment, Development, and Evaluations approach (N=11).

Subgroup Studies,n  Study Risk of Inconsistency Indirectness Imprecision  Publication Relativerisk  Certainty
(%) design  bias bias (95% CI)

IPA2 highlevel of 7 (64) RcTP  Notserious Notserious  Notserious Serious(-1) Probablynot 0.25(0.02to Moderate

individualization 0.47)

IPA, low level of in- 3 (27) RCT Not serious Not serious Not serious ~ Serious(-1) Probably not -0.05(-0.24 Moderate

dividualization t0 0.15)

SBS, high level of 8(73) RCT Not serious Not serious Not serious ~ Serious(-1) Probablyyes 0.12(-0.07to Low

individualization -1 0.32)

SB, low level of indi- 4 (36) RCT Notserious Serious(-1)  Notserious Serious(-1) Probably yes 0.74(-1.08to Very low

vidualization (-1 2.55)

3 PA: insufficient physical activity.
BRCT: randomized controlled trial.
CSB: sedentary behavior.

Additional Analyses

In an exploratory approach, the effect sizes obtained from the
highly individualized interventions were further explored in a
meta-regression analysis with age as a moderator variable to
explain the moderate heterogeneity between studies and
incorporate developmental psychological aspects of children
and adolescents. Therefore, Figure 6 showsaweighted grouped
scatter plot of the standardized mean differences (Cohen d) of
individual interventions (including multiple study arms) and
the mean age of participants. Group differentiation was based
on the primary outcomes (IPA and SB). Meta-regression analysis
results indicated that effect sizes were negligible for children
(aged 1-14 years). Therewerenonsignificant differencesin IPA
in the adol escent age groups (14-18 years). Although the effect

https://mhealth.jmir.org/2022/5/€35920
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size (Cohen d) of highly individualized interventions with
respect to SB remained approximately the same across age
(1?=0.0115, SE 0.0226; 1=0.1071; 1>=21.23%; H?*=1.72;
Re=0.00%; test for residual heterogeneity: QE,;=11.8472, P=.30;
test of moderators: QM;=0.1451, P=.70) the effectiveness of
highly individualized interventions of IPA increased slightly
but not significantly across age (1°=0.0564, SE 0.0546;
1=0.2375; 1?=57.01%; H?=2.33; Re=28.47%; test for residual
heterogeneity: QE,=20.3088, P=.02; test of moderators:
QM;=2.0165, P=.16). Although the small number of included

interventions allowed only descriptive conclusionsto be drawn,
the underlying tendency is evident in the data and needs to be
examined in future studies.
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Figure6. Grouped bubble plot of weighted standardized mean differences of individual trials and mean age of participants. Group differentiation based
on the primary outcome (IPA and SB). High-individualized trials included only.
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Discussion

Principal Findings

Thisreview and meta-analysisaimed to identify and characterize
existing mHealth interventions for children and adolescentsin
the context of primary prevention of IPA and SB. In addition,
this analysis aimed to provide clarity on whether and how
effective mHealth interventions are in reducing IPA and SB in
healthy children and adol escents. Asabroad objective, we aimed
to examine whether age and individualization influenced the
overall effectiveness of mHealth interventions.

Summary of Evidence

Out of 828 identified studies, atotal of 11 (1.3%) wereincluded
for the qualitative synthesisand 10 (1.2%) for the meta-analysis
based on theinclusion criteria. Trialsincluded 1515 participants
(mean age 11.69, SD 0.788 years, 65% male and 35% female)
with self-reported (3/11, 27%) or device-measured (8/11, 73%)
health data on the duration of SB and IPA for an average
intervention period of 9.3 (SD 5.6) weeks (excluding
follow-ups). Studies with high levels of individualization
decreased IPA levels significantly (Cohen d=0.33; 95% CI
0.08-0.58; 7=2.55; P=.01), whereas those with low levels of
individualization (Cohen d=-0.06; 95% CI -0.32 to 0.20;
Z7=0.48; P=.63) or addressing SB (Cohen d=-0.11; 95% ClI
-0.01 to 0.23; Z=1.73; P=.08) indicated no overall significant
effect. Heterogeneity was moderate to low, and a test for
subgroup differences indicated significant differences between

trials with high and low levels of individualization (x21:4.0;
P=.04; 1°=75.2%). Age asamoderator variable showed aminor

https://mhealth.jmir.org/2022/5/€35920
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moderating effect; however, the results were not significant,
which might have been because of being underpowered. This
review is the first to examine the age and
individualization-dependent  effectiveness of mHealth
interventionsto reduce IPA and SB in children and adol escents
and strengthensthe evidence of moderate mHeal th effectiveness.
Thisisin line with existing research on mHealth for children
and adolescents [12,28].

Characteristics of Observed mHealth | nterventions

One of the main qualitative results concerning the first research
guestion isthat gamified approachestend to have ahigher effect
in this population, and several previous interventions have
already been shown to be effective [82,83]. The 18% (2/11) of
trials showing the highest effectiveness in this meta-analysis
(Fitbit and Facebook intervention by Chen et al [62] and the
Clans of Oulu intervention by Pyky et a [41]) used this
approach. However, it should be mentioned that the intervention
Zombies, Run! by Direito et a [58], which showed a very low
effect size, was also a gamified approach; however, it is hardly
individualized and usesfew BCTs. Therefore, the results suggest
(in line with existing research [82]) that gamified approaches
can be effective for children and adolescents but only if
individualization, theoretical foundation, and integration of
BCTs occur simultaneously. However, the 2 most effective
interventions mentioned above are united by a distinguishing
feature in addition to gamification. Both involve the social
component and integrate community-based systems of social
participation and association with real-world PAs in the
surrounding environment. Hammersley et a [72] and van
Woudenberg et a [65] integrated similar approaches. This may
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suggest that friends, family, and surrounding environments are
relevant determinantsfor children and adolescentsin the context
of mHealth and should be considered in the development of
mHealth interventions to reduce inadequate PA and SB.

This review also demonstrates that mHealth interventions for
children and adolescents are rarely theory based [18,24,25],
although theories were occasionally mentioned, and therefore
reinforce the need for enhanced theoretical substantiation inthe
development of mHealth interventions. The consequences of
non-theory-based approaches include low effect sizes and
methodological deficiencies, at least in self-developed
interventions[59,61]. No negative effect of missing theoreticity
could be shown when already existing and evaluated apps (eg,
Fitbit app) were used [57,60]. In this respect, another striking
aspect of the resultsisthat most of the considered interventions
used commercially available apps (especially Fithit modelsand
the corresponding app) or self-developed approaches. Models
from other well-known commercial providers were not used.
Data transfer software was often cited as a reason in some
studies. From a scientific point of view, one of the problems
may be that Fithit does not disclose the mechanisms and
underlying theories behind its development.

Regarding the quality of the integrated data, it should be
mentioned that many trials addressed multiple outcomes [84]
and used questionnaire data as outcome parameters[85]. A more
appropriate approach would be to focus only on objective data
or consider a combination of objective and subjective data,
similar to the approach of Chen et a [62]. The use of only
gualitative data can become a problem if an objective
comparison with WHO recommendations has to be provided
[86]. Therefore, we encourage researchers in the field of
mHealth to use accelerometry-based measurements and more
standardized outcome measures in future intervention studies.

Another key aspect of qualitative analysis is the
individualization of the included mHealth interventions. It is
noticeabl e that the type of individualization varies considerably
between techniquesthat are frequently used (eg, individual goal
setting) and other techniques that are unique to one of the
interventions (eg, individualization based on the stage of
behavior change). Similar to existing ideas in the field of
behavior change mechanisms [17], a consistent taxonomy is
needed and should be a part of future research.

Effectiveness of Observed mHealth I nterventions

Across al interventions, it appears that mHealth interventions
to reduce IPA in children and adolescents showed an overall
significant moderate effectiveness, whereas interventions to
reduce SB showed no overall significant effect. Accordingly,
it appears easier to change IPA than SB in children and
adolescents. More structural changes are probably necessary to
reduce SB, which include educational policiesfor schools. For
instance, it is harder to reduce sitting timein class, at lunch, at
home while doing homework, or during transportation than it
is to do another hour of sports in the evening. Potential ideas
that could be implemented in the context of mHealth would be
just-in-time adaptive interventions with reminders for small
exercise breaks[20]; in the school context, the use of automated
standing desks to interrupt sitting times; or the assignment of

https://mhealth.jmir.org/2022/5/€35920
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physically activating homework that encourages children and
adolescents to explore their invigorated environment.

It should be further discussed that the considered mHealth
interventions had no or even a small reverse effect on the
reduction of SB. Although it has been shown that screen time
and PA are independent constructs [33,34], it becomes evident
that the use of appsleadsto as much or slightly moretime spent
in SB, athough IPA decreases. Thus, thereis presumably a shift
in time resources among children and adolescents through the
use of mHealth intervention. A similar finding emerged for the
game Pokémon Go [82]. The consequences of thisfinding are
far-reaching and suggest that the use of mHealth in adol escence
and childhood deserves careful consideration. For younger age
groups, in particular, the use of an app as a family or with
parental support could make sense but resultsin low effect sizes,
as shown by 20% (3/15) of the considered interventions
[61,64,68].

M oder ating Effects of Individualization and Age

Looking at the average age of the target groups in the
interventions used in the meta-regression, it is noteworthy that
the highest effect sizes were evident in adolescent age groups.
Therefore, it isreasonableto assumethat participantsin different
age groups are differently impressionable by mHealth. There
are multiple explanationsfor thisfinding. First, aschildren age,
unhealthy behaviors may be established, and apps may need to
become more individualized to be effective [21]. Second, the
more the child evolves into an individual, the more important
it becomesto addresstheir individuality in health interventions.
The second hypothesisis supported by one of the key findings
of the meta-analysis that individualized mHealth interventions
to reduce IPA differ significantly from nonindividualized
interventions with the same objective. This is in line with
previous research on other populations [21]. However, it is
interesting to note that interventionswith the most individualized
elements are not the most effective [60]. Thus, more
individualization does not necessarily lead to higher
effectiveness; rather, the selection of particular relevant
parameters in combination with the rest of the intervention
characteristics seems to result in an effective intervention. For
example, the development of a new intervention could be
accompanied by a kind of intervention mapping [87]
accompanied by atarget group analysis. Thiswould reveal the
needs and requirements of the target group of an mHealth
intervention. Future research should aim to deepen these
partialy exploratory findings and identify the underlying
psychological mechanisms. We hypothesize that thereis a sweet
spot at which the addition of further mechanisms for
individualization and behavior change no longer leadsto alarger
effect, which would have severe implications for the
development of mHealth interventions. Furthermore, based on
the results of this review, we would like to point out that the
content and functions of mHealth interventionsfor children and
adolescents should always be adapted to the age of the target
group to avoid possible devel opmental psychological difficulties
and associated low effect sizes. It should also be mentioned that
the results of the metaregression, as suggested in the
Introduction section, again indicate that SB and IPA are not
correlated constructs. Therefore, PA promotion does not
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necessarily imply SB reduction. Therefore, mHealth should be
addressed separately.

Strengths and Limitations

This review is the first to differentiate between SB and 1PA
when considering the effects of mHealth on children and
adol escents and contrast both study effects and bias. Moreover,
no other review inthefield to date includes anarrative analysis
of individualized elementsin mHealth interventions and rel ates
them to intervention effectiveness. Another unique feature is
the exploratory meta-regression. In addition to these strengths,
this review has numerous limitations, both at the study and
review levels.

At thestudy level, apart from the studies by von Pyky et al [41],
van Woudenberg et al [65], and Nystrém et al [61], the sample
size was generally moderate to small, which may have biased
the results. It should also be noted that most of the studies
included multiple outcome parameters and that the primary
objective of these studies was not to decrease |PA and SB. As
aconsequence, we assume that the observed effect sizes do not
fully reflect the magnitude of the true effect. If all theincluded
mHealth interventions were targeted at reducing IPA or SB
alone, the results would certainly be more conclusive.
Conspi cuous among studies with small sample sizes compared
with those with larger samples is the lower rating in the ROB
assessment. In addition, there was a small number of included
studies and partly considerable heterogeneity because of
deviants, for example, the results of the study by Pyky et a [41].
Thiscould be because of the mgjor variahility inthe study design
or the diverse target and age groups.

Atthereview level, the asymmetries observed in the funnel plot
of the SB outcome indicate a publication bias. Thisis probably
because of the study by Pyky et al [41], athough the ROB
assessment in this study was positive. Furthermore, it should
be noted that the study results of Sirriyeh et a [56] could not
beincluded in the meta-analysis because of alack of reporting
and as the authors did not provide any data when asked
repeatedly. As the study was a 4-arm randomized controlled
trial, this would certainly have been insightful for the review.
In the included studies with several study arms, such as that of
Direito et a [58], it was observed that the results of individual
studies sometimes differed considerably. In this case, the
immersive app Zombies, Run showed a substantialy smaller
effect than the nonimmersive app Get Running. Although other
existing meta-analyses in the field of mHealth for children and
adolescents similarly integrate multiple study arms (eg, He et
al [29]) and we attempted to avoid potential overpowering by
using the splitted shared group procedure [48], this approach
should be considered controversial. Arguably, 1 author team
was responsible for an excessive degree of evidence. For
example, if a study shows a high ROB and includes 4 study
arms, it leads to a globally insufficient certainty of evidence.
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As the only way to avoid this potential bias is to deliberately
exclude existing evidence, further research should focus on
minimizing the number of study arms and developing new
statistical methods to address this issue. Another limitation of
this review was that follow-up data were not extracted. As
mHealth in children and adolescents is still arelatively young
field of research, we did not consider there to be enough studies
with follow-up measurementsfor ameta-analysisand therefore
decided not to include follow-up measurements for reasons of
evidence comparability. However, concerning mHealthin adults,
it has already been shown that the effects of the interventions
decrease in the long term [13]. If more mHealth trials with
children and adolescents become published, we suggest
replicating this review, including its follow-up effects. We
assume that the long-term effects are considerably stronger in
children and adolescents than in adults, as they may not yet be
as well-established as for adults.

In general, the results of this review and meta-analysis should
be interpreted with caution, as only moderate to low certainty
of evidence is warranted based on the Grading of
Recommendations, Assessment, Devel opment, and Evaluations
rating. In addition, many publicationsidentified in the systematic
literature screening were excluded asthey were study protocols
or small pilot studies. Therefore, this review should be updated
at alater date. Furthermore, there is also limited comparability
between the included studies, as the mechanisms of the
considered mHealth interventions certainly move al ong disparate
causal pathways in different age groups.

Conclusions

Thefindings of thisreview suggest that the considered mHealth
interventions for healthy children and adolescents can foster
low to moderate reductionsin I PA but not SB. Asno significant
effects were shown for SB, future studies should identify how
targeted SB can bereduced using mHealth. In the future, it may
also be useful to test the described interventions in clinica
populations (eg, children and adolescents diagnosed with obesity
or metabolic syndrome), as distressing pressure may be greater
here, potentially increasing adherence to use. Moreover,
individualized mHealth interventions to reduce IPA are more
effective for adolescentsthan for children. Although only afew
mHealth studies have addressed inactive and sedentary young
people, and their quality of evidenceis moderate, these findings
indicate the relevance of individualization in the period of
adol escence on the one hand and the difficultiesin reducing SB
with mHealth interventions on the other. Future research and
policy makers should aim to strengthen the evidence and
systematically evaluate individualized mHealth interventions
for children and adolescents. Especially in multidisciplinary
collaborations among app development, science, and
engineering, there is great potential for high-quality mHealth
intervention devel opment.
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Abstract

Background: On-body wearable sensors have been used to predict adverse outcomes such as hospitalizations or fall, thereby
enabling clinicians to develop better intervention guidelines and personalized models of care to prevent harmful outcomes. In
our previous work, we introduced a generic remote patient monitoring framework (Sensing At-Risk Population) that draws on
the classification of human movements using a 3-axia accelerometer and the extraction of indoor localization using Bluetooth
low energy beacons, in concert. Using the same framework, this paper addresses the longitudinal analyses of a group of patients
in a skilled nursing facility. We try to investigate if the metrics derived from a remote patient monitoring system comprised of
physical activity and indoor localization sensors, aswell astheir association with therapi st assessments, provide additional insight
into the recovery process of patients receiving rehabilitation.

Objective: The aim of this paper is twofold: (1) to observe longitudinal changes of sensor-based physical activity and indoor
localization features of patients receiving rehabilitation at a skilled nursing facility and (2) to investigate if the sensor-based
longitudinal changes can complement patients’ changes captured by therapist assessments over the course of rehabilitation in the
skilled nursing facility.

Methods: From June 2016 to November 2017, patients were recruited after admission to a subacute rehabilitation center in Los
Angeles, CA. Longitudinal cohort study of patients at a skilled nursing facility was followed over the course of 21 days. At the
time of discharge from the skilled nursing facility, the patients were either readmitted to the hospital for continued care or
discharged to a community setting. A longitudinal study of the physical therapy, occupational therapy, and sensor-based data
assessments was performed. A generalized linear mixed model was used to find associations between functional measures with
sensor-based features. Occupational therapy and physical therapy assessments were performed at the time of admission and once
aweek during the skilled nursing facility admission.
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Results: Of the 110 individuals in the analytic sample with mean age of 79.4 (SD 5.9) years, 79 (72%) were female and 31
(28%) were male participants. The energy intensity of an individual while in the therapy area was positively associated with
transfer activities (=.22; SE 0.08; P=.02). Sitting energy intensity showed positive association with transfer activities (3=.16;
SE 0.07; P=.02). Lying down energy intensity was negatively associated with hygiene activities (=—27; SE 0.14; P=.04). The
interaction of sitting energy intensity with time (B=—13; SE 0.06; P=.04) was associated with toileting activities.

Conclusions: This study demonstrates that a combination of indoor localization and physical activity tracking produces a series
of features, asubset of which can provide crucial information to the story line of daily and longitudinal activity patterns of patients
receiving rehabilitation at askilled nursing facility. The findings suggest that detecting physical activity changes within locations

may offer some insight into better characterizing patients’ progress or decline.

(JMIR Mhealth Uhealth 2022;10(5):623887) doi:10.2196/23887

KEYWORDS

physical medicine and rehabilitation; geriatrics, remote sensing technology; physical activity; frailty; health care delivery models;
wearable sensors; indoor |ocalization; Bluetooth low energy beacons, smartwatches

Introduction

The population aged 65 years and older is projected to double
in size to 83.7 million by 2050 only in the United States [1].
With the increase in the geriatric population, health care useis
expected to increase drastically with the concomitant demand
for rehabilitation and in-home care after hospitalization. Many
hospitalized older adults are discharged with new or worse
participation in activities of daily living (ADL). Identification
of patients' unmet ADL needs in terms of functional status at
the time of discharge and after they return home could help
address vulnerabilities prior to hospital discharge. Functional
disability, prevalent among geriatrics, is a multidimensional
concept that involvesfactorsreflected in aperson’sbasic actions
including mobility, ADL, cognition, and vision. Whether a
patient has sufficient ability to perform their ADL and mobility
can be a predictor of whether they are able to remain in the
community. Functiona statusisanimportant predictor of health
outcomes, and emphasis on better quantifying it and
understanding its limitations over longer periods of time is
warranted [2-5].

In rehabilitation settings, patients work with physical and
occupational therapists depending on their disability. Their
functional statusismeasured by standardized scalesto evaluate
impaired motor functions, limitations in performing daily
activities, reaching, grasping capabilities, and so on. While such
scales may not always fully capture the motor functions,
completion of atask by patients may also not always reflect
improvement in motor functionsin that patients learn to adopt
different “ synergistic patternsto compensate for lost functions”
[2]. In such scenarios, physical activity wearable sensors can
provide quantifiable and accurate measures of human body
movements through which the effect of an injury or a disease
on the movement system can beinvestigated. However, despite
the widespread use of such technologies, their clinical use has
yet to trandate from “bench to bedside” [2-16].

With the advent of commercially available low-cost and
lightweight sensors over the past decade, the development of
remote health monitoring systems has been extensively fostered
and largely investigated as atool to provide constant vigilance
to patients. Their portability and ease of use make them widely
practical and applicablein avariety of living settings, providing

https://mhealth.jmir.org/2022/5/e23887

a comprehensive illustration of activities of daily living for
patients living with mobility deficits as well as hedthy
individuals.

In aprevious study [16] we reported on the performance of our
developed remote monitoring system, Sensing At-Risk
Population (SARP), which is comprised of activity tracking
wearable sensors and indoor localization sensors. We monitored
thefirst 3 daysof patientsin subacute rehabilitation environment
(baseline) using SARP. This paper extends that analysis by
looking at the longitudinal data captured by SARP systemin a
skilled nursing facility. The goa of our anaysis was to
determine if longitudina changes of sensor-based physical
activity and indoor localization features of patients receiving
rehabilitation can complement changes captured by therapist
assessments over the course of rehabilitation in the skilled
nursing facility.

Methods

Participants

From June 2016 to November 2017, patients were recruited
after admission to a subacute rehabilitation center in Los
Angeles. A longitudinal study of the physical therapy,
occupational therapy, and sensor-based data assessments was
performed. The study cohort contains patients admitted to a
skilled nursing facility for an intended rehabilitation course of
no more than 21 days. After this period, patients were either
re-admitted to hospital or stayed in the community or in their
residence in long-term care.

Participants were eligibleif older than 60 years of age, English
speaking, and able to sign a consent form approved by
University of California, Los Angeles, Institutional Review
Board (IRB# 16-000166 entitted Sensing in At-Risk
Populations). Exclusion criteria were movement disorders or
complete paralysis of the upper or lower extremities. The
diversity of cohort comprised patients who were postsurgical
and poststroke and had functional limitations because of medical
illnesses.

Study Design
Patients were given a smartwatch every morning at 9 am, and
the watches were collected from them at around 6 PM daily.
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Sensors placed throughout the facility collected data passively
without any interaction required from patients. Patientsnormally
stayed in the resident room (bedroom) and were scheduled for
an hour of daily exercise and activity in the therapy area of the
nursing home.

SARP System Overview

The core of SARPiscomprised of thefollowing: hardware—(1)
commerciadly available Sony SmartWatch 3 with built-in

Ramezani et al

EM7180 + 2 g triaxial accelerometer, 420mA battery, and
BCM43340 Bluetooth module; (2) proximity beacons (MCU
ARM Cortex-M4 32-bit processor) mounted at locations of
interest within resident rooms (bedrooms) and therapy area,
shown with red color dots in Figure 1; clinically validated
software—activity recognition, indoor localization, and data
visualization algorithms, al encompassed within a Health
Insurance Portability and Accountability Act—compliant
infrastructure.

Figure 1. Skilled nursing facility map with beacon placements shown with red dots [16].
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Details of the system architecture can be found in [16-20], and
the patent is described in [21]. Activity tracking and indoor
localization models were built, validated, and refined prior to
this study on a separate cohort of patients[17].

M easures

Clinical Features

Clinical assessments in this study are 2-fold: physical therapy
(PT) and occupationa therapy (OT). PT and OT metrics
included functional activities such as bed mobility (includes
rolling, moving between supine and sitting, scooting in supine,
scooting on the edge of the bed), gait (movement patterns that
make up walking and associated interpretations), transfers
(moving body from one surface to another without walking),
hygiene, toileting, and lower body dressing. Those activities
were scored based on the functional levels (1 to 6), from
independent to completely dependent [22]. A comprehensive
collection of PT and OT key metrics were performed every
week; hence, patients were expected to have =3 PT or OT

https://mhealth.jmir.org/2022/5/e23887
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assessments within 21 days. In this study, a subset of clinical
features was chosen; these features were common in more than
65% (n=72) of patients PT and OT visits. The most common
PT functional activities, performed by more than 65% of the
cohort, are as follows: gait distance (in feet), transfer activity,
and bed mobility, including movement from supine to sit.
Common OT functional activities are comprised of lower body
dressing, toileting activity, hygiene, and overall ability to tolerate
daily activities (activity tolerance).

Sensor-Based Features

Time and frequency domain characteristics of the accel erometer
signal (main, median, variance, skewness, kurtosis, peak
frequency, and peak power) were used to determine physical
activities. Indoor localization was achieved by using beacons
mounted on locations of interest.

The metrics captured from smartwatches and beacons were used
toinfer thefollowing features: (1) activity recognition measures
such as sitting time and standing time; (2) indoor localizations,
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such astimein bed, time in the bathroom, or therapy area; and
(3) raw acceleration quantification (ie, mean absolute deviation,
which is approximately equal to energy spent). By combining
these attributes, we achieved features such as sitting time in
bed, energy spent while walking, lying down time in bed, and

Table 1. Sensor-based features.

Ramezani et al

so on. Equationsresulted in sensor-based feature quantifications
can befound in Table 1.

To simplify the result and avoid unnecessary complexity, we
focused on the most comprehensive and significant sensor-based
feature (ie, energy intensity trends), consistent with analysis
shownin [16].

Number Equation Summary

(0] B Signal magnitude

@ B MAD? of accelerometer magnitude signal=energy spent

©) B Hand displacement in 10 s when threshold on MAD=0.02 m/s

4 B Energy spent in walking, sitting, standing, laying, or in locations of interest divided by
their corresponding time spent. In addition to energy intensity spent at each location, we

calculated thetotal energy intensity in resident room and therapy room. |E is@ resident
room. Energy intensity for therapy room was similarly calculated.

3MAD: mean absolute deviation.

Analysisinclusion Criteria

Analysis inclusion criteria were defined to ensure all patients
satisfy a minimum amount of daily sensor data and collected
PT and OT assessments. Analysis criteriainclude patients with

the following data: (1) =3 days of watch data; (2) each day =4
hours of watch wear time; and (3) =3 sessions of PT or OT or
a combination of both PT and OT.

Cohort data were agglomerated for analyses according to the
consort diagram shown in Figure 2.

Figure 2. Diagram describing the analysis cohort. OT: occupational therapy; PT: physical therapy.
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Statistical Analyses

Visualization of prior analysis was generated to unveil any
longitudinal patterns. The time trends of sensor-based features
appeared to be approximately linear; hence, we decided to use
linear models for longitudinal analysis.

Descriptive statistics (medians and IQR) were computed for
clinical assessments(ie, PT and OT) at each session. Generalized
linear mixed effect model was used to understand the
longitudinal relationships between the clinical measures and
the sensor-based features [23-26]. Due to the frequency
difference in which sensor and clinical assessments were
collected, we merged a day of clinical assessment datawith its
corresponding day or closest day containing the sensor data (SD
3 days). Note that avalid day of sensor data should satisfy the
analysisinclusion criteria 1l and 2.

Threemodels, each with different sets of sensor-based features,
were constructed for each clinical outcome. Model 1 included
overal energy intensity as covariate. Model 2 considered energy
intensity at resident room and energy intensity at therapy area
as covariates. Additionally, sensor-based activity parameters
(eg, energy intensity of sitting) were used in model 3. Linear
time indicates the number of weeks since the enrollment day.
Interaction effects of sensor features with time were also
included.

Ethics Approval

The Ethics Board reviewed this study. The following was their
determination: “ The UCLA Ingtitutional Review Board (UCLA

https://mhealth.jmir.org/2022/5/e23887
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IRB) has approved IRB#16-000166 entitled ‘ Sensing At Risk
Populations (SARP). UCLA's Federal wide Assurance (FWA)
with Department of Heath and Human Services is
FWA00004642. The UCLA IRB waived the requirement for
HIPAA Research Authorization to identify potential research
participants. The UCLA IRB waived the reguirement for
informed consent for the review of medical records to identify
potential research participants under 45 CFR 46.116(d). The
UCLA IRB waived the requirement for signed informed consent
for participants admitted to the BECH for acute care under 45
CFR 46.117(2)”"

Results

Demographic Analysis

From 184 consented patients, 110 (60%) met the watch wearing
time protocol with mean age of 79.4 (SD 5.9) years. Moreover,
97 (88%) patients were included in PT-watch paired anaysis
and 60 (54%) in OT with watch analytics. Most participants
werefemale (n=79, 72%) and of White race or ethnicity (n=84,
76%). Additionally, 62% (n=69) of the patients had pain, 99%
(n=109) of them needed somelevel of assistance with functional
mobility activities (transfer activity), and 75% (n=83) needed
assistive devices for walking. Table 2 presents detailed
sociodemographic and clinical characteristicsof the 110 patients.
ADL parameters and their significance in determining the
outcome are presented based on initial assessments, at thetime
of admission, or within one day.
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Table 2. Sociodemographic and clinical characteristics (initial assessment) of the cohort of 110 patients.

Parameters Community Hospital Parameter discriminative power (P value)
Subject, n (%) 105 (95.5) 5 (4.5) N/A2
Age (years), mean (SD) 78.0 (5.7) 84.1 (6.8) .03
Gender, n (%) >.99
Female 76 (72.4) 3(60)
Mae 29 (27.6) 2 (40)
Race or ethnicity, n (%) >.99
Asian 5(4.8) 0(0)
Black or African American 12 (11.4) 1(20)
Hispanic or Latino 2(1.9) 0(0)
Native or Hawaiian Pacific |slander 2(1.9) 0(0)
White 84 (80) 4(80)
Pain present, n (%) .95
No 29 (30) 2 (50)
Yes 67 (70) 2 (50)
Active diagnoses, n (%) .86
<10 22 (21) 0(0)
210 83 (79) 5 (100)
Transfers, n (%)b 87
Supervision 1(1) 0(0)
Limited assistance 57 (55) 1(20)
Extensive assistance 46 (44) 4 (80)
Dressing, lower body, n (%) .93
Independent 1(1) 0(0)
Limited assistance 28 (27) 0(0)
Extensive assistance 75 (72) 5 (100)
Eating, n (%) .93
Independent 94 (90) 4 (80)
Supervision 4(4) 1(20)
Limited assistance 4(4 0(0)
Extensive assistance 2(2) 0(0)
Toileting, n (%) .70
Independent 1(1) 0(0)
Limited assistance 45 (43) 0(0)
Extensive assistance 58 (56) 5 (100)
Walk room, n (%) 91
Supervision 1(1) 0(0)
Limited assistance 61 (59) 1(20)
Extensive assistance 34 (32) 3(60)
Activity did not occur 8(8) 1(20)
Walk hall, n (%) .92
Supervision 1(1) 0(0)
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Parameters Community Hospital Parameter discriminative power (P value)
Limited assistance 62 (60) 1(20)
Extensive assistance 35(33) 4 (80)
Activity occurred only once or twice 1(1) 0(0)
Activity did not occur 5(5) 0(0)
Walk on unit, n (%) .78
Supervision 1(1) 0(0)
Limited assistance 62 (60) 1(20)
Extensive assistance 41 (39) 4 (80)
Hygiene, n (%) .84
Independent 1(1) 0(0)
Limited assistance 59 (57) 2 (40)
Extensive assistance 44 (42) 3(60)
Bed mobility, n (%) .96
Supervision 1(1) 0(0)
Limited assistance 68 (65) 2 (40)
Extensive assistance 35(34) 3(60)
Urinary continence, n (%)b 002
Always continent 85 (82) 1(20)
Occasionally incontinent 3(3) 0(0)
Frequently incontinent 7(6) 1(20)
Always incontinent 4(4) 3(60)
Not rated 5(5) 0(0)
Bowel continence, n (% )b 006
Always continent 91 (87) 2 (40)
Occasionally incontinent 3(3) 0(0)
Frequently incontinent 5(5) 0(0)
Always incontinent 5(5) 3(60)
Assistive devices, n (%) >.99
Wheelchair 3(4) 0(0)
Walker and wheelchair 75 (95) 4 (100)
Cane and wheelchair 1(1) 0(0)

3N/A: not applicable.
bParameters with P<.05.

Longitudinal Analysisof All Features (Sensor and
Clinical M easurements)

The community group spent higher overall energy intensity and
energy intensity at the resident room compared to the hospital
group, as seen in Figures S1 (a) and S1 (b) of Multimedia
Appendix 1. However, energy intensity during therapy sessions
tends to have similar values between two groups, especially

https://mhealth.jmir.org/2022/5/e23887

RenderX

toward the end of the rehabilitation period, as seen in Figure
S1 (c) of Multimedia Appendix 1.

Thedescriptive statistics of clinical parameters are summarized
in Table 3. It showsthat “gait distancefeet” increases over time
(median and IQR after the first week), and “activity tolerance”
increases (IQR after first week and median after second week).
Thetableindicates no clear improvementsin other clinical-based
measures gauged by PT and OT functional levels within 3
weeks.
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Table 3. Descriptive statistics of all measures.
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Measures Admission day Week 1 Week 2 Week 3
N Median IQR N  Median IQR N Median IQR N  Median IQR

Sensor features
Overal EI? 110 17.97 13.00~23.74 110 18.88 13.76~25.17 83 19.30 14.97~25.05 57 1843 15.10~23.37
Resi- 110 1941 14.90~24.74 110 19.94 15.58~25.85 83 20.65 16.12~25.66 57 19.45 15.69~24.39
dent_room_ElI
Thera- 110 15.09 9.02~25.36 110 15.29 9.83~25.01 83 17.19 10.30~24.34 57 14.96 11.20~20.50
py_room_EI

Occupational therapy features
Dressing, lower 16  3.00 2.75~3.00 39 4.00 3.00~4.00 40 4.00 4.00~4.00 31 4.00 4.00~4.00
body
Toileting general 16 4.00 2.75~4.00 37 4.00 3.00~4.00 40 4.00 4.00~4.00 29 4.00 4.00~4.00
Activity tolerance 11 8.00 5.00~9.00 34 15.00 10.00~15.00 37 15.00 15.00~20.00 29 20.00 15.00~20.00
general (min)
Hygienegroom- 4 4 4.00~4.00 15 4.00 4.00~4.00 19 4.00 4.00~4.00 15 4.00 4.00~4.00
ing

Physical therapy features
Transfer genera 20 4.00 3.75~4.00 72 4.00 4.00~4.00 86 4.00 4.00~4.00 50 4.00 4.00~4.00
Gait distance, 20 40.00 18.75~50.00 70 100.00 7125-15000 80 150.00 10000~20000 44 150.00 97.50~200.00
feet
Gait assistivede- 21 2.00 1.00~2.00 60 2.00 2.00~2.00 69 2.00 2.00~2.00 38 2.00 2.00~2.00
vice
Gaitlevel surface 18  4.00 4.00~4.00 61 4.00 4.00~4.00 71  4.00 4.00~4.00 40 4.00 4.00~4.00
Bed mobility 21 4.00 3.00~4.00 72 4.00 4.00~4.00 84 4.00 400~4.00 49 4.00 4.00~4.00

supine sit

8E|: energy intensity.

Longitudinal Association Between Clinical M easures
and Sensor-Based Features

The associations of repeated PT, OT, and sensor-based
measurements are modeled through three generalized linear
mixed models. On PT and sensor associations, according to
Table 4, the results of model 1 revealed that gait distance feet
(B=.28; SE=0.06; P<.001), gait level surface 3=.17; SE=0.04;
P<.001, and bed mobility including supine to sit (p=.26;
SE=0.05; P<.001) improved over time. Higher overal energy
intensity indicates a higher score of transfer activity (3=.22;
SE=0.08; P=.03).

In model 2, energy intensity at the therapy room was positively
associated with transfer activity (p=.19; SE=0.08; P=.02). In
addition, gait distancefeet (3=.28; SE=0.05; P<.001), gait level

https://mhealth.jmir.org/2022/5/e23887

surface (3=.17; SE=0.04; P<.001) and bed mohility including
supine to sit (3=.26; SE=0.05; P<.001) improved every week.

In model 3, sitting energy intensity showed positive association
with transfer activity (B=.16; SE=0.07; P=.02). Meanwhile,
according to model 3, participants showed weekly improvements
in gait distance (measured in feet; 3=.27; SE=0.06; P<.001),
gait level surface (3=.16; SE=0.05; P<.001), and bed mobility
including supine to sit (=.26; SE=0.05; P<.001).

On OT and sensor associations, Table 4 shows that |ower body
dressing, toileting activity, and activity tolerance in genera
improved every week in all three models. The higher value of
overall energy intensity in model 1 implied a higher functional
score of lower body dressing (B=.19; SE=0.09; P=.03) and
toileting activity (f=.23; SE=0.09; P=.01).
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Table 4. Generalized linear mixed model association between physical therapy and occupational therapy assessments with sensor-based features.

Models Gait distancefeet Transfer general  Gait level sur- Bed mobility Dressing lower  Toileting gener-  Activity toler-
faces supine sit body a ance genera
Estimate SE Estimate SE Estimate SE Estimate SE Estimate SE Esti- SE Esti- SE
B B B B B mate B mate B

Model 1
Intercept —.01 009 -01 009 .02 011 .01 009 <01 010 .01 013 <01 0.10
Time
(weeks) .28 0.06% .08 005 .17 0.04% 26 0.05% .30 0.07% .16 0.05° .59 0.06%
Overal
EI° 14 008 .22 008° .11 008 .18 008 .19 009" .23 009 -08 008
Timex .01 006 -05 005 -07 005 -09 005 -09 007 -04 006 -01 0.07
overal El

Model 2
Intercept <—01 0.08 -02 009 .01 010 .01 009 <-01 010 .01 013 <01 0.10
Time
(weeks) .28 0.05* .08 005 .17 0.04% 26 0.05* .29 0.07% .15 005" 59 0.062
Resident .16 010 .06 009 .02 010 .14 009 .07 010 .14 010 .04 0.29
room El
Therapy
roomEl  -.05 008 .19 0.08° .10 008 .07 007 .16 010 .15 0.08 -02 0.24
Resident .07 007 -04 007 .01 006 -.08 006 -07 009 -06 007 -02 0.12
room El
x time
Therapy —08 007 .02 007 -10 006 -01 006 .02 009 .05 008 -01 0.10
room El
x time

Model 3
Intercept —.01 008 -01 009 .02 011 .01 009 -01 011 .02 014 <01 0.10
Time
(weeks) .27 0.06* .06 0.05 .16 0.05* .26 0.05% .32 0.07% .18 0.05% 59 0.062
Sitting EI .03 007 .16 007" .03 006 <01 006 .13 0.09 .09 0.07 .10 0.07
Standing —.01 009 .06 0.08 .07 007 -03 0.08 .07 011 .03 0.08 -03 0.09
El
Laying .13 009 .06 0.09 .06 0.08 .14 0.08 .03 011 .10 011 -14 0.09
down El
Sitting El
xtime .03 006 -04 005 -01 005 -02 005 -15 008 -13 006° -13 0.07
Standing .08 007 .11 007 .02 0.06 .04 006 -05 010 -.07 007 .04 0.09
El x time
Laying -.01 008 -13 007 -09 006 -09 007 .11 011 .15 009 -10 0.08
down El
x time

3p<.001.

bp<.05.

CEl: energy intensity.

Longitudinal Analyses of L ocation Occurrences
Between 2 Outcome Categories of Patients

The occurrence of alocation is equal to the number of times a
patient spends more than 40 continuous seconds within that
specific location. In other words, if the smartwatch receives

https://mhealth.jmir.org/2022/5/e23887

RenderX

Bluetooth low energy signal of a beacon corresponding a
location for 40 seconds, the occurrence of that location increases
by one unit. Figure 3 (a and b) shows total occurrences of
patientsin various nursing facility locations (daily) normalized
by the number of patients in each category. Darker colors
indicate higher frequency of patients visiting a particular
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location. In short, patientsin outcome category “home” traveled
within the facility (resident and therapy area) much more
frequently than patients eventually admitted to a longer-term

Figure 3. Normalized observation counts per patient by location within
"hospital" group.
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Discussion

Overview

To the best of our knowledge, this paper and what we described
in[13] arefirst to explore acombination of indoor localization
and physical activity tracking to assess older residents.
Following baseline investigations [13], in this paper, we
highlight significant findingsin longitudinal analyses of clinical
and sensor-based features.

Activity With Therapist Versus Resident Time Alone
and the Value of Indoor Localization

One of the principal findings of this study is that the energy
intensity spent in therapy sessions, unlikein resident room, tend
to have similar values in both outcome groups, more
significantly toward the end of the rehabilitation period (Figure
S1 in Multimedia Appendix 1). Perhaps the therapists in both
patient groups are encouraged to complete their therapy
activities and are part of an individually designed therapeutic
program that aimed to improve functional activity. Moreover,
energy intensity spent in the resident room is very similar to
overal energy intensity in that patients generally spend most

https://mhealth.jmir.org/2022/5/€23887

RenderX

Bike
SeiFit o
Endor
Mid-strip
Bathroom 0.
Table
Small table
Hallway
Stairs 0
Walls
Strip
Therapy room

Ramezani et al

care or the “hospital” group. Additionally, no patient in the
hospital category used upper body exercise (SciFit), Endorphin,
and stair equipment in the therapy area.

21 days; (a): 105 patients in the "community" group; (b): 5 patients in the
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of their timein the resident room. Resident room activity levels
arelikely to be crucial in determining the outcome of patients,
even at early stages of their rehabilitation. Further understanding
of the therapeutic skillslearned during therapeutic intervention
and carryover into the resident room warrants further study.

Based on Table 3, the PT and OT features investigated in this
study all improved over time along with the sensor-based
feature, energy intensity. However, improvements are more
distinguishable between admission day and weeks 1 and 2. On
week 3, the mean valuefor sensor-based features such asoverall
energy intensity declines. Similarly, OT and PT features show
less change compared to week 1 and admission day. One
possible reason could be the drop in sample size after week 2
as patients are likely to be discharged earlier. Note that despite
the steady PT and OT functional scores in later times, the
interquartile range decreases over time, which indicates less
variations in functional levels. This could mean that residents
achieved their functional goals or plateaued in functional
progression. Other aspects that limit a resident’s functional
ability need to be examined to determineif nonmotor parameters
are limiting a resident’s progress. Cognition, vision, and
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psychological factors are some of the areas that may limit
functional progression.

Table 3 also shows that except the “gait distance in feet,” the
improvement of features was not evident after the 2nd and 3rd
week. Further exploration of therapy treatment intensity or type
of intervention iswarranted. Significant improvementsin “ gait
distanceinfeet” suggest theimportance of thisfeaturein clinical
assessment. The rest of the gait measures showed they were
less likely to change over time. Dynamic gait parameters and
their relation to mobility in daily activities need more
investigation.

Sensor-Based Features and Changesin Clinical
Assessments

The captured sensor-based longitudinal changes such as lying
down, sitting, and overall energy intensity reflect changes in
PT and OT features (Table 4). Thisfinding confirmsthe benefit
of remote patient monitoring systems as adjunct toolsto further
reveal patients’ daily story lines. Such systems can bear valuable
information in further understanding the type and intensity of
therapy interventions that impact overall functional outcome.
Brisk features remained surprisingly unchanged over timewhen
patients were expected to become | ess sedentary during recovery
of functional abilities, at least partially. Average sedentary time
among al patients was more than 99.8% and remained
unchanged. In other words, the cohort was walking less than
0.2% of thetime, measured objectively by the SARPwrist-worn
sensor. Thisfinding strongly suggeststhat focusing on sedentary
features among elderly patients is beneficial, confirming the
studies in [27-29], contrary to the emphasis many patient
monitoring systems place on using activity trackers to count
steps [30,31]. This study shows the importance of trandating
all movements into measurements such as energy, or energy
intensity, rather than solely relying on steps. This may shed
light on the type of intervention needed for improving the
mobility of the elderly resident population.

Study Limitations

This study had some limitations. Wrist-worn accel erometers
used for activity recognition are popular dueto their ease of use
and ability to capture a comprehensive set of activities.
However, interpreting users data in sedentary positions such

Ramezani et al

as sitting or standing can be quite challenging. Movements (or
lack thereof) in sedentary positions are hard to be distinguished
by wrist-worn sensors[32]. Compliance to technology isanother
obstacle faced in this study. Patients accepting to use the
technology is a challenge expected to be generic and present in
similar studies.

Battery consumption of smart watches can be problematic when
trying to transmit data, hourly or daily. Battery lifetimes are
normally insufficient in almost all smartwatch manufacturing
brands. Their operating systems are designed to perform
sophisticated tasks, many of which are not needed for patient
remote monitoring such as receiving messages and calls.
Furthermore, consumer-grade wearables have wide variability
in their accuracy across a range of functional activities
depending on their placement, the individuals movement
characteristics, speed of walking, using assistive devices, and
so on. The best way to tackle this problem is to use wearable
sensors specifically designed (hardware and software) for patient
monitoring. However, commercially available research-grade
sensors are very expensive and not yet clinician and patient
friendly [33].

The study cohort had two outcome groupsthat were not equally
presented. The data set predominantly comprised majority class
instances and contained only a few instances of patients who
were re-admitted to along-term care. Akin to most imbalanced
medical data sets, analyzing such data poses a great challenge
[34].

Conclusions

Thisstudy aimed to show that wearable activity trackers, despite
raising concerns about their efficacy in quantifying residents
health, can result in a better understanding of patients
well-being when tailored for a specific cohort. Such studiescan
hopefully pave the way in early prediction of hospitalization,
developing intervention alerts and improving overall quality of
care. As discussed, our remote patient monitoring system,
SARP, captures a combination of indoor localization and
physical activity features. SARP information on daily and
longitudinal activity patterns can be incorporated into mobile
health technology platforms to provide a better assessment of
underrepresented, particularly frail, populations.
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Energy intensity averaged per daysin 21 days. Note, the numbers shown on top of the point plots indicate the sample size on the
corresponding day specified on the x-axis. Overall energy intensity and energy intensity in resident room and therapy room all
improve over time, except at week 3, with adrop in sample size from 83 to 57 participants.
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Abstract

Background: Adolescent health promotion is important in preventing risk behaviors and improving mental health. Health
promotion during adolescence has been shown to contribute to the prevention of late onset of the mental health disease. However,
scalable interventions have not been established yet.

Objective: This study was designed to test the efficacy of two adolescent health promotion interventions: a well-care visit
(WCV) with a risk assessment interview and counseling and self-monitoring with a smartphone cognitive behavioral therapy
(CBT) app. Our hypothesis was that participants who had received both WCV and the CBT app would have better outcomes than
those who had received only WCV or those who had not received any intervention. We conducted a prospective multi-institutional
randomized controlled trial.

Methods: Participantswere 217 adolescents aged 13-18 years. They were randomly divided into two intervention groups (WCV
group and WCV with CBT app group) and a nonintervention group. WCV comprised a standardized physical examination along
with a structured interview and counseling for youth risk assessment, which was designed with reference to the Guideline for
Health Supervision of Adolescents of Bright Futures. A smartphone-based CBT program was developed based on the CBT
approach. The CBT app comprised a 1-week psychoeducation component and a 1-week self-monitoring component. During the
CBT program, participants created severa self-monitoring sheets based on the CBT model with five window panels. event,
thoughts, feelings, body response, and actions. The primary outcome was the change in scores for depressive symptoms. Secondary
outcomes included changes in scores for self-esteem, quality of life, self-monitoring, and an adolescent health promotion scale.
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These outcomes were evaluated at baseline and at 1, 2, and 4 months after baseline. The exploratory outcome was the presence
of suicidal ideation during the observation period. Intervention effects were estimated using mixed effect models.

Results: In total, 94% (204/217) of the participants completed the 4-month evaluation. Both intervention groups showed a
significant effect in the form of reduced scoresfor depressive symptomsat 1 month in high school students; however, these effects
were not observed at 2 and 4 months. The intervention effect was significantly more predominant in those scoring above cutoff
for depressive symptoms. There was significantly less suicidal ideation in the intervention groups. As for secondary outcomes,
there was significant increase in health promotion scale scores at the 4-month follow-up among junior high school studentsin
the WCV group. Moreover, the CBT app was significantly effective in terms of obtaining self-monitoring skills and reducing
depressive symptoms.

Conclusions:  Although adolescent health promotion interventions may have short-term benefits, the frequency of WCV and

further revision of the CBT app should be considered to eval uate long-term effectiveness.

Trial Registration:

University Hospital Medical Information Network Clinical Trials Registry UMIN 000036343;

https://center6.umin.ac.jp/cgi-open-bin/ctr/ctr_view.cgi ?recptno=R000041246

(JMIR Mhealth Uhealth 2022;10(5):€34154) doi:10.2196/34154
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health promotion; well-care visit; cognitive behavioral therapy; app; randomized controlled trial; RCT; mobile phone

Introduction

Background

Care settings for young children and adolescents are changing
from treating acute diseases to managing chronic diseases as
vaccinations are developed and deployed and as medical
treatment advances. With reductions in serious illnesses,
physicians can place greater importance on lifestyle-related
diseases, mental health disorders, and developmental behavioral
disorders [1,2]. The Ministry of Health, Labour and Welfare,
Japan, published its first report concerning disability-adjusted
lifeyears of Japanese adolescentsin 2018, which indicated that
mental health disorders accounted for approximately 20% of
the burden of disease [3]. Mental health disorders such as
depression affect approximately 5% of adolescents in Japan,
and suicideistheleading cause of death among adolescents[4].
Therefore, health supervision for young children and adol escents
is becoming increasingly important in medical settings.

Primary Care Visits

The American Academy of Pediatrics recommended the delivery
of preventive services and anticipatory guidance for adolescents
aged <21 years through annual primary care visits[5,6]. These
visits offer an important opportunity that may lead to reduced
risk behaviors among adolescents [7,8]. Evidence shows that
although preventive interventions resulted in various significant
improvements such as reduced smoking, increased helmet use,
and increased condom use, there areinsufficient effectsin terms
of reduced substance and alcohol use and change in the rate of
sexual intercourse [9,10]. Furthermore, the screening rate for
major depression disorder (MDD) among adolescents is
insufficient in the context of annual primary care visits [11].
The low MDD screening rate may result from insufficient
training of pediatric health care providers. Fallucco et a [12]
reported that the MDD screening rate significantly increased
after primary care providers received adequate training in
depression care. As the primary care visit rate among
adolescents is <50%, it is important to provide opportunities

https://mhealth.jmir.org/2022/5/€34154

for routine visits to reduce risk behaviors and promote health
in this population.

Internet-Based Cognitive Behavioral Therapy

A universal intervention program based on cognitive behavioral
therapy (CBT) using an internet-based setting has shown
potential to prevent depressive symptoms among adol escents
[13-19]. These intervention techniques have been proposed as
self-help strategies to relieve depressive symptoms for
adolescents, as young children and adolescents with depressive
symptoms often do not receive medical treatment owing to lack
of symptom awareness, poor access to services, and perceived
stigma [20]. Severa randomized controlled trials have
demonstrated the efficacy of internet-based therapies for
depression. Moritz et al [13] reported an 8-week internet-based
program that encompassed 10 content modules focused on
evidence-based cognitive behaviora  techniques (eg,
psychoeducation, behavioral activation, and problem solving)
and showed a significant declinein symptoms of depressionin
adulthood. However, the efficacy of internet-based CBT for
adolescent depression remains inconclusive. Pennant et al [18]
systematically reviewed the evidence for internet-based CBT
interventionsfor adolescents and showed asmall positive effect
for depression in a general population study. Kauer et a [15]
reported that an internet-based CBT intervention for adolescents
had asignificant effect on depressive symptoms. The differences
in study findings may be attributabl e to the duration and strength
of the intervention, contamination effect, degree of depressive
symptoms, and amount of guidance provided to the participants.

Objectives

Both primary carevisitsand internet-based CBT programs may
be beneficial in promoting adolescent health. Interestingly, these
intervention procedures are delivered in completely opposite
ways; the former is characterized by a face-to-face encounter,
whereas the latter is based on sdlf-help therapy without an
interview. Face-to-face encounters have the advantage of
providing health education securely and allow providers to
respond to individual requirements, but have disadvantagesin
terms of cost and time. Although internet-based programs have

JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 5 [€34154 | p.105
(page number not for citation purposes)


http://dx.doi.org/10.2196/34154
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH

various advantages such as accessibility to large groups,
cost-effectiveness, and less labor, a major disadvantage is that
they depend on user motivation. In this study, we conduct a
randomized controlled trial with a well-care visit (WCV)
combined with arisk assessment interview and counseling and
self-monitoring using a smartphone CBT app to promote
adolescent health. The primary outcome of the interventionsis
improvement in depressive symptoms, and the secondary
outcome isincrease in health promotion score. Our hypothesis
is that participants who receive both WCV and the CBT app
would have better outcomes than those who receive only WCV
or those who did not receive any intervention.

Nagamitsu et al

Methods

Study Design

We conducted a prospective multi-institutional randomized
controlled trial involving 217 adolescents (aged 13-18 years)
from Fukuoka, Saitama, and Okayama prefectures and Tokyo.
The trial was registered in the University Hospital Medical
Information Network Clinical Trials Registry (UMIN
000036343). Participants were enrolled in the trial and
randomized into two intervention groups (WCV only or WCV
with CBT app) or a honintervention (control) group. Outcome
datawere collected at baseline, after theintervention (4 weeks),
and at 2- and 4-month follow-ups. Figure 1 shows a participant
flow chart demonstrating participant allocation, intervention
menu, and data collection. Participants in the nonintervention
group were offered theintervention immediately after this study
was compl eted.

Figure 1. Participant flow chart. CBT: cognitive behavioral therapy; WCV: well-care visit.
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Theprincipal investigator and coinvestigatorsin each prefecture
explained the purpose of this study and the study design to each
regional educational committee and school principas
association. School principals who wereinterested in the study
informed studentsin their school about the content of this study
using a leaflet. The leaflet was developed by the principal

JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 5 [€34154 | p.106
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

investigator and covered the purpose of the study, study design,
participant recruitment, and the URL for the study’s home page.
Students who were interested in this study could talk with their
parents about enrollment. To receive a detailed explanation of
the study design, the student or their parents applied for an
appointment with an investigator at the rel evant research facility
(hospital outpatient clinic) through the study’s home page.
During these appointments, students and their parents received
detailed information about the study and provided informed
consent. A total of 240 students from 23 junior high schools
and 25 high schools received appointments, and 217 (90.4%)
of them agreed to participatein this study. Theinclusion criteria
were the following: (1) aged 13-18 years, (2) able to visit a
research facility with their parent or caregiver twice to receive
a WCV or for installation of the CBT program, and (3) had
access to a smartphone or Wi-Fi network (smartphones were
avalable to rent if a participant had no smartphone). The
exclusion criterion was the presence of severe depressive
symptomsor suicidal ideation. After the participantsand parents
signed the informed consent form, screening for severe
depressive symptoms or suicidal ideation was performed using
the 9-item Patient Health Questionnaire (PHQ-9) [21]. A PHQ-9
item asks how often responders had thoughts of hurting
themselves or thoughtsthat it would be better if they were dead
over the past 2 weeks. For individualswho scored 2 or 3 (*more
than half” or “almost every day,” respectively), participation
was suspended before randomization, and they were referred
to mental health services. Group allocation was stratified by
sex and school type (junior high school or high school). A
research assi stant, who was not otherwise engaged in this study,
generated the random dynamic allocation sequence using a
minimization method. After each participant provided informed
consent, they were automatically allocated to an intervention
group or the nonintervention group within 2 weeks. Allocation
was concealed from the principal investigator and all
coinvestigators dealing with the participants.

Interventions

Overview

This study had two intervention groups (WCV group and WCV
with CBT app group) and anonintervention group. Participants
in al groups were asked to complete a questionnaire that
included several outcome measures at four time points. at
baselineand at 1, 2, and 4 months after baseline. The participant
flow chart isshownin Figure 1. Participantsin the WCV group
visited the research facility twice (at baseline and 1 month after
their first visit) to undergo a health checkup along with arisk
assessment interview and counseling. They completed the
baseline and 1-month outcome questionnaires before the
respective visit to the research facility. The questionnaires for
the 2- and 4-month measurements were delivered to the
participants homes, and compl eted questionnaireswere returned
to therespective research facility. Participantsinthe WCV with
CBT app group visited aresearch facility twice (at baselineand
1 month after the first visit). During the first visit, the
participants completed the baseline questionnaire and installed
the CBT app program on their smartphone. As the CBT app
involved a 2-week program, participants had asecond visit after
1 month to receive their health checkup. These participantswere

https://mhealth.jmir.org/2022/5/€34154
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required to complete the smartphone CBT program before
undergoing their health checkup. They completed the baseline
and 1-month questionnaires at the research facility and the 2-
and 4-month questionnaires at their homes. For the
nonintervention group, the questionnaires were delivered to
participants homes at each time point and the completed
guestionnaires were returned. After the intervention period (4
months), participants in the nonintervention group received
either WCV or the CBT app (or both) as needed.

Contents of WCV

The WCV was designed with reference to the Guideline for
Health Supervision of Adolescents of Bright Futures. The
purpose of the WCV was to address the individual’s concerns
or stressors, check social determinants of health, and provide
anticipatory guidance through an interview. We used the Home,
Education, Eating, Activities, Drugs, Sexuality, Suicide, Safety
(HEEADSSS) framework to help structurethe WCV interviews
[22]. A complete physical examination wasalso included inthe
WCV, which involves measuring blood pressure, height, and
weight; checking BMI, scoliosis, and acne; and rating sexual
maturity. Beforethe WCV, participants were asked to compl ete
the outcome questionnaire. The WCV consisted of a40-minute
session: checking individual history and the participant’s
concerns or stressors using check sheets (5 minutes), risk
assessment interview using the HEEADSSS framework (20
minutes), physical examination (5 minutes), and discussing
anticipatory guidance (10 minutes). Guidance was a so provided
to participants parents or guardians, as needed. After the
individual risk assessment, participants received educational
handoutsthat described how to avoid and managerisk behaviors.
We prepared 20 different handouts, covering the following
aspects. sleep hygiene, appropriate eating, dieting, obesity,
screen time, exercising, headache, oral health, constipation,
acne, menstruation, sportsinjury, helmets or seat belts, school
record, relationships with friends, mental health, tobacco,
alcohoal, sexual behavior, and the internet. During the second
WCV, the partici pants discussed i ssues that had been determined
during their first WCV. For example, if prolonged screen time
was noted during the first WCV, the participant’s effort to
improve this was discussed during the second WCV. To
standardize the WCV procedure among research facilities, all
the investigators providing WCV's received training using a
demonstration video developed by one of the coauthors, and
then, al the investigators gathered at 1 research facility and
were further trained through role-play.

CBT App

A smartphone-based CBT program for iPhones, named
Mugimaru, was developed based on the CBT approach. The
program comprised a psychoeducation session (week 1) and a
self-monitoring session (week 2). Mugimaru presented
psychoeducation in a story-like manner, so that the adolescents
can easily understand the rationale of CBT and were motivated
to continue using the app. The story featured an adol escent boy,
an adolescent girl, and acat (the name of thiscat is Mugimaru).
In the story, the boy and girl have troublesin relationships with
friends or about their future. Mugimaru teaches them how the
feelings, thoughts, and actions are mutually affected. They also
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learn that their feelings are associated with their thoughts and
actions. The story consisted of 10 scenarios, and participants
could browse 1 to 2 scenarios each day. After reading one
scenario, a new scenario could be read after 24 hours. The
ending of the story was available 1 week after the participants
read the whole story. During the intervention period, participants
created several self-monitoring sheets based on the CBT model
with five window panels: event, thoughts, feelings, body
response, and actions. The participant inputted their thoughts,
feelings, body responses, and actions when they experienced a
daily event. In another window, the adolescents could input

Figure 2. Screenshots of the smartphone cognitive behavioral therapy app.
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Depression Self-Rating Scale for Children

The primary outcome of this intervention was improvement in
depressive symptoms. The Depression Self-Rating Scale for
Children (DSRS-C), an 18-item self-report questionnaire that
measures depressive symptoms, was used to measure depressive
symptoms in this study [23]. Participants are asked to select
one of three response options: “most of the time” (score=2),
“sometimes” (score=1), or “never” (score=0). The maximum
score is 36, and higher scores indicate stronger depressive
tendencies. The Japanese version of the DSRS-C has good
reliability and validity [24]. The cutoff score for the Japanese
version is 16 points.

Adolescent Health Promotion Short Form

The Adolescent Health Promation Short Form (AHP-SF) isa
self-administered instrument that was designed by Chen et a
[25] to measure adolescent health-promoting behaviors. The
instrument uses a 5-point Likert scale to obtain data regarding
the frequency of reported behaviors. Scores range from 1
(“never”) to 5 (“always’). The AHP-SF has 21 items on six
subscales: nutrition, social support, health responsibility, life
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comments or advice if their friend had experienced the same
event. Thisinput was used by adolescents to practice cognitive
reappraisal and problem solving. Figure 2 shows the CBT app
screenshots from the smartphone. By repeatedly creating these
monitoring sheets, the adolescents could monitor their own
experiences and devel op solutions to make necessary changes.
The shortest time in which Mugimaru can be completed was 2
weeks. All the data were stored in the main server, and the
participants were informed in advance that only the principal
investigator could view the data.

Self-monitoring session
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appreciation, exercise, and stress management. The total score
rangesfrom 21 to 105. We obtained permission from the original
authors to develop a Japanese version of the AHP-SF.

Rosenberg Self-Esteem Scale

The Rosenberg Self-Esteem Scale (RSES) is the most
recognized and widely used measureto quantify global positive
and negative attitudestoward the self [26]. It comprises 10 items
with responses on a 4-point Likert scale: “strongly agree
(score=4), “agree” (score=3), “disagree” (score=2), and
“strongly disagree” (score=1). Negatively worded items are
reverse scored, and total score ranges from 10 to 40. Higher
scoresreflect greater level s of self-esteem. The Japanese version
of the RSES has good reliability and validity [27].

Pediatric Quality of Life Inventory

The Pediatric Quality of Life Inventory (PedsQL) is a brief
measure of adolescents’ health-related quality of life[28]. The
23 items comprisefour generic core scales. physical functioning,
emotional functioning, social functioning, and school
functioning. Items are scored as O (“nhever”; score=100), 1
(“almost never”; score=75), 2 (“sometimes’; score=50), 3

JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 5 [€34154 | p.108
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

(“often”; score=25), and 4 (“amost always’; score=0). Thetotal
scale score is calculated from the mean of all the items and
transformed to a 0-100 scale. Higher scores indicate better
health-related quality of life. The Japanese version of the
PedsQL has good reliability and validity [29].

Exploratory Outcome M easures

Suicidal | deation

We counted the number of participants presenting suicidal
ideation on the PHQ-9 during the observation period in each
group. We defined participants as having suicidal ideation if
they scored 2 or 3 (“more than half” or “amost every day,”
respectively) on item 9 of the PHQ-9 [21].

Trait Emotional I ntelligence Questionnaire-Adol escent
Short Form

The Trait Emotional Intelligence Questionnaire-Adolescent
Short Form (TEIQue-ASF) assesses how adolescents perceive
their ability to deal with their emotions while communicating
with others [30,31]. The TEIQue-ASF has 30 items with
responses on a 7-point Likert scale, from “strongly disagree”
(score=1) to “strongly agree” (score=7). Some items, such as
“I"'m usually able to find ways to control my emotions when |
want to” and “On thewhole, I'm able to deal with stress,” from
the self-control subscale were used to assess the efficacy of the
CBT app.

Participants Use of the CBT App and the Number of
Worksheets Created in the CBT App

Participants’ use of the CBT app was confirmed using server
data on the number of days they browsed the CBT app
(Mugimaru) and the number of self-monitoring sheets they
created during the CBT app intervention period.

Sample Size Consideration

The sample size for this study was calculated based on the
results from previous studies that set depressive symptoms as
the primary outcome [13,19,32-34]. We estimated that
approximately 75 participants were required to detect group
differences in the DSRS-C (mean difference 2.8, SD 6) at 1
month, with 80% power at P=.05.

Data Analysis

Primary and Secondary Outcome Measures

To investigate the effect of the intervention on the primary
outcome measure (depressive symptoms), data analysis was
performed using 2 strategies. First, we assessed changesin the
mean depressive scores from baseline to the 1-month evaluation
and from baseline to the 4-month evaluation as the immediate
effect and maintenance effect of the intervention, respectively.
Changes were statistically compared among the WCV, WCV
with CBT app, and nonintervention groups using mixed effect
models, accounting for the within-participant serial correlation
of repeated measures. We also investigated the intervention
effect separately for junior high school students and high school
students. Second, we examined the associations between
baseline depressive symptoms and the intervention. Therefore,
participants in both intervention groups were classified into a
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group with baseline DSRS-C score >16 and another group with
baseline DSRS-C score <16. An analysis similar to that
described above was used to examine the immediate and
maintenance effects of the intervention. The nonintervention
group was excluded from this assessment. For the secondary
outcome measures (including AHP-SF, RSES, and PedsQL
scores), the changes in each score from baseline to the 1-, 2-,
and 4-month evaluations were compared among the 3 groups
using mixed effect models.

Furthermore, to assess the effect of the CBT app on depressive
scores, the association between the number of self-monitoring
sheets created by participants on their smartphone and the
changes in depressive scores at the 1-, 2-, and 4-month
evaluations were investigated using correlation coefficients.
Similarly, to clarify the self-monitoring efficacy of the CBT
app, we assessed the changes in TEIQue-ASF scores from
baseline to the 1-, 2-, and 4-month evaluations.

Exploratory Outcome Measures

At every measurement point, the presence of suicidal ideation
in participants was assessed using PHQ-9. The prevalence of
suicidal ideation between the intervention groups and
nonintervention group was compared using chi-sguare test.

Asthis study was an exploratory investigation of the proposed
intervention, no adjustment was used in multiple comparisons.
All dataanalyseswere performed using SAS (version 9.4; SAS
Institute Inc).

Results

Participants and Follow-up Rate

A total of 217 participants from 48 schools (23 junior high
schools and 25 high schools) were enrolled in this study and
randomized into the 3 groups. From the 217 participants, 6
(2.7%) participants were excluded owing to the presence of
suicidal ideation. Thus, 97.2% (211/217) of the participants
were included in our analyses (WCV group: 68/211, 32.2%;
WCV with CBT app group: 71/211, 33.6%; and nonintervention
group: 72/211, 34.1%). There were 37.9% (80/211) mae
participants and 62.1% (131/211) female participants, with
38.9% (82/211) of the participants from junior high school and
61.1% (129/211) of the participants from high school. During
the follow-up period, 1.4% (3/211) of the participants (3/3,
100% women; 2/3, 67% from the WCV group; and 1/3, 33%
from the WCV with CBT app group) canceled their study
attendance, and 1.9% (4/211) of the participants (1/4, 25% men
and 3/4, 75% women; 3/4, 75% from the WCV with CBT app
group and /4, 25% from the nonintervention group) dropped
out of the study without giving any reason. Consequently, the
follow-up rate was 96.7% (204/211). The flow of participants
isshownin Figure 1.

DSRS-C Scores

For all participants, the mean changes in DSRS-C scores from
baselineto 1, 2, and 4 months did not significantly differ among
the WCV group, WCV with CBT app group, and
nonintervention group (Table 1).
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Table 1. Continuous outcome scores from baseline to the follow-up period for each group.

Outcome measure v group (n=68) WCV with CBT® app group (n=71) Nonintervention group (n=72)
and follow-up
(months)
Participants, n Score, Change  Participants, n Score, Change  Participants,n  Score,  Change
(%) mean inscore, (%) mean inscore, (%) mean in score,
(SD) mean (SD) mean (SD) mean
(SD) (SD) (SD)
DSRS-C°
0 67 (99) 8.43 N/AY 70 (99) 9.26 N/A 72 (100) 11.21 N/A
(5.51) (6.46) (5.97)
1 66 (97) 7.18 -1.18 69 (97) 8.12 -1.10 72 (100) 1120 -0.01
(5.34) (3.18) (5.60) (4.11) (6.03) (4.49
2 66 (97) 8.12 -0.29 68 (96) 9.46 0.25 72 (100) 1054  -0.46
(6.04) (4.05) (6.85) (4.58) (6.80) (3.98)
4 66 (97) 7.40 -1.08 66 (93) 9.14 -0.02 70 (97) 10.76  -0.17
(6.10) (4.11) (6.68) (4.37) (6.81) (4.81)
AHP-SF®
0 67 (99) 7111 N/A 70 (99) 72.24 N/A 72 (100) 68.30 N/A
(13.38) (12.43) (15.30)
1 66 (97) 71.05 0.34 69 (97) 73.14 114 72 (100) 69.30 0.94
(14.73)  (9.79) (13.97) (872 (1459) (7.76)
2 66 (97) 74.02 3.28 68 (96) 74.64 197 72 (100) 69.55  0.88
(14.39) (9.85) (13.54) (9.75) (15.79) (8.32)
4 66 (97) 75.13 3.93 66 (93) 75.94 2.98 70 (97) 70.60 261
(1561)  (11.97) (14.08)  (9.63) (16.71)  (9.32)
RSES'
0 67 (99) 28.62 N/A 70 (99) 27.44 N/A 72 (100) 2639 N/A
(5.90) (5.56) (6.48)
1 66 (97) 29.75 1.03 68 (96) 28.54 121 72 (100) 26.77  0.32
(5.58) (3.17) (4.88) (2.70) (6.39) (3.31)
2 66 (97) 29.29 0.58 68 (96) 28.71 1.17 72 (100) 2689 047
(6.48) (322 (5.95) (3.39) (6.25) (3.39)
4 66 (97) 29.44 0.77 66 (93) 28.64 0.92 70 (97) 2728 091
(6.22) (2.78) (6.43) (3.64) (5.90) (3.91)
PedsQL 9
0 67 (99) 90.88 N/A 70 (99) 89.65 N/A 72 (100) 85.30 N/A
(11.99) (11.40) (13.13)
1 66 (97) 93.48 2.60 69 (97) 90.61 0.94 72 (100) 8589 0.54
(9.18) (8.75) (9.49) (7.19) (13.27) (8.32)
2 66 (97) 91.17 0.37 68 (96) 90.82 0.98 72 (100) 86.82  0.96
(14.92)  (10.17) (10.46)  (10.85) (14.99) (12.15)
4 66 (97) 92.43 137 66 (93) 90.41 0.69 70 (97) 8763 231
(14.08) (11.10) (12.42) (12.59) (13.83) (9.66)

AWCV: well-care visit.

bCBT: cognitive behavioral therapy.

’DSRS-C: Depression Self-Rating Scale for Children.
dN/A: not applicable.

€AHP-SF: Adolescent Health Promoation Short Form.
RsES: Rosenberg Self-Esteem Scale.

9PedsQL: Pediatric Quality of Life Inventory.
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No immediate or maintenance effects by intervention was
observed. However, in high school students, there were
significant differences in the changes in DSRS-C scores from
baseline to 1 month between the WCV group (mean —0.88, SD

Nagamitsu et al

3.16) and the nonintervention group (mean 0.90, SD 4.49) and
between the WCV with CBT app group (mean —1.67, SD 3.80)
and the nonintervention group (Figure 3).

Figure 3. Changesin Depression Self-Rating Scale for Children (DSRS-C) scoresin the intervention and nonintervention groups during the follow-up
period; a Thereweresignificant differencesin the changesin DSRS-C scoresfrom baseline to 1 month between the WCV group and the nonintervention
group (P=.045); b: there were significant differencesin the changesin DSRS-C scores from baseline to 1 month between the WCV with CBT app group
and the nonintervention group (P=.004). Vertical bars show the SE. CBT: cognitive behavioral therapy; WCV: well-care visit.
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Furthermore, an intervention effect was observed in the
classification of participants who scored above the DSRS-C
cutoff score (16 points). The mean DSRS-C score for
participants scoring >16 in the intervention groups was
significantly decreased at 1 month (mean 15.56, SD 5.68) and
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RenderX

at 4 months (mean 17.63, SD 5.88) compared with the mean
score at their first visit (mean 20.53, SD 3.79). However, no
such differences were observed in participants with DSRS-C
score <16 in the intervention groups (Figure 4).
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Figure 4. Changesin Depression Self-Rating Scale for Children (DSRS-C) scores for participants in the intervention groups by the DSRS-C cutoff
score; a the mean DSRS-C score for participants scoring >16 in the intervention groups was significantly decreased at 1 month compared with the
mean score at their first visit (P=.004); b: the mean DSRS-C score for participants scoring >16 in the intervention groups was significantly decreased
at 4 month compared with the mean score at their first visit (P=.03). Vertical bars show SE.
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Regarding the effect of the CBT app on changesinthe DSRS-C  between the number of self-monitoring sheets and the changes
score, participantswho created more self-monitoring sheetshad  in DSRS-C score showed a significant negative correlation at
better DSRS-C scores at the 4-month follow-up. Therelationship 4 months (Figure 5).

Figure5. Correlation between the number of self-monitoring sheets created by participants and the changesin Depression Self-Rating Scalefor Children
(DSRS-C) scoresin the well-care visit with cognitive behavioral therapy app group. Significant negative correlation was observed between the changes
in DSRS-C scores and number of self-monitoring sheets created by participants at 4 months.

15
. r=—0.39; P=<.01
Q
S 10 .
2]
('|) . .
9 .
7 S
a . .
[40] - . . .
e 0 e el
wv 0 . . ‘3 ........ . 10 15
Q . . ] . o
g - L I‘.‘
m _5 L] L] L] .
o .
U L] L] .
-10
Number of self-monitoring sheets
created by participants
https://mhealth.jmir.org/2022/5/€34154 JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 5 [e34154 | p.112

(page number not for citation purposes)

RenderX


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

JMIR MHEALTH AND UHEALTH

Secondary Outcome Result

AHP-SF Scores

For all participants, the mean changes in AHP-SF scores from
baselineto 1, 2, and 4 months did not significantly differ among

Nagamitsu et al

the 3 groups (Table 1). However, in junior high school students,
the changes in AHP-SF scores from baseline to 4 months were
significantly different between the WCV group (mean 11.87,
SD 19.06) and the nonintervention group (mean 3.33, SD 9.60;
Figure 6).

Figure 6. Changesin Adolescent Health Promation Short Form (AHP-SF) scores in the intervention and nonintervention groups during the follow-up
period; a the changesin AHP-SF scores from baseline to 4 months were significantly different between the WCV group and the nonintervention group
(P=.046). Vertical bars show the SE. CBT: cognitive behavioral therapy; WCV: well-care visit.
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RSES Scores

For al participants, the mean changes in RSES scores from
baselineto 1, 2, and 4 months did not significantly differ among
the 3 groups (Table 1). No significant difference was observed
in junior high school students or high school students.

PedsQL Scores

For al participants, there was no significant difference in the
mean changes in PedsQL scores from baseline to 1, 2, and 4
months among the 3 groups (Table 1). No significant difference
was observed in junior high school students or high school
students.

Exploratory Outcome M easures

Suicidal |deation

A total of 5.5% (12/217) of the participants presented with
suicidal ideation during the observation period. Of these 12

https://mhealth.jmir.org/2022/5/€34154
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participants, 6 (50%) participants were identified before entry,
5 (42%) participants were identified in the nonintervention
group, and 1 (8%) participant was identified in the WCV with
CBT app group. This showed a significant intervention effect
for the prevention of suicidal ideation (Figure 1; P<.001).

Self-monitoring Effect of the CBT App

Regarding the effect of the CBT app on changesin participants
self-monitoring scores, the more participants created
self-monitoring sheets, the better their self-monitoring scores
were at the 1-month follow-up. The relationship between the
number of self-monitoring sheets created by the participants
and the changes in self-monitoring scores showed significant
positive correlation (Figure 7).
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Figure 7. Correlation between the number of self-monitoring sheets created by participants and the changes in self-monitoring scores in the well-care
visit with cognitive behavioral therapy app group. Significant positive correlation was observed between changes in self-monitoring scores and number

of self-monitoring sheets created by participants at the 1-month visit.
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Discussion

Principal Findings

In this randomized controlled trial, we were unable to
demonstrate an effect of universal intervention with either the
WCV intervention or the WCV with CBT app intervention in
termsof changesin adolescents' depressive symptoms; however,
both interventions showed a temporary effect in improving
depressive symptomsin high school students. Furthermore, the
effect was significant for individuals who scored above the
cutoff point for depressive symptoms. In addition, the
interventions significantly reduced suicidal ideation during the
observation period. However, our hypothesis of obtaining better
outcomesin the WCV with CBT app group was not supported.

Initially, theinterventions showed a significant temporary effect
of improving depressive symptoms in high school students
irrespective of intervention type (WCV only or WCV with CBT
app). However, the second WCV session showed no effect on
depressive symptomsin either intervention group after 1 month.
This result may reflect volunteer bias, whereby participants
responses met the expectations of the researchers. Asvolunteers
who participate in research studies are generaly
high-functioning individuals with higher willingness [35,36],
their responses tend to produce better results despite the
intervention pattern. Although there was a possibility of
volunteer bias, the intervention itself may have been effective
for participants with a high level of depressive symptoms. The
intervention effect was significant and prominent in participants
who scored above the DSRS-C cutoff point (16 points)
compared with those who scored <16. A similar intervention
effect for adolescents using a CBT program was reported by
Tomyn et a [33], where the intervention showed no average

https://mhealth.jmir.org/2022/5/€34154

improvement in universal participants, except for those with
elevated depression symptoms. This may mean that achieving
improvements when participants have few depressive symptoms
is challenging. However, our study indicated that better results
may be obtained by targeting interventions to individuals with
more depressive symptoms rather than a school-based universal
intervention for al students with and those without depressive
symptoms.

Effect in Reducing Suicidal I deation

This study revealed significant effect in terms of reduced
suicidal ideation in adol escents during the 4-month observation
period in both the WCV group and the WCV with CBT app
group. Although 7% (5/72) of the participants were identified
as having suicidal ideation in the nonintervention group during
the study period, only 0.8% (1/132) of the participants in the
intervention groups was identified as having suicidal ideation.
This result suggested that the intervention may potentially be
effective, and the WCV with or WCV without the CBT app
may be an effective meansto prevent children from committing
suicide. Asadolescent suicideisagloba mental health concern
[6,37], school-based universal prevention programs have focused
on reducing the number of suicide attempts and suicidal ideation
[37-42]. A European multicentral randomized controlled trial
involving 11,110 adolescents (median age 15 years) from 168
schools showed that ashort (5 hours over 4 weeks) school-based
intervention including role-play sessionsand interactive lectures
about mental health was significantly effective in preventing
new cases of suicide attempts and suicidal ideation at the
12-month follow-up [37]. The study accounted for its significant
effect by the role-play sessions and interactive lectures,
providing adol escents with opportunity to think, verbalize, and
discuss a range of issues related to mental health. Checking
social determinants of health and providing anticipatory
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guidance through the HEEADSSS-based interviews, asused in
our study, may have offered adolescents the opportunity to
identify their emotions and feelings. Therefore, their suicidal
ideation may have been suppressed compared with those in the
nonintervention group.

Effect of a Smartphone CBT App

We developed a smartphone CBT app for adolescents, which
contained psychoeducation and self-monitoring and was
expected to improvetheir depressive symptoms. App userswere
coached to observetheir own thoughts, feelings, body response,
actions, and relationships relating to daily events by repeatedly
creating monitoring sheets, and they could monitor their own
mind and develop solutions for changing their cognitive
processes throughout the sessions. The CBT app was
significantly effective in terms of obtaining self-monitoring
skills and reducing depressive symptoms, which was confirmed
by the association between the number of self-monitoring sheets
created and the changes in self-monitoring and depressive
symptoms scores. This effect may have contributed to the
suppression of the adolescents’ suicidal ideation similar to the
WCV. An increasing number of mobile apps are available for
adolescents with mental health problems, many of which are
equipped with CBT programs. However, currently, there is
insufficient research evidence to support the effectiveness of
these appsfor adolescents[17,18]. Stallard et a [16] devel oped
a smartphone app that provided a personalized toolbox of
strategies based on CBT in conjunction with a face-to-face
intervention to reduce self-harm and support psychological
functioning. They found that 73% of individuals who had
recently harmed themselves reported reductions in self-harm
and depressive scores; however, a flaw in their study design
was the absence of a comparison group. Few randomized
controlled trials have focused on smartphone apps for
adolescents' mental health, and most available studies have
falled to demonstrate significant effects on the intended
outcomes [43]. Although our study was designed as a
randomized controlled trial, both intervention groups included
face-to-face interview (WCV) and our hypothesis of obtaining
better outcomes in individuals who receive both WCV with
CBT app was not supported. Thus, more scientific evidence for
the significance of CBT apps is needed from future research.
However, our finding of a significant association between the
number of self-monitoring sheets created and the changes in
self-monitoring scores and depressive symptoms offered a
further perspective of implementation of apps for adolescent
mental health services. In addition, a deep learning approach
using text mining data created in the 5 window panels of the
smartphone appin thisstudy could help health care professionals
to find adolescentsin need of medical care at an advantage.

Effect of HEEADSSS

Another important finding in this study was the significant
increase in health promotion scale scores at the 4-month
follow-up in junior high school students in the WCV group.
This indicated that they may have become interested in health
promotion activities, such as nutrition, exercise, and stress
management. Participants in the WCV group participated in
risk assessment interviews and received counseling
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(HEEADSSS) twice (at baseline and 1 month after the first
visit). Although several school-based interventions to promote
adolescent health revealed both significant and nonsignificant
effectsin reducing health problems [37,38,40,41], no evidence
of effectiveness was available for individual interventions in
primary care settings. Our WCV with a HEEADSSS-based
interview allocated sufficient intervention time (>30 minutes),
which enabled participants to talk and think about their own
health through the HEEADSSS framework. Asthe HEEADSSS
framework in a face-to-face interview requires time, an
electronic HEEADSSS screening system has been widely
accepted [44]. Although annual health checkup for adol escents
in Japan have been performed at each school by the school
physicians under the supervision of the Ministry of Education
of Japan, the school health examination only includesaphysical
examination (eg, measuring height and body weight; checking
visual acuity, hearing, and scoliosis; and urinalysis). Therefore,
screening and preventing mental health problems using a
HEEADSSS-based interview isrequired at primary careclinics.

Limitations

This study had some limitations that need to be addressed. First,
the follow-up period in this study (4 months) was a relatively
short observation period to draw conclusions about a universal
intervention effect. Although there were significant differences
in the prevalence of suicidal ideation between the intervention
and nonintervention groups during the observation period,
participants may have developed suicidal ideation after the
observation period, even in the intervention groups. However,
many adolescent intervention studies have used relatively short
assessment durations (eg, 4-12 weeks) [13,15,34]. As
adolescents' mental health conditions may easily change based
on daily events, regular additional interventions may be
necessary to obtain significant outcomes in longer observation
periods. Second, although this study found significant
associations between the number of self-monitoring sheets
created and improvement in depressive symptoms and
self-monitoring skills, a revised version of the CBT app is
required to enhance feasibility and adherence. Many participants
in the WCV with CBT app group created only a couple of
self-monitoring sheets during the observation period, and the
efficacy of the CBT app may be enhanced if they could be
challenged to make more self-monitoring sheets using an
additional method such as gamification [45,46]. Furthermore,
our CBT app consisted of two modules (psychoeducation and
self-monitoring), and additional modules including cognitive
restructuring and behavioral activation modules are necessary
to increase the strength of CBT. Finaly, although the 217
participantsin this study were from 48 junior high schools and
high schools, which could avoid the bias caused by sharing CBT
app information in single school [32], there was a possibility
of volunteer bias because highly motivated participants may
have been moreinterested in participating. Therefore, we should
plan to implement a further school-based intervention study.

Conclusions

In conclusion, this study contributes by informing research
directions to promote adolescent health. A standard interview
framework for adolescent health promotion (ie, HEEADSSS)
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may be applied in primary care settings in Japan to improve HEEADSSS screening may berequired. Furthermore, our CBT
adolescents mental health, as there are no screening and  app, which uses a mobile device, may emerge as a new health
intervention systemsin the regular school-based health checkup.  promotion tool for adolescentsif more CBT modules are added.
To minimize the time required for this screening, development  Integrating direct and indirect interventions (HEEADSSS and
of either a short form of the HEEADSSS or electronic CBT apps, respectively) may further promote adol escent health.
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Abstract

Background: Astheglobal burden of chronic conditions increases, their effective management is a concern. Although the need
for chronic disease management using mobile self-management health care apps is increasing, there are still many barriers to
their practical application in the primary care field.

Objective: This study evaluated the effectiveness of primary care services combining a mobile self-management health care
app with human coaching for patients with chronic diseases in the current primary care system.

Methods: A total of 110 patients (mean age 53.2, SD 9.2 years; 64 of 110, 58.2% female) with hypertension, diabetes,
dydlipidemia, or metabolic syndromewho visited one of 17 participating primary care clinics from September to November 2020
were included in this study. All participants recorded data regarding changes in body weight, sleep conditions, quality of life,
depression, anxiety, stress, BMI, waist circumference, blood sugar levels, blood pressure, and blood lipids levels. The app user
group (n=65) used a mobile self-management health care app with human coaching for 12 weeks, and the control group (n=45)
underwent conventional self-managed hedlth care.

Results: Patientsin the app user group reported significantly more weight loss than those in the control group—the body weight
of the app user group decreased by 1.43 kg (95% CI —2.07 to —0.79) and that of the control group decreased by 0.13 kg (95% ClI
—0.67 to 0.41; P=.002). The weight loss was markedly greater after using the app for 9 weeks than that when used for 4 weeks
or 5-8 weeks (P=.002). Patients in the app user group reported better sleep quality (P=.04) and duration (P=.004) than those in
the control group.

Conclusions; The combination of primary care clinics and a mobile self-management health care app with human coaching
results in better management of chronic conditions. This study shows that the primary care services combining a mobile
self-management health care app with human coaching are effective in the current primary care system. An implication of this
study is the possibility that a mobile self-management health care app with human coaching is a treatment option in the current
primary care system.

(JMIR Mhealth Uhealth 2022;10(5):€34531) doi:10.2196/34531
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healthcare; health care; mobile application; app; self-management; primary care; chronic conditions
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Introduction

The burden of chronic conditions has increased markedly [1],
and the incidence of conditions such as hypertension, diabetes,
and hyperlipidemiaisrising in South Korea. Health care systems
worldwide are challenged with clinical and economic burdens
of chronic and complex conditions, resulting in major obstacles
in the provision of optimal health care [2]. Determining the
potential benefits of lifestyle modifications and patient
participation in health-related decisions is necessary owing to
the increased demands on primary care clinics and health care
systems[34].

The effects of lifestyle modifications on patients with chronic
conditions have been identified in previous studies [5-9].
However, a model that supports lifestyle modifications in an
evidence-based manner in aformat that can be integrated into
clinical practiceisnecessary for primary care providers. Patient
involvement is critical for the clinical integration of such
models; patient participation in treatment planning, knowledge
exchanges, setting goals, and performing self-care activitiesis
necessary for effective lifestyle modifications [10,11]. Patient
participation is valuable for symptom control and the
management of chronic health conditions[12]. Self-management
strategiesfor lifestyle modifications areincreasingly recognized
as important tools for chronic disease management and
secondary prevention [13].

Technical innovations have increased access and improved
health care quality asthey have enabled the dissemination and
improvement of health care via nontraditional channels at an
unprecedented rate with the removal of practical barriers[14].
Technical innovations, such as the transmission of medical
records, teleconsulting, telemonitoring, telemedicine, and
teleprescription, have led to the development and utilization of
tools to promote lifestyle modifications in the health care
industry [15,16]. Strategies for implementing lifestyle
modifications include self-management aimed at behavior
changes, educational interventions, and motivation to participate
in self-management [17]. Mobile health technology allows
mobile devices, such as tablets, smartphones, and laptops, to
play an important role in the collection, storage, and
transmission of health data; supports real-time monitoring and
the self-management of patients,; and has made a huge difference
in lifestyle modification interventions[18,19]. Previous studies
have shown the efficacy of lifestyle modifications using various
mobile tools [15,20,21]. A meta-analysis that evaluated the
effectiveness of mobile self-management health care apps for
lifestyle modifications in patients with type 2 diabetes found
that the use of most apps resulted in significant changes in
hemoglobin A;. (HbA,,) levels [15]. Another study reported
that combining a health care app with a wearable device result
in lifestyle modifications that affect the BMI and cholesterol
level of patients [20]. Moreover, digital interventions using
technologies, such asthe internet, SMS, software applications,
and mobile sensors may improve positive behavioral factors
(physical activity, diet, and medication adherence), and these
are even more effective when used to treat multiple behavioral
outcomes simultaneously [21].

https://mhealth.jmir.org/2022/5/e34531
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The lifestyle modification tools provided with recent
technological advances allow for sustainable changes by
supporting self-care and providing more personalized health
care. However, previous studies regarding these tools are
limited. Primary health care physicians are usually thefirst point
of contact between the health care system and patient [22],
including patients with chronic diseases who utilize the health
care system regularly. However, evidence-based models,
especialy those using information technology, are currently
not available for primary care providers to effectively support
lifestyle modifications and promote changesin patient behavior.
Most previous studies include patients from clinical settings
who are already using health care tools or those who are
exceptionally motivated to do so [23,24]. Previous studies
suggested an integrated whol e-systems approach at the patient,
primary care, and service organization levels[25]. The effective
implementation of these models is necessary for ensuring
feasibility, sustainability, and scalability [26]. However, not all
patients are eligible for participation in these models owing to
their socioeconomic status, lack of access to the internet, and
other technologies. Moreover, systematic and comprehensive
data on the implementation and utilization aspects of maobile
self-management apps, especially in primary care settings, are
lacking.

This study evaluated the effectiveness of primary care services
combining a mobile self-management health care app with
human coaching in the current primary care system for patients
with hypertension, diabetes, dydipidemia, or metabolic
syndrome, and on changes in body weight, sleep condition and
quality of life, mental health (depression, anxiety, and stress),
and cardiovascular risk factors (BMI, waist circumference,
blood sugar level, blood pressure, and blood lipid levels).

Methods

Study Population

Patients aged =19 years who visited any of the 17 primary care
clinics between September 2020 and November 2020 and were
diagnosed with hypertension, diabetes, dyslipidemia, or
metabolic syndrome were included in this study. Patients who
met the following criteria were excluded from the study: (1)
having a condition that might compromise adherence to using
mobile phones (such asthose with visual or hearing limitations);
(2) having comorbid conditions (such as breathing difficulties,
uncontrolled congestive heart failure, or angina); (3) inability
to communicatein the Korean language; and (4) those who were
currently using or had used mobile self-management health care
apps or weight |oss medi cations within one month of the study.
Physicians from 17 primary care clinics identified potential
participants using medical records.

Study Design

This study is a multicenter real-world study that evaluated the
effectiveness of the mobile self-management health care apps
with combined primary care in the current primary care
environment. The patients were divided into an app user group,
which received amobile self-management health care app called
Noom (Noom Inc; Figure 1), and a control group. For group
assignment, when a physician suggests to use the app to patient
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who needs continuous lifestyle modification during the treatment
in the clinic, aresearcher dispatched to the primary care center
explainstheintervention program to the patient and if the patient
agrees to use the application assigned to the application use
group, and if they did not agree, they were assigned to the
control group. The goal of the Noom app is to enable users to
lose weight and develop healthier habits via a behavioral
approach. Users of the Noom app have access to built-in tools
to track their daily activity, food intake, blood pressure, and
blood sugar levels. It is one of the most used mobile
self-management health care appsin South Korea and has been
recognized by the Diabetes Prevention Program of the Centers
for Disease Control and Prevention. The mobile
self-management health care program used in this study lasted
for 12 weeks and included human coaching sessions twice a
week. The coaches were trained nutritionists who helped users
set and implement achievable goals. Upon installation of the
Noom app, the user answered a series of questions regarding
their current weight, health problems, and lifestyle (such as,
“Do you cook or eat out more?’ and “How activeyou areduring
theday?’). The human coaches used patients' responsesto make
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dietary recommendations and to provide lifestyle advice to the
patients.

The patients in the app user group recorded their diet and
exercise using the app. They received personalized feedback
and education from their human coach through mobile messages
sent through the Noom app thrice a week, along with 1 or 2
primary care consultations over 12 weeks after the primary visit.
For example, the human coach explains to the patients in the
app user group what they are doing well and where they are not
and sends related articles or videos. It aso sets goals for the
next step. The intervention program applied to the study isthe
same program as the existing Noom app program sold, but
additionally, the participants shared their life log data recorded
inthe Noom app with their attending physician. The physicians
received the app history data of participants in the form of
reports from Noom on the launched website and provided
professional feedback for lifestyle management in the clinic.
The control group received conventional care, including lifestyle
correction counseling to help self-manage chronic disease and
providing a basic information booklet on chronic disease once
or twice for 12 weeks.

Figure 1. Exampleto track their daily activity, food intake, blood pressure, and blood sugar and chat human coaching.

Daily-diet Recording &
Calorie Management

Providing Customized
Health Information

Study Outcome M easurement

The primary outcome of this study wasthe differencein weight
loss between the 2 groups after 12 weeks. The secondary
outcomesincluded differencesin the changesin sleep condition,
quality of life, depression, anxiety, stress, BMI, waist
circumference, blood sugar levels, blood pressure, and blood
lipid levels in the application user group after using the Noom
app for 12 weeks.

Sleep conditions were evaluated by sleep quality and average
deep duration. The deep quality was measured by patientsusing
the following Likert Scale of five categories: (1) very bad, (2)
bad, (3) neutral, (4) good, and (5) very good; furthermore, sleep
duration was also recorded. The patients quality of life,
indicating the extent to which patients are satisfied with their
lives, was assessed using the Short Form-12 Health Survey

https://mhealth.jmir.org/2022/5/€34531
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(SF-12) questionnaire [27]. Depression was assessed using the
Patient Health Questionnaire-2 (PHQ-2) [28], and anxiety was
assessed using the Generalized Anxiety Disorder, 2-item
(GAD-2) questionnaire [29]. Stress was assessed using the
10-level perceived stress scale[30]. Other measurements (body
weight, BMI, and waist circumference) and laboratory tests
(blood sugar levels, blood pressure, and blood lipid levels) were
obtained at the participating primary care facilities and
performed on only a subset of participating patients as judged
necessary by the primary care physicians (64/110, 58.2%).

Statistical Analyses

Baseline participant characteristics were compared between the
study arms and tested for significance using the t test for
continuous variables and chi-square test for categorical
variables. An analysis of variance was used to identify
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differences between patients in the app user group who used
the app for different lengths of time. Statistical significance was
set at P<.05. Before analysis, propensity score (PS) matching
was performed on variables such as age, sex, educational status,
and underlying diseases to adjust the basic characteristics of
the two groups. PS matching logit method was used at a ratio
of 1:2. All statistical tests were 2-sided and conducted using
Stata 16 (StataCorp).

Ethical Consider ations

The clinical research coordinator at Seoul Nationa University
Hospital explained the details of the study to the participants,
and informed consent was obtained from each participant willing
to participate. The ingtitutional review board of Seoul National
University Hospital approved the study (approval number
H-2102-136-1199). The clinical study was conducted in
accordance with the Good Clinical Practice guidelines and the
tenets of the Declaration of Helsinki.

Table 1. Demographic and clinical characteristics of participants (N=110).
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Results

Although this study included 128 patientsin the app user group
and 50 patientsin the control group who completed the program
for 12 weeks (after recruiting a total of 218 patients from 17
primary care centers, those lost to follow-up were excluded),
PS matching was conducted by considering the confounding as
age, sex, educational status, and underlying diseases. The final
analysis included 65 patients in the app user group and 45 in
the control group after adjusting for baseline characteristics.

The baseline characteristics of the two groups were similar
(Table 1). Although patientsin the app user group were younger
and had a higher level of education, the differences were not
significant. Patient body weight (P<.001), sleep condition (sleep
quality, P<.001; sleep duration, P<.001), stress (P=.01), BMI
(P=.04), waist circumference (P=.03), HbA,. levels (P=.04),
high-density lipoprotein (HDL) cholesterol levels (P=.02), and
triglyceride levels (P=.003) were significantly improved after
12 weeks in the app user group. There were no significant
differences in the control group after 12 weeks (Tables 2 and
3).

Demographic description Intervention group (n=65) Control group (n=45) P value
Age (years), mean (SD) 51.93 (8.06) 55.24 (10.46) .08
Sex, n (%) .39
Male 25(38.46) 21 (46.67)
Female 40 (61.54) 24 (53.33)
Education status, n (%) .07
High school or lower 32 (49.23) 30 (66.67)
College or university 33 (50.77) 15(33.33)
Disease or condition, n (%) .36
Hypertension 22 (34.00) 15 (33.00)
Diabetes mellitus 35 (54.00) 24 (53.00)
Hyperlipidemia 3(5.00) 3(7.00)
Metabolic syndrome 5(8.00) 6 (13.00)
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Table 2. Changesin clinical characteristics after 12 weeks.

Clinical characteristics Intervention group (n=65), mean (SD) P value Control group (n=45), mean (SD) P vaue

Body weight <.001 .63
Baseline 78.10 (17.46) 74.05 (15.30)
After 12 weeks 76.67 (17.10) 73.92 (15.03)

Sleep quality <.001 72
Basdline 3.12 (1.00) 3.20 (0.89)
After 12 weeks 3.49 (0.95) 3.15(0.87)

Sleep duration <.001 .65
Baseline 6.23 (1.17) 6.18 (1.04)
After 12 weeks 6.591.12 6.14 (1.12)

Short Form-12 Health Survey (physical composite) score A2 .25
Basdline 43.17 (4.51) 43.91 (4.63)
After 12 weeks 43.94 (5.01) 44.86 (4.82)

Short Form-12 Health Survey (mental composite) score A2 .03
Baseline 39.91 (5.56) 38.46 (5.98)
After 12 weeks 41.04 (4.97) 40.83 (7.60)

Patient Health Questionnaire-2 score .87 .86
Basdline 1.29(1.71) 0.88 (1.54)
After 12 weeks 1.26 (1.53) 0.93 (1.48)

Generalized Anxiety Disorder-2 scale score .26 49
Baseline 1.16 (1.68) 0.80(1.37)
After 12 weeks 0.98 (1.52) 0.66 (1.39)

Propensity score .01 .92
Basdline 16.38 (6.89) 14.02 (5.61)
After 12 weeks 14.43 (5.9) 14.11 (6.03)
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Table3. Changesin physical and |aboratory measurements after 12 weeks®.

M easurements Intervention group (n=42), mean (SD) P value Control group (n=24), mean (SD) P vaue

Waist circumference .03 .53
Basdline 93.41 (11.09) 89.99 (9.08)
After 12 weeks 91.75 (11.57) 89.64 (9.14)

BMI .04 .66
Baseline 28.60 (4.47) 27.65 (4.12)
After 12 weeks 27.83 (4.23) 27.58 (4.04)

Systolic blood pressure .09 .76
Basdline 123.95 (12.35) 127.75 (12.02)
After 12 weeks 127.02 (15.00) 126.75 (10.77)

Diastolic blood pressure .06 .76
Baseline 77.71 (7.83) 77.87 (8.30)
After 12 weeks 81.19 (11.51) 78.37 (9.70)

Hemoglobin A levels .04 .89
Basdline 6.69 (1.06) 6.73 (0.94)
After 12 weeks 6.51 (0.91) 6.72 (0.93)

Total cholesterol .83 .73
Baseline 165.80 (46.49) 159.29 (36.22)
After 12 weeks 167.26 (35.68) 157.08 (41.57)

High-density lipoprotein cholesterol levels .02 .67
Basdline 4850 (11.30) 47.17 (10.82)
After 12 weeks 51.23 (12.36) 47.78 (8.04)

L ow-density lipoprotein cholesterol levels 37 54
Baseline 85.83(30.32) 78.73(30.13)
After 12 weeks 89.49 (30.97) 76.01 (35.83)

Triglyceridelevels .003 A7
Basdline 176.38 (109.02) 193.33 (199.90)
After 12 weeks 136.07 (54.2) 166.37 (60.93)

8A|| physical and |laboratory measurementswere obtained at the participating primary care center and only for asubset of participating patients asjudged
necessary by the primary care physicians. Hence, this table shows only 42 and 24 participants in the intervention and control groups, respectively.

Pri out decreased by 0.13 kg (95% Cl —0.67 to 0.41; P=.002; Table 4).
rimary Qutcome o _ Patients in the app user group who used the Noom app for at
The app user group had significantly more weight lossthanthe  |east 9 weeks had a significantly higher weight loss than those

control group: the body weight of the app user group decreased  who used the app for 5-8 weeks and those who used the app for
by 1.43 kg (95% CI —2.07 to-0.79) and that of the control group <4 weeks (P=.002; Table 5).
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Table 4. Comparison of measurements changes between baseline and after 12 weeks by the group.

Measurements Intervention group (n=65), mean (SD) Control group (n=45), mean (SD) P value
Body weight (kg) -1.43 (2.59) -0.13(1.78) .002
Sleep quality score 0.36 (0.71) -0.04 (0.82) .007
Sleep duration (hours) 0.35(0.78) —0.04 (0.64) .004
Short-Form-12 Health Survey (physical composite) score  1.91 (5.64) 0.94 (5.44) 37
Short-Form-12 Health Survey (mental composite) score  1.12 (5.74) 2.37(7.21) .34
Patient Health Questionnaire-2 score —0.03 (1.46) 0.04 (1.71) 81
Generalized Anxiety Disorder-2 scale score -0.18 (1.30) -0.13(1.27) .84
Propensity score -1.95 (6.01) 0.08 (5.99) .08
Waist circumference (cm)® -1.82(4.53) -0.15(3.59) 04
BMI (kg/m?)? -0.53(0.99) -0.04 (0.64) .002
Systalic blood pressure (mm Hg)? 3.35(11.02) 1.23(17.36) 51
Diastolic blood pressure (mm Hg)? 3.23(11.34) 0.05(8.78) 14
Hemoglobin A levels (%) -0.17 (0.60) -0.01(0.42) 14
Total cholesterol levels (mg/dl)2 4.09 (42.65) -0.82(27.43) 52
High-density lipoprotein cholesterol levels (mg/dL)? 3.16(7.10) 2.03(6.99) A7
Low-density lipoprotein cholesterol levels (mg/dL)? 6.99 (30.85) -0.94(20.28) 16
Triglyceride levels (mg/dL)? —37.94 (89.18) —51.05 (182.82) .70

8A|| physical and laboratory measurements were obtained at the participating primary center and only for a subset of participating patients (intervention
group, n=42; control group, n=24) asjudged necessary by the primary care physicians.

Table 5. Comparison of measurements change between baseline and after 3 months by app use period.

Measurements Control group (n=45), Intervention group (n=65), mean (SD) P value
mean (SD)
Lessthan 4 weeks(n=18) 5-8 weeks (n=11) Greater than 9 weeks (n=36)
Body weight (kg) -0.13(1.78) -0.90 (1.75) -0.33 (1.55) —2.02(3.03) .002
Sleep quality score -0.04 (0.82) 0.16 (0.38) 0.27 (0.46) 0.50 (0.87) .02
Sleep duration (hours) -0.04 (0.64) 0.25 (0.55) 0.36 (0.77) 0.40 (0.89) .045
Waist circumference (cm) -0.15 (3.59) -1.18(1.93) -1.37 (1.93) —2.21 (5.84) 22
BMI (kg/m?) -0.04 (0.64) -0.33(0.69) -0.13 (0.64) -0.75 (1.15) .003
Secondary Outcomes Discussion

The subjective assessments of sleep quality (P=.007), sleep
duration (P=.004), waist circumference (P=.04), and BMI
(P=.002) were significantly morefavorablein the app user group
than in the control group after 12 weeks (Table 4). Patientsin
the app user group tended to display a greater change in stress
scores than those in the control group, although the differences
were not significant after 12 weeks (Table 4). The deep
conditions and BMI aso improved as patients in the app user
group using the app for 9 weeks or more (Table 5).

https://mhealth.jmir.org/2022/5/e34531
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Principal Findings

After 12 weeks of using the Noom app, patientsin the app user
group reported significantly greater weight loss and improved
deep quality and duration than those in the control group. This
is the first Korean study to determine the efficacy of a mobile
app for the self-management of chronic conditionsin the current
primary care setting.

The results of this study are similar to those of a previous study
regarding the use of an app and medical provider management
for patients with obesity and hypertension, diabetes, or
hyperlipidemia[31]. Theweight loss observed in this study was
greater than that reported previously when considering the
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duration of both these studies. This is likely since this study
combined the use of a mobile app with human coaching to
enhance the patients self-management competency. The
Opportunitiesfor Weight Reduction (POWER) study combined
telephone-based coaching and web-based training modul eswith
self-managed interventions and resulted in weight reduction
that was comparable to that in this study [32]. Taken together,
the results of these studies suggest that a self-management
program using a mobile app, human coaching, and provider
counseling is effective for weight loss in patients with
hypertension, diabetes, or hyperlipidemia. Furthermore, the
results of this study show that the results of these studies are
also linked to the current primary care setting.

Several previous studies have evaluated the effectiveness of
mobile self-management health care apps with varied results.
While some studies have shown that using mobile
self-management health care apps is effective for weight loss
in patients with chronic diseases and improving blood pressure
control, total cholesterol and triglyceride levels, and waist
circumference [33-36]. However, results from another study
indicate that the weight change was minimal and insignificant
compared with a control group [37]. In addition, the use of
mobile self-management health care apps allowed patients to
maintain a healthy lifestyle after 12 months, though long-term
differences between the app user groups and the control groups
were not reported in a previous study [38]. Previous South
Korean studies on the effectiveness of mobile self-management
health care apps focused on weight loss [39,40].

The Noom app can be used to aleviate the difficulties related
to continuous self-monitoring, provide patient education,
customi ze feedback [41], and manage meetingswith physicians.
However, to make the intervention cost-effective, a low-cost
digital technique (interactive text, questions and answers, and
feedback text messaging) was used in this study. This method
may limit the use in the elderly population that is on the rise.
In addition, even when the low-cost digital methods of
communication were used, the maintenance cost of the methods
used in this study was higher than the cost of using only the
app. This resulted from the providing app and provider
counseling that involved a human coach. Previous studies have
shown that the inclusion of human counseling results in more
favorable outcomes when using digital health interventions
[42,43]. Patient data algorithms were used in this study to
analyze patient data to produce short medical consultation
reportsfor clinicians, datadashboardsthat organi ze the coaching
process and show the patients' lifestyles, and personalized
feedback for the patients.

Limitationsand Strengths

This study has severa strengths. The greatest advantage of this
study was that it involved a multicenter primary clinic of the
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current primary care setting. This has shown that the primary
care services combining a mobile self-management health care
app with human coaching are effective in the current primary
care system where there are barriers such as patient perception.
Second, it was based on using a mobile phone app instead of a
web-based program. Mobile phone interventions result in
increased involvement of the participant compared with
web-based programs. Third, the human coaching component
included in this study provided individualized, one-on-one
feedback based on self-monitoring data provided by the patient.
When the patient entered data on his/her diet and activities, the
coach confirmed the data and helped the patients use the app
better and improve their heath management skills via
individualized feedback. Last, the human coaches provided
summary datato the primary care provider, allowing the primary
care staff to provide feedback regarding the patient’s lifestyle
while providing medical care. Thisallowed for the reinforcement
of lifestyle modifications from various sources and extended
the responsihilities of the medical staff.

However, this study also had some limitations. The first
limitation of this study is the nonrandomized. This could lead
to a selection bias based on mobile approach properties, and
patients who participated in the application user group actually
tended to be younger and more educated than the control group.
To compensate for this limitation, this study attempted to
minimize this bias by implementing PS matching by adjusting
the basic characteristics such as age, sex, educational status,
and underlying diseases. Nevertheless, it may have influenced
the assignment of patientsto interventions and controls. Second,
owing to the study design, it was not possible to isolate the
specific effects of each component of the intervention. It may
be unclear whether the effect of the study isarepresentation on
the use of mobile self-management health care app, an effect
on human coaching, or an effect on primary care. Finally, the
sample sizeis small for generalization.

Conclusions

The combination of primary care services combining amobile
self-management health care app with human coaching ismore
effective than conventional primary care for weight loss and
improving sleep in patients with chronic diseases in primary
careclinics. Animplication of thisisthe possibility that amobile
self-management health care app with human coaching is a
treatment option in the current primary care system. In the
future, for amobil e self-management health care app to become
a general treatment option, large-scale randomized studies on
the long-term effects of interventions in the current primary
care settings are needed.
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Abstract

Background: Artificial intelligence—assisted interactive health promotion systems are useful tools for the management of
muscul oskeletal conditions.

Objective: This study aimed to explore the effects of web-based video patient education and strengthening exercise therapy,
using a mobile messaging app, on work productivity and pain in patients with chronic low back pain (CLBP) receiving
pharmacological treatment.

Methods: Patients with CLBP were randomly allocated to either the exercise group, who received education and exercise
therapy using a mobile messaging app, or the conventional group. For patient education, a web-based video program was used
to provide evidence-based thinking regarding the importance of a cognitive behavioral approach for CLBP. The exercise therapy
was developed in accordance with the recommendations for alignment, core muscles, and endogenous activation, including
improvement of posture and mobility for proper alignment, stimulation and/or strengthening of deep muscles for spinal stability,
and operation of intrinsic pain for the activation of endogenous substances by aerobic exercise. Both groups continued to receive
the usual medical care with pharmacological treatment. The end points were changesin work productivity, pain intensity, quality
of life, fear of movement, and depression. The observation period for this study was 12 weeks. An analysis adjusted for baseline
values, age at the time of consent acquisition, sex, and willingness to strengthen the exercise therapy was performed.

Results. The exercise and conventional groups included 48 and 51 patients, with a mean age of 47.9 years (SD 10.2 years;
n=27, 56.3% male patients) and 46.9 years (SD 12.3 years; n=28, 54.9% male patients) in the full analysis set, respectively. No
significant impact of these interventions on work productivity was observed in the exercise group compared with the conventional
group (primary end point: Quantity and Quality method; 0.062 vs 0.114; difference between groups —0.053, 95% CI -0.184 to
0.079; P=.43). However, the exercise group showed consistently better trends for the other end points than did the conventional
group. Compared with the conventional group, the exercise group showed a significant improvement in the symptoms of low
back pain (3.2 vs 3.8; difference between groups —0.5, 95% CI -1.1 to 0.0; P=.04), quality of life (EuroQoL 5 Dimensions 5
Level: 0.068 vs 0.006; difference between groups 0.061, 95% CI 0.008 to 0.114; P=.03), and fear of movement at week 12 (-2.3
vs 0.5; difference between groups —2.8, 95% CI -5.5t0 -0.1; P=.04).
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Conclusions: This study suggests that patient education and strengthening exercise therapy using a mobile messaging app may
be useful for treating CLBP. This study does not reveal the effect of therapeutic interventions on CLBP on work productivity.

Thus, further research is required to assess work productivity with therapeutic interventions.

Trial Registration:

University Hospital Medical Information Network Clinical Triads Registry UMIN000041037;

https://center6.umin.ac.jp/cgi-open-bin/ctr_elctr_view.cgi ?recptno=R000046866

(JMIR Mhealth Uhealth 2022;10(5):€35867) doi:10.2196/35867

KEYWORDS

mobile app; patient education; chronic low back pain; exercise regimen; mobile phone

Introduction

Background

Chronic low back pain (CLBP) is common in adults, with
preval ence rates as high as >80% [1,2]. In Japan, the low back
is the most common site for pain in 31% of Japanese adults
aged >20 years[3].

Low back pain (LBP) is associated with high disability. In the
Global Burden of Diseases, Injuries, and Risk Factors Study
2017, LBPranked highest in terms of yearslived with disability
among the 354 conditions studied over the period of 28 years
[4]. Recurrence of pain, limitation of activity, loss of
productivity, and work absenteeism contribute to the associated
huge socioeconomic burden of CLBP [5-7].

In a retrospective, cross-sectional study using the 2014 Japan
National Health and Wellness Survey data, 77.4% of 30,000
Japanese adults with CLBP reported presenteeism and had a
poor quality of life (QoL) compared with those without
presenteeism [8]. A cross-sectional survey of 392 patients with
CLBP in Japan estimated the costs for lost productivity as
approximately ¥1.2 trillion (US $10 billion) per year [7]. A
recent internet-based survey of 10,000 Japanese workers
reported that 36.8% of the participants had a health problem
that interfered with their work during the past 4 weeks. Among
the symptomsthat most affect presentism, neck pain or shoulder
stiffness, LBP, and mental illnesses accounted for approximately
35.7%. Theannualized costs of presenteeism per capitafor these
conditions were US $414.05, US $407.59, and US $469.67,
respectively [9].

Several studieshavereported that exercise alleviates CLBP and
disability [10-12]. Furthermore, exercise regimens have been
reported to reduce disability [13] and improve the QoL of
individuals with CLBP [14,15]. Patients with chronic pain,
including CLBP, exhibit various symptoms and signs as the
duration of the pain increases. When the pain lingers, it becomes
intractable and serious through a cyclical interaction with
psychosocial factors. Asillustrated by the fear-avoidance model
of pain, pain often involves catastrophizing when it becomes
intractable[16]. There are also several psychological treatments
or therapies for musculoskeletal symptoms [17]. In a study on
patients with CLBP, both groups—one that received only
exercise therapy and the other that received a combination of
cognitive behavioral therapy and exercise therapy—showed
improvementsin pain intensity and QoL compared with baseline
[18].

https://mhealth.jmir.org/2022/5/e35867

Despite these encouraging results, patients often show
noncompliance with exercise therapy. Perceptions of the
underlying illness and exercise therapy, lack of positive
feedback, and degree of helplessness are factors related to
noncompliance with exercise therapy [19]. In recent years,
digital devices have become popular for supporting exercise
therapy for musculoskeletal pain [20-22]. These digital devices
have been reported to improve adherence [23,24]. Most studies
have supported the role of digital interventions for LBP
alleviation [24-27].

The mobile messaging app Secaide (Travoss Co, Ltd) isadigital
device designed to enhancethe patient’sunderstanding of CLBP
and enable remote exercise therapy for more accessible and
personalized home-based pain management. The app was
nicknamed se - ca - ide by the self-care guide service. Secaide
also meansin the world when read in Japanese. The usefulness
of mobile messaging app—based interventions in managing neck
and/or shoulder stiffness and LBP is established in workersin
randomized controlled trials[28].

Objectives

Previous studies have not clarified the impact of intervention
in CLBPtreatment on presenteeism in patients. Asahypothesis,
we expected that therapeutic intervention for CLBP would have
a positive effect on presenteeism. This study aims to explore
the effects of patient education and strengthening exercise
therapy on work productivity, symptoms, and QoL in patients
with CLBP who were receiving medication and who continued
to experience pain despite treatment. In anew attempt, we used
web-based videos for patient education and amobile messaging
app to support the continuation of exercise therapy. Because of
the COVID-19 pandemic, we devised methods for study
continuation without any visitsto clinics by the interventionin
web-based remote exercisetherapy and by using patient-reported
outcomes (PROs) as an outcome evaluation method.

Methods

Study Design

Thiswas a multicenter, open-label, randomized, parallel-group
study conducted in Japan from June 2020 to March 2021 at 16
clinics (Multimedia Appendix 1). The main clinical specialty
of the 16 community-based clinicsincluded 8 (50%) orthopedic
facilities, 3 (19%) pain clinics, and 5 (31%) primary care
facilities. In this study, patients were followed up for 12 weeks
(Figure 1). Patients who met the dligibility criteria were
randomly assigned using a stochastic minimization procedure
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with allocation regulators, such as age (<45 or =245 years), sex  (yes or no).
(male or female), and willingness to enhance exercise therapy

Figure 1. Study design.
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Study Treatment, Education, and Therapy

The patientsreceived the prescribed pharmacol ogical treatment,
surgical treatment, and/or patient education and exercise therapy
for the management of CLBP.

Ethics Approval

The study was conducted in accordance with al theinternational
and local laws, the principles of the Declaration of Helsinki,
and the SPIRIT (Standard Protocol Items: Recommendations
for Interventional Trials) statement [29]. Written informed Pharmacological Treatment
consent was obtained from all patients before enrollment in the
study. The study protocol and all subsequent amendmentswere
approved by the institutional review board of Takahashi Clinic
(clinical research implementation plan MA2020-P-002). The
study was registered with the University Hospital Medical

Information about the use of medicationsfor pain was obtained
from an electronic medica record system (Mehix, Inc).
Pharmacological treatment included nonsteroidal
anti-inflammatory drugs, acetaminophen, weak opioids, blood
; = k X flow improvers, muscle relaxants, medicationsfor osteoporosis,
Information Network Clinica Trials Registry antidepressant drugs, steroids, antiepileptic drugs, and
(UMINO000041037). nerve-blocking agents, such as loca anesthetic drugs.
Study Population Medications were assessed at randomization; weeks 4, 8, and

Patients who met the following criteria were included in the 12; and study discontinuation.

study: (1) having LBP for >3 months, (2) aged 20 to 64 years, Surgical Treatment

(3) receiving prescribed pharmacol ogical treatment for the pain, Any surgeries for pain relief were recorded at randomization;
(4) not likely to experience any unexpected pain flare-ups for .o 4,8, and 12; and study discontinuation.

12 weeks, (5) able to walk independently, (6) engaging in work

for >3 days per week in either full-time or part-time capacity ~ Patient Education and Exercise Therapy

for >3 hours a day, and (7) having the skill and understanding A web-based video program was used to provide evidence-based
to operate mobile communications. The CLBP diagnosiswas  thinking regarding the importance of a cognitive behavioral
established by qualified practicing physicians. approach for patients with CLBP. The exercise therapy was

The key exclusion criteriawere asfollows: (1) aged >65 years, developed by Travoss Co, Ltd, in accordance with the
(2) having CLBP unrelated to amusculoskeletal condition, (3)  "€commendationsfor alignment, core muscles, and endogenous

with radiculopathy or constructive spinal deformity, (4) having ~ activation, including improvement of posture and mobility for
LBP with red flags (with chest pain, malignant tumor, HIV ~ Proper alignment, stimulation and/or strengthening of deep

infection, malnutrition, significant weight loss of >5% within  muscles for spinal stability, and operation of intrinsic pain for
1 month, extensive neurological symptoms, or fever of >37.5 the activation of endogenous substances by aerobic exercise
°C), (5) using over-the-counter medications for CLBP, (6) [30,31].

pregnant women and those who were willing to be pregnant  Secajde, a mobile messaging app for mobile communication
during the clinical trial period, (7) receiving steroids devicessuch assmartphonesand tablets, with download enabled
(intravenous injection or oral administration) or opioids, and by aQR code, isan aid to exercise therapy. In Japan, this mobile
(8) unable to understand the Japanese |anguage. messaging app is used for SM'S text messaging and voice calls
[28]. Patient education and exercise therapy announcements
were conducted as follows. The artificial intelligence—assisted
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chatbot was programmed to send messagesto userswith exercise
instructions and some tips on what they can do in their daily
livesto improvetheir symptoms. The messages were sent every
day at a fixed time through the LINE app (a smartphone app
widely used for sending and recelving SMS text messages,
images, and videos, and making voice calls in Japan; LINE
Corporation). The notification time can be changed by usersto
atime convenient for them. The exercise was performed during
the patient’s favorite time. The participants can complete their
exercise within approximately 1 to 3 minutes each day (Figures
2-4). During the first week, Secaide provided evidence-based

Itoh et al

thinking about the importance of a cognitive-behaviora
approach for CLBP to patient education. Secaide also provided
guidance to carry out six simple exercise menus for 60 days.
After the 14th, information on two types of exercise was
optionally added to patientswho desirefurther exercise. At each
clinic, the conventional group received only routine medical
care. In the exercise therapy group, in addition to the routine
medical care, patient education and strengthening of exercise
were provided. To avoid cross-contamination between the 2
groups, only the exercise group received patient education and
daily exercise therapy via Secaide (Figures 2-4).

Figure 2. Examples of exercises with instructions from the artificia intelligence—assisted health program (Secaide).

@ Ifyou watched "1. New commeon
sense to treat chronic low back pain
while exercising,”

Go to the next. -

i Go to thenext

@ Let's review "One Stretch,”

Take a look.

(.

3 4
Stand with your feet apart, slightly
wider than shoulders, and both toes
pointing straight ahead.

Place your hands on your pelvis.

o35 Go to the next.

0 Then there may be a difference
E between left and right back pain.
See “Exercises for this type of back
pain’, with sideways bends.

036

Go to the next
It's a gymnastic exercise that
puts your hand on the wall and
looks like this.

Take a look.

| Take alook.

Pull your elbows as close together as
possible, keeping your hands en your

Go to the next. pelvis.

— [0 K

® ¢ +@3H

Figure 3. Exercise menu on Secaide.

a) One Stretch
(Standing Back Extension)

-

d) Hamstring Stretch
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b) Side One Stretch

] Lying Waist Twist

c) McKenzie Extension
(SeaLion Pose)

f) Arm Leg Raise
(Kneeling Superman)
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Figure 4. Exercise schedule on Secaide. a) One Stretch (Standing Back Extension), b) Side One Stretch, ) McKenzie Extension (Sea Lion Pose), d)
Hamstring Stretch, €) Lying Waist Twist, f) Arm Leg Raise (Kneeling Superman), m) Mindfulness, n) Questionnaire.
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Survey

All patients were required to respond to a web-based survey
that captured demographic and background information,
including occupation and exercise habits. Furthermore,
pharmacological and surgica treatment for CLBP and the
number of institutional visitsin the last 30 days were collected
at weeks 0 to 4, weeks 4 to 8, and weeks 8 to 12 and at study
discontinuation.

Adherence to the use of mobile messaging app—based exercise
therapy was measured by the rate of implementation (%),
calculated as follows: (access days/observation period)x100.
Category aggregation for the adherence rate was performed by
0% to 25%, by 25% to 50%, by 50% to 75%, and by =75%.
Assessments were made from the log information (date) of
Secaide and the PRO response date, that is, weeks 0 to 4, weeks
410 8, weeks 8 to 12, and weeks 0 to 12.

Study End Points

Primary End Point

The primary end point was the change in work productivity at
week 12. The work productivity was measured using the
Quantity and Quality method (QQ method), which evaluates
work productivity in terms of quality, quantity, and efficiency
and is an evaluation index for absenteeism [32].

Secondary End Points

The secondary end points were changes in work productivity
measured using the Work Productivity and Activity Impairment
Questionnaire: General Health (WPAI-GH) [33], CLBP and
shoulder tiffness (Numerical Rating Scale [NRS]) [34],

https://mhealth.jmir.org/2022/5/e35867

subjectiveratings of stiffnessand LBP on ascale of 1t05[28],
disease-specific QoL (Roland-Morris Disability Questionnaire
[RDQ-24]) [35,36], health-related QoL (EuroQoL 5 Dimensions
5 Level [EQ-5D-5L]) [37,38], fear of movement (Tampa Scale
for Kinesiophobia [TSK-11]) [39,40], degree of depression
(Kessler Screening Scalefor Psychological Distress[K-6]) [41],
drug use, and consultation status at medical institutions. All the
secondary end points were measured at baseline and week 12.
In addition, changes in LBP and drug use were measured at
weeks 4 and 8 during the study period.

Statistical Analysis

The data related to changes in WPAI-GH in a 6-week
randomized study of patients with LBP were used to calculate
the sample size of 100 participants [42]. The required sample
sizeinthis study was estimated to be 90 patientsfor 80% power
at anintergroup difference of 2.7, acommon SD of the 2 groups
of 4.5, and an a level of .05, using the 2-sample, 2-tailed t test.
Considering a dropout rate of 10%, the total sample size was
100 (n=50, 50% patients in each group). For alocation, a
minimization method was used, with adjustments for age, sex,
and willingness to adopt the exercise therapy.

Data were summarized using descriptive statistics of the mean
(SE) for continuous variables and frequencies and percentages
for categorical variables. To compare continuous data in the 2
groups, an analysis of covariance model (covariates: treatment,
baseline, age, sex, and willingnessto adopt the exercise therapy)
or mixed-effects model for repeated measures (covariates:
treatment, baseline, time, timextreatment, age, sex, and
willingness to adopt the exercise therapy) was used for the
primary and secondary end points, depending on the times of
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measurements. The Fisher exact test was used to compare the
percentages in the 2 groups.

In patients who had datareported at week 12, post hoc analyses
were performed to check theimpact of the treatment compliance
(<75% and =75% exercise groups and conventional group) on
the primary end point (work productivity) and secondary end
points (NRS of CLBP and RDQ-24). Datawere analyzed using
SAS (version 9.4; SAS Ingtitute Inc).

Figure5. Patient disposition. FAS: full analysis set.

Itoh et al

Results

Study Population

A total of 101 patients with CLBP were recruited, and
consenting participants were randomly allocated to either the
exercisegroup (n=50, 49.5% randomized; n=48, 47.5% analyzed
for efficacy), who used the web-based videos and Secaide for
exercise therapy, or the conventional group (n=51, 50.5%
randomized and analyzed; Figure 5). Both groups continued
with the prescribed pharmacological treatments.

Assessed for ehigibility (n=101)

Excluded (n=0)
All of them met the criteria

Randomized

Exercise group (n=50)

Discontinuation {(n=1)
+  Withdrawal of congent

Exercise group (n=49)

Excluded from FAS (n=1)
+  No validity data available (n=1)

Exercise group FAS (n=48)

The baseline characteristics of patients in the exercise and
conventional groups are shown in Table 1. No difference in
many characteristics was observed between the 2 groups.
However, variability in work productivity was observed
(WPAI-GH). In addition, >85% of the patients in both groups
requested exercisetherapy (exercise group: 42/48, 88% patients;

https://mhealth.jmir.org/2022/5/e35867

Conventional group (n=51)

Conventional group (n=51)

Conventional group FAS (n=51)

conventional group: 45/51, 88% patients), which was a group
highly conscious of exercise. Of the 48 participants in the
exercise group, 37 (77%) were adherent to the use of mobile
messaging app—based exercisetherapy inweeks0to 4, 31 (65%)
in weeks 4 to 8, and 32 (67%) in weeks 8 to 12 (Figure 6).
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Table 1. Baseline characteristics (full analysis set).

Exercise group (n=48) Conventional group (n=51)

Age (years), mean (SD) 47.9 (10.2) 46.9 (12.3)

<45 18 (37.5) 20 (39.2)

245 30 (62.5) 31(60.8)
Sex, n (%)

Women 21 (44) 23 (45)

Men 27 (56) 28 (55)
BMI (kg/m?), mean (SD) 24.42 (4.05) 23.39 (4.19)
Duration of CLBP? (years), n (%)

<05 3(6) 5(10)

05to<1 3(6) 6(12)

>1 42 (88) 40(78)
Exercise habits, n (%)

Yes 14 (29) 19 (37)

No 14 (29) 19 (37)

Sometimes 20 (42) 13 (25)
Hope for exercisetherapy, n (%)

Yes 42 (88) 45 (88)

No 6 (13) 6(12)
Work engagement, n (%)

Full time (>40 hours per week) 34 (71) 40 (78)

Part time 14 (29) 11(22)
Family structure, n (%)

Living aone 10 (22) 9(18)

Living with children only 1(2 4(8)

Living with adults only 18 (38) 18 (35)

Living with adults and children 19 (40) 20 (39)
Income (¥ [US $]), n (%)

<3 million (24,000) 15 (31) 10 (20)

3 million to <5 million (24,000 to 40,000) 14 (29) 16 (31)

5 million to <8 million (40,000 to 64,000) 9(19) 13 (25)

>8 million (64,000) 8(17) 7 (14)

Decline to answer 24 5(10)
Education level (completed university education), mean (SD) 25(52.1) 22 (43.1)
Drink alcohal, n (%)

Yes 17 (35) 18 (35)

No 12 (25) 22 (43)

Sometimes 19 (40) 11(22)
Smoking, n (%)

Never smoked 23 (48) 26 (51)

Former smoker 14 (29) 15 (29)

Current smoker 11(23) 10 (20)
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Exercise group (n=48) Conventional group (n=51)

Work productivity, QQ method,b mean (SD)

Performance degradation 0.51 (0.303) 0.516 (0.314)

Days of work loss due to poor performance 10.466 (8.485) 12.409 (9.956)
Work productivity (WPAI-GH®), mean (SD)

Work time 4.3 (12.4) 8.2(21.8)

Impairment while working 35.3(29.8) 45.6 (33.2)

Overall work impairment 37.0(30.7) 47.7 (34.4)

Activity impairment 47.2 (31.6) 50.4 (29)
NRS,d mean (SD)

CLBP 5(2.4) 5.1(2.1)

Shoulder stiffness 45 (3.0) 45(2.8)
RDQ-24,€ mean (SD) 8.6 (5.3 74(4.7)
EQ-5D-5L, mean (SD) 0.720 (0.195) 0.746 (0.142)
TSK-11.9 mean (SD) 26.4 (6.1) 24.6 (6.6)
K-6," mean (SD) 6.2 (5.6) 5(4.9)
Medical institution consultation status (in the last 30 days), mean (SD)

Hospital 1.9(L7) 2.1(2.3)

Clinic 0.8 (1.6) 1.1(25)

Acupuncture and moxibustion clinic 0.2(0.8) 0.1(0.2)

Manipulative clinic 0.8(1.7) 0.8(1.9)

Others 0.3(1.0) 0.4(0.9)

8CLBP: chronic low back pain.

bQQ method: Quantity and Quality method.

CWPAI-GH: Work Productivity and Activity Impairment Questionnaire: General Health.
INRS: Numerical Rati ng Scale.

®RDQ-24: Roland-Morris Disability Questionnaire.

fEQ-5D-5L : EuroQoL 5 Dimensions 5 Level.

9TSK-11: Tampa Scale for Kinesiophobia.

MK -6: Kessler Screening Scale for Psychological Distress.
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Figure 6. Compliance rates for the use of mobile messaging app—based exercise therapy during the study duration. Exercise status is evaluated by
access log to Secaide within a specified period. Percentage of patients (%)=(access days/observation period)x100. Category aggregation for the rate of
adherence was performed by 0% to 25% (blue), 25% to 50% (orange), 50% to 75% (gray), and =75% (yellow).
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4-8 weeks
(n=31)

0-4 weeks
(n=37)

Primary End Point

At week 12, the mean change (SE) in work productivity (QQ
method) in the exercise group (n=37) and the conventional
group (n=32) was 0.062 (0.069) and 0.114 (0.069), respectively
(difference between groups —0.053, 95% CI —0.184 to 0.079;
P=.43). No significant difference was observed at the primary
end point.

8-12 weeks
(n=34)

Overall
(n=42)

Secondary End Points

Work Productivity

Changes in the WPAI-GH parameters in the 2 groups at week
12 are shown in Table 2. Percent overall work impairment due
to health in the exercise group (n=36) and the conventional
group (n=26) was—13.3 (SE 6.8) and —4.7 (SE 7.6), respectively
(difference between groups —8.6, 95% Cl —23.6 to 6.5; P=.26).

Table 2. Changesin Work Productivity and Activity Impairment Questionnaire: General Health parameters and QoL ? at week 12.

Parameter Exercise group, least Conventional group, least  Difference between groupsinthe12 P value
sguares mean (SE) squares mean (SE) weeks, |least squares mean (95% Cl)

Work Productivity, n (%) 36° (100) 26 (100) N/AC
Work time 3.8(3.4) 1.2(4.1) 2.7(-5.41010.7) 51
Impairment while working -16.5(6.2) -6.8(6.9) -9.6 (-23.3t04.1) 17
Overall work impairment -13.3(6.8) -4.7 (7.6) -8.6 (-23.6 10 6.5) .26
Activity impairment -16.7(5.7) -6.4(6.7) -10.3 (-23.6 10 3.0) 13

QoL scale, n (%) 38 (100) 34 (100) N/A
RDQ-249 -2.1(0.8) -0.3(0.9) -1.9(-3.7100.0) .05
EQ-5D-5L¢ 0.068 (0.024) 0.006 (0.026) 0.061 (0.008 to 0.114) .03

8QoL: quality of life.

bData for activity impairment due to health were analyzed for 37 patients.
°N/A: not applicable.

dRDQ-24: Roland-Morris Disability Questionnaire.

®EQ-5D-5L : EuroQoL 5 Dimensions 5 Level.

Low Back Pain

At week 12, although no statistically significant difference in
the reduction of the NRS scores was observed between the
exercise (mean —1.1, SE 0.3) and conventional groups (mean

https://mhealth.jmir.org/2022/5/e35867

RenderX

-0.7, SE 0.4; P=.26), the mean subjectiveimprovement in CLBP
symptomswas significantly greater in the exercise group (mean
3.2, SE 0.2) than in the conventional group (mean 3.8, SE 0.3;
difference between groups —0.5, 95% CI -1.1 to 0.0; P=.04).
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Quality of Life

At week 12, no datistically significant differences in the
RDQ-24 scores were observed between the exercise and
conventional groups. A significant improvement in EQ-5D-5L
at week 12 was observed in the exercise group compared with
that in the conventional group (Table 2).

Kinesiophobia

At week 12, a significant improvement in the TSK-11 score
was observed in the exercise group (mean -2.3, SE 1.2)
compared with that in the conventional group (mean 0.5, SE

1.3; difference between groups -2.8, 95% CI -5.5 to -0.1;
P=.04).

Depression

At week 12, no significant improvement in the K-6 score was
observed in the exercise group (mean -1.5, SE 0.8) compared
with that in the conventional group (mean -0.6, SE 0.9;
difference between groups —0.9; 95% CI —-2.7 t0 0.9; P=.34).
Changein Consultation Status

Visitsto clinicswere significantly reduced in the exercise group
at weeks 4, 8, and 12. Similarly, asignificant reductionin visits

Itoh et al

to the acupuncture and moxibustion clinics was observed in the
exercise group at weeks 4 and 8 (Multimedia Appendix 2).

Surgical Treatment and Changein Drug Use

No differences for surgical treatment or changes in drug use
were observed in the conventional or exercise group throughout
the study period.

Post Hoc Analysis

In this study, no significant differencein work productivity (QQ
method), pain intensity, and RDQ-24 was observed in the
exercise group. As a post hoc analysis, the effects of exercise
therapy on work productivity (QQ method), pain intensity, and
RDQ-24 were examined in the group with a high compliance
rate of exercise (=275%) and the other groups (<75%
compliance). At week 12, patientswho showed a higher (=75%)
adherence to the exercise regimen had a greater improvement
in work productivity (QQ method), NRS scores, and RDQ-24
than those with <75% adherence or the conventional group
(Table 3).

Table 3. Change from baseline of work productivity, CLBP?and quality of life among treatment compliances at week 12 (post hoc analysi s).b

Parameters Exercise group compliance =275% Exercise group compliance<75% (n=20), Conventional group (n=34), least
(n=18), least squares mean (95% ClI) least squares mean (95% Cl) squares mean (95% Cl)

Work productivity (QQ 0.00 (-0.14 t0 0.15) 0.05(-0.11t0 0.21) 0.08 (-0.03 t0 0.18)

method®)

CLBP (NRSd) -2.28 (-3.47 t0 -1.09) -0.15 (-1.03t0 0.73) -0.91 (-1.48t0 —0.34)

Quality of life (RDQ-24%)  ~3.06 (-4.45t0 -1.66)

-2.20 (-4.51 10 0.11)

-0.76 (-2.1510 0.62)

8CLBP: chronic low back pain.

BNo statistical tests were performed.

®QQ method: Quantity and Quality method.

INRS: Numerical Rati ng Scale.

®RDQ-24: Roland-Morris Disability Questionnaire.

Discussion

Principal Findings

Theexerciseinterventionisconsidered anintegral part of CLBP
management and has been reported to reduce pain and improve
function in patients with CLBP; however, there are challenges
in exploring effective exercise types and continuing exercise
[43,44]. In recent years, various digital interventions have
attempted to address these challenges [45-49].

The web-based video patient education and strengthening
exercise therapy using the mobile messaging app did not show
any significant changesin work productivity or loss of workdays
due to CLBP at week 12 compared with the conventional
pharmacological treatment in this study. To the best of our
knowledge, there is no randomized controlled trial with the
intervention outcome to improve work productivity in patients
with CLBP; therefore, this result cannot be compared with
previous studies. It is possible that drastic changes in the
working environment during the COVID-19 pandemic affected

https://mhealth.jmir.org/2022/5/e35867

the assessment of work productivity. During the research period,
the Government of Japan began to recommend remote work as
a national policy. In the evaluation of work productivity, the
guantity and quality of work at the time of evaluation were
compared with those in the absence of CLBP. The effect of
changes in working style might be greater than that of exercise
therapy on work productivity. A survey of workers in remote
work before and during the COVID-19 pandemic conducted in
Japan in 2020 also reported that full remote work of 5 days a
week reduced work productivity [50]. Therefore, the difference
in work productivity between the 2 groups due to exercise
therapy may not have been observed. In fact, many secondary
end points showed a significant improvement in exercise
therapy. However, the work productivities did not show a
significant improvement. The work productivity assessments
may have been particularly susceptibleto COVID-19 compared
with outcomes such as pain intensity and QoL. To assess the
impact of exercisetherapy onwork productivity in patientswith
CLBP, further improved clinical studies will be considered.
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The use of maobile devices can enhance patient engagement in
self-management of CLBP and improve exercise compliance
[51]. In this study, >50% (36/47) of the participants had >75%
compliance with the use of the mobile messaging app—based
exercise therapy. In previous studies, similar adherence rates
of about 50% to 70% for home-based exercise programs have
been reported [52,53]. The results of this study also showed
high adherence to the continuation of exercise therapy using
mobile devices. A problem with exercise therapy is the low
level of adherence to the prescribed exercises. Two systematic
reviews have reported that up to 70% of participants did not
adhereto the prescribed exercises[54,55]. It has been suggested
that using digital devices may improve the patient’s
noncompliance with exercise therapy, which is considered to
have the highest level of evidence for CLBP.

In this study, many end points, rather than the primary end point,
showed results similar to those of previous studies. In particular,
the degree of the subjective score of pain was significantly
improved in workers who received exercise therapy, which is
consistent with a previous study using Secaide [28]. The end
point of QoL (EQ-5D-5L) showed a significant improvement,
asin previous studies using digital interventions[47,56].

Kinesiophobiais atherapeutic target with exercise regimensin
the management of CLBP [57-59]. To the best of our
knowledge, no study has evaluated the impact of maobile-based
apps on pain-related fear in patients with CLBP. In this study,
we evaluated kinesiophobia using the TSK-11 scale, which has
been validated for usein patientswith CLBP [60]. At week 12,
a significant improvement in the TSK-11 score was observed
in the exercise group. From the above results, it is considered
that the effect of exercise therapy was supported in this study,
aswell asin previous studies.

In addition, a post hoc analysis was used to evaluate the
rel ationship between exercise therapy adherence and outcomes.
High adherence showed good outcomes in work productivity
(QQ method), CLBP score (NRS), and RDQ-24 score. Recently,
evaluation using PROs has attracted attention in clinical trials
[61]. The concept of minimal clinically significant difference
(MCID) isestablished, and itsimportanceisrecognized. MCID
isnot a statistically significant difference, but it is an indicator
of theclinical benefitsto patients. The M CID has been reported
as an NRS >2 for LBP [62] and a 30% change in score for
RDQ-24 (if the score is <7) [63]. In the post hoc analysis,
patients with high adherence to exercise therapy showed an
improvement of 2.28in NRSin CLBP asachangefrom baseline
and an improvement of approximately 38% in RDQ-24. These
scores achieved MCID. This improvement was clinically
meaningful. Previous studies have reported that apps improve
exercisetherapy adherence; therefore, Secaide used in this study
may also play an important role in achieving better outcomes.
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In this study, we adopted the Secaide app [28], an interactive
health promotion system, to aid education and exercise therapy
in patients with CLBP. Furthermore, adopting web-based
education and mobile messaging app—based exercise therapy
may reduce the number of facility visits, ensure safety, and
ensure continued patient care. Pain treatment based on traditional
visits in clinics may be difficult because of the COVID-19
pandemic. PROs are becoming increasingly important, and the
need for remote medical care, such as digital health programs,
is increasing. The use of technology can be advantageous,
enabling the remote collection of data during such
unprecedented times. Using digital devices, the enhancement
of exercise therapy yielded better results in more end points
than in routine clinical practice. These results and compliance
rates are due to research conditions. Although the impact of
these on treatment cannot be evaluated correctly, it is hoped
that they will provide an opportunity to consider the usefulness
of remote medical carein CLBP.

Limitations

This study had certain limitations. Changesin work quality and
guantity were used as outcomes for work productivity. This
study was conducted during the COVID-19 pandemic, when
the socia working environment has evolved with the adoption
of remote working. Furthermore, these changes in the work
environment may have influenced the evaluation of work
productivity. The study design has the inherent limitations of a
short duration (12 weeks) and a small sample size (50 in each
group). There have been no previous studies with the same
patient population and end point, and the required number of
cases was calculated using the results of secondary end point
of thisstudy. Asaresult, the statistical power of this study may
be lower than expected. We did not assess therate of adherence
to prescribed medications, which could possibly impact work
productivity outcomes with exercise therapy using the mobile
messaging app. The data for the study outcomes were
self-reported, and a response bias could have led to varying
estimates of the severity of CLBP. Comparison of the high
adherence group with the other groups should beinterpreted in
alimited manner because of the results of the post hoc analysis.

Conclusions

Web-based patient educati on and strengthening exercise therapy
using the Secaide app may be useful for enhancing the
effectiveness of exercise therapy in the treatment of CLBP. In
this exploratory study, the exercise group showed consistently
better trends for most end points than did the conventional
group. The adherence to exercise therapy improved work
productivity, NRS for CLBP, and RDQ-24, suggesting that the
mobile messaging app is useful for CLBP treatment.

This study did not reveal the effect of therapeutic interventions
on CLBP on work productivity. Further research isrequired to
assess work productivity with therapeutic interventions.
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Abstract

Background: Mobile health (mHealth) interventions may help adolescents adopt healthy lifestyles. However, attrition in these
interventions is high. Overall, there is alack of research on nonusage attrition in adolescents, particularly regarding the role of
socioeconomic status (SES).

Objective: The aim of this study was to focus on the role of SES in the following three research questions (RQs): When do
adolescents stop using an mHealth intervention (RQ1)? Why do they report nonusage attrition (RQ2)? Which intervention
components (ie, self-regulation component, narrative, and chatbot) prevent nonusage attrition among adol escents (RQ3)?

Methods: A total of 186 Flemish adolescents (aged 12-15 years) participated in a 12-week mHealth program. Log data were
monitored to measure nonusage attrition and usage duration for the 3 intervention components. A web-based questionnaire was
administered to assess reasons for attrition. A survival analysis was conducted to estimate the time to attrition and determine
whether this differed according to SES (RQ1). Descriptive statistics were performed to map the attrition reasons, and Fisher exact
tests were used to determine if these reasons differed depending on the educational track (RQ2). Mixed effects Cox proportional
hazard regression models were used to estimate the associations between the use duration of the 3 components during the first
week and attrition. An interaction term was added to the regression models to determine whether associations differed by the
educational track (RQ3).

Results. After 12 weeks, 95.7% (178/186) of the participants stopped using the app. 30.1% (56/186) of the adolescents only
opened the app on the installation day, and 44.1% (82/186) stopped using the app in the first week. Attrition at any given time
during the intervention period was higher for adol escents from the nonacademic educational track compared with those from the
academic track. The other SES indicators (family affluence and perceived financial situation) did not explain attrition. The most
common reasons for nonusage attrition among participants were perceiving that the app did not lead to behavior change, not
liking the app, thinking that they already had a sufficiently healthy lifestyle, using other apps, and not being motivated by the
environment. Attrition reasons did not differ depending on the educational track. More time spent in the self-regulation and
narrative components during the first week was associated with lower attrition, whereas chatbot use duration was not associated
with attrition rates. No moderating effects of SES were observed in the |atter association.
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Conclusions: Nonusage attrition was high, especially among adolescents in the nonacademic educational track. The reported
reasons for attrition were diverse, with no statistical differences according to the educational level. The duration of the use of the

self-regulation and narrative components during the first week may prevent attrition for both educational tracks.

Trial Registration:

Clinical Trials.gov NCT04719858; http://clinicaltrials.gov/ct2/show/NCT04719858

(JMIR Mhealth Uhealth 2022;10(5):€36404) doi:10.2196/36404

KEYWORDS
mHealth; nonusage attrition; adolescents; socioeconomic status,

Introduction

Mobile health (mHealth) interventions seem promising for
behavior change [1-6]. mHealth is a part of the broad category
of digital health interventions and is defined as the support of
health practi ces through mobile devices, such asmobile phones,
patient monitoring devices, PDASs, and other wireless devices
[7]. mHedlth offers the opportunity to reach alarge part of the
populationin atailored, cost-effective manner [2,8-11]. Despite
itspotential, many mHealth interventionsreport trivial-to-small
effects or effects that are not sustained in the long term
[1,2,9,12-14]. Evidence suggests that thisis partly because of
low levels of adherence and high nonusage attrition rates, which
are common in digital health interventions [15-19]. Nonusage
attrition refers to participants who stop using the digital
intervention, athough they could still be participating in the
research protocol (eg, filling out questionnaires) [18]. Nonusage
attrition to commercial apps used in real-world settings reaches
an average rate of 62%, with 21% of users abandoning an app
after the first use [20]. Nonusage attrition to research-based
mHealthinterventions ranges from 32% to 75%, often depending
on how long an intervention lasts and whether a study occurs
in areal-world rather than controlled context [21-24].

Unfortunately, most research on thistopic hasfocused on adults.
There is a dearth of research on attrition rates of adolescents,
although there has been a sharp increase in the use of digital
interventionsfor behavior change within thisage group [ 14,25].
A notable exception is the study by Egilsson et a [26], who
developed the social heath game SdekickHealth. This app
focuses on three health categories. food and drink intake,
physical activity, and mental health. Young people can set goals
and complete missions (ie, gamification) both individually and
in small groups. Attrition rates were reviewed weekly to check
whether adolescents completed at least three health exercises
within the app. During their pilot study among Icelandic
adol escents aged between 15 and 16 years, the authorsreported
a nonusage attrition rate of 35% from initiation to the 6-week
follow-up. The average frequency of completing in-app health
exercises decreased significantly in the first week (from an
average of 55.25 to 13.63 exercises), hotwithstanding the large
effort to keep the app entertaining and fun (eg, by adding a
reward system and storyline highlighting progress) [26].

Various behavior change techniques are typicaly used in
mHealth interventions[1,27-29], among which are goa setting
and self-monitoring (ie, self-regulation techniques) [1,27,29,30].
Similarly, other techniques are required, not necessary to foster
behavior change, but rather engagement (eg, areward system).
Research indicates that when adolescents are more engaged,

https://mhealthjmir.org/2022/5/e36404

mobile phone

thereisareduced risk of attrition, leading to ahigher probability
of intervention effectiveness[22,31]. In thisregard, it has been
suggested that narratives (ie, storiesthat portray human thought
and action with a beginning, middle, and end) [32-34] and
chatbots[35] might increase user engagement with digital health
interventions. These intervention components can be of
particular interest to adolescents from lower socioeconomic
status (SES), as this group tends to have lower digital health
literacy [36]. Narratives are less language demanding, and
chatbots provide the opportunity to replace researchers offering
direct communication during a study, which could mitigate the
problems of hedth literacy because participants can ask
guestions based on their own use of language [37,38].

Special efforts to engage adolescents from lower SES
backgrounds are needed, as these adol escentstend to have lower
health outcomes than those from higher SES groups[39-45]. It
further appears that digital health tools are currently only used
to a small extent by people with low SES [37,46], although
many of them do own asmartphone (eg, smartphone ownership
of Flemish adolescents of al different socioeconomic
backgrounds amounts to 93% [47]). Furthermore, digital
interventions do not show equivalent efficacy for people of low
and high SES, meaning that there is no evidence that digital
interventions are effective for people with low SES, whereas
this appears to be the case for their higher SES counterparts
[36]. The fact that high-SES groups engage more with digital
tools and that they prove to be effective only for them may
further widen the health gap between higher and lower SES
groups [46]. Past studies have consequently recommended
adapting interventions to adolescents with lower SES
[36,39-41,45,48]. However, no studies have investigated the
SES differences in nonusage attrition among adolescents in
mHealth interventions and whether intervention components
aimed at increasing engagement also effectively lead to longer
use of the intervention in this target group.

To counteract small intervention effects (Cohen d=0.22 in
mHealth interventions for youth [2]) or prevent only the
short-term use of mHealth interventions for adolescents, it is
necessary to further identify when and why adolescents stop
using an intervention (RQ1 and RQ2). Within this context, it is
also important to investigate the intervention components that
positively impact attrition (RQ3). All RQs also examine whether
the results differ according to SES, as engaging vulnerable
groupsiskey to tackling socioeconomic health inequalities[46].
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Methods

Study Design

This study concerns secondary analyses of a larger 2-arm
cluster-controlled trial that evaluated the effectiveness of the
#LIFEGOALS intervention. A total of 6 schools with 223
participants were assigned to the intervention group and 5
schoolswith 118 participants were assigned to the control group.
Theintervention group received the#LIFEGOAL Sintervention
to promote a healthy lifestyle for 12 weeks (ie, 85 days). The
control group received no intervention. A more detailed
description of the study is provided in the flowchart in
Multimedia Appendix 1. In this paper, only data from the
intervention group will be described, asthe focusis on nonusage
attrition with the app. Written informed consent was obtained
from the participants and their parents before participation in
the study.

Ethics Approval

This study was approved by the Ethical Committee of the
Faculty of Psychology and Educational Sciences of Ghent
University (2020/2070 Laura Maenhout).

Participants and Recruitment

Participants were recruited through schools via convenience
sampling in August and September 2020. Theinclusion criteria
were adolescents of the seventh, eighth, or ninth grade of general
education. The exclusion criteriawere schools of special needs
education and education for nonnative speakers (in preparation
for regular education). A total of 27 Flemish schools were
contacted viaemail to participatein this study. When the schools
did not respond within 2 weeks, they were contacted by phone.
Of the 27 schools, 12 (ie, response rate 44%) agreed to
participate in the study. To alow for clustering in the analysis
of the effect study, atarget number of 30 adolescents per school
was set. The school selected the classes, but the researchers
actively monitored that there was an equal mix of grades and
educational tracks (academic vs nonacademic) across the
intervention and control groups. Because of the COVID-19
measures, of the 6 schools, 1 (17%) withdrew from the
intervention group, resulting in 1 school from the control group
being assigned to the intervention group. This resulted in an
overrepresentation of adolescents in the academic track
(124/186, 61.3%) than in the nonacademic track (72/186, 38.7%)
in the intervention group. The researchers sent information
letters and informed consent for both adolescents and parents
to the school contact person by mail in advance. The contact
person distributed informed consent to the participating classes,
with the intention that both signed consent forms could be
collected at thefirst classvisit. Adolescents who provided both
signed consent forms during the first class visit were rewarded
with a power bank. Adolescents who lacked one of the consent
forms were encouraged to have the forms signed by the second
classvisit. If adolescents submitted their consent forms during
subsequent class visits, they could still participate and receive
their power bank. In addition, cinema tickets (ie, incentive at
the end of the intervention period) were never distributed if
consent forms had not yet been submitted. Finally, adol escents
for whom consent forms were still missing at the end of the
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intervention period were removed from the data (21/186,
11.3%).

Intervention

#LIFEGOAL Sisan mHealth intervention developed for Flemish
adolescents aged between 12 and 15 years to improve their
mental health by promoting healthy lifestyle behaviors (ie,
sufficient sleep and physical activity, daily breakfast intake,
and sedentary behavior reduction) [45,49-52]. #LIFEGOALS
is theory-based (ie, based on the Heath Action Process
Approach [53], Elaboration Likelihood Model [54], and
Persuasive Systems Design [55]) and developed in close
collaboration with target users and stakeholders. In total, 249
adolescents were involved during intervention devel opment
[56]: adolescents’ views on a hedth app and chatbot were
identified through focus group discussions (112/249, 44.9%);
a class of adolescents was involved in developing and filming
of the narrative (47/249, 18.9%); prototypes of the app and
chatbot were tested regularly to detect bugs (11/249, 4.4%); a
steering committee was set up and consulted at various times
throughout the process (14/249, 5.6%); and finaly, apilot study
with process evaluation interviews was conducted in January
2020, after which final adjustments were made toward the effect
study (65/249, 26.1%). #LIFEGOALS includes (1) a
self-regulation component associated with Fitbit for goal
settings, action planning, coping planning, monitoring, and
providing feedback; (2) a narrative component (ie, every week
participants receive anew episode [2-5 minutes] of adedicated
youth series made for this intervention) for modeling, attitude
change, and increased engagement; and (3) achatbot component
(ie, a web-based coach that provides an automated answer to
user questions and sends 2 encouraging messages per week) for
socia support and sustained engagement with the intervention
[56]. In addition, information (eg, on the benefits of health
behaviors and relevant [youth] health organizations for further
information or support) and a reward system (in which coins
can be earned to achieve goals, which the participants can then
use to personalize their persona avatar) are included in the
intervention. The participantswerefreeto choose which lifestyle
behaviorsthey wanted to target, and to what extent they wanted
to use the app. A screenshot of the app can be found in
Multimedia Appendix 2.

Procedure

Three waves of data collection were conducted from October
2020 to May 2021. The first wave (intervention group, 67/186,
36%) began in October 2020, the second wave (55/186, 29.6%)
in November 2020, and the third wave (64/186, 34.4%) in
January 2021. The researchers visited the intervention schools
4 times. During the first school visit, adolescents received
information about the project and were provided with an
accelerometer (ie, Axivity [AX3; Axivity Ltd]), which they
were instructed to wear for 1 week (beyond the scope of this
study). They were also asked to complete a prequestionnaire
including sociodemographic factors. During the next visit (1
week later), the accelerometers were retrieved, and temporary
devices were provided to those without a smartphone or Fitbit
(charge 2 or 3) for the duration of the study. Subsequently, the
#LIFEGOALS app was installed on participants’ smartphones

JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 5 [€36404 | p.149
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

and connected with the associated Fithit. The participants were
asked to use the app for 12 consecutive weeks. Roll-up banners
were set as cues in visible places (ig, in the classroom where
adolescents were primarily taught) to encourage the app use
(Multimedia Appendix 3). After 12 weeks, the participants
completed the postquestionnaire and wore the accelerometers
for another week. During the last visit (1 week later),
accel erometerswereretrieved and incentives (ie, cinematickets)
were provided to those who completed all the questionnaires
and wore the accelerometer. To gain insights into when
adol escents stopped using the app, their log datawere monitored
during the entire intervention period. To explore the reasons
why participants stopped using the app, a web-based
guestionnaire was sent by text message (or by email for those
not providing their phone number; 12/186, 6.5%) after a
participant had not used the app (including narrative and chatbot)
for 3 weeks. Participants who indicated in the web-based
guestionnairethat they till had the intention to use the app were
not asked further questions but were contacted again when they
had not used the app for another 3 weeks. Participants who did
not complete the questionnaire were considered nonusers
without any information about their attrition reasons.
Participation in the web-based questionnaire was encouraged
by reminding adolescents of cinema tickets via SMS text

messaging.
Measures

General Sociodemographic I nformation

Sociodemographic information was reported by the adolescents
themselves, including gender (boy, girl, or other), age (date of
birth), language spoken at home (Dutch, French, Turkish,
Arabic, English, or other), grade (seventh, eighth, or ninth), and
SES. All items were answered by the adolescents themselves.
Various indicators were used to measure SES, as currently no
consensus is reached in the literature on the most appropriate
indicator [57]. First, adolescent’s educational track was asked.
For the seventh and eighth grades, response options were A
track (ie, mainstream education) or B track (ie, for academically
less-performing students that prepares them for vocational
education), and for the ninth grade, response options were
general academic, technical, vocational, or arts education. The
3 grades were subsequently recoded into academic and
nonacademic tracks. It is hypothesized that adolescents from
the nonacademic track would have lower SES compared with
adol escents from the academic track, analogous to the Flemish
Health Behavior in School-Aged Children (HBSC) questionnaire
[58]. Second, the educational level of both the father and mother
(not applicable, 1 do not know, no diploma, primary school
[until aged 12 years], secondary school [until aged 18 years],
high school or nonuniversity, or university) was assessed. Third,
family affluence was estimated using the Family Affluence
Scale (FAS) lll. This scale is an international indicator of
adolescents' SES used in the HBSC questionnaire [59] and is
defined as a socioeconomic proxy for family wealth [60]. This
scale has been widely used [61] and validated alongside other
SES measures (eg, parental occupation) and objective measures
of country wealth (eg, per-capita income and gross domestic
product) [60,62,63]. The FAS 111 consists of the following six
items [60]: Does your family own a car or another motorized
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vehicle? (No=0; Yes, one=1; Yes, 2 or more=2), Do you have
your own bedroom? (No=0; Yes=1), How many computers
(including laptops and tabl ets, not including game consolesand
smartphones) doesyour family own? (None=0; One=1; Two=2;
More than two=3), How many bathrooms (room with a
bath/shower or both) aretherein your home? (None=0; One=1,
Two=2; More than two=3), Does your family have a
dishwasher? (No=0; Yes=1), and How many times did you and
your family travel out of Belgiumfor holiday/vacation last year?
(Never=0; Once=1; Twice=2; Morethan twice=3). A composite
FAS score (ranging from O to 13) was calculated for each
adolescent based on their responses to these 6 items [59].
Consequently, three groups were created according to the cutoff
points of the Flemish HBSC questionnaire (0-7=low FAS score,
8-11=medium FAS score, and 12-13=high FAS score) [64].
Finally, the perceived financia situation was measured using
the following question: How easily can your family pay for
everything you need in a month (eg, food, rent, thingsfor school,
and so on)? of the Flemish Youth Research Platform (Jongeren
Overleg Platform School Monitor 2018 [65]). Answer options
wererated on a 6-point Likert scale ranging from very difficult
to very easy. A total of two categories were created based on
the median (1=very difficult to quite easy and 2=easy to very
easy). These 4 SES measures referred both to the level of
education, which can be seen as an indication of certain
knowledge and skills and to material prosperity (ie, the FAS
and perceived financial situation). Moreover, several dimensions
can bedistinguished in different SES measures: the adol escent,
the parents, and the whole family.

Log Data Variables

Log data of the #LIFEGOALS app to measure (1) nonusage
attrition and (2) the use of the three intervention components
(ie, self-regulation, narrative, and chatbot) were stored on the
cloud server of Ghent University, Department of Information
and Communication Technology. Nonusage attrition was
operationalized as the number of days from the start of the
intervention (ie, the day adolescents installed the app on their
smartphone) to the last day that the app activity was recorded.
For the use of the 3 intervention components, the duration (in
minutes) participants spent using the self-regulation component,
watching the narrative, and interacting with the chatbot during
the first week was extracted. The duration started when one of
the app components (ie, self-regulation component, narrative,
and chatbot) was clicked and ended when the adolescent called
up another app component, left the app, or if the smartphone
went into sleeping or inactive mode. As the self-regulation
component consisted of several elements (eg, goal setting [Set
Mission], coping planning [Tools], self-monitoring [Graphs],
and agenda[My Agenda]), the sum score of the time spent on
all these elements was calcul ated.

User-Reported Reasons for Attrition

A total of 14 items were formulated based on the literature
[18,66-68] and discussions with the research team. Participants
indicated whether they agreed with the reason for attrition on
a5-point Likert scale, ranging from strongly disagreeto strongly
agree. Furthermore, participantswere freeto give another reason
for not using the #LIFEGOALS app anymore via an open
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answer option. Finally, they were asked whether they would
recommend the app to their friends (yes, no, or not applicable).
Analysis

Descriptive  statistics were provided for participants
characteristics and reasons for nonusage attrition. Survival
analysis (ie, Kaplan-Meier plots and logrank test statistics)
[69,70] was used to estimate the time to attrition and assess
statistically significant differences among the SES groups
(RQ1). The number of days between the start of theintervention
(ie, the day adolescents installed the app on their smartphone)
and the last day of app use was the time variable, and the event
variablewas specified as attrition before the end of the 12-week
(ie, 85 days) intervention. Cases were classified as censored
when the app was still being used by the end of the 12-week
intervention period. To test for significant differences in
participant  characteristics between  responders and
nonresponders in the attrition questionnaire, an independent
samples 2-tailed t test was used for the continuous variable (ie,
age) and chi-sguare tests were conducted for categorical
variables (ie, gender, grade, and type of education). Fisher exact
testswere used to determineif there were significant differences
between attrition reasons and educational tracks (RQ2).
Therefore, the 14 variables with attrition reasons were recoded
into variables with two categories. strongly disagree-neutral
and agree-strongly agree. Mixed effects Cox proportional hazard
regression models with clusters (ie, classes) as arandom factor
[71] were used to identify whether the duration of the
self-regulation, narrative, or chatbot component during thefirst
week could predict attrition (RQ3). It was chosen to run the
models with clusters to control for the random effects of the
class in which each adolescent was nested (eg, the attention
given to the project by the teacher). However, given the
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correlation between class and educational track of the
adolescent, the standard Cox proportional hazard regression
model wasalso run as senditivity analysis (Multimedia A ppendix
4). First, single-predictor models were fitted for each potential
confounding variable (ie, age, grade, gender, home language,
educational track, family affluence, and perceived financial
situation) and for the duration in the different intervention
components (ie, self-regulation component, narrative, and
chatbot) during the first week. Second, a multiple-predictor
model was fitted with the significant confounding variables
from the previous step and the duration of each intervention
component during the first week. Finally, an interaction term
was added to the fully adjusted multiple-predictor model to test
whether the associations between the duration of each
intervention component in the first week and nonusage attrition
differed among SES groups. Statistical analyseswere performed
using the coxme packagein R (version 4.1.0; R Foundation for
Statistical Computing). An a level of .05 was used to assessthe
statistical significance.

Results

Participant Characteristics

Intotal, theintervention group consisted of 186 adolescents (ie,
participation rate, 83%). The characteristics of the sample are
presented in Table 1. The log data related to duration in the
different components during the first week showed that there
were large differences among the participants in terms of use
duration, but most of the adolescents hardly spent any time in
the app, with a median of 1.41 minutes per week for the
self-regulation component, 0.03 minutes per week for the
narrative, and 0.39 minutes per week for the chatbot.
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Table 1. Participant characteristics of the #LIFEGOAL S intervention group (n=186).
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Sociodemographic characteristic

Value

Age (years), mean (SD; range)

Gender, n (%)
Adolescent male
Adolescent female
Other

Home language, n (%)
Dutch
French
Turkish
Arabic
English
Other

Grade, n (%)
Seventh
Eighth
Ninth

Type of education, n (%)
Academic track
Nonacademic track

Educational degree of the father, n (%)
Not applicable
| do not know
No diploma
Primary school (until 12 years of age)
Secondary school (until 18 years of age)
High school, nonuniversity
University

Educational degree of the mother, n (%)
Not applicable
I do not know
No diploma
Primary school (until 12 years of age)
Secondary school (until 18 years of age)
High school, nonuniversity
University

Family affluence, mean (SD; range)
Low FAS? score, n (%)
Medium FAS score, n (%)
High FAS score, n (%)

Perceived financial situation, n (%)
Very difficult
Difficult

13.51 (0.96; 11.83-15.66)

90 (48.4)
94 (50.5)
2(L1)

148 (79.6)
6(3.2)

10 (5.4)
8(4.3)
1(05)
13(7)

67 (36)
60 (32.3)
59 (31.7)

114 (61.3)
72(38.7)

4(2.2)
110 (59.1)
1(05)
3(1.6)

24 (12.9)
21(11.3)
23 (12.4)

2(1.1)

101 (54.3)
4(2.2)

4(2.2)

17 (9.1)
35(18.9)

23 (12.4)

9.09 (2.03; 2-13)
38 (20.4)

128 (68.9)
20 (10.8)

0(0)
5(2.7)
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Sociodemographic characteristic Value
Quite difficult 3(1.6)
Quite easy 30 (16.1)
Easy 92 (49.5)
Very easy 56 (30.1)

L og data—derived variables (in minutes), median (IQR; range)
Duration of self-regulation during the first week
Duration of narrative during the first week
Duration of engaging with the chatbot during the first week

1.41 (5.36; 0-34.21)
0.03 (0.77; 0-16.35)
0.39 (2.52; 0-43.33)

8FAS: Family Affluence Scale.

Attrition Patterns

The attrition pattern of the entire 12-week study period is
presented by the Kaplan-Meier plot in Figure 1. Across the
study period, there was a 4.3% (8/186) completion rate, with

Figure 1. Attrition pattern of the #LIFEGOALS intervention.

the remaining 95.7% (178/186) of the participants stopping the
use of the app before the end of the study. The median survival
time was 10 (95% Cl 7-17) days. Of the 186 adolescents, 56
(30.1%) only opened the app on the installation day (ie, day 1)
and 82 (44.1%) stopped using the app in the first week.
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Next, we examined whether the attrition rate differed according
to SESindicatorsincluded in the study. Because more than hal f
of the adol escents reported not knowing the degree of education
of their fathers (110/186, 59.1%) and/or mothers (101/186,
54.3%), the differencein the attrition rate based on thisindicator
was not examined. Figures 2-4 show the Kaplan-Meier plots
according to (1) educational track, (2) family affluence, and (3)
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perceived financial situation. According to the logrank tests
(Table 2), only the educational track showed a significant
difference (P<.001), meaning that attrition at any given time
during the intervention period was significantly higher for
adolescents from the nonacademic track compared with the
academic track.

JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 5 [€36404 | p.153
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH Maenhout et al

Figure 2. Kaplan-Meier plots according to socioeconomic status indicator (educational track).
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Figure 3. Kaplan-Meier plots according to socioeconomic status indicator. FAS: Family Affluence Scale.

Family affluence +— LowFAS —+ Medium FAS High FAS

1.001
0757
z
]
[
o
o
a 0.50 1
©
2=
£
3
@»
0.25 1
0.001
0 10 20 30 40 50 60 70 80 90
Time (Days)

Figure 4. Kaplan-Meier plots according to socioeconomic status indicator (perceived financial situation).
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Table 2. Logrank tests according to socioeconomic status (SES) indicators.

Maenhout et al

SES indicator Logrank value ()(2) (df) P vaue
Educational track 16.7 (1) <.0012
Family affluence 52(2) .07
Perceived financial situation 1.3(1) 3

3 talicization indicates P<.05.

Reasons for Nonusage Attrition

Of the 186 adolescents, 175 (94.1%) received the attrition
guestionnaire at least once during the intervention period
(meaning they had not used the app for 3weeks). Finally, 25.1%
(44/175) of adolescents completed an attrition questionnaire.

Table 3 shows the participant characteristics of receivers,
responders, and nonresponders. There was a significant
difference between responders and nonresponders according to
the educational track, with more adolescents from the academic
track answering the attrition questionnaire than adolescents
from the nonacademic track (P=.046).

Table 3. Participants' characteristics with regard to the attrition questionnaire.

Sociodemographic characteristic  Values

Receivers (n=175) Responders (n=44)

Significance of difference

Nonresponders(n=131) t test (df)? Chi-square (df) P vaue

Age (years), mean (SD; range)  13.42(0.97; 11.83- 13.55 (0.94; 11.96-

15.66) 15.47)

Gender, n (%)

Adolescent male 86 (49.1) 17 (38.6)

Adolescent female 87 (49.7) 27 (61.4)

Other 2(0.2) 0(0)
Grade, n (%)

Seventh 66 (37.7) 13 (29.5)

Eighth 57 (32.6) 16 (36.4)

Ninth 52 (29.7) 15 (34.1)
Type of education, n (%)

Academic track 105 (60) 32 (72.7)

Nonacademic track 70 (40) 12 (27.3)

13.45(0.98; 11.83-  -0.55(173) 59

15.66)

N/AP

N/A 2.60 (1) 11
69 (52.7)
60 (45.8)
2(15)
N/A 1.68(2) 43
53 (40.5)
41 (31.3)
37(282)

N/A 3.97 (1)

.046°
73 (55.7)
58 (44.3)

% ndependent samples 2-tailed t test.
BN/A: not applicable.
Cltalicization indicates P<.05.

The most common reasons for the nonusage attrition of the
#LIFEGOALS app were (percentages from agree to strongly
agree; Table 4) (1) My behavior did not change by using the
app (24/44, 55%), (2) | did not like the app (17/44, 39%), (3) |
already use other apps to track and/or improve my lifestyle
(17744, 39%), (4) | dready live asufficiently healthy life (16/44,
36%), and (5) | was not motivated by my environment to keep
using the app (eg, at home and by friends; 15/44, 34%). There
were no statistically significant differences in the attrition
reasons depending on the educational track; only a borderline
significant difference for the reason that there are other things
in the adolescent’s life that they consider more important than
their heath (P=.08), where more adolescents from the
nonacademic track had indicated this reason compared with
those from the academic track. A comprehensive descriptive
table of what the adolescentsindicated per answer category for
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each attrition reason, including the division according to
educational track, can be found in Multimedia Appendix 5.

In addition to the items included in the questionnaire,
adolescents could also fill in their own reasons for no longer
using the app. Other reasons given by adolescents were
forgetting to use the app because of tight schedules with other
things (5/44, 11%); not having enough storage on the
smartphone (n=1); being more engaged with the Fitbit itself
than with the app (n=1); feeling difficult to be motivated (n=1);
feeling no intrinsic trigger to use the app compared with other
apps (n=1); and using an app feelsrather obligatory (eg, filling
inagoal); therefore, preferring to work on their health on their
own rather than using an app (n=2).

Of the 44 adolescents, 25 (57%) would not recommend the app
to their friends and 19 (43%) would.
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Table 4. Reasons why adolescents stopped using the #L IFEGOALS app and atest of significance according to the educational track (n=44).

I do not use the #LIFEGOAL S app anymore because...

Strongly disagreeto neutral, Agreeto strongly agree, n

Significance of difference

n (%) (%) (P value, 2-tailed)?

The app takes too much time. 31 (70) 13 (30) .30
| am not allowed to use my mobile phone much at home. 39 (89) 5(11) .99
| aready live a sufficiently healthy life. 28 (64) 16 (36) .99
There were technical problems with the app. 35 (80) 9(20) 41
The app was too complicated. 33 (75) 11 (25) A4
| did not like the app. 27 (61) 17 (39) 74
My behavior did not change by using the app. 20 (45) 24 (55) .50
The app did not meet my expectations. 37 (84) 7 (16) .65
My friends did not use the app either. 37 (84) 7 (16) .37
| did not get enough reminders to use the app. 34 (77) 10 (23) .24
| was not motivated by my environment to keep using the 29 (66) 15 (34) A7
app (eg, at home and by friends).

| already use other appsto track or improve my lifestyle 27 (61) 17 (39) 74
(eg, Fitbit app).

There are other thingsin my lifel consider moreimportant 37 (84) 7 (16) .08
than my health.

The chatbot often answered my questionsincorrectly. 38 (86) 6 (14) .53

Fisher exact tests.

Cox Proportional Hazard Regression M odels

The results of both the single- and multiple-predictor mixed
effects Cox proportional hazard regression models are presented
in Table 5. As shown in the single-predictor models, no
sociodemographic variables were significantly related to
attrition, except educational track (P=.02). Conversely, the use
duration in all 3 components during the first week was found
to be significantly related to survival time. Subsequently, a
multiple-predictor model was constructed in which the
educational track was included as a confounding variable and
the duration of all 3 components as independent variables.

https://mhealthjmir.org/2022/5/e36404

Significant predictors of attrition were duration in the
self-regulation component during the first week (P<.001) and
duration in the narrative component during the first week
(P=.03). When adolescents used the self-regul ation (hazard ratio
0.902, 95% CI 0.867-0.939) and narrative component (hazard
ratio 0.924, 95% CI 0.858-0.994) more often during the first
week, they were less likely to drop out 12 weeks later. The
duration of the chatbot component during the first week did not
contribute significantly to the overall model. Furthermore, the
effect of duration in the 3 components during the first week on
attrition was not significantly different according to SES (ie,
educational track).
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Table 5. Results of the clustered Cox proportional hazard regression models.

Single-predictor models Multiple-predictor models
Coefficient  yRa(gs96cy) Pvalue  Without aninteraction term With an interaction term
(SB)
Coefficient HR (95% Pva- Coefficient HR (95% P val-
(SE) Cl) ue (SE) Cl) ue
Sociodemographic variables
Age (in years) 0.057 1.059 (0.828- .65 N/AP N/A N/A N/A N/A N/A
(0.125) 1.354)
Gender (reference: adolescent male) N/A N/A N/A N/A N/A N/A
Adolescent female -0.045 0.956 (0.656- .81
(0.192) 1.393)
Other 0.754 2.126 (0.485- .32
(0.754) 9.328)
Grade (reference: seventh grade) N/A N/A N/A N/A N/A N/A
Eighth grade -0.161 0.851 (0.419- .66
(0.362) 1.730)
Ninth grade -0.325 0.722 (0.376- .33
(0.333) 1.388)
Homelanguage (reference: Dutch)  0.361 1435(0.971- .07 N/A N/A N/A N/A N/A N/A
(0.199) 2.120)
Educational track (reference: aca-  0.555 1742 (1115 pc 0.750 2117 <.001 0.794 2211 .002
demic track) (0.228) 2.722) (0.211) (1.399- (0.262) (1.324-
3.202) 3.695)
Family affluence (reference: low FASY score) N/A N/A N/A N/A N/A N/A
Medium FAS score -0.244 0.784 (0.529- .22
(0.201) 1.161)
High FAS score 0.241 1272 (0.720- .41
(0.291) 2.249)
Perceived financial situation -0.225 0.798 (0.546- .24 N/A N/A N/A N/A N/A N/A

(0.194) 1.167)
L og data—derived variables
Duration of self-regulation during —0.109 0.897 (0.864- <.001  -0.103 0.902 <.001 -0.097 0.907 <.001

the first week (0.019) 0.931) (0.021) (0.867- (0.024) (0.866-

0.939) 0.951)
Duration of narrative duringthe  —0.111 0.895(0.828- .01 -0.079 0.924 .03 -0.033 0.968 A7
first week (0.039) 0.966) (0.037) (0.858- (0.046) (0.885-

0.994) 1.058)
Duration of engaging with the -0.065 0.937(0.885- .03 0.006 1.007 .82 -0.022 0.979 .61
chatbot during the first week (0.029) 0.993) (0.029) (0.951- (0.043) (0.900-

1.065) 1.064)

I nteraction with socioeconomic status  N/A N/A N/A N/A N/A N/A
Duration of self-regulation during -0.011 0.989 .81
the first week—educational track (0.046) (0.904-
(reference: academic track) 1.082)
Duration narrative during first -0.102 0.903 21
week—educational track (refer- (0.081) (0.770-
ence: academic track) 1.060)
Duration chatbot during first 0.048 1.049 41
week—educational track (refer- (0.059) (0.935-
ence academic track) 1.177)
8HR: hazard ratio.

BN/A: not applicable.
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Cltalicization indicates P<.05.
dras: Family Affluence Scale.

Discussion

Principal Findings

This study investigated when and why adolescents stop using
an mHealth intervention (RQ1 and RQ2) and explored whether
the use duration of specific intervention components during the
first week can predict attrition (RQ3). All RQs examined
whether this differed according to SES.

Although mHealth interventions can be seen as potentialy
revolutionary, we are still in the age of promise rather than
delivery [72]. One of the main challenges that still lies ahead
islow adherenceto and engagement with mHealth interventions
[15-19,72]. Despite attempts to increase adherence and
engagement in the current intervention (ie, participatory
development, adding a narrative and chatbot, and reward
system), the results of the #LIFEGOALS intervention showed
that 95.7% (178/186) of the participants stopped using the app
before the end of the study period. These numbers are high
compared with the attrition rates obtained by other
research-based mHealth interventions (ie, 32%-75%) [21-24].
Although most of these studies focused on adults, the study by
Egilsson et al [26], focusing on adolescents, also reported a
much lower attrition rate (ie, an attrition rate of 35% after 6
weeks). A possible explanation for our higher rates than those
reported by Egilsson et a [26] might be the difference in
recruitment strategy; in this study, whole classeswere recruited
inwhich all pupilswere asked to participate during aclassvisit,
whereas in the study by Egilsson et al [26], an email was sent
via school officials to parents and legal guardians asking for
children interested to participate. A nonresponse bias may be
at play inthe study by Egilsson et a [26], meaning that the most
motivated adolescents might have signed up to participate,
resulting in lower attrition rates. From apractical point of view,
we can conclude that the school is an ideal place to reach
adolescents, but it may not be the right entry point for health
interventions. If the intervention had been delivered through
social media or through an influencer using popular youth
channels such as YouTube or TikTok, it might have appealed
to more adolescents [73,74]. Moreover, existing research
stipulates that health is not a motivating factor for adol escents
in health interventions[74]. Therefore, interventionsthat focus
solely on improving health might be unlikely to engage
adolescents. Rather, interventions should align with the values
and priorities specified by adolescents, such as being with their
friends and doing what they enjoy and are good at [74].
#LIFEGOALS was presented as an app that could motivate
participants to increase healthy lifestyle behaviors. Asaresult,
the intervention could have benefited from another framing,
meaning that the current framing might not have appealed to
adolescents' mativation to use the app or their intention to
change behavior (ie, no intention to change
behavior=motivational phase within the Health Action Process
Approach [53]). As most adolescents have only used the
intervention for a short time (ie, median survival time of 10
days, 95% CI 7-17 days), it isnot surprising that they could not
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yet experience any change as behavior change is a long-term
process that usually involves several stagesto ultimately bring
about change [53].

Consistent with previous research, high attrition rates occurred
in the very early phases of the intervention [18,26,68,75,76]:
30.1% (56/186) had only opened the app on theinstallation day
(ie, day 1), and almost half of the adolescents (82/186, 44.1%)
stopped using the app in the first week. It seems like many
adol escents (approximately one-third; 56/186, 30.1%) had not
given the intervention a chance. The attrition questionnaire
showed that adolescents did not like the app. Despite involving
the target group (ie, 249 adolescents), a graphic designer, and
aretired professor passionate about software design during the
development process, the numbers are not surprising, as this
was still an app with research purposes. It is possible that the
current generation of adol escentswho have grown up with apps
have much higher expectations of apps than the app presented
to them as part of the study. Previous research concluded that
the power of design features should not be underestimated [77].
The #LIFEGOALS app is, in that perspective, rather basic
compared with existing commercia heath apps, which
adolescents indicated they were already using instead of the
#LIFEGOALS app to track or improve their health. However,
these commercial apps should be viewed with caution, as they
are often not evidence-based [78]. Furthermore, previous
research has shown that adolescents may assume that using
health apps could make them unpopular among their peers[73],
which may also have played arole in why adolescents did not
like the app.

Another reason for adolescentsto stop using the #L IFEGOAL S
app was aready leading a sufficiently hedthy lifestyle.
However, a first glance at the baseline data from the
guestionnaire and the accel erometers of thissample (intervention
group only) showed that 90.9% (169/186) did not reach the
recommended guidelines of 60 minutes per day of moderate to
vigorous physical activity, 47.8% (89/186) were sitting for >8
hours per day, 71% (132/186) did not meet the Flemish
HBSC-norm of 8-hour of deep, and 52.8% (95/180) of
adolescents did not take breakfast daily. Thus, a more redlistic
reflection might be that adol escents have afalse image of their
own health behavior, overestimating themselves. Futureresearch
with this age group should focus more on the correct assessment
of their own lifestyle behavior or pay more attention to
communicating the guidelines, as it is unclear whether
adolescents sufficiently know these.

It has been proposed that e-attainment may be the cause of
nonadherence, which means that participants may stop using
an intervention when they feel they have achieved as much as
they wish fromiit (eg, living a sufficiently healthy life) [79-81].
In that regard, attrition should not always have a negative
connotation. For some users and contexts, only one in-depth
period of engagement with the digital intervention may be
sufficient to initiate new habits or teach new skills (ie, effective
engagement) [72,82]. However, this seems to be unlikely here
because of the low actual use of the app components in the
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number of minutes. In any case, the hypothesis of e-attainment
cannot be answered conclusively at this time, as the effect
evaluation (in preparation) still needsto determine whether any
effect of theintervention can be observed on the healthy lifestyle
behaviors of adolescents.

Finally, adolescents indicated that they were not motivated by
their environment to use the app. Previous research has already
demonstrated that there would be ahigher risk of attrition when
the interventions are stand-alone apps than when they involve
guidance or support [11,15-17,83]. Attrition rates to the
#LIFEGOAL S app could potentially be reduced if some (human)
guidance or support was provided by integrating social elements
[84].

Traditionally, adolescents SES has been measured using
information about parents income, educational level, or
occupation [85]. However, adol escents often find these measures
difficult to answer [61,86]. This was confirmed here, as more
than half of the adolescents indicated that they did not know
the educational level of their fathers (110/186, 59.1%) and
mothers (101/186, 54.3%). Furthermore, it raised the question
of whether it would not be better to survey the SES of
adol escentsthemsel ves rather than parental SES, as adolescence
is seen as a developmental stage in which one strives to find
one' sown identity, independent of one's parents[85]. Therefore,
various SES indicators were included in this study to explore
whether there was a difference in attrition according to SES. In
line with previous research [75,82,87,88], the results showed
that adolescents' educational level had a significant impact on
attrition: attrition at any given time during the intervention
period was significantly higher for adolescents from the
nonacademic track compared with the academic track. The other
SES indicators, family affluence and perceived financial
situation, did not significantly affect attrition rates. Previous
research has shown that different SESindicators have adifferent
impact on the healthy lifestyle behaviors of adolescents
[45,57,89-91]. This study shows that different SES indicators
can play a different role within attrition rates as well. It is
possible that the values, norms, knowledge, and skills of
adolescents differ according to educational track, and that this
has a greater impact on their attrition rates than their financial
situation at home. Educational level is most often used as a
proxy for health literacy [92], which may thus be moreimportant
for this RQ than financial resources. In this regard, surveying
cultural (health) capital might also be an interesting SES
indicator among adolescents because it maps out the values,
norms, knowledge, and skills accumulated through education
and lifelong sociaization [92,93]. The difference in attrition
according to educational level may indicate several things. First,
adolescents in a nonacademic educational track may be less
motivated to change health-related behavior. Second, the app
(despite the integration of the narrative and chatbot) may not
have been adequately tailored to the needs and preferences of
adol escentsin the nonacademic track [82,94]. For example, the
chatbot development paper [56] showed that adolescents from
the nonacademic track were involved; however, they had less
input, especialy during the focus groups that required some
abstract thinking, than adolescents from the academic track.
Therefore, we cannot say with certainty that the components
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adequately addressed their needs. A possible way of tailoring
an intervention to people of lower affluence that has been
posited in the literature is to provide a support person during
the intervention period. Someone with whom they can have
much more direct contact and who continues to motivate them
throughout the study period, for example, by setting goals
together and encouraging each other to achieve those goals
[37,46]. Although this study did not find any significant
differencesin attrition reasons according to SES (in this study,
educational track), we definitely recommend doing further
(qualitative) research into this, as the number of responders
from the nonacademic track was very small to make conclusive
statements (12/44, 27%).

As athird RQ, this study investigated whether the duration of
the 3 different intervention components during the first week
had an impact on adolescents’ attrition rates and whether this
differed according to SES. The results indicated that the time
spent in the self-regulation and narrative components during
the first week had an influence on attrition (ie, the longer time
they spent in those components, the less likely they were to
drop out), whereas duration in the chatbot component during
the first week had no impact on the attrition rates. This may be
because the chatbot could not yet answer adolescents’ questions
accurately (enough), leading to user frustration and early
cessation of use [56]. These links should, however, be viewed
with caution, given the limited time spent in each of the
components in the first week (median of 1.41, 0.03, and 0.39
minutes, respectively). Furthermore, no differenceswerefound
according to SES (ie, educational track of the adolescent),
meaning that the duration use of the 3 components during the
first week has the same impact on attrition for each of the two
groups (academic track vs nonacademic track). At present, there
is limited research within mHealth on the components that
contribute to attrition. Just asit isimportant to investigate which
mHealth components contribute to engagement [95,96], it also
seems important to explore this for attrition, although
participants’ engagement and attrition are undoubtedly closely
linked: the stronger the engagement, the lesslikely it isto drop
out [22].

Limitations and Strengths

This study had some limitations. First, there was an
overrepresentation of adolescents from the academic track
compared with the nonacademic track in theintervention group,
aswell asin the respondents of the attrition questionnaire. This
means that few conclusions can be drawn regarding the attrition
reasons of nonacademic track adolescents. Additional research
(eg, process evaluation interviews) is needed to thoroughly
assessthe reasons, especially in nonacademic track adol escents
so that future interventions can be adopted accordingly. Second,
most of our sample (128/186, 68.8%) was of medium affluence
according to the Flemish HBSC cut points (mean of 9.12 on
family affluence), consistent with the rather high affluence of
the country [45]. This may limit the generalizability of our
findings to other countries with a lower national level of
affluence. Third, thelast item of the FASI11 regarding traveling
out of Belgiumfor aholiday or vacation last year may be biased
because of the COVID-19 pandemic and the associated travel
restrictions. Fourth, no item was added to the attrition

JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 5 [€36404 | p.159
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

guestionnaire that gauged the general motivation or need of
adolescents for behavior change; therefore, we cannot say with
certainty that adolescents did not use the app because they were
not motivated to changetheir behavior. Fifth, the attrition pattern
may have been influenced by sending the attrition questionnaire
because the log data showed that many nonusers used the app
briefly on the day they received the attrition questionnaire. Sixth,
teachers did not receive specific instructions to remind or
motivate adolescents to use the app during the intervention
period. However, if teachers in several schools handled this
differently, this might have had an impact on attrition rates. In
this study, no statements could be made about this, because the
specific input of the teacher, or the differences of the teachers
input among the schools, was not questioned. The main strength
isthat this study added to the scarce research on attrition rates
in an mHealth intervention for youth. The log data of a large
group (N=186) of adolescents aged between 12 and 15 years
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could be tracked to gain insights into their attrition pattern.
Second, SESwas measured using 3 self-reported indicators. As
different indicators measure different dimensions of SES, this
study was able to identify which indicator plays a (greater)
influence within attrition.

Conclusions

Nonusage attrition rates in this study were high. Of the total
number of adolescents, 30.1% (56/186) only opened the app on
the instalation day, indicating low motivation among the
adolescents to use the health app. Despite the efforts made by
researchers to engage |ow-SES adolescents, adolescents from
a nonacademic educational track were more likely to drop out
earlier than adolescents from an academic track. The reasons
for attrition greatly varied. Duration in the self-regulation and
narrative components during the first week may have apositive
impact on attrition rates, both for adolescents in academic and
nonacademic educational tracks.
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Abstract

Background: Delaysin the diagnosis of neurodevelopmental disorders (NDDs) in toddlers and postnatal depression (PND) in
mothers are major public health issues. In both cases, early intervention is crucial.

Objective: We aimed to assess if a mobile app named Malo can reduce delay in the recognition of NDD and PND.

Methods: We performed an observational, cross-sectional, data-based study in a population of young parents with a minimum
of 1 child under 3 years of age at thetime of inclusion and using Mao on aregular basis. Weincluded the first 4000 users matching
the criteriaand agreeing to partici pate between November 11, 2021, and January 14, 2022. Parents received monthly questionnaires
via the app, assessing skills on sociability, hearing, vision, motricity, language of their infants, and possible autism spectrum
disorder. Mothers were also requested to answer regular questionnaires regarding PND, from 4-28 weeks after childbirth. When
any patient-reported outcomes matched predefined criteria, an in-app notification was sent to the user, recommending the booking
of an appointment with their family physician or pediatrician. The main outcomes were the median age of the infant at the time
of natification for possible NDD and the median time of PND notifications after childbirth. One secondary outcome was the
relevance of the NDD natification for a consultation as assessed by the physicians.

Results: Among 4242 children assessed by 5309 questionnaires, 613 (14.5%) had at least 1 disorder requiring a consultation.
The median age of notification for possible autism spectrum, vision, audition, socialization, language, or motor disorders was
11, 9, 17, 12, 22, and 4 months, respectively. The sengitivity of the alert notifications of suspected NDDs as assessed by the
physicians was 100%, and the specificity was 73.5%. Among 907 mothers who completed a PND questionnaire, highly probable
PND was detected in 151 (16.6%) mothers, and the median time of detection was 8-12 weeks.

Conclusions: The algorithm-based alert suggesting NDD was highly sensitive with good specificity as assessed by real-life
practitioners. The app was also efficient in the early detection of PND. Our results suggest that the regular use of thismultidomain
familial smartphone app would permit the early detection of NDD and PND.

Trial Registration: Clinical Trials.gov NCT04958174; https://clinicaltrials.gov/ct2/show/NCT04958174
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Introduction

Electronic patient-reported outcomes (ePROs) by smartphone
apps have demonstrated their value in the early detection of
disease and relapse aswell asfor prevention or triage of patients
in several diseases [1-3]. Patients report symptoms using a
dedicated questionnaire. When some criteria meet a
pre-established threshold, the prescribing professional isnotified
and can intervene. Thus, ePROs can reduce delaysin diagnosis
and treatment while alleviating the burden of monitoring.

After birth, the mother-child dyad can be impacted by
impairments that are either undetected or detected too late.
Among these impairments, a neurodevelopmental disorder
(NDD) such as autism spectrum disorder (ASD) affects 1 in
166 children [4]. The averagetimeto diagnosisis approximately
4 years, whereas consensus statementsindicate that adiagnosis
could be made as early as 12 or 18 months of age [5-9].
Interestingly, parents are the main contributors to the NDD
screening of their children [10]. Other disorders that deserve
early screening are hearing disorders, which are observed in 1
in 300 children at age 3 years, and the main visual disorder in
toddlers, amblyopia, which is observed with a prevalence of
3% [11-14]. It is, therefore, crucial to provide parents with
screening tools and to recommend that they consult aphysician
at the first symptoms.

Postnatal depression (PND) of mothersisanother good example
of an underdiagnosed disorder with severe consequences.
PND—an episode of depression occurring during the first year
after childbirth—has a prevalence of 17.7% and may have a
negative impact on the synchrony or receptivity loop that is
crucial to the proper neurodevel opment of the baby [15,16].

All these disorders can benefit tremendously from early
detection by ePRO questionnairesfor parents and their children,
which would enable early intervention.

We thus developed Malo, an “all-in-one” multidomain digital
health record ePRO app for smartphones, aiming to facilitate
early screening of NDDs in children from birth to age 3 years
and PND in mothers. We assessed the performance of this app
in an observational cross-sectional, data-based study.

Methods

Ethics Approval

Weran an ecological, observational, cross-sectional, data-based
study. Our study was approved by the French National Health
Data Ingtitute (HDH approval number F20210420115840),
which ensures ethical conduct in human subject research
regarding data confidentiality and safety.

https://mhealth.jmir.org/2022/5/€38181

Population

Our users were recruited during a 2-month period, following a
French national mediacampaign that was disseminated through
social media between November 11 and 18, 2021. We selected
awide array of networks, both professional (eg, Linkedin) and
nonprofessional (eg, Facebook, Instagram, TikTok, and Twitter).
A national and regional press campaign also relayed the
following message (in print, audio, and television): “Use Mao
to improve follow-up of neurodevel opment of your toddler and
your mental burden.” Finally, we also used Google ads and
Facebook ads to encourage recruitment for this study. To
participate, individuals were required to download the app
(Malo) on the Android or Apple app stores, create an account
and electronically confirm their agreement to the applicable
terms and conditions of the app, then opt in to our research.
Enrollment in the study was strictly optional. Recruitment was
open with no exclusion criteria. The only inclusion criteriawere
to download the app and give informed consent (in-app). The
study population target was 4000 users to obtain at least 30
possible cases of ASD screened by the app.

Data Collection

Data collection was embedded in the app. Data were
anonymously collected in a French labelled health data cloud.
The approval number for our human subjects review was
F20210420115840. Respondents anonymously self-entered the
age and gender of their infants. The app aso allowed for the
entry of the children’sheight, weight, vaccination status, medical
background, and ongoing or previoustreatments. Questionnaires
and scales, each containing 25-50 questions assessing
neurodevelopment skills, were automatically submitted every
month from birth to 9 months, then at 11, 12, 16, 18, 21, 24,
30, and 36 months, and were focused on language, socialization,
hearing and vision, and motricity.

Questionnaires and notifications were based on French health
authorities reports, international recommendations, and experts
agreements [17,18].

The questionnairefor the screening of postnatal depression was
submitted every 21 days between 4 and 28 weeks after
childbirth, using a modified questionnaire of the Edinburgh
Postnatal Depression Scale adapted to self-assessment.

Threshold-Based In-App Notification

Notifications were sent automatically to the user if some
symptoms matched predefined criteria and a physician
consultation was recommended.

Regarding NDDs, once a threshold of concern was reached, 2
types of notifications were sent: type A notifications
recommended discussing their symptoms with a general
practitioner (GP) and type B notifications recommended
contacting a pediatrician.
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Regarding maternal depression, there were 3 grades of
notifications sent to the mother: grade O (score lower than 25)
was associ ated with amessage indicating that everything is ok;
grade 1 (score between 26 and 50) was associated with a
recommendation to talk about symptoms with a close relative;
grade 2 (score between 51 and 65) recommended that they
quickly discusstheir symptomswith afamily doctor; and grade
3 (score higher than 65) recommended that they meet a family
doctor as soon as possible (Multimedia Appendices 1-4).

The main outcome was the median age of possible NDD
notification of infants. The secondary outcomes were (1) the
median time of the mothers’ PND notifications after childbirth;
(2) the rates of adoption (assessed by the percentage of users
who filled in at least 1 questionnaire); (3) user satisfaction
regarding app functionality, the relevance of advice received,
and thelevel of support in child follow-up; and (4) therelevance
of the NDD notifications assessed by physicians, using aspecific
optional survey asking parents the following questions:

« Inthe past month, did your doctor detect a devel opmental
disorder in your child during a follow-up consultation?
YES/NO

- If you had a notification by Malo, did you follow the
recommendation of the app to visit a physician? YES/NO

- If YES, which health professional did you contact? GP or
pediatrician?

«  Which of the following reflects the physicians' reply? (1)
The notification is not relevant, (2) the notification is
relevant and amedical surveillance of the evolution of the
symptom is needed, (3) the advice of an expert is heeded,
or (4) atreatment is indicated.

Deniset d

Analysis
The analysis was performed when at least 4000 users

downloaded the app and filled in at least 1 infant’squestionnaire
of neurodevel opment screening.

Sensitivity, specificity, predictive positive and negative values,
and the Youden index of the algorithms triggering notifications
of suspected NDDswere cal culated according to the physician’'s
feedback. A notification was considered relevant if aphysician
suggested a specific medical surveillance of the disorder or the
consultation of an expert or atherapist.

Chi-sguare test was used in 2x2 tables to assess the statistical
association between the medical relevance of the notification
(relevant or not) and the notification results (notification or no
notification of a possible NDD). We also assessed the rate of
probable PND of mothers having a score >50 in the survey.

The level of dtatistical significance was 5% for all statistical
tests (exploratory tests).

Results

Overview

Between November 11, 2021, and January 14, 2022, 6426 users
downloaded the app, and at least 1 questionnaire was filled in
for 4242 children (fill rate=66.0%), leading to the analysis of
5309 questionnaires and 126,539 questions for pediatric
neurodevel opment assessment. Data analysis was performed at
the end of January 2022 (Figure 1).

Figure 1. Flowchart of users of the Malo app. Among 91 respondents, 54 received notification of a possible neurodevelopmental disorder requiring a
physician visit and reported the physician’s assessment of the relevance of the notification.

n=5399

Nationwide number of users of the Malo app
for a toddler (0-3 years of age)

|

n=4242

Nationwide number of users who filled in at least 1
questionnaire for neurodevelopment screening

|

|

Users who also filled in the
questionnaire for screening of
maternal postnatal depression

n=907

Users who filled in the survey about the
relevance of neurodevelopment notifications

and their satisfaction with them
n=91

The median age of the toddlers assessed by the questionnaires
was 3.9 months, and 2202 (51.9%) were boys.

https://mhealth.jmir.org/2022/5/€38181

During the 8 weeks of recruitment, among the 4242 children,
216 (5.1%) had a type A notification of a possible disorder
(recommended a GP visit), and 397 (9.4%) had a type B
notification (recommended a pediatrician visit) (Figure 2).

JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 5 [e38181 | p.168
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

Deniset a

Figure 2. Distribution of the notifications of possible neurodevelopmental disorders and their type according to the toddler’s age. There were 2 types
of notifications: type A recommended talking about the symptoms with a general practitioner and type B suggested meeting with a pediatrician.
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Children’s age

There were 0.9% (39/4242) toddlers with notifications for
possible ASD, and the median age of alert was 11 months.

Therates of possible vision and auditory disorders were 11.3%
(481/4242) and 1.8% (78/4242), respectively, and the median
age of children at the time of such aertswas 9 and 17 months,

https://mhealth.jmir.org/2022/5/e38181
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respectively. The rate of possible socialization disorders was
2.8% (120/4242), and the median age of alerts was 12 months.
The rate of possible language disorders was 1.1% (45/4242),
and the median age of alertswas 22 months. Therate of possible
motricity disorder was 2.2% (95/4242), and the median age of
alerts was 4 months (Figure 3).
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Figure 3. Number of children with possible neurodevel opmental disorders according to age (months): (A) autism spectrum disorder, (B) auditory, (C)
visual, (D) socialization, (E) language, and (F) motricity. The dashed line is the median time of detection by the app.
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Analysis of the Assessment of the Relevance of the
Alertsby the Physician

Among the 91 userswho agreed to answer the survey concerning
the physician consultation, 27 had no alert, and 64 had received
an alert of a possible NDD, which suggested a visit to their
physician.

Among users who received a notification suggesting a visit to
their physician for a neurodevelopmental issue, 84.4% (54/64)
answered “YES’ to the question “ If you had a notification, did

you follow the recommendation of the app to visit aphysician?’
Among users who visited a physician, 51.9% (28/54) met with
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a family doctor and 48.1 % (26/54) met with a pediatrician
(48.1%, 26/54).

The analysis of the clinical relevance of the alerts, as assessed
by the physician, showed a sensitivity of 100%, a specificity of
73.5%, a positive predictive value of 70.4%, a negative
predictive value of 100%, and a Youden index of 72% (P<.001).
Among the 38 children with true positive notifications of a
possible NDD suggested by the app, medical surveillance of
the evolution of the symptomswas proposed in 31 cases (81.6%
of relevant notifications), the advice of an expert was needed
in 2 cases (5.3%), treatment wasimmediately initiated in 4 cases
(10.5%), and another medical act was executed in 1 case (2.6%).
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Satisfaction Analysis

Among users who filled in the satisfaction survey, 77.4%
(82/106) reported that the app improved the follow-up of their
child, 95.3% (101/106) found the app easy to use, and 98.1%
(104/106) reported that the advice was adapted to the follow-up
of the development of their child.

Deniset d

Screening of PND

Among 907 mothers who completed PND questionnaires, 151
(16.6%) were suspected to have PND. The median time of
detection was between 8 and 12 weeks after childbirth, and 370
(40.8%) of the detections occurred before the eighth week after
childbirth (Figure 4).

Figure 4. The distribution of the results of the maternal postnatal depression screening according to the number of weeks after childbirth. Only grade

2 or 3 triggered a notification to visit a physician.

140
120 .
» 100
o
2
c
o
3 8
3 Grade 3 (score>65)
= mnGr: scor
3 ] Grade 2 (score between 51 and 65)
=
5 60 ] m Grade 1 (score between 26 and 50)
® Grade 0 (score<25)
=]
E
=]
Z 4
[
20 ]
0
0-4 4-8 812 12-16 1620 20-24 2428
Weeks after childbirth
. . NDDswas done by parents (without a dedicated ePRO) in 61%
Discussion y parents( )

Principal Findings

Our study isthefirst to prospectively assess, in a“real-world”
manner, the benefit of mother-child dyad follow-up by a
dedicated multidomain familial mobile health (mHealth)
smartphone app providing early detection of NDDsand maternal
PND.

The main result is that 0.9% (39/4242) of toddlers were
identified as potentially having ASD, and the median age of the
alert was 11 months. This is very close to the 0.6% ASD rate
in the general population [4]. Our detection age is at least 3
years earlier than what is usually observed, as the mean age of
disease detection isusually late (4-6.8 yearsfor ASD) [10].

EPROs enable users and patientsto have relevant clinical effects
on many outcomes such as quality of life, early detection of
events, and best orientation to specific care even for new
diseases such as COVID-19[1-3,19-21].

In our study, we show that ePROs may help parentsto optimize
the neurodevel opment follow-up of their children. In a recent
survey from France, the identification of the first symptoms of

https://mhealth.jmir.org/2022/5/e38181
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of casesand by ahealth professional in only 14% of cases[10].
That is why we have chosen to provide parents with a
smartphone app that allowsfor arelevant and scal able screening
of NDDs based on validated questionnaires. The instruments
allowed parents to screen for autism spectrum, language,
socialization, hearing, vision, and motricity disorders and
triggered aerts when the app recommended a consultation.
Sinceearly detection of ASD proved to be achievable and stable
by 12-18 months of age in a recent study of 1269 infants, we
found it worthwhile to provide parents with an instrument for
neurodevelopmental skills assessment asearly aspossible[5-9].
The median ages of notification for possible autism spectrum,
vision, and audition disorders were 11, 6, and 18 months,
respectively. The median ages of notification for possible
socialization, language, and motor disorders were 12, 22, and
4 months, respectively. These results are very encouraging and
confirm the feasibility and relevance of familial multidomain
screening of NDDsviaasmartphone app. Early screening alows
for early diagnosis and interventions as reported by works on
the efficacy of early treatments of cases among very young
children and recent promising studies on early interventions
[22-24]. Moreover, the early detection of visual, audition,
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language, and motor skill disordersisalso associated with better
prognosis, especialy when they are diagnosed before 3 years
of age [25-27].

We also performed an analysis of physician feedback after an
alert about apossible NDD. Most users (54/64, 84.4%) followed
the recommendation of the app to visit their family doctor or
pediatrician after an alert. The physician agreed with the
relevance of the aert in 70.4% of cases (predictive positive
value). Among this 70.4%, the physician triggered a specific
medical surveillance in 81.6% of notifications or initiated a
treatment or referred parents to an expert. The sensitivity and
the negative predictive value of notifications were 100%, and
the specificity was 73.5%. Although these data are declarative
by users and ASD diagnosis was not directly confirmed by
physicians, we can suppose that the specificity of the ASD
notifications is close to Pierce et a’s [9] results, showing an
overall stability or specificity of an autism spectrum diagnosis
of 84% at earlier than 18 months of age through a universal
screening program in primary care. In a recent diagnostic
accuracy study including 13,511 children aged 11-42 months,
Barbaro et al [28] showed an 83% positive predictive value and
99% estimated negative predictive value of the Social Attention
and Communication Surveillance-Revised tool for autism
identification when it was used by nurses for 12-month-old
children. Our results seem to be similar when parents perform
a screening using our app.

To improve the neurodevelopment of the child, we added an
early PND screening tool to the ePRO instrument because PND
iswell known to disrupt the crucial mother-infant relationship
on which optimal child development depends. It is the most
common complication associated with childbirth, and it may
exert harmful effects on children such asincreased risk of ASD
[29]. It isusually underdetected or detected after many months.
Theearly treatment of PND is effective and does not necessarily
require drugs to improve symptoms in the earliest stages[30].
Its prevalencein Franceis 18% and we found that 151 (16.6%)
of users had probable PND in our cohort. Interestingly, 40.8%
of the detections occurred before the eighth week after
childbirth, which is within the recommended time frame to
begin treatment for this underdetected disorder [15,16]. Asthe
app sent notifications to the user recommending a visit to a
family doctor if depression was suspected, we think that this
early screening may contribute to an improvement in care and
may reduce the negative impact of PND on pediatric
neurodevel opment.

Therate of userswhofilledin at least 1 questionnaire regarding
toddler neurodevel opment was high (66.0%) and the rate of
parents who followed recommendations for an early visit to the
physician was 84.4% (54/64). Thisunderscores parents' interest
and confidence in this instrument, as the average response rate
reported in the literature for general eHealth appsis 49% [31].
We made the choice to incorporate 2 domains of health
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assessment in a single smartphone to avoid requiring families
to use 2 separate apps.

The levels of satisfaction were also high (between 77.4% and
98.1% according to the assessed domains) and contributed to
the high rate of adoption. A high level of satisfaction for eHealth
solutions is defined as rates higher than 75% [32,33].

Study Limitations

Limitations of our study are the following. First, sample
selection bias is aways possible in the absence of
randomization, due to social media recruitment modalities and
because using the mobile app requires possession of a
smartphone. We could have asked users questions about their
educational level, practice classification (rural or urban),
technical experience, and marital status, but we designed the
app to collect as little persona data as possible. However, the
very high rate of smartphone penetration in France (92% in a
2018 survey) among people aged 25-39 years led usto believe
that the risk of a selection bias associated with smartphone use
was low. Nonetheless, we do note that parents without
smartphones cannot benefit from the app [34].

Because the socia media recruitment strategy could have
selected for more employed people in urban areas, we
complemented the recruitment with national and regional press
campaigns and the support of health insurance companies who
also phoned and sent postal mail to members in the required
age group. In France, everyone aged 25-45 years has basic and
complementary health insurance; therefore, we think wereached
as many potential users as possible, regardless of their
socioeconomic status. However, the women who agreed to
participate in the PND study may more likely have been
first-time mothers with a higher level of education compared
to the general population. This was recently observed in a
longitudinal study from Italy on predictors of PND [35]. The
impact of this potential selection on the PND screening rateis
probably low, as the observed incidence result in our study
(n=151, 16.6%) is close to the rate in the general population
(17.7%) [16]. The second limitation was that the data were
declarative by userswith acomparative arm, and ASD diagnoses
were not directly confirmed by physicians. Third, the attrition
rate (ie, the discontinuation of eHealth app use) was not
assessed, but it could beinteresting to study whether the benefit
of early detection of NDD ismaintained over time by prolonged
use [36].

Conclusions

To our knowledge, this multidomain mHealth app dedicated to
both the early detection of NDDs in toddlers and the early
detection of maternal PND isthefirst app with real-life data of
clinica relevance on this topic. Results suggest that a
multidomain familial mHealth app is suitable and effective for
regular use in the mother-child dyad follow-up.
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Abstract

Background: Patients suffering from inflammatory bowel disease (IBD) frequently need long-term medical treatment. Mobile
apps promise to complement and improve IBD management, but so far there has been no scientific analysis of their quality.

Objective: Thisstudy evaluated the quality of German mobile apps targeting IBD patients and physicianstreating IBD patients
using the Mobile Application Rating Scale (MARS).

Methods: The German Apple App Store and Google Play Store were systematically searched to identify German IBD mobile
apps for patient and physician use. MARS was used by 6 physicians (3 using Android smartphones and 3 using iPhones) to
independently assess app quality. Apps were randomly assigned so that the 4 apps with the most downloads were rated by all
raters and the remaining apps were rated by 1 Android and 1 iOS user.

Results: Intotal, we identified 1764 apps in the Apple App Store and Google Play Store. After removing apps that were not
related to IBD (n=1386) or not available in German (n=317), 61 apps remained. After removing duplicates (n=3) and apps for
congresses (n=7), journals (n=4), and clinical studies (n=6), as well as excluding apps that were availablein only 1 of the 2 app
stores (n=20) and apps that could only be used with an additional device (n=7), we included atotal of 14 apps. The app “CED
Dokumentation und Tipps” had the highest overall median MARS score at 4.11/5. On the whole, the median MARS scores of
the 14 apps ranged between 2.38/5 and 4.11/5. As there was no significant difference between iPhone and Android raters, we
used the Wilcoxon comparison test to calculate P values.

Conclusions: The MARS ratings showed that the quality of German IBD apps varied. We al so discovered adiscrepancy between
app store ratings and MARS ratings, highlighting the difficulty of assessing perceived app quality. Despite promising results
from international studies, there is little evidence for the clinical benefits of German IBD apps. Clinical studies and patient
inclusion in the app development process are needed to effectively implement maobile apps in routine care.
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Introduction

In the era of COVID-19, telemedicine has become an
indispensable cornerstone in the effort to maintain care of
patientswith chronic diseases[1-5]. Immunosuppressed patients
areafragile population, pronetoinfectionsin general, especialy
if they use corticosteroids [6-9]. Avoiding unnecessary
face-to-face hospital visits is essential to lower the risk of
infection. Remote monitoring tools, such as mobile apps [10]
and video consultations [3,11] enable patient-physician
communication even during the pandemic.

As inflammatory bowel disease (IBD) often affects younger
people[12] who grew up interacting with mobile apps (ie, digital
natives), IBD appsrepresent agreat opportunity to improve the
management of IBD patients [13]. In most cases, IBD requires
life-long treatment and monitoring. One of the main goals of
therapy isthe prevention of disease relapses once remission has
been achieved. Tight monitoring of clinical symptoms is key
to ensure an adequate level of immunosuppression, control of
disease activity, and quality of life. Hence, it is essential to
monitor symptoms such as stool frequency, stool consistency,
urgency, rectal bleeding, abdominal pain, and extraintestinal
symptomsto identify disease relapses as early as possible [14].
Telemonitoring via mobile apps alows more patient-related
datato be collected continuously and on demand to individually
adapt therapy to each patient. Furthermore, this data can be used
to generate insights into treatment efficiency, side effects, and
the detailed progression of the disease.

Anincreasing body of evidence supportsthe use of mobile apps
inIBD, asin other chronic diseases[15,16], to increase quality
of life and medication adherence, to improve patient outcomes,
and to decrease health care costs in chronic diseases such as
type 2 diabetes [17], chronic obstructive pulmonary disease
[18,19], and chronic heart failure [20,21]. In IBD, mobile health
(mHealth) interventions to monitor patients have been shown
to reduce health care visits by 33% and reduce hospital
admissions without increasing disease activity or decreasing
patient satisfaction [22]. In November 2019, the German
government passed a law, the “Digitale-Versorgung-Gesetz
DVG,” that allows a consulting physician to prescribe apps,
similar to prescriptions for medical devices and drugs [23]. In
order for an app to become permanently eligiblefor prescription
via the law, a company needs to provide supporting scientific
evidence. This evidence has not been provided for IBD apps
that are freely available in app stores. We therefore believe it
is crucia to assess the quality of these freely available
IBD-related apps to adequately inform potential users.

Accordingly, theaim of thisstudy wasto review current publicly
available German IBD appsfor patientsand physiciansand rate
their quality using the Mobile Application Rating Scale
(MARS). MARS was developed in 2015 to objectively assess
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mHealth apps. It has 5 main sections (with subitems), including
engagement, functionality, aesthetics, information quality, and
a subjective section [24]. MARS has been used to evaluate
several types of eHealth apps, such as apps for rheumatol ogy
[25], food allergies and intolerances [26], management of low
back pain [27], depression self-management [28], and pain
management [29].

Methods

Selection of Mobile Apps

We identified available apps with an extensive search in the
German Apple App Store and Google Play Storein April 2020.
The search included the following keywords: “Morbus Crohn,”
“Colitis ulcerosa” “CED,” “Chronisch entziindliche
Darmerkankungen,” “IBD,” “Crohn’s disease” “ulcerative
colitis” “UC,” “inflammatory bowel disease,” “Crohn,” and
“colitis” The search was carried out semiautomatically, initially
using a web crawler to retrieve available apps. The app store
descriptions for the available apps were read by 2 raters (K
and MG), who then manually screened them for the inclusion
and exclusion criteria. The screened apps did not have to be
IBD specific, but had to at |east be health specific. For example,
they had to include functions such as medication reminders,
toilet finders, or symptom diaries. Disease-specific apps that
targeted other diseases were not considered to fit the inclusion
criteria. Apps were included if they were (1) in the German
language, (2) available in both app stores, (3) targeted patients
or physicians, and (4) were clearly designed for IBD treatment,
were relevant to IBD, or were at least relevant to health in
general. Apps were excluded if they were (1) only usable with
an additional device, (2) congress apps, (3) journal apps, (4)
apps only available to study participants or physicians, or (5)
inactive apps.

App Evaluation

All 6 raters were physicians completing their internal medicine
fellowships. Half the raters (n=3) used iPhones and the other
half (n=3) used Android smartphones. Asrecommended by the
developersof MARS, al participating raters viewed the training
video by Stoyanov et a [24] before rating the apps, and the
raters tested each app for at least 10 minutes. The different
MARS rating aspects were discussed by the team in advance.
The selected apps were downl oaded and rated between July and
October 2020. All the raters (n=6) tested 4 of the final 14 apps
(with most downloaded from the app stores), and the remaining
10 apps were randomly allocated, so that each remaining app
was rated by 1 iPhone and 1 Android user.

Statistical Analysis, Additional App Functions and
App Store Ratings

Statistical analysiswasimplemented following the same design
as Knitza et a [25], who recently performed an analysis of
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German mobile apps for rheumatology. MARS section scores
were calculated by taking the arithmetic mean of the score for
each item in asection, with the overall score being the arithmetic
mean of the section scores (excluding the subjective quality
score). Overall scores and section scores were summarized as
the median and range for each app, and apps were ranked based
on the median overall MARS score. We analyzed item score
deviations by section and rater using a random intercept—only
mixed-effects linear regression model including the individual
item scores as the dependent variable, a random effects term
for the rater, and nested random effects terms for the MARS
section and app. Using random intercepts from this model, we
estimated how the item scores in each section for each app
deviated from the overall mean item score to rank and plot the
importance of the sectionswithin each app. Similarly, we plotted
the random effect intercepts and respective 95% Cls for the
ratersto rank theratersby their deviation from the overall mean
item score as a measure of rater bias. Random intercept and
fixed effect term Cls spanning both sides of 0 were considered
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insignificant. Finally, we analyzed interrater agreement at the
item, section, and overall score levels for raters from a rater
sample asthe | CC2k (2-way random, average measures, absolute
agreement). All data analysis was performed using the
open-source R software package (v 3.5.3; R Foundation).
Mixed-effect analysiswas carried out using the Ime4 R package.

Additional app functions and information are shown in Table
1. The result section was generated by manually screening the
final apps, checking the home page of the developers of the
apps, and reading the descriptions of the appsin the 2 different
app stores. This search was performed by 1 of the 6 raters (MG).
The following information was systematically assessed: target
group, target disease, developer of the app, app category and
technical aspects, studiesavailable, medical product, and privacy
policy. For the screening of available studies, we additionally
searched PubMed and Google Scholar for the app names. MG
manually collected the app store ratings and the number of
ratings from both app stores on Aug 24, 2021.

JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 5 [€31102 | p.178
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH Gerner et a
Table 1. Characteristics of the included IBD? apps.
App name Target  Target disease Developer Category and technical aspects Studies  Medica  Privacy
group available product  policy
available
De Diagnose Patients Nonspecific ~ Progressive Programming Diagnostic support, video, audio  No No Yes
files
Symptomate Patients Nonspecific  Infermedica Diagnostic support No? Yes Yes
Deutsches Gesund-  Patients Nonspecific ~ HealthCom GmbH Education, scientific articles, Sm- No No Yes
heitsportal pcS
Gesina Patients Nonspecific ~ GesundHeits GmbH Diary, education, video call, toilet  No Yes Yes
Deutschland finder, video files
Foody Patients Nonspecific ~ Martin Stemmle, Diary, report function No No No
independent developer
Carenitiy Patients Nonspecific ~ Carenitiy, Else Care SAS  Socia network, education, video  No No Yes
files, nutrition recommendation
Stuhlgang Protokoll  Patients Nonspecific  digitalsirup GmbH Diary, stool protocol, report func- No No Yes
tion with statistics and charts
Das Schmerztage-  Patients Nonspecific ~ Griinenthal GmbH Education, reminder, paindiary, No No Yes
buch-Pain Tracer report function
Manage My Pain Patients Nonspecific ~ ManagingLife, Inc. Diary, report function, medication  yed No Yes
reminder, password protection
Alarm Medika- Patients Nonspecific ~ Medisafe Project Ltd., Diary, reminder, report function ~ No No Yes
menten Einnahme/ Medisafe Europe
Medisafe
Mediteo Patients Nonspecific ~ Mediteo GmbH Diary, reminder No Yes Yes
CED Dokumenta- Patients IBD Abbvie GmbH& Co KG Diary, toilet finder, education, re-  No No Yes
tion und Tipps port function, medication re-
minder, stool protocol, password
protection
CED-Forum Patients IBD CrossAChan- Diary, education, social network, No No Yes
nel—Gesellschaft fur digi- medication reminder, toilet finder
talesHealthcare Marketing
GmbH
CaraCare Patients Intestinal diss HiDoc Technologies Diary, education, reminder, audio  yedf Yes Yes
ease® GmbH files, report function, nutrition

recommendations

4BD: inflanmatory bowel disease.

€Intestinal disease: IBD, irritable bowel/gut syndrome, or gastroesophageal reflux disease.
5The devel oper website states that clinical studies are available, but they could not be identified using Google Scholar or PubMed.

¢SmPC: summary of product characteristics.
Ry anage My Pain—related studies [30-32].
fCara Care—related studies[33].

Results

App Screening and Inclusion

We initidly retrieved 1764 apps using the web crawler. We
removed 1386 apps because they were not related to IBD, 317
apps because they were not availablein German, 5 apps because
they were used for congresses, and 6 clinical study apps. We
also excluded 7 apps because they required an additional device,
most frequently afecal calprotectin test device. Several of these

https://mhealth.jmir.org/2022/5/€31102
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device-specific apps required an invitation for user registration
or required a specific calprotectin test kit (eg, the partner apps
from Abbvie, CalApp/IBDoc by Buhlmann Laboratories, and
the CalproSmart by Calpro AS). The QuantOn Cal app was
only usable with the specific QuantOn Cal test kit. Of the
remaining apps, 20 were only availablein 1 of the 2 app stores
and were aso excluded, as were 4 journal apps, 3 duplicates,
and 1 inactive app. We included afinal total of 14 appsin the
MARS analysis (Figure 1).
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Figure 1. Flowchart of the app selection process.
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Characteristics of the Mabile Apps

Only 3 of the 14 rated apps (21%) addressed IBD in general,
and none of them were specific to Crohn disease or ulcerative
colitis. The other 11/14 apps (77%) were not |BD-specific but
were relevant to IBD in other ways, such as by including pain
and medication diary functions, stool protocols, or atoilet finder
(see Table 1).

Importantly, we found that al of the final 14 analyzed apps
addressed patients; none of them directly targeted physicians.
A diary function was included in 9 of the 14 apps (64%);
depending on the app, patients could track pain, frequency of
defecation, or eating habits. A public toilet finder wasincluded
in 3 of the 14 apps (21%). Most of the apps had a reminder
function, whether for appointments or medication. CED Forum
was the only 1 of the 14 final apps that provided IBD patients
an IBD-related social media platform with features similar to
conventional social media platforms. It provided chatrooms on
topics such as medication, symptoms, and other personal
experiences, aswell asdiet.

https://mhealth.jmir.org/2022/5/€31102
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Most of the apps were developed directly or indirectly by
subcompanies of pharmaceutical companies. The app Carenity
enabled patients to complete surveys for scientific studies;
several of these can be found on PubMed or Google Scholar
[34,35]. Patients did not receive compensation for completion.
The app Deutsches Gesundheitsportal was the only app to
directly quote research and to include articles and chapters[36].
There were also some studies based on the app Manage My
Pain [30-32]. A past study analyzed patient adherence and
acceptance for this app [37]. We identified 1 German study of
the app Cara Care, which isfor irritable bowel syndrome [33].
We classified 3 of the apps (3/14, 21%) as medical products
[38-4Q].

App Ratings

Overall, app quality was varied. Median MARS scores ranged
between 2.38/5 and 4.11/5. Figure 2 showstheindividua MARS
scores assigned by individual raters.
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Figure2. Overall MARS ratings.
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There was no significant difference between the iPhone and  and for individual item score (ICC2k 0.84, 95% CI 0.81-0.86).

Android raters (P=.64, V=111.5). Rater agreement on the overall
MARS score was good at the app level (ICC2k 0.84, 95% ClI
0.68-0.93), for section score (ICC2k 0.82, 95% Cl 0.76-0.88),
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Random intercepts for observers from the mixed-effects model
are presented in Figure 3.
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Figure 3. Rater deviationsin item scores.
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The median total MARS and section scores are displayed in  Multimedia Appendix 1 showsthat the subjective quality section
Table 2, as are the respective app store ratings and number of  was rated systematically lower than the random intercept for
ratings of the respective apps. The MARS sections with the  each app. Otherwise, no systematic item score deviations were
highest scores were functionality and aesthetics, with median  observed.

scores of 4.12 and 4.00, respectively. Subjective quality had

the lowest section score with a median of 2.88.
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Table 2. Descriptive statistics for MARS? score depending on raters and app store ratings.

Appname  MARS score, median iPhone An- MARS section score, median (range) GooglePlay  Apple App
(range) raters, droid Store Store
n raters,
n
Total Android iPhone Aesthet- Engage- Func- Informa  Subjec- Rat- Num- Rat- Num-
ics ment tionality tion tivequali- ing berof ing  berof
ty ratings ratings
Alarm 3.56 397 316 1 1 4.17 3.30 4.00 3.48 2.88 46 21631 45 2258
Medika- (2.98- (346- (3.16- (365  (3.03- (164
menten-Ein-  4.14) 488) 344 435 393 412
nahme
CaraCare  3.89 332 397 3 3 4.17 4.00 4.25 371 3.00 46 2092 48 3100
(342- (271- (3.82- (345 (330- (362 (344 (218
4.36) 3.93) 4.12) 4.89) 4.70) 4.88) 3.98) 3.82)
Carenity 3.93 3.94 393 1 1 4.67 3.80 4.12 3.69 3.38 46 134 5 1
(3.92- (467- (352- (394 (366- (320
3.94) 4.67) 4.08) 4.30) 3.72) 3.56)
CED Doku- 4.11 3.79 4.44 3 3 4.50 4.10 4.75 4.00 3.62 35 118 43 15
mentation (354- (3.07- (399 (363 (3.16- (446- (3.60- (274
und Tipps  4.68) 4.51) 4.89) 5.00) 5.00) 5.00) 4.40) 4.50)
CED Forum 3.97 3.95 407 3 3 4.00 4.40 4.00 3.76 3.50 38 209 37 30
(372- (374 (374 (358- (406 (371- (331- (279
4.22) 4.16) 4.4) 4.42) 4.74) 4.29) 4.21) 4.21)
Das 3.17 2.93 341 1 1 3.67 3.10 4.12 321 1.75 37 86 3.7 15
Schmerztage-  (2.83- (320- (268- (394- (315 (104
buch 3.51) 414) 352 43 327)  2.46)
Deutsches  3.90 3.92 389 1 1 4.00 3.80 4.38 421 312 42 64 5 6
Gesundheit-  (3.88- (353 (267- (38 (34 (259
sPortal 3.92) 4.47) 4.93) 4.91) 4.98) 3.65)
Diagnose 2.38 2.74 2.02 1 1 2.00 2.40 3.75 2.50 1.25 45 7179 38 23
MedizinApp (1.87- (059- (212- (234 (250- (125
2.89) 3.41) 2.68) 5.00) 2.50) 1.25)
Foody 3.48 3.68 327 1 1 3.33 3.30 4.12 3.50 312 42 225 45 268
(3.19- (286- (288- (394 (279- (259
3.77) 3.8) 3.72) 4.30) 4.21) 3.65)
Gesina 357 3.60 355 1 1 4.67 3.30 3.62 3.77 2.50 36 82 43 70
(353 (420- (316- (344 (316- (250
3.61) 5.00) 3.44) 3.80) 4.38) 2.50)
Manage My 3.43 3.08 3.6 3 3 3.83 3.30 4.00 331 2.88 46 258 33 3
Pain (297- (238 (34 (315- (271- (348 (305 (215
3.89) 3.78) 3.8) 4.51) 3.89) 4.52) 3.57) 3.61)
Mediteo 3.65 3.39 391 1 1 4.00 4.00 4.12 3.50 2.62 4.3 6.511 46 11.092
(3.29- (4.00- (372- (394 (3.03- (138
4.01) 4.00) 4.28) 4.30) 3.97) 3.86)
Stuhlgang 3.35 3.36 334 1 1 3.83 3.20 450 297 225 44 190 46 31
Protokoll (3.34- (359- (263- (379- (245 (190
3.36) 4.07) 3.77) 5.00) 3.49) 2.60)
Symptomate  3.95 3.94 397 1 1 4.67 3.60 5.00 3.62 2.88 45 3142 44 8
(3.93 (4.2- (3.03- (5.00- (344- (2.70-
3.97) 5.00) 4.17) 5.00) 3.80) 3.06)

@Vl obile application rating scale
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Discussion

Comparison to Previous Work

To our knowledge, no high-quality analysis of German IBD
apps has yet been carried out. Our work was intended to inform
patients and physiciansalike about IBD apps based on theresults
of structured and objective testing criteriain order to guide and
facilitate the selection and inclusion of appropriate IBD apps
in the clinical routine.

In contrast to a previous analysis in rheumatology that used a
similar search strategy [25], we did not find a single app that
targeted physicians as users. Thisreflects an untapped potential
and an opportunity, asphysiciansareincreasingly using medical
apps [41,42].

Only afew (3 of 14) of the rated apps were IBD specific: CED
Dokumentation und Tipps, CED Forum, and Cara Care. None
were specific to Crohn disease. Considering the relatively high
incidence and prevalence of IBD [43], it was surprising that we
could not identify a single disease-specific IBD app, either for
Crohn disease or ulcerative colitis. In contrast, a previous
analysis discovered multiple disease-specific German apps for
rheumatic disease [25], including such comparatively rare types
as systematic lupus erythematosus [44]. Overdl, the retrieved
apps addressed various patient-relevant functions and topics,
but a single disease-specific app with combined app features
would likely be more frequently and regularly used by IBD
patients. Furthermore, such an app could include more specific
topics, such as the fistulas associated with Crohn disease and
IBD-associated arthritis or uveitis [45,46].

Principal Findings

In generd, information quality wasrated rather poorly compared
to aesthetics and functionality, representing another unmet need.
As information concerning medication and disease are the top
2 features requested by patients suffering from chronic
inflammatory rheumatic diseases[47], weinfer that IBD patients
likely also need thisinformation. Accordingly, we are currently
carrying out a patient survey to validate this assumption.

CED Dokumentation und Tipps was the app with the highest
MARS score. This app was IBD specific and had several extra
functions, such asamedication and appointment reminder, toilet
finder, and diary function, that could be used to document pain
level, stool frequency, weight, and eating habits. This app also
provided nutrition recommendations, password protection, and
had an especially intuitive interface and design.

Most of the apps were designed by pharmaceutical companies
and did not explicitly report involving patients in their design.
Notably, and in linewith previousfindings, very few supporting
studies could be identified [25]. The app Deutsches
Gesundheitsportal was the only app providing evidence (by
quoting studies), while the app Carenity enabled patients to
complete surveysfor clinical studies. There was only one app,
Manage My Pain, for which studies were avail able on function
and patient adherence [30,32,37]. Another shortcoming of the
examined apps was that none offered | BD-specific scores, such
as the partial Mayo score for ulcerative colitis [48] or the
Harvey-Bradshaw Index for Crohn disease [49].

https://mhealth.jmir.org/2022/5/€31102
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In order to be eligible for prescription in Germany, devel opers
need to provide evidence for the usefulness of their app. Only
1 of the 14 included apps, Cara Care, is expected to be among
the first eligible apps in Germany related to irritable bowel
syndrome and IBD. The devel oper homepage states that Cara
Careisalready digiblefor prescription for patientswith irritable
bowel syndrome and that the devel oper has applied for eigibility
for patients with IBD [50].

Outlook

This study excluded apps for which a device was necessary for
their use, such as the PartnerApp by Abbvie and QuantOn Cal,
which both require a fecal calprotectin test device [51,52]. In
our web search, we observed that these were the only devices
with accompanying apps that could monitor inflammation
activity in the bowel. In the future, these devices might be
effective complementary appsthat could provide objective data
about actual disease status and other objective parameters,
enabling improved remote monitoring.

Fecal calprotectin can predict relapsesin IBD and indicate the
responseto medical treatment [53]. Furthermore, normalization
of fecal calprotectin has recently been recommended as a
treatment target in both ulcerative colitis and Crohn disease in
the STRIDE (selecting therapeutic targets in inflammatory
bowel disease) statements [54].

In several countries, including the United Kingdom and United
States, IBD centers have already devel oped models for the use
of telemedicine and have reported positive outcomes, such as
decreased costs, decreased travel time, and reduced overall time
for medical visits for patients [55-57]. Video consultations are
used in most of these models. To the best of our knowledge,
mobile apps have not been included in any of these models.

Some of the apps rated in our current study had a function
allowing the creation of summary reports, for example of the
last 3 months. Such reports can provide the treating physician
a much more detailed and regular overview of the patient’s
status, including treatment response and disease progression.
The use of an additional app developed by a patient organization
could be a useful supplement for improving telemedicine in
IBD. Based on our study results, we suggest including the
following disease-specific information in such apps. current
therapy options (including evidence from major relevant clinical
studies) and disease-specific scores, such as the
Harvey-Bradshaw Index for Crohn disease [49] and the partial
Mayo score for ulcerative colitis [48]. All major stakeholders,
including patients, gastroenterol ogists, and scientists should be
part of the app development process. In addition, studies of
individual apps should be conducted to investigate their clinical
and economic benefits and safety. Furthermore, the apps should
be available in both app stores so that a recommendation can
be made that is independent of the operating system. The
developers of the apps should also be clearly identifiable.
Finaly, easy and secure data transmission to heath care
professional s should be ensured.

In the future, it may make sense to integrate the MARS score
into the respective app storesin order to provide a standardized
evauation unit as an orientation aid for users. The
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implementation of MARS scores has been useful for the
re-evaluation, optimization, and development of apps by
revealing possible weaknesses of the apps and waysto improve
them in a targeted manner. Evaluation with MARS should be
carried out by patients and physicians as well as researchers,
since future apps should ideally include 2-way communication
and data exchange.

Limitations

This study has several limitations. Importantly, the apps were
all rated by physicians; no patients were included. Therewasa
clear discrepancy between the physician MARS ratings and
user ratings in the app stores, suggesting that there would also
be significant differencesin MARS scoresif the same app was
rated by adoctor and by apatient. To addressthisin afollow-up
study, the results of this study will be discussed in a patient
focus group and areduced number of appswill be evaluated by
patients. The | BD-specific apps had asignificantly lower number
of ratings compared to the non—disease-specific apps, which
we consider was most likely due to the smaller target group.
Using theweb crawler, we performed an objective and automatic
initial app search, similar to previous studies [58,59].

Gerner et d

Nevertheless, some IBD apps may not have been recognized
by our search strategy and might have been overlooked.
Similarly, only apps available in both app stores were included.
No detailed data safety analysis was performed, and we only
assessed the availability of privacy policy information. Some
apps also offered password protection. We excluded apps from
our study that required additional devices, such as calprotectin
test devices, because most of them were only accessible within
specific clinical study programs and no funding was available
to buy the devices. As some studies have already shown, the
use of additional devices to provide objective and predictive
laboratory data, such as from fecal calprotectin tests, is very
useful for disease management and improves treatment
[15-17,22,53,54]. Theimmense speed of mHealth devel opment
isalso ageneral limitation on research in this area.

Conclusion

Our current study shows that at the moment, only a limited
number of IBD-related apps are available to patients, and none
are available to physicians. We found that app quality was
varied, and we observed a general absence of clinical evidence
and patient involvement.
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Abstract

Background: Women's mobile health (mHealth) is a growing phenomenon in the mobile app global market. An increasing
number of women worldwide use apps geared to female audiences (female technology). Given the often private and sensitive
nature of the data collected by such apps, an ethical assessment from the perspective of data privacy, sharing, and security policies
is warranted.

Objective: The purpose of this scoping review and content analysis was to assess the privacy policies, data sharing, and security
policies of women's mHealth apps on the current international market (the App Store on the Apple operating system [iOS] and
Google Play on the Android system).

Methods: We reviewed the 23 most popular women's mHealth apps on the market by focusing on publicly available apps on
the App Store and Google Play. The 23 downloaded apps were assessed manually by 2 independent reviewers against a variety
of user data privacy, data sharing, and security assessment criteria.

Results: All 23 apps collected personal health-related data. All apps allowed behavioral tracking, and 61% (14/23) of the apps
allowed | ocation tracking. Of the 23 apps, only 16 (70%) displayed a privacy policy, 12 (52%) requested consent from users, and
1 (4%) had a pseudoconsent. In addition, 13% (3/23) of the apps collected data before obtaining consent. Most apps (20/23, 87%)
shared user datawith third parties, and data sharing information could not be obtained for the 13% (3/23) remaining apps. Of the
23 apps, only 13 (57%) provided users with information on data security.

Conclusions: Many of the most popular women's mHealth apps on the market have poor data privacy, sharing, and security
standards. Although regulations exist, such as the European Union General Data Protection Regulation, current practices do not
follow them. The failure of the assessed women’s mHealth apps to meet basic data privacy, sharing, and security standardsis not
ethically or legally acceptable.

(JMIR Mhealth Uhealth 2022;10(5):€33735) doi:10.2196/33735

KEYWORDS

mHealth; women’s health; ethics; privacy policy; data sharing; privacy; data security; data transparency; femtech; mobile apps;
mobile health

services used by mobile phones and tablets are called mHealth
apps[1]. Mobile apps were first introduced by Apple and then
by Google Play in 2010. Since then, apps have been frequently
used by mobile device users[2]. According to Statista, which
reports on data related to the number of apps available on the
leading app stores, 3.48 million apps were available on Google
Play inthefirst quarter of 2021, and 2.22 million were available

Introduction

Background

Mobile heath (mHealth) is defined by the World Health
Organi zation (WHO) as mobile apps and wearable devices used
for health care. Software programs that provide health-related
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onthe Apple App Store. Among the most popul ar apps are those
in the category of health and fitness [3]. The growing number
of mobile apps, including mHesalth apps, has produced ademand
for health services and increased access to health information
by mobile app users[1].

Women'’s health is a field that focuses on the effect of gender
on disease and health and encompasses a range of biological
and psychosocial issues [4]. Women's health is broad and
consists of several dimensions: sexual and reproductive health
(including pregnancy, sexualy transmitted diseases, and
menopause), physical health and life expectancy (including
nutrition, exercise, and weight management), and mental health.
The aforementioned dimensions of women’s health are those
that are commonly characterized on the mHealth market [5]. In
our study, we explored what is available on the market under
the topic of women’s health.

Hundreds of thousands of apps provide services for women on
the Apple App Store and Google Play. These apps monitor
women's health and bodily functions, including ovulation,
pregnancy, breastfeeding, menstrual cycles, physical activities,
mental health, mood levels, stress, and sleep [2]. Millions of
people worldwide use women’s health apps [6]. The topics
covered by women's health apps include fitness, lifestyle
management, nutrition, diet, reproductive health, medication
adherence, and disease management. However, fewer apps are
directly related to women'’s sexual health and fertility than to
diet and exercise [7]. A WHO report recognized that
reproductive, maternal, newborn, and children’s health have
been a priority for mHealth services in alignment with WHO
initiatives, such as the Millennium Development Goals and
Every Woman Every Child [1]. In the same report, the WHO
recommended the use of women’s mHealth appsin rural areas
and low-income countries. Notably, low-cost women’s mHealth
apps tend to increase their popularity, especially among rural
and low-income countries [8].

In the market, femtech (femal e technol ogy; ie, technology geared
to female audiences) is an industrial term. Femtech refers to
technology rel ated to women’s heal th, such as software, services,
diagnostics, or products [9]. The term femtech was coined by
the cofounder of Clue, one of the most famousfertility-tracking
companies. In her blog, Tin [10] stated that “what female health
needs through technology isfemtech.” Because half of the global
population is female, investment in femtech is growing
according to demand [9]. Femtech firms have received
significant investment funding. In 2012 aone, they attracted
US $57 million; this number increased to US $392 million in
2018 and reached US $2.3 hillion in 2020 [11]. This hasled to
the design of a business model that focuses on individual
empowerment involving self-designated women’'s health
technologies. Women-centered technology is a new concept
that has been gaining popularity in the market and has been
related to the increased observability of women's health issues
[12]. This huge growth and expansion in the femtech market
comes with the price that some of these apps use the data they
collect to generate profit. This occurred, for example, in the
case of Bounty UK, a pregnancy and parenthood website and
app; the UK Information and Commissioner’s Office found that
the company supplied and sold datarel ated to pregnant women,
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new mothers, and infants to a third party “without being fully
clear with people that it might do so” [13].

In the sociocultural context, women'’s bodies have always been
characterized as fluctuating and requiring a high amount of
self-regulation. Technology has become a tool for women to
oversee their bodies and health [2]. In addition, women are
considered to carry the most responsibility in the reproductive
health process, from preventing pregnancy to monitoring it until
delivery [14]. Motherhood, asin the sociocultural structure, can
still affect women in terms of shaming and blaming, including
domestic violence, which is strongly associated with unwanted
pregnancy and abortion [6]. Furthermore, alack of knowledge
about fertility and the cultural reservation around it encourages
women to use mHealth apps to obtain more clarity and
awareness in this domain without needing to ask publicly [15].
Sociocultural norms make women more vulnerable in the new
tech era[12]. Issues related to women's bodies that are taboo
in some cultures influence the demand for and use of women’s
mHealth apps. In most reserved, family-oriented societies,
women are expected to conceive achild. Women use these apps
as an alternative method to protect themselves from cultural
shame [16]. However, stigma about abortion and pregnancy
leads some ideological campaigns to use these data to prevent
women from obtaining help [6]. Women are under surveillance
in some political structures; some states keep track of women's
periods to become aware of any acts of abortion that could be
indicated from thisinformation [17]. For example, the Missouri
government kept records of women’s periodsin clinicsto flag
any abortion attempts [18]. Moreover, the ideal body image of
women—an image that is thin but robust, sporty, and
sexualized—has been commercialized, influencing the femtech
industry to design apps for women that encourage women to
strive toward this body image. This has provoked the need and
increased the demand for such apps [2]. Women dealing with
all theseissues are placed in avulnerable position because they
are considered responsible for infertility, are pressured to
conceive a child at a certain age or prevent pregnancy, and feel
the need to maintain a certain body image [6]. In summary, the
need and responsibility of women to conceive a child, prevent
pregnhancy, or obtain an abortion generates a high demand for
women to usethese apps. Cultural shame of women’sinfertility
or weight management leads them to use these apps as a safe
zone. Therefore, thefollowing questionisraised: Arethese apps
valid and secure, and are they a safe zone for women? This
question was addressed through our study.

In general, personal and health-related data that could be
collected in mHealth apps raise ethical concerns, particularly
in terms of data privacy, sharing, and security. However, the
type of data collected in femtech istypically sensitive, intimate
data [17]. Furthermore, women’'s mHealth apps are accessible
and used on a global level. The practices are set in different
cultures and backgrounds [12]. Modern technology has been
affected by commercialism and masculinist ideologies [16].
Women’'s mHealth apps are mainly commercial, and the data
they collect are circulated among different agencies, generating
profit for these apps[6]. User consent, especially about sharing
data in general or with athird party, is a concern for women's
privacy. Women, as end users of these apps, typically share
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their personal, health, and intimate data. Research indicates that
end users do not have full awareness of what their consent
entails [17]. In femtech, the concerns about data privacy and
sharing with the commercial agendas of these apps, who
accesses the data, and how it is used are complicated and
unclear. In addition, in the sociocultural context, women’'s
vulnerability related to privacy risk by mismanagement and
misuse of these data is highly alarming [6]. In this study, we
assessed the current practices of the most popular appsin terms
of privacy and data sharing.

The concept of women's health and the case of mHealth is our
focus in this report. The spectrum of women’s health
encompasses more than just reproductive health and pregnancy.
However, most previous studies have focused on reproductive
health, pregnancy, and ovulation rather than on women’s health
ingeneral. Asaresult of theincreasing number of women using
health apps, aswell astheincreased number of women’s health
appsavailable, we directed our focusto women'’s health for this
study. As women's health has become digitalized in the form
of femtech mHealth apps, the primary concern has been privacy
and data protection [13].

Privacy, Data Sharing, and Data Security Policies

In total, 3 main concerns arise when considering the ethical
implications of mHealth apps. data privacy, data security, and
data sharing.

Data Privacy

Data privacy is the right of users to control how their
information is collected, managed, and used. Data privacy is
widely recognized as an essential freedom [19], and respect of
data privacy is increasingly regulated at nationa and
international levels, such as by the General Data Protection
Regulation (GDPR) in Europe and the Heath Insurance
Portability and Accountability Act in the United States [20].
Kotz [21] pointed out 25 subcategories of threatsto data privacy
in mHealth apps, which fall into three main categories: misuse
of users identities, unauthorized access to data, and
unauthorized disclosure of data. A recent scoping review by
Nurgalieva et al [22] delineated further criteria for assessing
privacy and privacy-related measures, including data ownership,
confidentiality, permission systems, auditability, consent, notice
of use, disclosure, authenticity, anonymization, data retention,
and data access mechanisms.

Data Sharing and Data Security

The concepts of privacy and data security partially overlap.
Data security is a means to ensure the privacy of users data;
however, as pointed out by Nurgalievaet a [22], “while security
relatesto protection against unauthorized accessto data, privacy
isanindividual’sright to maintain control over and befreefrom
intrusion into their private dataand communications, and relates
to trust in mHealth services.” Data security can thus be defined
as the set of procedures and safeguards established to ensure
that only authorized users can access a set of data. Assessing
data security practices allows for an understanding of how
strictly data privacy rights are enforced.
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Unauthorized access and data security are not the only issues
at stake when considering data privacy. Health-related data
gathered from a user can be shared with third partiesin various
ways. For example, the user may share information with their
physician, insurance company, family, and friends, similar to
how other information is shared in social networks. This is
already happening—many companies offering
direct-to-consumer genetic analyses for discovering ancestry
or health-related information, such as the presence of genetic
markers associated with specific diseases, aready offer different
degrees of data sharing functions, including the option to share
personal data with third parties. Personal health-related data
can also be shared in aggregated and anonymized forms for
research purposes. Thiswasthe casein the Genographic Project
[23], a genetic anthropological population study launched in
2005 by the National Geographic Society.

In summary, mHealth apps enabl e the widespread collection of
a wealth of health-related information. Assuming that data
privacy and data protection are fundamental human rights,
including the right to understand and control which personal
data are collected, who collects them, and how and by whom
they are used, it isimperative to understand what privacy rights
are recognized in practice and how they are enforced.

Methods

Overview

The following sections describe the methodology by which
women's mHealth apps were screened, selected, and analyzed
regarding their privacy, data sharing, and data security policies.
The scoping review followed the methodology introduced by
Arksey and O’ Malley [24] and was adapted for thisapp review.

The scoping review protocol was devel oped by the first author
(NF) in cooperation with the second author (MC) in November
2020. The protocol determined the procedure for theinitial app
search, screening, selection, and analysis. First, the database
search and app selection guided by the protocol are described.
Second, the screening and selection procedure, which yielded
a total of 23 apps that were subject to a refined analysis, is
outlined. Third, the analysis schemaapplied to the selected apps
isexplained.

Initial Search for Women’s mHealth Apps

The purpose of this scoping review and content analysiswas to
evaluate and assess the privacy, data sharing, and data security
policies of popular, publicly available women’s mHealth apps
on the Apple App Store and Google Play markets, which are
considered the largest app markets. As outlined in the
Introduction section, a considerable number of available apps
focused on women’s health and functions (ie, femtech apps).

Therefore, asafirst step, appropriate keywordsthat characterize
femtech appswereidentified. The keywords were based on our
literature search, which described the topic of our scoping
review, asexplained in the Introduction section. Search syntaxes
were developed that aligned with a general understanding of
women’s mHealth. Different combinations of search termswere
tested, starting with a more extensive keyword set to identify a
search string that yielded abroad set of resultswhile remaining
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adequately specific. The primary database search aimed to
minimize the number of false-negative results (ie, missing
important apps) at the expense of considerable false-positive
results (ie, apps that would later be screened out because they
did not satisfy the purpose of the analysis). Textbox 1 presents
the resulting search string; the 2 components were combined
using the OR function.

The search focused on apps available in either the Apple App
Store or Google Play. The search procedure made use of the
mobile app database 42matters, a private company that provides
app intelligence and mobile audience data. In the database, the
search strings were categorized to be more specific. In the
database search interface, we applied our search terms as

Textbox 1. Search strings used in the database search.

Alfawzan et d

detailed in Textbox 1. The database provided more specific
filters for searching. The first filter was applied in the search
field for description, developer name, and title. For the second
filter, the Interactive Advertising Bureau (Interactive Advertising
Bureau categories are an industry-standard taxonomy for content
categorization that was used by the database), medical health
was chosen. The third filter was the genre, for which medical
and health and fitness were selected. The fourth filter was the
match style of words, for which exact match was chosen.

The search performed by the first author (NF) in January 2021
yielded a total of 136 apps from which various pieces of
information were collected to alow further screening of the
apps (Table 1).

Central notion and search string
«  Focuson females

« woman OR women OR feminine OR female

« Focuson hedth
« heath OR medica OR medicine

Table 1. Information collected from identified apps.

Information type Description

App name Name of the app on the market

Description Description of the app provided by the devel opers

Downloads Download frequency; orders of magnitude: 500, 1000, 5000, 10,000, 50,000, 100,000, 500,000, 1,000,000, 5,000,000,
10,000,000, 50,000,000, and 100,000,000. For screening and selection, the logarithm to the base 10 of the download
numbers was used because most download information was available only in orders of magnitude, as explained in the
Methods (Screening and Selection section)

Rating User rating. Mean rating (between 1 and 5; 1: lowest, 5: highest)

Title Title of the app

Specific search terms
Developer

Rating count

Language (default)
Market status
Website

Interactive Advertising
Bureau category

All keywords that categorize the app
Developer’s name

Number of ratings the app has received from users. For screening and selection, the logarithm to the base 10 of therating
frequency was used

Languages that have been provided by the app
Whether the app has been published on the market
The app’s website

Interactive Advertising Bureau categories are an industry-standard taxonomy for content categorization used by the
database

The primary search indicated that the identified apps fell into

Screening and Selection

The scoping review focused on appswith certain characteristics
such as an adequate number of downloads and a sufficiently
large number of ratings by app users. To determine statistically
plausible cutoff values for the selection of appstoincludein a
detailed analysis, a statistical analysis was performed on the
connection among download frequency, rating frequency, and
actual rating values.

https://mhealth.jmir.org/2022/5/€33735

2 categories defined by the app providers, Apple App Storeand
Google Play. Health and fithess was the more general category,
and medical was the more specific category. Of the 163 apps
identified in the search, 43 (26.4%) were characterized as health
and fitness and 93 (57.1%) were characterized as medical. The
categories did not have sharp boundaries regarding the actual
use of the apps; for example, some menstrual cycletracker apps
fell into the health and fitness category, whereas others were
in the medical category. This was because some apps had
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additional functionalities, making them more health-oriented
than others. The analysisrelied on the categorization provided
by the app providers.

From a dtatistical point of view, the 2 categories differed
substantially concerning download frequency. The mean
logarithm of health and fitness apps was 4.2 (ie, approximately
15,000 downloads; SD 1.8), whereas the mean logarithm of
medical apps was 2.9 (ie, approximately 800 downloads; SD
1.5), which presented a significant difference (P<.001). The
rating frequency distribution displayed a typica long-tail
behavior in that many apps yielded only afew ratings and few
apps yielded many ratings. Overall, health and fitness apps
yielded more ratings than medical apps; 40% (37/93) of the
medical apps and 16% (7/43) of the health and fithess apps did
not produce any ratings. When excluding the apps without
ratings and focusing on the mean ratings the apps received, a
weak correlation was observed [ 25] between download quantity
and the app ratings (r=0.29; P=.005) and between the number
of ratings and the app ratings (r=0.32; P=.002). In other words,
apps that were downloaded and rated more often had higher
ratings. Thisiscrucial, given that appsrelated to general health
were downloaded much more often than medical apps; thus,
conducting adirect comparison of both groups regarding quality
would not make sense. On the basis of this anaysis, we
concluded that the 2 categories needed separate cutoff values
for choosing the apps for the qualitative analysis.

The main reasons for choosing the cutoff values were that (1)
a low download frequency indicated less popular apps, (2) a
low rating frequency led to ahigher variance in ratings, and (3)
download and rating frequencies were strongly correlated.
Therefore, rating variances independent of rating frequencies
were examined to identify cutoff values separately for the 2 app
categories.

For each app, the pair (logarithm of the rating frequency and
rating value) was evaluated. These number pairs were ordered
intermsof rating frequency (lowest to highest), therating value
variance per bin was calculated for each bin size (starting with

Table 2. Exclusion criteria.

Alfawzan et d

5, ending with 25, dliding window approach), and the
distributions were verified visually. For the health and fitness
apps, a distinct decrease in the rating value variance was
observed at bin size 21. This meant that upon reaching the 21st
item of thelist, the variance dropped. Thelogarithm of therating
frequency of this bin size was 2.86; thus, the rating frequency
should be approximately =720. Of the 43 health and fitness
apps, 16 (37%) fulfilled this criterion. A sensitivity analysis
revealed that the apps not chosen in the sequence had 540 and
227 ratings, making it plausible to assume that the result was
not strongly affected by a different criterion.

For the medical apps, we used the same rating variance value
asthat used for the health and fitness apps. The same reasoning
identified bin size 39 asthe cutoff value, for which thelogarithm
of the rating frequency was =2, resulting in the selection of 18
apps that had at least 100 ratings. In total, of 163 apps, 34
(20.9%) were selected for further analysis. A senditivity analysis
revealed that the apps had 82, 78, and 45 ratings, supporting
the plausibility of the cutoff criterion.

In summary, 34 apps were chosen on the basis of the statistical
criterion and were further analyzed using the exclusion criteria
in Table 2.

Using these criteria, 4 medical consulting apps were excluded
because users were required to be associated with a specific
hospital in acertain region or country. In addition, 4 other apps
were excluded because they were not available in English,
although the store page showed that they were available in
English. Then, 1 app was not available in the Apple App Store
at the time of our analysis because there was no update for the
iPhone 11 (software version 14.4; Apple Inc). The same app
downloaded from Google Play crashed after opening. In
addition, 1 app did not provide a service related to women's
health. Lastly, 1 app was no longer available in the store. In
summary, of the 34 apps, 11 (32%) were excluded, and 23 (68%)
remained for the final analysis. Figure 1 provides an overview
of the search and sel ection processincluding the number of apps
identified.

Description
Language The app must be available in English.
Time Frame
Service

The app must be functiona in the search period (January to March 2021).

Theapp must provide aservicerelated to women's health, not only accessto information (such as articles or magazines)

or agame related to one of the topics described by the search string.

https://mhealth.jmir.org/2022/5/€33735
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Figurel. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart outlining the search and selection procedure.

Flowchart of apps selection in the analysis
We applied search filters on the database
c of apps available on App Store and
o Google Play
kil Total n=136
£ Medical apps n=93
E Health and fitness apps n=43
= Apps excluded because they are not rated
Total n=d4
Medical apps n=37
Health and fitness apps n=7
= Statistical analysis of medical and health
-% and fithess apps:
? Total n=92
= Medical apps n=56
a Health and fitness apps n=36
Apps excluded based on determined cutoff
values:
Total n=58
Medical apps n=38
Health and fitness apps n=20
E Apps screened manually on App Store and
s Google Play
o Tatal n=34
@ Medical apps n=18
Health and fithess apps n=16
Apps excluded; Total n=11
1. Not in English n=4
2. Not available on the store n=1
3. Not updated n=1
4, Medical consulting (specific to hospitals)
n=4
3 5. Not providing a service n=1
©
é Apps assessed on App Store and Google
= Play
Total n=23
. and abortion are both rated as PEGI 3. In addition, the PEGI
App Analysis

In the last step, the 23 identified apps were downloaded and
assessed independently by 2 reviewers (the first [NF] and third
author [GS]). Apps on Google Play were assessed in LDPlayer
4 (Xuanxi International Co), a PC framework software that
allows Android appsto run on acomputer. LDPlayer 4 emulates
aSamsung A908N tablet and uses Android 7.1.2 (security patch
October 5, 2017, kerndl 3.18.48). Apple App Store apps were
analyzed on aniPhone 11 (software version 14.4). All appswere
downloaded and tested between February and March 2021.

One of the main differences between the Apple App Store and
Google Play isthat the Apple App Store hasthe option to review
an app’'sprivacy policy before downloading the app. Thisoption
isnot availablein Google Play. However, Google Play includes
a Pan European Game Information (PEGI) score, which is a
rating system developed and intended to assess the
appropriateness of video games, considering the presence of
bad language, discrimination, drugs, fear, gambling, sex,
violence, and in-game purchases [26]. Nevertheless, the PEGI
score does not always provide useful information on the
appropriateness of appsfor certain age groups. PEGI scores can
be inconsistent; for example, apps for lung cancer screening

https://mhealth.jmir.org/2022/5/€33735

RenderX

age limit often contradicts age limits specified within privacy
policies or terms and conditions.

The downl oaded appswere assessed manually by 2 independent
reviewers against a variety of user data privacy, data sharing,
and security assessment criteria. These criteria, presented in
Table 3, were selected from 2 studies that focused on app
security and privacy assessments [27,28]. The selected
assessment criteria were developed in compliance with the
European Union (EU) GDPR. The assessment questions were
categorized into several domains: privacy policy, datagathering,
data sharing, security, and transparency. Our assessment was
based on yes and no answers. In some cases, it was not clear if
the criteria applied, so not applicable was used as a response
for vague statements or if the question was not answered. In
addition, a qualitative portion of the assessment was included
for each question, which allowed the reviewersto add comments
detailing their observations. These comments are not included
in Table 3 but are included in the Results section. This review
assessed each app'’s privacy policy, if it existed, by screening
each app manually after downloading. In this analysis step, the
apps were evaluated using the assessment questions listed in
Table 3.
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Table 3. Data privacy, sharing, and security assessment results (N=23).

Value, n (%)

Privacy policy
Isthe privacy policy available within the app?
Yes 16 (70)
No 7 (30)
Isthe privacy policy available before downloading the app?
Yes 19(83)
No 4(17)
Isthere a short-form notice (in plain English) highlighting key data practicesthat are disclosed in detail in the full privacy policy?
Yes 0(0)
No 23 (100)
Isthe privacy policy availablein any other languages?
Yes 3(13)
No 20 (87)
Arethere specifications of the privacy policy for usersin certain regionsor countries?
Yes 11 (48)
No 12 (52)

I's contact information provided for the users' questionsregarding the privacy policy?

Yes 19 (832.6)
No 4(17)
Doesthe app request explicit consent to start storing all user health and sensitive data when an account is created?
Yes 12 (52)
No 11 (48)

Data gathering
Istherean agerestriction for data collection and account creation for adult services?
Yes 21 (91)
No 2(9)

Doesrequired sensitive data include personal data that directly identifiesthe person (eg, first name, surname, email, date of birth, and
mobile phone number)?

Yes 21(91)
No 2(9
Doesrequired sensitive data include health-related personal information?
Yes 23 (100)
No 0(0)
Isan account required to usethe app (ie, doesthe app require alogin and password)?
Yes 14 (61)
No 9(39)
Aredata collected when a user registersthrough a web-based account?
Yes 15 (65)
No 8(35)
Aredata collected when the app isused?
Yes 11 (48)
No 12 (52)
https.//mhealth,jmir.org/2022/5/e33735 JIMIR Mhealth Uhealth 2022 | vol. 10 | iss. 5 [33735 | p.195

(page number not for citation purposes)

RenderX


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

JMIR MHEALTH AND UHEALTH

Alfawzan et d

Value, n (%)

Data sharing

Can the user opt out or withdraw by deleting the app?

Yes 17 (74)

No 3(13)

N/AZ 3(13)
Can the user delete past data by request?

Yes 14 (61)

No 7 (30)

N/A 2(9
Doesthe app allow behavior tracking?

Yes 23 (100)

No 0(0)

N/A 0(0)
Doesthe app allow location tracking?

Yes 14 (61)

No 7(30)

N/A 2(9)
Doesthe app share users' data with athird party?

Yes 20 (87)

No 0(0)

N/A 3(13
Can the user change the sharing settings?

Yes 12 (52)

No 9(39)

N/A 2(9)

Doesthe app share personal data for research purposeswith athird party?

Yes 18(78)
No 4(17)
N/A 2(9

Doesthe app share data with third partiesfor tracking and analysis?

Yes 15 (65)

No 4(17)

N/A 4(17)
Arepersonal data shared if required by law?

Yes 20 (87)

No 1(4)

N/A 3(13

Data security and transparency

Doesthe app explain how the users data security isensured (eg, encryption, authentication, or firewall system)?

Yes 13(57)
No 8(35)
N/A 2(9)
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Value, n (%)

Isthe app transparent about how it processes data?
Yes
No
N/A

16 (70)
6 (26)
149

8N/A: not applicable

Results

Overview

Our assessment included 23 women’s mHealth apps. Among
the 23 women's mHealth apps that we analyzed, 16 (70%) were
related to fertility health, ovulation or menstrual cycletracking,
and pregnancy; 1 (4%) was related to abortion; 2 (9%) were
related to breast and lung cancers; 1 (4%) was related to
women's mental health and self-care; and 3 (13%) were related
to women’s health exercises (eg, pelvic floor exercises and
weight tracking; Table 4). These categories matched those
defined asthe dimensions of women’s health in the Introduction
section

Table 4. Women's health app taxonomy (N=23).

Figure 2 displays the general characteristics of the 23 apps
analyzed in this study. We plotted download frequency against
rating frequency (log,q scale) of health and fitness apps (black)
and medical apps (blue); point size is scaled with the rating
va ue of each app. Thefigure demonstratesthe (expected) strong
correlation between download and rating frequency and
reproduces the initial finding that health and fitness apps are
generally more popular than medical apps (see the Screening
and Selection section). The results of the evaluation of data
privacy, data sharing, and security assessment are summarized
in Table 3.

Category

Apps, n (%)

Fertility health, ovulation or menstrual cycle, and pregnancy
Abortion

Breast cancer and lung screen

Women mental health (self-care)

Exercise (eg, pelvic floor exercises and weight tracking)

16 (70)
1(4
2(9)
1(4
3(13)

https://mhealth.jmir.org/2022/5/€33735

RenderX

JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 5 [€33735 | p.197
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

Alfawzan et d

Figure 2. Scatterplot demonstrating the statistical relationship between download frequency and rating frequency of the 23 analyzed apps.
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Privacy Policy

In 4% (1/23) of the apps, we found that the privacy policy was
available on the store page but not inside the app itself; we
assessed the app using only the information available in the
Apple App Store. Of the 23 apps, 1 (4%) was available in
English only on Google Play but not on the Apple App Store.
Therefore, we analyzed the app only on Google Play.

Of the 23 appsreviewed, 7 (30%) did not have a privacy policy
available within the app, whereas 4 (17%) had a privacy policy
available on the Apple App Store page before downloading the
app. As Google Play does not require the privacy policy to be
included on the page displayed before downloading the app,
Google Play users cannot read the privacy policy beforehand.
The other 13% (3/23) of the apps did not have privacy policies
either within the app or before downl oading the app. In addition,
of the 23 apps, 1 (4%) had a privacy policy after creating an
account, but the privacy policy was not accessible anywhere
else in the app. In 4% (1/23) of the apps, the link led to the
privacy policy on the app website. However, on the website,
the privacy policy was available on another page. Thus, reaching
the privacy policy requires a long process; the user must go
through the main website and search for it, and at least four
clicks were required to find it. Therefore, users who want to
read the privacy policy cannot reach it directly from the app
page on the store or in the app itself.

https://mhealth.jmir.org/2022/5/€33735

Of the 23 apps analyzed, 11 (48%) provided their servicesin
more than one language, including English, yet their privacy
policieswere only availablein English. Only 13% (3/23) of the
apps provided their privacy policies in languages other than
English. None of the apps reviewed had a short-form notice (in
plain English) highlighting key data practicesthat were disclosed
in detail in the full privacy policy. Only 9% (2/23) of the apps
provided optionsfor viewing the privacy policy (summary view
or full view) but not in a short-form notice. In addition, of the
23 apps, 1 (4%) included the privacy policy with illustrated
pictures, but the privacy policies of the remaining appswerein
plain text.

Of the 23 apps, 11 (48%) had specifications in their privacy
policies related to certain laws and regulations, such as the
California Consumer Privacy Act, the EU GDPR, and the UK
Data Protection Act 2018). Of the 23 apps, 4 (17%) did not
provide any contact information to address users questions
regarding the privacy policy, whereas 3 (13%) did not have a
privacy policy at al.

A total of 48% (11/23) of the apps did not require explicit
consent to the privacy policy. The welcome page of 4% (1/23)
of the apps provided an option to read the privacy policy;
however, clicking or consenting was not required before entering
the app. Among the 52% (12/23) of the apps that required
consent, only 8% (1/12) displayed the consent requirement at
the wel come page with transparent options (the welcome page
provided 4 options for consent, and they had to be accepted to
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enter and usethe app). Another app prompted the user to accept
the privacy policy; however, the privacy policy did not exist—it
was not available in the app, store, or website. We considered
this to be a pseudoconsent. The welcome pages of 3 other apps
asked personal and health questions and would not allow the
user to move to the next page without filling in all fields, but
consent was not required until the second page. One app’s
privacy policy had an option to “expressly agree,” but the form
was accessible only after registration, whereas another app’s
welcome page had alarge button to “ get started,” under which
was written in smaller font that by tapping “get started,” the
user was stating “1 consent to the privacy policy.”

Data Gathering

We found that 17% (4/23) of the apps provided different age
restrictions on the Apple App Store compared with those on
Google Play; of the 23 apps, 3 (13%) showed different ageson
the app store pages and in their privacy policies, and 2 (9%) did
not provide any age restrictions. Only 35% (8/23) of the apps
had privacy policies that stated that users under a certain age
should have parental consent.

All apps in the study required the entry of sensitive
health-related data and personal information. Of the 23 apps, 1
(4%) also asked for information about the children, such asthe
child’'sage and overall heath-related questions. Only 9% (2/23)
of the apps did not collect sensitive data, such as personal data
that directly identified the user (eg, name, surname, email
address, date of birth, and mobile phone number). Of the 23
apps, 11 (48%) collected persona data once the user started
using the app without any registration, whereas 9 (39%) required
no consent before using the app.

Data Sharing, Security, and Transparency

Of the 23 apps, 7 (30%) did not provide the user an option to
delete past data by request, such as by sending an email, and 3
(13%) did not allow the user to opt out or withdraw by deleting
the app. Of the 23 apps, 3 (13%) others did not provide any
information on requesting to opt out or withdraw by deleting
the app. All apps allowed behavioral tracking, whereas only 4%
(1/23) of the apps gave the user the ability to opt out. Of the 23
apps, 7 (30%) did not allow location tracking, and 2 (9%) other
apps did not provide any information about location tracking.
Of the 23 apps, 20 (87%) shared user data with third parties, 9
(39%) did not require explicit consent to share user data with
third parties, and 3 (13%) did not provide any information in
their privacy policies and did not require consent related to the
sharing of user data with third parties. We found that 78%
(18/23) of the apps shared personal datafor research purposes,
33% (6/18) of which did not require user consent, and 65%
(15/23) of the apps shared data with athird party for tracking
and analysis.

In total, of the 23 apps, 20 (87%) shared user information if
required by law. Of these 20 apps, 9 (45%) did not require user
consent; 2 (10%) did not require user consent and did not
provide a clear statement in their privacy policies disclosing
whether they share user information; and 1 (5%) did not have
aprivacy policy. Among the 23 apps reviewed, 16 (70%) were
transparent about how they processed the data, and 6 (26%) did

https://mhealth.jmir.org/2022/5/€33735

Alfawzan et d

not share any information regarding how the data were
processed. Of the 23 apps, 8 (35%) did not provide information
regarding how users’ data would be secured.

Discussion

Principal Findings

The goal of this review and content analysis was to assess the
privacy, data sharing, and security policies of women’smHealth
appson the market. This scoping review wasimportant because
of the growing presence and use of such apps in the women’s
health domain, as identified by both health sciences and the
mHealth app market (ie, femtech).

This review revealed important shortcomings associated with
privacy policies and consent practices, especially in the case of
women's mHealth apps. The apps that we analyzed were the
most frequently downl oaded from the market and had the highest
ratings. Through our review and analysis, we found that
women's mHealth apps collected and tracked persona and
health data. However, their standard practices did not follow
regulations, such asthe EU GDPR. Dataprivacy and protection
have been suggested as fundamental human rights. Inthisreview
and analysis, we sought to understand the practices of select
women's mHealth apps. Our results revealed poor data privacy
protection practices. It is ethically unacceptable that, despite
the existence of regulations such as EU GDPR, there are till
gaps in data privacy and security practices.

All appsincluded in our analysis collected personal and health
data; however, the option for the user to give consent and read
the privacy policy was not always available. The involvement
of end users is essential, especialy when persona and health
data are collected. Not requiring the consent of the end user
when collecting sensitive information is an ethical violation.
Moreover, the use of a range of women's mHealth apps is
increasing worldwide[7]. Many available apps provide services
in multiple languages, which allows them to be used by people
who cannot speak English. However, we found that most apps
provided their privacy policies only in English. Users who
cannot read English are unable to review and understand these
privacy policies. Therefore, usersmay give their consent without
reading or understanding the privacy policies of these apps. The
right of the end user to access and understand what they provide
consent for isabasic right that must be upheld.

The type of data collected by women’'s mHealth apps is
considered sensitive in general. In some cultures, women's
bodies and health are taboo subjects. Therefore, the collection
of women's persona and health data could have negative
consequences in certain areas of the world [12]. Given the
sensitive nature of women’'s health, women's mHealth apps
should practice increased privacy rather than the poor practices
uncovered in this study. Moreover, some women's mHealth
apps collected not only women's sensitive data but also
information on children and infants. These observations
demonstrate the complexity of the standard practices of data
privacy and consent. Finally, a so the age of the usersisafactor
to consider, as younger women are—because of a generaly
higher affinity of younger people to health apps—likely to be
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a big audience for these apps [2]. Adolescence and early
adulthood are important phases in the human life span, and the
experience of potential violation of privacy on sensitive data
can have a considerable impact. Our study was not designed to
consider those aspects, but future studies should include the
role of age and culture on femtech use.

Recommendations

It is evident that poor data privacy practices do not deter users,
as demonstrated by the high number of users of apps with
unsatisfactory privacy policies. This generates the following 2
questions. First, are women as end users aware of the privacy
practices of the mHealth apps to which they provide their
personal and health data? Second, do they know how their data
will be used? Future studies should focus on measuring women’s
awareness of mHealth apps’ data privacy and sharing practices.
Itiscritical to understand what datawomen sharewith mHealth
apps, whether they understand the apps’ privacy policiesintheir
current formsand whether aternative forms of the apps’ privacy
policies should be made available.

Consumers are typically unable to assess privacy, data sharing,
and data security policies. More stringent regulations would
require apps to adhere to defined standards for their policy
descriptions and how they may or may not prompt users to
accept their policies. Although not an ideal solution, privacy
checkups should be easily accessible so that users can better
understand policiesin the absence of stricter regulations. Despite
current regulations, such as the GDPR, protocols should be
improved to enable users to examine and understand policies.
An educational study on the relevance of data protection,
particularly with artificial intelligence, was conducted on pooled
personal data. Further studies could be conducted for casesin
which clear and transparent privacy policies do not exist. We
recommended surveying women with a short-form privacy

Alfawzan et d

policy to illustrate the main points while providing access to
the full form. Privacy policies should be improved to include
illustrated figures and photosin a shorter formto aid in the end
user's awareness and understanding. This is imperative for
understanding the future design of women mHealth apps.

The Apple App Store and Google Play, which are considered
the largest app providers, should require that apps follow the
regulations. It was observed that the Apple App Store requires
privacy policies to be displayed on the apps store pages,
however, thisis not the case for Google Play. The Apple App
Store and Google Play should be responsible for such
regulations, rather than only reaping the benefits associated
with mHealth apps. For instance, an app that provides services
in multiple languages should be required to also provide its
privacy policy in those languages.

Conclusions

This review and content analysis examined the most popular
women's mHealth apps on the market. The market for women’s
mHealth apps is large, with millions of users worldwide; the
mHealth app industry is growing, and the number of available
apps is increasing. Women's health is a complicated topic in
many ways. In our analysis, we found that the most popular
women's mHealth apps on the market have poor data privacy,
sharing, and security practices. Although regulations exist, such
as the EU GDPR, current practices do not follow them.
Moreover, other studies conducted on various dimensions of
women’s mHealth apps, such as on reproductive health,
pregnancy, and ovulation, have concluded that those apps have
poor practicesin terms of privacy, datasharing, and data security
[6,17]. These poor data privacy and sharing practices generate
concern regarding health and personal data. The studied mHealth
apps lack basic data privacy and security practices, which is
unacceptable, both ethically and legally.
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Abstract

Background: The prevalence of obesity in Indiaisincreasing at an alarming rate. Obesity-related mHealth apps have proffered
an exciting opportunity to remotely deliver obesity-related information. This opportunity raisesthe question of whether such apps
aretruly effective.

Objective: The aim of this study was to identify existing obesity-related mHealth apps in India and evaluate the potential of
the apps’ contents to promote health behavior change. This study also aimed to discover the general quality of obesity-related
mHealth apps.

Methods: A systematic search for obesity-related mHealth apps was conducted in both the Google Play Store and the Apple
App Store. The features and quality of the sample apps were assessed using the Mobile Application Rating Scale (MARS) and
the potential of the sample apps’ contents to promote health behavior change was assessed using the PRECEDE-PROCEED
Model (PPM).

Results: A total of 13 apps (11 from the Google Play Store and 2 from the Apple App Store) were considered eligible for the
study. The general quality of the 13 apps assessed using MARS resulted in mean scores ranging from 1.8 to 3.7. The bivariate
Pearson correl ation between the MARS rating and app user rating failed to establish statistically significant results. The multivariate
regression analysis result indicated that the PPM factors are significant determinants of health behavior change (F34=63.186;

P<.001) and 95.5% of the variance (R*=0.955; P<.001) in the dependent variable (health behavior change) can be explained by
the independent variables (PPM factors).

Conclusions: In general, mHealth apps are found to be more effective when they are based on theory. The presence of PPM
factorsin an mHealth app can greetly influence the likelihood of health behavior change among users. So, we suggest mHealth
app devel opers consider thisto devel op efficient apps. Also, mHealth app devel opers should consider providing health information
from credible sources and indicating the sources of the information, which will increase the perceived credibility of the apps
among the users. We strongly recommend health professionals and health organizations be involved in the development of
mHealth apps. Future research should include mHealth app users to understand better the apps’ effectiveness in bringing about
health behavior change.

(JMIR Mhealth Uhealth 2022;10(5):€15719) doi:10.2196/15719
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obesity; mHealth apps; PRECEDE-PROCEED Model; Mobile App Rating Scale; health communication; health behavior change
techniques; health information
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Introduction

Background

Obesity is an alarming health issue that leads to significant
health and social difficulties for people globally. Generally,
obesity is defined by the measurement of the BMI [1]. Per

clinical guidelines, aBMI of 25 kg/m? to 29.9 kg/m? indicates

overweight or preobesity and a BMI of 30 kg/m? or greater
indicates obesity [2]. Obesity is associated with all-cause
mortality. The health consequences of obesity arevast, including
cardiovascular diseases, diabetes, musculoskeletal disorders,
and some cancers, such asendometrial, breast, and colon cancer.
The next generations arein amore dangerous position since the
health consequences of childhood obesity are extensive,
including premature death and disability in adulthood [3].
Obesity in India

An increase in the consumption of junk food and the adoption
of sedentary lifestyles are the major reasons for the increase in
the prevalence of obesity in India. According to the India
National Family Health Survey-4, the number of people with
obesity in Indiadoubled between 2006 and 2016. The prevalence
of obesity among women ages 5 to 49 yearsin Indiais 20.7%,
which isa60% increase from 2005 to 2006. The preval ence of
obesity among men ages 5 to 49 yearsin Indiadoubled to 18.6%
from 9.3% in the year 2005 to 2006 [4,5]. A study involving
14.4 million children in Indiarevealed that the country has the
second-highest prevalence of childhood obesity in the world
after China[3]. The prevalence of obesity in Indiaisincreasing
at an alarming rate.

Obesity and Media

Obesity is the fastest-growing global public health issue and
media campaigns can increase public awareness of obesity [6].
Media campaigns are found to be more effective in raising
awareness about the causes of obesity, health problems
associated with obesity, and healthy habits to prevent and
manage obesity [7,8]. Public attention to a particular issue
correlates with the degree of salience of the issues covered in
the media. Media can be used to provide information as simply
aspossible and to update the information constantly [9]. Though
media can have an impact on knowledge and attitudes about
obesity among the public, evidenceisstill limited asto whether
media can influence health behavior change [10].

mHealth Appsfor Obesity

Television was the dominant form of media for increasing
obesity awareness, but with the rapid advance of digital media,
the evaluation of other media, such asinternet-based media, is
increasingly important [10]. The most recent and fastest evolving
internet-based mediais mobile media[11]. Substantially, mobile
media are used for the delivery of health information [12]. The
World Health Organization defined mHealth as medical and
public health practices supported by mobile devices [13].
Smartphones have gained popularity and are being adopted for
mHealth practices. There are different types of mHealth apps
developed and availablefor general usein obesity management
[14]. The benefits of mHealth apps include cost-effectiveness,
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the potential for real-time data collection, feedback capability,
minimized participant burden, relevance to multiple populations,
and increased dissemination capability [15]. Obesity-related
mHealth apps have proffered an exciting opportunity to remotely
deliver obesity-related information. This opportunity raisesthe
question of whether such apps are truly effective. Therefore,
the purpose of this study wasto identify existing obesity-related
mHealth apps in India and evaluate the potential of the app
contents in promoting health behavior change.

The PRECEDE-PROCEED Mode

The PRECEDE-PROCEED Model (PPM) isawidely accepted
health education framework for planning and eval uating health
behavior change programs [16,17]. The anticipated influence
on health behavior change can be evaluated by the presence of
3factorsin health interventions, predisposing factors, enabling
factors, and reinforcing factors. Predisposing factors include
the following variables, which act as antecedents to health
behavior change: knowledge, attitudes, beliefs, values, and
motivation. Enabling factors include the following variables,
which act as antecedents that facilitate health behavior change:
teaching skills, providing resources, providing a service, and
tracking progress. Reinforcing factors include the following
variables, which provide rewards or feedback for health behavior
change: interacting with health professionals to obtain support
and interfacing with social mediasitesfor encouragement [18].
This study attempts to identify the presence of PPM variables
in Indian obesity-related mHealth apps for promoting health
behavior change. This study also aimed to examine the overall
quality of obesity-related mHealth apps.

Methods

This study involved a qualitative content analysis of the
available obesity-related mHealth appsin the Google Play Store
and Apple App Store.

Study Sample

There are studies showing that mHealth app users are more
likely to use free apps, which is why most previous studies on
mHealth apps focused only on free apps[19] (R Subramanian,
PhD, unpublished data, August 2015). Likewise, this study will
focus only on free obesity-related mHeath apps. Free
obesity-related apps were identified using the following search
terms in the Google Play Store and Apple App Store during
June 2021: “obesity”, “obese”, “obesity calculator”, “obesity
diet”, and “obesity exercise”. An app was considered for
inclusion if the app content had obesity rel ated-information and
the app was rated above 3 out of 5 stars.

M easurement

Each sample app was coded for basic descriptive information,
such asthe app hame, user rating, and the number of downloads.
Thefeatures and quality of the sample appswere assessed using
the Mobile Application Rating Scale (MARS) [20-22] and the
potential of the app contentsto promote health behavior change
was assessed using the PPM [18]. MARS is a measure for
classifying and assessing the quality of mHealth apps. The
MARS uses a Likert scale ranging from 1 (inadequate) to 5
(excellent) to score apps on the following criteria: engagement,
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functionality, aesthetics, information quality, and subjective accordingtoitslevel of anticipated influence on health behavior

quality [22]. The PPM (Figure 1) was used to measure each app

change.

Figure 1. Framework of PRECEDE-PROCEED Modée factors influencing health behaviour change [23].

PREDISPOSING FACTOR
knowledge, information about obesity,
attitudes, beliefs, values,
confidence, motivation

ENABLING FACTOR
Teach skills to overcome obesity,
provide cbesity prevention resources,
provide obesity treatment services,
track or record behavior

REINFORCING FACTOR
Interfacing with social media sites
for encouragement,
support or encouragement from

app community or health professionals,

HEALTH

BEHAVIOR
CHANGE

reward for goal completion

Data Collection

The MARS and PPM were explained to 2 coders, who were
researchers studying mHeath apps with several years of
experience and agood knowledge of mHealth apps[24,25]. The
coding sheet is presented in Multimedia Appendix 1. The coders
were instructed on each measure and its definition to ensure
clear differentiation between the items used to assessthe sample
apps [20]. Both coders assessed the content of the sample apps
independently. Finally, the researchers and the coders discussed
disagreements until a consensus was reached [18].

Data Analysis

Descriptive statistics were calculated for al items under the
MARS and PPM. The Cronbach o was used to evaluate the
reliability between each item under the 5 criteriaof the MARS,
engagement, functionality, aesthetics, information quality, and
subjective quality. The Pearson correl ation coefficient was then
calculated to determine the relationship between the MARS

https://mhealth.jmir.org/2022/5/€15719

RenderX

rating and app user rating. The Cronbach o was used to eval uate
the reliability between each measure item under the 3 factors
of the PPM (predisposing factors, enabling factors, and
reinforcing factors) and items used by reviewers to assess the
app’s ability to promote health behavior change. Multivariate
regression analysis was then performed to test the influence of
PPM factors on the app’s ability to promote health behavior
change, as assessed by reviewers.

Results

mHealth App Sample Selection

The initial search with the following search terms resulted in
2483 apps from the Google Play Store (n=1732) and the Apple
App Store (n=751): “obesity”, “obese”, “obesity calculator”,
“obesity diet”, and “obesity exercise’. Figure 2 shows a
flowchart of the obesity-related mHeal th app selection process.
Descriptive information on the sample apps is presented in
Multimedia Appendix 2.
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Figure 2. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-analyses) flowchart of the obesity related mHealth apps selection

process.

1732 from Google Play Store
751 from Apple App Store

n=2483

Apps identified from search terms

Apps excluded (n=2417)
Duplicate apps (n=1268)
Apps with a primary aim
unrelated to this study and in
non-English language (n=1149)

v

Apps screened

n=66

Apps excluded (n=41)

Paid apps (n=37)
Apps without ratings (n=4)

v

Apps assessed for eligibility

n=25

Apps excluded for being
inaccessible
(n=12)

H
a

v

Apps included in the study

n=13
11 fram Google Play Store
2 from Apple App Store

L INCLUDED ] [ ELIGIBILITY } [ SCREENING ] [IDENTIFICATIONJ

General Quality: MARS

Among the Google Play Store apps chosen for the study (Table
1), Fitpaa- Your Fitness Dad received the highest score in the
engagement (4.6) and information (4.2) categories. The app Fat
to Fit—loseweight at home femal e workout received the highest
scoreinthefunctionality domain (4.5); Weight Loss Diet 7 Day
Detox Cleanse received the highest score in the aesthetics
domain (4.3) and Indian Diet Plans received the highest score

https://mhealth.jmir.org/2022/5/€15719

in the subjective quality (4.0) domain. Among the Apple App
Store apps chosen for the study, Jeewith received the highest
score in the functionality (3.2), and aesthetics (4.0) domains
and IFSO received the highest score in the engagement (2.6),
information (3.1), and subjective quality (2.0) domains. Fitpaa
—Your fitness dad and Obesity Treatment received the highest
overall mean scores based on each dimension of the MARS
(3.7).
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Table 1. The quality of obesity-related mHealth apps based on the Mobile Application Rating Scale.

App Name Engagement  Functionality ~Aesthetics  Information ~ Subjective quality =~ Overall score
Google Play Store apps
Weight Loss Protocols 3.2 4.2 3.0 3.8 35 35
Fat to Fit —lose weight at home female 4.4 4.5 3.0 32 25 35
workout
Fitpaa— Your fitness dad 4.6 37 3.0 4.2 3.25 37
Lose Belly Fat Guide 2.0 35 20 15 1.0 20
Help for Kids Health and Diet 32 37 30 27 30 31
Obesity Treatment 34 4.0 4.0 4.0 32 3.7
Obesity Guide 16 37 16 14 1.0 18
Indian Diet Plans 3.6 40 36 2.8 4.0 3.6
Obesity Treatments 28 3.0 20 20 15 22
Weight Loss Diet 7 Day Detox Cleanse 3.0 4.2 4.3 21 17 31
Child Diet Guide 26 4.0 2.6 18 1.0 24
Apple App Store apps
Jeawith 24 32 4.0 21 1.0 25
IFSO 26 30 36 31 2.0 2.8

MARS Rating Versus User App Rating

The reliability of the dimensions of the MARS scores for the
sample apps was found to be strongly consistent (Cronbach
0=.938). Internal reliability was found to be strong for the
subjective quality domain (a=.947), good for the aesthetics
(0=.820) and information (0=.888) domains, and fair for the
engagement (a=.791) domain. Internal reliability wasfound to

be poor for the functionality (0=.645) domain, so the
performance measure item was removed and after doing so, the
internal reliability was found to be good (0=.826).

The bivariate Pearson correlation was computed to test the
relationship between the MARS rating and user app rating. The
results (Table 2) show that the MARS rating and user app rating
are not statistically significantly correlated (R=0.258; P=.39).

Table 2. The correlation between the Mobile Application Rating Scale (MARS) rating and user app rating (n=13).

Rating User app rating MARS rating
User app rating

r 1 0.258

P value® —b 39
MARSTrating

r 0.258 1

P value? .39 _

3P values are derived from a 2-tailed t test.
BNot applicable.

The Presence of PPM Factors

Apart from the causes for obesity listed in the coding sheet
(Table 3), there were afew other causes mentioned in the sample
apps, which include sleep deprivation, certain medications, a
diet with high amounts of simple carbohydrates, biological
causes, hormonal causes, and the frequency of eating. Apart

https://mhealth.jmir.org/2022/5/€15719

from the effects of obesity listed in the coding sheet, there were
a few more effects mentioned in the study sample apps,
including gall stoneformations, gout and gouty arthritis, insulin
resistance, Alzheimer disease, socia stigmatization, depression
among youth, sleep apnea, joint problems, liver disease,
infertility, and effects on sperm quality.
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Table 3. The presence of PRECEDE-PROCEED Model factors within the reviewed (n=13) obesity-related mHealth apps.

Factors, variables, and items

Apps, n (%)

Predisposing factors
Knowledge and information

About obesity
Genetics®
Overeating?

Physical inactivity®
Social issues?
Psychological factors®
Hypothyroidism?
Type2di abetes”
High blood pressureb
High cholesterol®
Stroke?

Heart attack?

Cancer?

What is BMI?
Classification of BMI
BMI calculator
Attitudes, beliefs, and values
Requireslog-in
Mentions the sources of information
Exercise tips from a physiotherapist
Food recommendations from a nutritionist
Confidence and motivation
Color indication to create fear
Testimonial
Enabling factors
Teach skills
Walking®
Swimming®
Cycling®
Exercise precaution
Diet plan
Provide resources
Food calorie chart
Heslthy recipes
Nutritional breakdown of specific food items

Representations of food with images

In appd

6 (46)
5 (38)
6 (46)
5 (38)
2 (15)
3(23)
2 (15)
6 (46)
5 (38)
3(23)
5 (38)
5 (38)
6 (46)
4(31)
6 (46)
5 (38)

3(2)
2(15)
2(15)
3(23)

1(8)
0(0)

3(29)
1(8)
0(0)
1(8)
9(69)

2(15)
4 (31)
1(8)
1(8)
3(23)
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Factors, variables, and items

Apps, n (%)

External link
Image demonstration for exercise

Provide services
Treatment for obesity (surgery)

Track or record behavior
Calorie or food tracker
Exercise tracker
BMI tracker
Weekly or monthly report of calories consumed
Weekly or monthly report of exercise progress
Goal setting
Reminders

Reinforcing factors

I nterfacing with social media sites for encouragement

Sharing completion of exercises or weight reduction on social media

Support and encour agement
Community
Interaction with health professionals
Interaction with atrainer or coach
Games

Rewards

Rewards for goal completion

0(0)

2(15)

4(31)

0(0)
3(23)
3(29)
0(9)
0(0)
3(23)
1(8)

2 (15)

2 (15)

2(15)

2 (15)

0(0)

2(15)

#These items are classified as causes of obesity.
b These are effects of obesi ty.

“These are general exercise recommendations.
%These are video demonstrations for exercises.

The Relationship Between PPM Factorsand Health
Behavior Change

Table 4 presentstheinternal consistency (Cronbach o) of PPM
variables and the internal consistency of the measure items
under the reviewer's assessment of the app’s ability to promote
health behavior change. All the measure items of PPM factors
and the app’s ability to promote health behavior change were
found to beinternally consistent.

https://mhealth.jmir.org/2022/5/€15719

RenderX

A multivariate regression analysis was performed to test the
influence of PPM factors on the app’s ability to promote health
behavior change, as assessed by thereviewers. Theresultsfrom
Table 5, Table 6, and Table 7 show that the PPM factors are
significant determinants of health behavior change (F 3 g=63.186;
P=.001). The value of R=0.977 indicates a strong positive

correlation and R°=0.955 indicates that 95.5% of the variance
in the dependent variable (health behavior change) can be
explained by the independent variables (PPM factors).
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Table4. Theinterna consistency of PRECEDE-PROCEED Model (PPM) variables.

PPM factors and variables Excluded items® Internal consistency of  Internal consistency of
items variables

Predisposing factors

Knowledge and information None .938 911
Attitudes, beliefs, and values None .855
Confidence and motivation Testimonial Not performed as there

isonly oneitem

Enabling factors

Teaching skills Cycling and exercise ~ .710 .845
precaution

Providing resources None .830

Providing services None Not performed as there

isonly oneitem
Tracking or recording Behavior 756

Reinforcing factors

Interfacing with social media None Not performed as there .960
isonly oneitem

Support and encouragement None .899

Rewards None Not performed as there

isonly oneitem

App’sability to promote health behavior change

Enough information to bring about health behavior change (predis-  n/aP N/A .827
posing factors)

Enough resources to bring about health behavior change (enabling N/A N/A

factors)

Enough support to bring about health behavior change (reinforcing N/A N/A

factors)

#These items were excluded from analysis as there is no variance in scores between the apps, or the items were del eted.
BN/A: not applicable. There are no items associated with these variables.

Table 5. Model summary for the regression analysis® between PRECEDE-PROCEED Model factors and the reviewer’s assessment of the app’s ability
to promote health behavior change.

Model R R2 Adjusted R? Standard error of the estimate

1 0.977 0.955 0.940 0.50642

8Predictors: constant and reinforcing, predisposing, and enabling factors.

Table 6. ANOVA results for the regression analysis® between PRECEDE-PROCEED Model factors and the reviewer’s assessment of the app’s ability
to promote health behavior change. All data are based on model 1 from the regression analysis.

Sum of squares Degrees of freedom Mean square F test (df) P value
Regression 48.615 3 16.205 63.186 (3) 001P
Residual 2.308 9 256 N/AC N/A
Total 50.923 12 N/A N/A N/A

8Dependent variable: reviewer's assessment of the app's ability to promote health behavior change.
bPredictors: constant and reinforci ng, predisposing, and enabling factors.
°N/A: not applicable.
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Table 7. Coefficients from the regression analysis® between PRECEDE-PROCEED Model factors and the reviewer’'s assessment of the app’s ability
to promote health behavior change. All data are based on model 1 from the regression analysis.

Predictors Unstandardized coefficients Standardized coefficients

B Standard error B t test (df) P value
(Constant) 3.922 0.259 15.165 (12) .001
Predisposing factors 0.112 0.024 .339 4.649 (12) .001
Enabling factors 0.257 0.065 440 3.930(12) .003
Reinforcing factors 0.581 0.123 .530 4.746 (12) .001

8Dependent variable: reviewer’s assessment of the app'’s ability to promote health behavior change.

Discussion

Principal Findings

This study aimed to examine the features and quality of
obesity-related mHealth apps using the MARS and assess the
presence of factors that promote health behavior change using
the PPM. We analyzed a total of 13 obesity-related mHealth
apps, 11 from the Google Play Store and 2 from the Apple App
Store. The Apple App Store had a much lower number of
obesity-related mHealth apps compared to the Google Play
Store. Regarding the overall quality of the 13 apps assessed
using the MARS, the mean scores ranged from 1.8 t0 3.7. This
study supports the findings of previous studies that suggest
when mHealth apps focus heavily on the functionality domain
of the MARS, the performance, ease of use, navigation, and
gestural design are compromised [20]. The subjective quality
domain of the MARS depends on all 4 domains, engagement,
functionality, aesthetics, and information. Among all 4 domains,
the apps in this study scored the lowest in information. The
information domain comprises accuracy, goas, quality of
information, quantity of information, visual information,
credibility, and evidence-based information. The absence of
sources of information in most of the apps studied affected the
credibility score and the evidence-based information score.
These findings support the findings of previous studies which
established that mHealth apps containing evidence-based
information and information from credible sourcesreceive high
scores in the information domain of the MARS [26] and
mHealth appsthat do not include sources of information receive
the lowest scores [27]. Among the studied apps, all received
moderate mean scores for each of the 4 domains of the MARS,
engagement, functionality, aesthetics, and information; this
affected the mean scorefor the subjective quality domain of the
study sample apps since the subjective quality domain depends
on the other 4 domains of the MARS.

There are many mHealth apps currently available for various
health issues; finding an appropriate app among the wide
selection for a particular health issue is challenging for users
[9,28]. Normally, users select an mHealth app based on ratings
and reviews; thus, ratings become key for any app to be
downloaded by new users [28,29]. We failed to establish a
statistically significant Pearson correlation coefficient between
MARS scores and the ratings of study sample apps in the app
store. This nonsignificant result may be due to information
asymmetry between coders and app userswith regard to the app

https://mhealth.jmir.org/2022/5/€15719

quality attributes. The trustworthiness of appswith few ratings
may also be compromised by fake reviewsfrom app devel opers,
this may partly explain the nonsignificant result [30].

Most of the study sample apps were established upon
predisposing factorsto address obesity, including the following
variables: knowledge and information about obesity; attitudes,
beliefs, and values; and confidence and motivation. Commonly,
mHealth app users will form judgements about apps’ contents
by evaluating the information using web-based platforms,
especially when they come across unfamiliar information about
health conditions, and they use the sources of the information
to judgeits credibility [31]. Therefore, mentioning the sources
of information and ensuring that recommendations of exercise
and diet plansare provided by health professional sisimportant;
this was found in only a small number of study sample apps.
None of the sample apps had testimonials, but previous studies
strongly recommended apps add testimonials or narrative
messages that focus on real experiences of users, which can
lead to strong emotional arousal among users and are an
important factor in promoting health behavior change [32,33].

With regard to enabling factors, the teaching skillsvariable was
found in a number of study sample apps. One of the least
common enabling factors among the apps was the ability to
track or record behavior, which contradicted a previous study
on diabetes management apps[34]. Previous studies found that
the tracking facility in mHealth apps proved to be motivating
and influenced health behavior change among app users,
especially for weight loss [35,36]. Self-tracking of food and
exercise helps users set goals and track their achievements[9].
The self-tracking, goa setting, and daily, weekly, or monthly
reporting featuresin mHeal th apps were found to be very hel pful
in bringing about health behavior change[9], but those features
were also only found in asmall number of study sample apps.
One important finding from the study is that 69% (9/13) of the
sample obesity-related mHealth apps specified diet plans as a
measure to address obesity, but only 23% (n=3) of sample apps
included exercise as a recommendation. This finding supports
the findings of previous studies that the mHealth apps focus
either on physical activity or dieting practices, but not equally
on both for weight loss [37].

Reinforcing factors, which include interfacing with social media
sites for encouragement, support and encouragement from a
community or health professionals, and rewards for goal
completion, werefound to be present in only 2 apps among the
study sample, 1 from the Google Play store and 1 from the
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Apple App Store. This finding is consistent with the findings
of previous studies that only a few mHealth apps allow users
to connect the app to external systems or communities, such as
social mediaplatforms[18]. Sharing task completion on social
media is the most welcomed feature by mHealth app users
because they can obtain emotional support and motivation from
others[9]. Such mabile features help or guide usersto undergo
health behavior change by establishing interactions with health
professionals, allowing them to gain support from their peer
group, and providing them with access to a virtual coach. Past
studies have shown that alack of motivation and social support
among mHealth app users reduces the likelihood of health
behavior change[38]. This study found that most of the sample
mHealth apps did not include reinforcing factors, which are
considered vital in bringing about health behavior change among
app users.

Limitations

The findings of this study should be taken into consideration
with some limitations. First, the obesity-related mHealth apps
used in the analysis were free; analyses including paid apps
may produce different results since paid appsare generally given
extracareduring the devel opment of all aspects of theapp. This
study is not supported by any funding, which is the reason for
the omission of paid versions of obesity-related mHealth apps.
Similarly, we were also unable to download and study
inaccessible apps, which required log-in credentials from an
affiliated health care organization or clinic [39]. Second, the
study did not collect datafrom actual users of the mHealth apps;
doing so may result in a better understanding of the influence
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of the apps’ features on health behavior change. This may also
open up anew dimension to this study.

Conclusion

There are numerous mHeal th apps availablein the Google Play
Store and the Apple App Store to promote health behavior
change. Previous studies have shown that mHealth apps are
more effective when they are based on scientific theories [18].
Thisstudy found that the presence of PPM factorsin an mHealth
app can greatly influence users health behavior change. So,
this study suggests that mHealth app developers consider this
when developing efficient apps. Also, mHealth app devel opers
should consider providing health information from credible
sources and including the sources of the information, which
will increase the perceived credibility of the apps among users.
Users of mHealth apps vary in gender and age group; o,
mHealth app devel opers should concentrate on providing genera
health behavior tips that can be used by al gender and age
groups or tips for specific gender and age groups. Though there
are numerous mHealth apps available, there is a paucity in the
involvement of health professionals and health organizations
inthe devel opment of these apps. Most of the available mHealth
apps bypass regulations and nationally recognized health
guidelines (R Subramanian, PhD, unpublished data, August
2015). So, we strongly suggest health experts be directly
involved in the development of mHealth apps rather than
third-party developers [37]. The findings of this study make
several contributionsto the current literature related to mHealth
apps. Future research should include actual mHealth app users
to better understand the apps’ effectiveness in bringing about
health behavior change.
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Abstract

Background: Psoriasisis a chronic inflammatory skin disease. The visibility of erythematous plagques on the skin as well as
the pain and itchiness caused by the skin lesions frequently leads to psychological distress in patients. Smartphone apps are
widespread and easily accessible. Earlier studies have shown that apps can effectively complement current management strategies
for patients with psoriasis. However, no analysis of such apps has been published to date.

Objective: The aim of this study is to systematically identify and objectively assess the quality of current publicly available
German apps for patients with psoriasis using the Mobile Application Rating Scale (MARS) and compile brief ready-to-use app
descriptions.

Methods: We conducted a systematic search and assessment of German apps for patients with psoriasis available in the Google
Play Store and Apple App Store. Theidentified apps were randomly assigned to 1 of 3 reviewers, who independently rated them
using the German MARS (MARS-G). The MARS-G includes 15 items from 4 different sections (engagement, functionality,
aesthetics, and information) to create an overall mean score for every app. Scores can range from 1 for the lowest-quality apps
to 5 for the highest-quality apps. Apps were ranked according to their mean MARS-G rating, and the highest-ranked app was
evaluated independently by 2 patients with psoriasis using the user version of the MARS-G (UMARS-G). Furthermore, app
information, including origin, main function, and technical aspects, was compiled into a brief overview.

Results: Intotal, we were able to identify 95 unique apps for psoriasis, of which 15 were available in both app stores. Of these
apps, 5 were not specifically intended for patients with psoriasis, 1 was designed for clinical trials only, and 1 was no longer
available at the time the eval uation process began. Conseguently, the remaining 8 apps wereincluded in the final evaluation. The
mean MARS-G scoresranged from 3.51 to 4.18. The app with the highest mean MARS-G score was Psoriasis Helferin (4.18/5.00).
When rated by patients, however, the app wasrated lower in all subcategories, resulting in amean uUMARS-G score of 3.48. Most
apps had acommercial background and afocuson symptom tracking. However, only afraction of the apps assessed used validated
instruments to measure the user’s disease activity.

Conclusions:  App quality was heterogeneous, and only a minority of the identified apps were available in both app stores.
When evaluated by patients, app ratings were lower than when eval uated by health care professionals. Thisdiscrepancy highlights
theimportance of involving patients when devel oping and eval uating health-rel ated apps as the factors that make an app appealing
to users may differ between these 2 groups.
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Introduction

Psoriasisisachronicinflammatory skin disease affecting about
1.5 million people in Germany [1]. Erythematosgquamous
plagues, mostly on extensor surfaces of the extremities, are
characteristic of thisillness, but the disease can involve every
part of the skin and can also affect the joints.

The chronicity of psoriasis and the pain, itchiness, and stigma
associated with it put an immense physical and mental burden
on patients. In addition, psoriasis is associated with several
comorbidities, including diabetes [2], cardiovascular disease
[3], inflammatory bowel disease [4], anxiety, and depression

[5].

Although there is currently no known cure for the disease, a
wide variety of treatment options, ranging from phototherapy
to topical and systemic agents, are available and highly effective
in alleviating signsand symptomsin most patients[6]. However,
adherence to treatment as well as knowledge of the disease and
its optimal management are often low [7], potentially
diminishing treatment efficacy [8].

The rise of smartphone use in the general population in recent
years opens new possibilities for the care of patients with
dermatological conditions. mHealth provides unprecedented
and personalized tools to complement and boost existing
therapies[9], as highlighted in a study by Svendson et al [10].
The authors demonstrated that smartphone apps targeted
specifically at patients with psoriasis led to a significant
improvement in adherence to treatment and outcomes [10].
Another study on patients with rheumatic diseases by Knitza et
al [11] showed that most participants saw medical apps as
beneficial and would use such apps if available. It is plausible
to assume that such a survey among patients with psoriasis
would yield similar results given that both conditions are
chronic, difficult to treat, and associated with low adherence to
existing treatments[7]. In 2019, Germany established the digital
health applications (DiGA) directory, where scientifically
validated digital health apps licensed as medical devices are
listed systematically. Similar to medications, physicians can
now prescribe DiGAS, and costs are reimbursed by insurance
companies. However, at the moment, no DiGAs exist for
patients with psoriasis. Therefore, these patients and their
treating dermatologists are till confronted with a confusingly
large number of apps, offering different functions and
modalities; these apps are often not evidence-based and
ineligible for cost reimbursement by insurance companies
[12,13].

The goal of this study was therefore to identify and assess
publicly available smartphone apps for patients with psoriasis
and create brief app descriptions, including objective quality

https://mhealth.jmir.org/2022/5/€34017

ratings. To our knowledge, a systematic review and assessment
of smartphone apps for patients with psoriasis has not been
conducted to date.

Methods

App Screening

We conducted a systematic search of the German Apple App
Store aswell asthe Google Play Store on January 7, 2021. The
search terms used were as follows: “Psoriasis’ OR
“Schuppenflechte” (the German nonmedical term for psoriasis).
A total of 2 independent reviewers searched each app store. The
inclusion criteriaare asfollows: appsthat were (1) availablein
both app stores, (2) availablein the German or English language,
and (3) specifically designed for patients with psoriasis. The
exclusion criteria are as follows: apps that (1) were designed
for conferences or clinica trials, (2) were not free to use, and
(3) included advertisements.

App Characteristics

We collected the following information available in the app
stores and on app homepages:

« Appname

- Rating

«  Number of ratings
- Developer

+ Version
- Dateof last update
« Cost

« Platform and affiliations

We collected the following information on the apps from the
app stores or the devel oper’s website:

- Affiliation (commercial, government, nongovernmental
organization [NGO], university, or not known)

« Focus (increase happiness or well-being; mindfulness,
meditation, or relaxation; reduce negative emotions;
depression; anxiety or stress, anger; behavior change;
alcohol or substance use; goal setting; entertainment;
relationships; physical health; or other)

«  Theoretical background (assessment; feedback; information
or education; monitoring or tracking; goal setting; advice,
tips, strategies, or skills training; cognitive behavioral
therapy (positive events and thought challenging);
acceptance commitment therapy; mindful ness or meditation;
relaxation; gratitude; strengths-based; or other)

- Technica aspects (allows sharing, has an app community,
allows password protection, requireslogin, sendsreminders,
and needs web access to function)
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App Quality Ratings

The 3 reviewers used the validated German version of the
Mobile Application Rating Scale (MARS-G) [14,15], and all
reviewers previously underwent training on how to correctly
apply the MARS to app evaluation using atraining video [16],
as suggested by Stoyanov et al [17].

The MARS score captures the following 4 objective aspects:

«  Engagement (5 items)
«  Functionality (4 items)
« Aesthetics (3 items)

« Information (7 items)

These sections contain a total of 19 items on a 5-point Likert
scale, from 1 (strongly disagree) to 5 (completely agree), as
well as a subjective measure of app quality with 4 additional
guestions. The final MARS-G score for each app is calculated
as the mean of the 4 objective categories (engagement,
functionality, aesthetics, and information). The score can range
between 1 (worst) to 5 (best). The subjective app quality is
additionally reported as the mean score of the 4 respective
questions.

In addition, the MARS-G includes an app-specific subjective
perceived impact score, caled the psychotherapy score. The
psychotherapy scoreincludesthefollowing 6 items. awareness,
knowledge, attitudes, intention to change, help-seeking, and
behavior change. These items can be used to estimate the app’s
impact on knowledge, attitudes, and intention to change
behavior.

For training purposes, the MARS-G wasused by all 3reviewers
to evaluate 1 app that was excluded from the study based on
our inclusion and exclusion criteria. The resultswere discussed
until no questions remained to achieve the same understanding
across reviewers.

We randomly assigned each app to 2 reviewers. Of the
reviewers, 2 used an iPhone (iPhone X and iPhone 12 Pro, both
running withiOS 14.3; Applelnc) and 1 used an Android phone
(Asus ZenFone 3 running Android 8.0.0; ASUSTek Computer
Inc). We rated all apps included in this study from January 9,
2021, to January 29, 2021. As required, every app was tested
independently for at least 10 minutes before applying the
MARS-G criteria

All reviewers were medical students aged 22 to 25 years who
werefocusing on patientswith psoriasisaspart of their medical
studies.

https://mhealth.jmir.org/2022/5/€34017
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Additionally, the best-rated app was evaluated by 2 patients
with psoriasis at the Department of Dermatol ogy, Venereol ogy,
and Allergology at the University Medical Center Mannheim
with the user version of the MARS-G (UMARS-G), amodified
version, specificaly for patients [18]. There are only a few
differences between the uUMARS-G and MARS-G. The
information category contains 4 questionsinstead of 7, and the
UMARS-G completely omits the psychotherapy score.

Patients were asked to spend at least 10 minutes exploring the
app beforerating it.

Ethics Approval

The study was conducted in accordance with the Declaration
of Helsinki and approved by the Medical Ethics Committee of
the Medica Faculty Mannheim, Heidelberg University
(2020-515N-MA). Thetrial isregistered at Deutsches Register
Klinische Studien (registration number DRKS00020963).
Written informed consent was provided by each patient before
participating in the study.

Patient Characteristics

The selected patient participantswere aready part of other trials
in which they also used a medical health app. Both seemed to
be reliable and conscientious when answering questionnaires.
Likewise, both could be assumed to have sufficient language
comprehension and competence. One of the patients was 38
years of age and the other was 56 years. Both were asked to
participate in the survey on March 8, 2021, during their
appointments at the dermatology outpatient clinic.

Statistical Analysis

After assessing the MARS-G score for al apps using the
previously described methods, the resultsfrom both raterswere
averaged to represent the final score each app achieved in our
study.

Results

App Screening

A total of 95 unique apps were identified in the German Apple
App Store (n=57) and the Google Play Store (n=53) using the
previously specified search terms. 15 of the appswere available
in both stores. Of these apps, 5 were not specifically targeted
at patients with psoriasis and 1 was designed for aclinical trial
only. Furthermore, 1 app that was previously included in our
study was no longer available in both app stores at the time of
rating. Therefore, the app was excluded from further analyses.
A total of 9 appswere eligible for our study (Figure 1).
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Figure 1. App screening process.
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Apple App Store: 57 l l Google Play Store: 53
Available in both
stores: 15
* | Excluded:

Not specific to patients
with psoriasis 5
Only for clinical trial 1
No longer available 1

Included: 8

App Characteristics

A magority of the apps (6/8, 75%) were commercial,
password-protected (6/8, 75%), and focused on symptom
tracking (ie, diaries, 5/8, 63%; Table 1). The remaining 2 apps
were affiliated with an NGO (1/8, 13%) or of unknown origin
(1/8, 13%). Of the 8 apps, 2 (25%), Itchy — Psoriasis & Ekzem
and DLQI 4 Psoriasis, used scientifically validated scores and
guestionnaires to evaluate the patient’s condition, such as the
Psoriasis Areaand Severity Index (PASI) [19] and Dermatol ogy

Life Quality Index (DLQI) [20]. The remaining apps, which
offered diary functions, did not use validated instruments.

Of the 8 apps, 3 (38%) alowed users to connect with other
patients with psoriasis through an app community. The Kopa
for Psoriasis app additionally offers disease information and
recommendations; however, the sources of theinformation were
not indicated. The PS.O. Psoriasis Arztfinder acts as a search
engine, enabling users to find German physicians treating
patients with psoriasis.

Table 1. Origin, focus, and specific technical aspects of the appsincluded in the evaluation.

App name Origin Focus Theoretical Technical aspects
background

DLQI 4 Psoriasis Commercial ~ Symptom diary DLQI? N/AP

Imagine — Skin Tracker Commercial  Symptom diary N/A N/A

Itchy — Psoriasis & Ekzem  Unknown Symptom diary

D|_Q|7|:3q5|0 Allows password-protection

Kopafor Psoriasis Commercial ~ Web-based forum, information  N/A Has an app community, allows password-protection
PS.O. Psoriasis Arztfinder  Ngod Finding physicians N/A Allows password-protection
Psoriasis Forum Commercial  Web-based forum N/A Hasan app community, allows password-protection
Psoriasis Helferin Commercial  Symptom diary N/A Allows password-protection
Psoriasis Monitor Commercial  Symptom diary N/A Allows sharing on socia media, has an app commu-

nity, allows password-protection

3DLQI: Dermatology Life Quality Index.

BNI/A: not applicable. These apps did not use validated instruments and therefore have no theoretical background.

®PASI: Psoriasis Areaand Severity Index.
INGO: nongovernmental organization.

App Quality Ratings

Table 2 shows the apps’ MARS-G ratings. The mean MARS-G
score for al assessed apps varied between 3.00 and 4.18. The
app Psoriasis Helferin received the highest MARS-G score
(4.18), followed by Imagine— Skin Tracker (4.08) and Psoriasis
Forum (4.01). The highest psychotherapy subscale score was
achieved by Psoriasis Helferin (3.50) and Imagine — Skin
Tracker (3.50), followed by Psoriasis Monitor (3.25). The
highest MARS-G subjective scores were achieved by

https://mhealth.jmir.org/2022/5/€34017
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Imagine-Skin Tracker (3.88) and Psoriasis Helferin (3.25). The
interrater reliability was 0.66.

When comparing the objective MARS-G score and the
subjective subscale scores, all apps received a higher objective
MARS-G rating (Figure 2). A detailed analysis of the mean
subscaleratings across all appsrevealed that the appswererated
best in aesthetics and functionality (4.31; Figure 3). In contrast,
the apps achieved the lowest ratings for psychotherapy (2.792)
and the subjective score (2.21).
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Table2. App version, general function, and mean app quality calculated by professional raters using the German Mobile Application Scale (MARS-G).

App name Version General func-  Engage-  Function-  peghetic®  Informa-  Meanobjec- Meansubjec-  Psychother-

tion ment? ality? tion? tivescore®  tivescore®  apy?
iOS  Android

DLQI 4 Psoriasis 1.0 1.0 Progressdocu-  2.90 4.88 4.67 4.00 411 2.25 2.63
mentation

Imagine — Skin 2 N/AP Progressdocu-  3.70 4.75 4.33 3.55 4.08 3.88 3.50

Tracker mentation

Itchy —Psoriasis& 1 N/A Progressdocu-  3.70 4.50 4.83 2.40 3.86 275 3.00

Ekzem mentation

Kopafor Psoriasis 4.80 N/A Forum 3.80 4.38 4.00 3.03 3.80 213 250

PS.O. Psoriasis 0 N/A Finding physi-  2.50 4.25 4.00 3.97 3.68 1.50 2.75

Arztfinder cians

PsoriasisForum 0 103 Forum 4.30 413 3.83 3.80 4.01 2.38 2.00

PsoriasisHelferin - 4.7  1.0.1 Progressdocu-  3.10 4.13 5.00 4.50 4.18 3.25 3.50
mentation

PsoriasisMonitor 44 2012  Progressdocu- 3.90 4.13 433 3.63 3.00 2.63 325

mentation, com-
munication with
aphysician

8 ach score is based on the MARS-G.
BN/A: not applicable. Both raters used an iOS phone to rate these apps.

Figure 2. Mean objective and subjective German Mobile Application Rating Scale (MARS-G) scores.
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Figure 3. Mean scores for each German Mobile Application Rating Scale (MARS-G) subscale.
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UMARS-G Ratings

As Psoriasis Helferin received the highest MARS-G score
(4.18), it was then rated by 2 patients with psoriasis, resulting

inaconsiderably lower UMARS-G score (3.48). Patient ratings
were lower for all UMARS-G subscales (Figure 4).

Figure 4. Mean subscale scores for the German Mobile Application Rating Scale (MARS-G) and user version of the MARS-G (UMARS-G).
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Principal Findings

To our knowledge this is the first study systematically
identifying and rating currently available German smartphone
apps specifically designed for patients with psoriasis. App
quality was assessed by independent reviewers and patients
using validated instruments and ready-to-use information was
compiled to inform patients and health care professionals.

The overall app quality was heterogeneous. The app Psoriasis
Helferin achieved the highest MARS-G score (4.18), and its
main function is to track symptoms.

https://mhealth.jmir.org/2022/5/€34017

RenderX

UMARS-G, the mean score decreased to 3.48. All subcategories
were scored lower by patients (UMARS-G) than by professionals
(MARS-G). The aesthetics subcategory revealed the largest
difference.

These rating differences demonstrate the different perceptions,
priorities, and preferences of patients. Therefore, health care
providers should offer their patients a selection of apps or, at
least, customizable apps. Patients may use medical apps less
often if their preferences are not considered; this has already
been demonstrated in studies analyzing treatment adherence
[21]. Thistopic must be explored further in clinical studies.
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Psoriasis Helferin a so achieved the best resultsin the MARS-G
information subscale, with 4.50 points. Importantly, Psoriasis
Helferin does not include any validated disease assessment
instruments such as the PASI or DLQI [19,20]. This makes its
clinical use problematic sincethere is no established procedure
to date for comparing data collected by an app to medical
records produced during routine visits. In our opinion, more
appsthat include scientifically validated instruments are required
to increase the validity of patient-generated data.

We showed that all apps achieved passable results in the
dimensions of aesthetics and functionality. By contrast, only 2
apps achieved 4 points or more for the information dimension,
DLQI 4 Psoriasis and Psoriasis Helferin; no apps achieved 4
points or more for the psychotherapy dimension. This could
indicate that app developers do not focus sufficiently on
providing evidence-based information and psychol ogical support
to patients. It has been shown that emotional well-being ishigher
in well-informed patients [22]. In addition, the willingness to
seek help from qualified physicians and change one’s behavior
areimportant precursorsto successful treatment. Therefore, the
guestions addressed in the psychotherapy score determineif the
app will be able to help patients improve their conditions. For
the psychotherapy dimension, Psoriasis Helferin also achieves
a passable score, along with the app Imagine — Skin Tracker,
achieving 3.50 points.

Similar to previous app reviews [22], our results highlight the
importance of including patients, clinicians, and researchersin
the app development process, as stressed previoudly, to create
appealing, validated, and truly beneficial apps. Physiciansshould
be aware of the content and quality of the appsthey recommend
or even prescribe. In this regard, apps that primarily include a
forum function should be approached with caution since
personal experiences and incorrect advice from unqualified
users may be unfavorable to the medical management of the
patient’s condition. Interestingly, an earlier study among patients
with rheumatic conditions showed that this group was the least
interested in aforum function [11]. Although they also live with
achronic disease, it remains to be seen if this conclusion can
be transferred to patients with psoriasis. Thus, further surveys
on the preferences of patients with psoriasis are needed to
identify the most important app subjects and functions.

Limitations

The MARS s one of the most often used and validated toolsto
evaluate health app quality [14]. The interrater reliability was
0.66 in our study, showing moderate agreement between raters.

The MARS helps raters evaluate the functionality, aesthetics,
and information provided by apps; however, we found the equal
contribution of all 4 categoriesto the final score is suboptimal
for certain types of apps. For example, for an app focusing on
information for patients, the quality of theinformation provided
should have more weight than for an app used solely as a
symptom diary. In apps designed with a narrow focus, the final
score does not necessarily reflect the overall quality of these
apps. Thus, we recommend using the MARS only to compare
apps with asimilar focus.

Lull etd

Further, data privacy and security are not part of the MARS,
although it isan important aspect in any analysis of health care
appswith sensitive information being shared by users. Although
all apps but Kopa for Psoriasis included a privacy statement
that the user had to agree to before use, the statements were
long and difficult to understand for the average user. This makes
it challenging for any patient or health care provider to grasp
where and how their data is stored.

In an article from 2017, Baptista et al [23] question the utility
of theuMARS asasimple adaptation of the MARSfor lay users
since the perceived quality of mobile apps may differ widely
between health care providers and patients. This difference in
perception can also be seen in our data, where the aesthetics of
the apps were rated much lower by patients compared to
researchers. We agree with Baptista et a [23] that further
research addressing the different perspectives of patients and
health care providersis needed.

Another limitation is that by focusing on apps available in app
stores, we excluded web-based apps. The decision to only
include apps only availablein both app stores was based on our
aim to analyze apps which are easily accessible and may be
recommended by physicians. However, this approach excluded
a significant proportion of apps available in only 1 of the app
stores and makes our results|ess generalizable. In addition, the
digital world is constantly changing; therefore, the results of
this study may only be relevant for a short period of time,
necessitating the frequent reanalysis of the key data.

Conclusions

We were able to identify and compile several German apps
specifically designed for patientswith psoriasisthat are publicly
available and free of charge. Using the MARS-G, the highest
mean score was achieved by Psoriasis Helferin. Importantly,
patients rated the apps less positively than hedth care
professionals. This should be considered when digital health
care apps for patients with psoriasis become available on
prescription as part of the DiGA directory in Germany. To be
considered asDiGA, however, studies on the efficacy of specific
apps are needed, which so far do not exist for al the apps we
evaluated. Both professionals and patients rated the perceived
impact of Psoriasis Helferin on health behavior as moderate.
Other apps, which were evaluated by professionals only,
performed even better in this area. Thus, we conclude that the
benefit of apps ascomplementsto traditional therapy for patients
with psoriasis can not only be determined by randomized
controlled trials[10] but a so through subjective evaluations by
patients and professionals. Additionally, a greater emphasis
should be put on the evaluation of data privacy as private and
often sensitive data are shared through these apps. Mobile
dermatology apps represent a promising tool to complement
the care of patients with psoriasis, but many critical aspects
must be analyzed in more detail in an interdisciplinary manner,
requiring close collaboration between dermatologists, app
developers, and data protection officers.
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Related Article:

Correction of: http://mhealth.jmir.org/2021/7/e26498/

(JMIR Mhealth Uhealth 2022;10(5):€39448) doi:10.2196/39448

In “A Mobile-Based Intervention to Increase Self-esteem in
Students with Depressive Symptoms: Randomized Controlled
Trid” (JMIR Mhealth Uhealth 2021;9(7):€26498), the authors
noted the following errors.

Intheoriginally published article, the effect sizefor self-esteem
was incorrectly reported as d=0.77. The correct value should
be d=0.40. Therefore, in relation to this value, the phrase
“medium to large effect” should be corrected to “small to
medium effect.” The effect sizes of all other result parameters
were converted correctly.

Furthermore, in the originally published article, commas
separating degrees of freedomin the F valueswere missing (eg,
F1 2> Was erroneously presented as F,,).

Pertaining to these two errors, the following corections were
made in the article.

1. In “Abstract” (Results), the sentence “Per-protocol (PP),
complete-case, and intention-to-treat analyses showed a
significantly higher reduction in depressive symptoms (PP:
F152,=3.98; P=.047; d=0.26) and asignificantly higher increase
in self-esteem (PP: Fy550=8.79; P=.003; d=0.77) in the
intervention group than in the wait-list control group” has been
corrected to “Per-protocol (PP), complete-case, and
intention-to-treat analyses showed a significantly higher
reduction in depressive symptoms (PP F; ,,,=3.98; P=.047,
d=0.26) and a significantly higher increase in self-esteem (PP:
F1,200=8.79; P=.003; d=0.40) in the intervention group than in
the wait-list control group.”

2. In“Results’ (Between-Group Differences), the phrase “The
analysesresulted inamedium to large effect sizefor theincrease

https://mhealthjmir.org/2022/5/e39448

in self-esteem (n,2=0.038; d=0.77) in the PP sample across
time” has been corrected to “The analyses resulted in a small
to medium effect sizefor theincreasein self-esteem (n ?=0.038;
d=0.40) in the PP sample across time.”

3. In*Discussion” (Principa Findings), the phrase*In addition,
amedium to large effect size of d=0.77 (RSE; PP sample) was
found for the increase in self-esteem,...” has been corrected to
“In addition, asmall to medium effect size of d=0.40 (RSE; PP
sample) was found for the increase in self-esteem,....”

4. In “Discussion” (Conclusion), the sentence “ The use of the
app led to a significantly higher reduction in depressive
symptoms (d=0.26) and a significantly higher increase in
self-esteem (d=0.77)" hasbeen corrected to “ The use of the app
led to a significantly higher reduction in depressive symptoms
(d=0.26) and a significantly higher increase in self-esteem
(d=0.40).”

5.In*Abstract” (Results), “F15,," hasbeen corrected to “F 55,"
and “F 5" has been corrected to “F; 555"

6. In“Results’ (Between-Group Differences), “F1398" hasbeen
COI'I'eCted tO “* F1'398," “ F1223n to “ F1‘223," “* F1261" tO “ F1’261,"
" F1221H to “* F1'221’” and 13 F1259” to(( F1’259.H

7.1nTable 3, “(1398)" hasheen corrected to “(1,398),” “(1222)"
to “(1,222)," “(1220)" to “(1,220)," “(1223)" to “(1,223),
“(1261)” to “(1,261),” and “(1259)" to “(1,259).

8. In “Results’ (Attitude and Expectation), “F,75" has been
corrected to “Fy 575"

The correction will appear in the online version of the paper on
the IMIR Publications website on May 20, 2022, together with

IMIR Mhealth Uhealth 2022 | vol. 10 | iss. 5 [e39448 | p.224
(page number not for citation purposes)
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the publication of this correction notice. Becausethiswasmade  repositories, the corrected article has also been resubmitted to
after submission to PubMed, PubMed Central, and other full-text  those repositories.
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