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Abstract

Tuberculosis is the number one infectious cause of death globally. Young children, generally those younger than 5 years, are at
the highest risk of progressing from tuberculosis infection to tuberculosis disease and of developing the most severe forms of
tuberculosis. Most current tubercul osis drug formul ations have poor acceptability among children and require consistent adherence
for prolonged periods of time. These challenges complicate children’s adherence to trestment and caregivers' daily administration
of the drugs. Rapid developments in mobile technologies and apps present opportunities for using widely available technology
to support national tuberculosis programs and patient treatment adherence. Pilot studies have demonstrated that mobile apps are
afeasible and acceptable means of enhancing children’streatment adherence for other chronic conditions. Despite this, no mobile
apps that aim to promote adherence to tuberculosis treatment have been developed for children. In this paper, we draw on our
experiences carrying out research in clinical pediatric tuberculosis studiesin South Africa. We present hypothetical scenarios of
children’s adherence to tubercul osis medication to suggest priorities for behavioral and educational strategies that a mobile app
could incorporate to address some of the adherence support gaps faced by children diagnosed with tuberculosis. We argue that
amobile app hasthe potential to lessen some of the negative experiencesthat children associate with taking tubercul osis treatment
and to facilitate a more positive treatment adherence experience for children and their caregivers.

(JMIR Mhealth Uhealth 2020;8(11):€19154) doi:10.2196/19154
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Introduction

Tuberculosis (TB) is the number one infectious cause of death
globally [1]. Implementation of effective TB control programs
continues to place enormous pressure on the health systems of
high TB-burden countries[1]. The World Health Organization’s
(WHO) Global TB Program identifiesdigital health technologies
as key to supporting its new End TB Strategy [2]. An essential
component of this strategy includes using mobile technologies
and apps in particular to improve adherence to TB treatment
[2]. Reviews show that the development and implementation
of mobile health technologies to support health outcomes are
overwhelmingly concentrated in high-income countries and
focused on diseases of concern in those settings [3-5]. The
development and implementation of mobile health technol ogies
inlow- and middle-income countries (LMICs), where the burden
of communicable diseases, such as TB, is markedly high and
treatment is strenuous, has received comparatively less attention.
In the last decade, rapid developments in mobile technologies
and apps, extended mobile network coverage, and increasing
possibilities for integrating mobile health into existing eHealth
platforms present opportunities for using widely available
technology to support TB programs and adherence in
resource-constrained and high-burden areas [2].

In South Africa, TB is the leading cause of death, mainly due
to the overlapping HIV and TB epidemics [1,6]. South Africa
also has the world’s second highest estimated TB incidence
rate, at 520 per 100,000 people [1]. In endemic areas, such as
South Africa, young children (especially younger than 5 years)
are at the highest risk to progress from TB infection to TB
disease and to develop the most severe forms of TB, such as
TB meningitis [7,8]. In 2018, children accounted for 7% of
newly recorded TB cases in South Africa [1]. Despite their
heightened risk, children’s paucibacillary TB disease leads to
them having much better treatment outcomes than their adult
counterparts once treatment is started [7]. Children’s timely
diagnosis and rapid initiation onto TB treatment are critical, as
undiagnosed cases or undertreatment could have long-term
health consequences or lead to death.

Drug-susceptible (DS) and drug-resistant (DR) TB treatment
formulations have had very poor acceptability among children
[9]. The drugs are multiple, unpalatable, and often cause
significant side effects, such as nausea, liver toxicity, insomnia
[1,7], neurosensory alterations, neuromuscular weakness, and
psychological and behavioral disturbances such as anger,
aggression, withdrawal, hyperactivity, and depressive symptoms
[10,11]. TB treatment is also lengthy and requires consistent
adherencefor at least six monthsfor DS-TB and, in the case of
DR-TB, adherenceto different drug regimensfor alonger period
of time [1,8]. Child-friendly TB preventive therapy and
treatment formulationsthat simplify and improve TB treatment

https:.//mhealth.jmir.org/2020/11/€19154
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for children are either only recently available or are still being
evaluated in clinical trials [8,9,12]. The challenges presented
above complicate children’'s adherence to treatment and
caregivers daily administration of the drugs[8].

Various small-scale and pilot studies in high-income settings
have demonstrated that mobile apps are afeasible and acceptable
means of enhancing children’s and young peopl€'s treatment
adherence for chronic conditions, such as sickle cell disease
(SCD), migraines, asthma, and HIV [13-18]. Thereis limited
high-quality evidence on the impact of mobile apps on health
outcomeswhen implemented at scale or on how different mobile
app components affect health and treatment outcomes [3-5].
Despite this, many of the small-scale studies published thus far
provide promising evidence supporting the potential of mobile
apps to positively impact adherence and treatment outcomes
among children and young people [3-5,13,15,16,19]. These
studies also serve as a foundation for further research and
implementation effortsin thisfield and demonstrate the potential
for developing and implementing mobile apps in LMICs that
support children’s and caregivers burdensome TB treatment
journeys. To date, no maobile apps that aim to improve the
experience of TB and TB treatment in high- or low-income
countries have been developed for children; mobile health
interventionsfor supporting TB programs have largely focused
on adult patients, using SM S-based text message platforms to
promote TB treatment adherence, clinic attendance, and
monitoring [20-22].

In this paper, we reflect on our joint experience conducting
research in ongoing pediatric TB studies at the Desmond Tutu
TB Centre, Stellenbosch University, South Africa, to highlight
the potential for developing mobile app—based technologies to
support TB treatment adherence in children. First, we provide
an overview of technologies that have been used to support
children's and young people's treatment and adherence
experiences in other disease contexts. Second, we present
hypothetical scenariosinformed by our experiencestoillustrate
the adherence support gaps for children with TB. Third, we
imagine how amobile app could address some of the adherence
support gaps faced by children affected by TB.

Overview of Adherence Technologies for
Children

Table 1 provides examples of studiesthat use mobiletechnology
to improve children’s and young peopl€’s treatment adherence,
including for SCD, asthma, migraine,
attention-deficit/hyperactivity disorder, and HIV. These pilot
studies provide preliminary evidence that shows the potential
of mobile apps to support adherence in children and young
people.
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Table 1. Examples of studies that used mobile technology to improve children’s and young peopl€’s treatment adherence.

Study Study summary Intervention features
Creary et al (2019) - Single-arm intervention study with pediatric patients<19 years(median - Self-recorded videos of taking the medication
(13] age 10 years) - Monetary incentives with successful adherence (US
- Condition: SCD? $30 gift card)
- Country: United States - Text message reminders
- Intervention: effect of mobile phone-based intervention on adherence - Personalized feedback on adherence from research
to SCD treatment staff
- Outcomes: increased adherence among participants engaged with the
intervention over a6-month period compared with participants’ baseline
adherence
Ramsey et a - AB design pilot study with patients aged 13 to 21 years - Reminder notifications and phone calls

(2018) [14]

Kosse et a (2019)
[15]

Weisman et al
(2018) [17]

Curtis et al (2019)
[23]

Hightow-Weidman
et al (2018) [18]

- Condition: migraine
- Country: United States

- Intervention: evaluation of the use of amobile app to increase adherence

to migraine medication

- Outcomes: similarly high rates of adherence among participants using
the intervention and participants using smart pill bottles over an 8-week
period. Participants rated the intervention as acceptable and easy to use

- Randomized controlled trial with patients aged 12 to 18 years

- Condition: asthma
- Country: Netherlands

- Intervention: measuring the impact of a mobile app on participants’

adherence to asthma treatment

- Outcomes: increased 6-month adherence rates among participantswho
used the app and measured low-adherence rates at baseline. Decreased
6-month adherence rates measured among participants in the control

group

- Randomized controlled trial with children aged 6 to 16 years

- Condition: ADHDP
- Country: Israel

- Intervention: assessing the use of a mobile app to increase ADHD

medication adherence

- Outcomes: increased adherence rates among participants who were
using the app over 8 weeks compared with adherence ratesin the control

group

- Study conducted with 12- to 18-year-olds

- Condition: SCD

- Country: multiple, including Lebanon and Nigeria

- Intervention: development of an evidence-based mobile app supporting

SCD medication adherence
- Outcomes: evaluation of the app is underway

- Study conducted with 19- to 24-year-olds
- Condition: HIV
- Country: United States

- Intervention: pilot of amobile app supporting HIV medication adherence

- Outcomes: high acceptability and feasibility, as measured in participant
ratings after 28 days of app use. A clinical trial evaluating adherence

with the app is underway

- Incorporation of the health belief model
- Medication adherence tracking

- Symptom monitoring

- Education (short movie clips)
- Medication reminders

- Chat feature with pharmacists
- Chat feature with peers

- Symptom monitoring
- Reminder notifications

- Education on ADHD and its treatment (video clips,
articles, and links to additional reading materials)

- Avatar

- Rewards system (points earned through interaction
with app’s features)

- Education on SCD

- Quiz (focused on education about SCD)

- Symptom tracking

- Medication and appointment reminders

- Emergency information for health professionals un-
familiar with SCD

- Medication tracking

- Reward system (points and monetary incentive earned
through interaction with the app’s features)

- Social networking (social wall discussion questions)

- Gamification through quests and story-based frame-
work

- Incorporation of social cognitive theory

83CD: sickle cell disease.
BADHD: attention-deficit/hyperactivity disorder.
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However, few technologies and mobile apps target children’s
treatment adherence specifically; for TB, no such technologies
exist. Common app features shared across the studiesincluded
in Table 1 incorporated behavioral and educational strategies
to improve adherence through features such as reminder
notifications, adherence logging, cash or other adherence
rewards, and educational features [13-15,17,18,23]. While
evidence of the impact of these app components on adherence
islimited to small sample sizes, the studiesthat have completed
evaluations show increased or high rates of adherence in their
study populations [13-16,19], and an even greater number of
apps have shown high acceptability and feasibility among users
from various age categories [13-18]. For example, one of the
pilot studies, MyMate& Me, is a mobile app aiming to support
SCD medication adherence among children and adolescents
aged 12 to 18 years[23]. With MyMate& Me, users earn points
by participating in app features, including (1) “Tip of the Day,”
where users learn important information about coping with
SCD, (2) “Daily Quiz,” where users learn about SCD by
answering quiz questions and earning pointsfor correct answers,
(3) “Mood Tracker,” where users earn points by logging their
daily mood, and (4) “Medication and Appointment Reminders,”
where users are reminded to take their medication, attend
appointments, and earn points for confirming their adherence
and attendance. MyMate& Me also features an avatar to
accompany the user throughout the app. The user can spend
their earned points on clothes and accessories for their avatar,
thereby providing incentive for using the app’'s various
functionalities and managing their condition. Another study,
also on SCD, incorporated video directly observed therapy for
adherence monitoring, daily reminders via SM Stext messages,
email, or telephone if adherence was not observed, and a US
$30 gift card incentive if users maintained at least 90%
adherence over 30 days[13].

The behavioral strategies used in these mobile apps aimed to
facilitate a favorable adherence environment and thus change
patient behavior, while the educational strategies aimed to
provide patients with information so that they could make
informed choices about adhering to treatment [24]. These
strategies are informed by underlying theories of human
behavior, such as the health belief model [25], the theory of
reasoned action or planned behavior [26], and operant
conditioning [27]. Thebasic logic of thesetheoriesisthat people
aremore likely to repeat behaviors (in this instance adherence)
that (1) are associated with reward, not punishment, (2) conform
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to their perceptions of descriptive and injunctive norms, and
(3) are within their perceived self-control. Robust evidence
supporting the use of mobile apps and mobile app features that
use behaviora strategies is limited [3-5]; however, their
foundational principles have been evaluated extensively in
relation to alarge variety of health behaviors in many settings
across theworld [27,28] and have been shown to be supportive
of adherence [24]. In 2014, the WHO advocated for such
behavioral and educational strategies to be incorporated into
apps to improve TB treatment adherence [7].

What Are the Current Adherence Support
Gaps for Children With Tuberculosis?

Many mobile apps that support children’s and young people’s
adherence to treatment for other conditions serve as treatment
reminders or sources of information for patients
[13-15,17,18,23]. Drug palatability, tolerability, and
acceptability, which pose serious threats to adherence, are
typically not considered for intervention with mobile apps. In
Textbox 1, we draw on our experiences carrying out research
in pediatric TB studies at the Desmond Tutu TB Centre to
consider children’s and caregivers experiences with TB
treatment that illustrate specific adherence support gaps and
needs. The scenarios reflect typical interactions with patients
and caregivers that are observed daily in TB service delivery
contexts. They show that caregivers and children are generally
motivated and knowledgeable about TB treatment but that the
unpalatability, number, and side effects of the drugs affect their
acceptability and provide serious challengesfor caregivers and
children at each ingestion event. We argue that an important
user need is making the drug ingestion and administration
experience more acceptable. For children especially, the current
TB treatment experience is negative, and they are “punished”
by the negative associations and poor palatability at each
ingestion event. Alongside advocating for improved,
child-friendly, palatable formulations, a mobile app that can
mitigate the punishment associated with treatment and provide
tangible rewards closely associated with each adherence event
is a priority and could serve as a supporting component for
improving the TB treatment experience for children and their
caregivers. The app could also, for example, provide userswith
tutorial videos for pairing TB treatment with foods to improve
palatability without compromising dosing accuracy [29].

IMIR Mhealth Uhealth 2020 | vol. 8 | iss. 11 [e19154 | p.9
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH Morse et d

Textbox 1. Scenarios reflecting specific adherence support gaps and needs.

Scenario 1

Berniceisthe mother of 2-year-old Lindiwe and takes her role in administering Lindiwe'stuberculosis (TB) treatment very seriously. Every day when
it is time to administer Lindiwe's treatment, Bernice endures frightful temper tantrums due to the drugs poor taste. Bernice finds that the daily
frustration and struggle of ensuring Lindiwe ingests her medication is mentally wearing, and she has had to be increasingly resourceful to plan for
and strategize ways of getting Lindiwe to take her treatment, including begging, bribing, forcing, cheering, and more. In this scenario, the adherence
gap is Bernice's struggle to be resourceful and find new ways to administer the TB medication due to the medication’s poor acceptability.

Scenario 2

Angela's 7-year-old son, Henry, often experiences significant nauseawhen he takes his TB treatment. On occasion, the treatment causes him to vomit.
The process of giving Henry his TB medication has become a daily battle for Angela and often involves her forcing the medication into him. This
arrangement isbeginning to negatively affect their relationship. The adherence support gap in this scenario isthe negative effect of the TB medication’s
poor palatability and acceptability on Angela’s relationship with Henry.

Scenario 3

Despite being only 5 years old, Alice understands that taking TB medication is an important daily task. When it is time for her mother, Gill, to take
her own TB medication, Alice reminds her by saying “pills, Mommy, pills” However, understanding the importance of TB treatment does not help
Alice's adherence; she puts up a great fight each time she has to take her own treatment. In this scenario, the adherence support gap is that Alice's

understanding of the importance of TB treatment is not enough to overcome the poor acceptability of the treatment.

How Could Technology Address These
Gaps?

In order to address the current treatment support gaps for
children with TB in South Africa, we conceptualize a mobile
app that incorporates behavioral and educational strategies to

include an avatar, a rewards scheme, reminder notifications,
adherence tracking, social support for children and caregivers,
and information on TB, TB treatment, and TB treatment
adherence, with the overal aim of reducing the negative
emotions associated with TB treatment for children. The
connections between treatment support gaps, strategies, and
app features are presented in Table 2.

Table 2. Summary of adherence gaps and their hypothetical corresponding mobile app features.

Adherence gap App features: educational

App features: behavioral

Information about the rewards of
adherence and the conseguences of
nonadherence

Poor acceptability and palatability
of TB®treatment for children

Access to advice and information
from health professionals

Caregivers challenges finding
strategies to administer TB treat-
ment

Access to advice and information
from health professionas

Negative effect of the strain of TB
treatment on the child-caregiver re-
lationship

Information about the rewards of
adherence and the conseguences of
nonadherence

Poor acceptability of TB treatment
outweighing the importance of TB
treatment for children

- An avatar to reduce children’s negative emotions toward treatment and
demonstrate the consequences of adherence

- Rewards schemeto reduce children’s negative emotions toward treatment
- Socia support for children from peers

- Reminder notifications and medication tracking associated with behavior-
changing rewards

- Social support and advice from other caregivers

- Rewards schemeto reduce children’s negative emotions toward treatment
- Socia support and advice for caregivers from other caregivers

- Socia support for children from peers

- An avatar to reduce children’s negative emotions toward treatment

- An avatar to reduce children’s negative emotions toward treatment and
demonstrate the rewards of adherence

- Rewards schemeto reduce children’s negative emotions toward treatment
- Socia support for children from peers

4TB: tuberculosis.

We propose that the child creates an avatar to represent
themselves within the app. The avatar is given opportunities to
thrive (eg, growing noticeably stronger or getting better outfits
or gear) by completing tasks so that patients are rewarded for
active engagement in their care rather than punished for
noncompliance, asisthe current norm. The avatar servesasan
externalization of the child’s experiences with treatment. If the
child caresfor their avatar, then the avatar will grow increasingly
sophisticated; achieving thisis areward in itself for the child.
For example, in such an app, users may complete missions in
order to gain diamonds—the currency of the app—that can be
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used to purchase clothes and accessories for the avatar in the
app’sstore. Completing missionsalso leadsto levelling up each
time the user acquires the required number of diamonds. Each
mission might include linked goals, such as following the
treatment plan for 3 consecutive days, reading about TB, and
joining an online forum discussion. As a user completes
missions, earns diamonds, and levels up, their avatar becomes
stronger. “Adherence streaks” unlock bonus rewards and items
in the app’s store: the longer the adherence streak, the greater
the reward. Rewards can be scaled over time so that the user
hasincreasingly higher targetsto achieve. Asafurther incentive,
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such an app could partner with businessesto offer small tangible
rewards, such as mobile data or discounts at selected stores.
The app, by encouraging the child’s active participation in their
treatment adherence, assigns positive consequences to taking
their medication (eg, diamonds, a visibly stronger avatar, and
more accessories) and permits the child to gain control and
autonomy over the treatment experience. It also ties rewardsto
adherence despite the unpal atability of the drugs and negative
side effects. Interventions that use rewards to promote
medi cation adherence have been shown to be significantly more
efficacious than interventions that do not use rewards[30]. The
aforementioned features of the app’s design aso have the
potential to lower therisk of user fatigue. In an app supporting
TB treatment adherence, the risk of user fatigue is mitigated,
as the need for using the app naturally ends upon treatment
completion, at which point the user’'s avatar could enter a hall
of fame.

Building on a fundamental link between the avatar’'s wellness
and the child’s adherence behaviors, a mobile app could then
incorporate a range of other features to support children and
caregiversin adhering to treatment. For instance, the app could
be an important source of information on TB. It could include
medication reminders, alerts for upcoming clinic visits, and
details of what to expect at the visit. Daily adherence logging
would allow users to track their adherence over time, view
weekly and monthly adherence, and progresstoward completing
their treatment course. Anin-app community space would allow
caregivers to interact with other caregivers. Caregiver
participation in the community would earn their child diamonds,
making knowledge seeking collaborative and providing
caregivers with a new adherence resource and a free, positive
reward to help mitigate the negative effects of forced
administration on the child-caregiver relationship. Inthe online
forum, caregivers and older children with appropriate
supervision would be able to ask each other about their
experienceswith TB and treatment, creating an additional social
support system.

Studies of TB knowledge in South Africa have suggested
relatively good levels of understanding of prevention and cure
among the population, but knowledge of TB cause and
symptoms was suggested to below [31,32]. A frequently asked
guestions (FAQs) section, designed by children and adolescents
who have experienced TB disease and medical professionals
who work with TB disease, could address knowledge gaps by
including answers to common questions, such as “How can |
protect my family and friends from getting TB?" “What kind
of bodily changes can | expect while taking treatment?’ “Can
| go to school if | have TB?' and “What is the relationship
between TB and HIV?' In the app’s community space, users
can also play games (racing, sports, treasure hunts, etc), either
with each other or solo, to earn additional diamonds. The
stronger their avatar (eg, the better their adherence), the more
competitively they will perform in the games. The effectiveness
of such games for increasing medication adherence among
children has been shown [33,34]. For example, in arandomized
controlled trial, avideo gameintervention was found to improve
medication adherence and behaviora outcomesfor young people
aged 13 to 29 years with acute leukemia, lymphoma, or
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soft-tissue sarcomain the United States, Canada, and Australia
[33].

In ahigh TB-burden, resource-limited setting like South Africa,
such a mobile app that aims to facilitate children’s adherence
to TB treatment could improve the patient experience and also
potentially buffer some of the shortcomings of the care provided
in an overburdened health service. In particular, a mobile app
could offer avenues of support to caregivers and children that
are not immediately available in service encounters. It could
also be a source of information on a range of topics related to
the disease and its treatment, as in the FAQ section proposed.
Theimmediate availability of such support and information has
the potential to be empowering for patients.

Considerations for Implementation

There are a number of practical considerations for developing
and using mobile apps to support children’s adherence in
culturally diverse, developing health settings, such as South
Africa. First, most households in low socioeconomic settings
have limited access to phones and tablets that could support
apps. Programs may consider providing patients with
smartphones during treatment, with the possibility of taking
ownership when treatment has been completed successfully.
The resources required to deliver such an app (if effective in
improving adherence) are limited to the supply of a suitable
mobile device (about US $40 per user) and some training on
how to use the app. Studies suggest that the cost of providing
smartphones to patients and supporting app-based adherenceis
more cost-effective for patients and health servicesthan current
adherence support models, which are often highly
labor-intensive, requiring many hours of health workers' time
[35,36]. The app would also require some tailoring to the age
of the child to provide age-appropriate services and support,
including features for older children and adol escents who may
experience greater treatment autonomy. During the app’sinitial
setup, a prompt to input age can align the app’s functionality
with the age of the child. To be acceptable amongst diverse
users, the app must be attuned to the local context in which it
will be implemented. As such, the app’s avatar must offer an
array of characteristicsthat users can select to reflect their socidl,
cultural, racial, and gender identities and their personalities.
These could beinformed by participatory research through focus
group discussions and key informant interviewswith end users,
community advisory boards, patient advocacy groups, and other
stakeholders. The project team can then partner with an expert
in app design, development, and programming. Last, the app
should take into account the diversity of languages spoken in
the local context and thereby allow children and caregivers to
use the app in the language most suitable to them.

Given the paucity of robust evidence for using mobile apps to
support adherencein children and adults, we suggest that future
evaluations of mobile adherence apps to support children’s
adherence to TB treatment should include implementation
science evaluations and randomized controlled trials. Further,
such evaluations should measure both biomedical (eg, treatment
success) and patient experience (eg, preferences and user
satisfaction) outcomes.
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Conclusion

Digital health technology is a burgeoning resource for
supporting health systems and patients in the prevention,
treatment, and care of a wide array of diseases. While such
technologies hold promise for supporting the adherence of
children diagnosed with TB diseasein LMICs, where the burden
is highest, no such technologies have been developed to date.
In this paper, we presented some hypothetical scenarios of the

Morse et al

daily struggles of caregivers and children who are tasked with
adhering to TB treatment for prolonged periods of time. While
we do not suggest that a mobile app will resolve all problems
related to children’s adherence to treatment, such atechnology
could compensate for and lessen some of the negative
experiences children associate with taking TB treatment and
perhaps even act as a buffer for health system shortcomings. It
remains the task of the research community to develop such
technologies and bring them to scale in the health systemsin

which they will have the greatest impact.
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Abstract

Several recently published studies and consensus statements have demonstrated that there is only modest (and in many cases,
low-quality) evidence that mobile health (mHesalth) can improve patient clinical outcomes such as the length of stay or reduction
of readmissions. Thereisalso uncertainty asto whether mHealth can improve patient-centered outcomes such as patient engagement
or patient satisfaction. One principal challenge behind the“ effectiveness’ researchinthisfieldisalack of common understanding
about what it means to be effective in the digital space (ie, what should constitute a relevant outcome and how best to measure
it). In this viewpoint, we call for interdisciplinary, conceptual clarity on the definitions, methodologies, and patient-centered
outcomes frequently used in mHealth research. To formulate our recommendations, we used a snowballing approach to identify
relevant definitions, outcomes, and methodologies related to mHealth. To begin, we drew heavily upon previously published
detailed frameworks that enumerate definitions and measurements of engagement. We built upon these frameworks by extracting
other relevant measures of patient-centered care, such as patient satisfaction, patient experience, and patient activation. We
describe several definitional inconsistencies for key constructs in the mHealth literature. In an effort to achieve clarity, we tease
apart several patient-centered care outcomes, and outline methodologies appropriate to measure each of these patient-care
outcomes. By creating a common pathway linking definitions with outcomes and methodologies, we provide a possible
interdisciplinary approach to evaluating mHealth technologies. With the broader goal of creating an interdisciplinary approach,
we also provide several recommendations that we believe can advance mHealth research and implementation.

(JMIR Mhealth Uhealth 2020;8(11):€17577) doi:10.2196/17577

KEYWORDS

innovation; health care; digital technology; digital interventions; patient-facing technologies; patient-centered care; patient
centeredness; patient experience; patient engagement; patient activation; quality; effectiveness; quality improvement; information
technologies; outcomes; readmissions; length of stay; patient adherence

devices, personal digital assistance, and other wirelessdevices’
Background [1,2]. mHealth is considered the future of health care [3.4], and
Mobile health (mHealth) is defined by the Word Heath ~Many health care organizations have embraced mHealth as part

Organization as “medical and public health practice supported of their patient-centered initiatives. Specifically, apcordi ng to
by mobile devices, such as mobile phones, patient monitoring & US News & World report, 18 of the top 20 medical centers
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have adopted and widely celebrated mHealth technologies, at
least in a review we conducted of their websites [5]. The
National Institutes of Health funding for developing, testing,
and implementing mHealth interventions grew from US $16.8
million in 2014 to US $39.4 million in 2018 [6].

Despite the growth and hype of mHealth technologies, thereis
a paucity of effectiveness evidence in the literature to support
such widespread implementation [6]. Several recently published
studies and consensus statements have demonstrated that there
is only modest (and in many cases, low-quality) evidence that
mHealth can improve patient clinical outcomes such aslengths
of stay or reduction of readmissions [6-9]. There is aso
uncertainty asto whether mHealth can improve patient-centered
outcomes such as patient engagement or patient satisfaction
[6-10]. One principal challenge behind the “effectiveness’
research isalack of shared understanding about what it means
to be effective in the digital space (ie, what should constitute a
relevant outcome and how best to measure it) [2]. This lack of
a shared understanding can likely be attributed to the
multidisciplinary, multifaceted nature of mHealth, often
involving disciplines such as engineering, data science, systems
science, human-computer interaction, behavioral sciences, public
health, and medicine[10-13]. Each disciplinetendsto frameits
effectivenessresearch in terms of its own specialized knowledge
[13], thereby limiting the generalizability of research results
across domains.

In thisviewpoint, we call for interdisciplinary, conceptual clarity
on the definitions, methodol ogies, and patient-centered outcomes
frequently used in mHealth research. There have been recent,
important calls in the literature for conceptual clarity about
engagement [6,10-13]; however, as we demonstrate below,
engagement is only one facet of patient-centered care [14] and
it is not always clear that sustained engagement is required to
achieve mHealth outcomes [2]. Stated differently, a shared
understanding about engagement is necessary but not sufficient
for an interdisciplinary research approach. Conceptual clarity
on engagement can only go so far to reduce the current
fragmentation of research efforts [12]. Instead, what is needed
is consideration beyond one measure of patient-centered care
to include several measures of patient-centered care and the
methods for evaluating them. By creating a common pathway
linking definitions with outcomes and methodol ogies, we hope
to draw acomprehensive (but not necessarily exhaustive) outline
of apossible interdisciplinary approach to evaluating mHealth
technologies.

To formulate our recommendations, we used a snowballing
approach to identify relevant definitions, outcomes, and
methodol ogies related to mHealth. To begin, we drew heavily
upon the work of Perski et a [12], Yardley et a [6,13], and
Short et al [10], among others [14,15], whose detailed
frameworks enumerate the definitions and measurements of
engagement [ 15]. We built upon their frameworks by extracting
other relevant measures of patient-centered care, such as patient
satisfaction, patient experience, and patient activation, drawing
on the quality and patient safety literature—a literature base
that has, thus far, to our knowledge, been largely untapped in
the mHealth context.

http://mhealth.jmir.org/2020/11/€17577/
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Quality health care refers to care that is safe, effective,
patient-centered, timely, efficient, and equitable[11,16]. In the
mHealth context, most of the work comes from informaticians
rather than health care quality practitioners. Theory-based
informatics research must be informed by the frontline
real-world, hospital environment where health care quality takes
place, because patients are different than consumersor research
participants [11,17]. Patients experience a constellation of
complex, emotionally laden perspectives during their use of
mHealth technology that may not be considered when
conducting informatics research outside of the hospital setting
[18]. Thefield of health care quality can help advance mHealth
research in its evidence-based emphasis on the patient, his or
her experiences, and how the continuum of care can influence
outcomes that matter to the patient [19,20].

A dataextraction table was used to sort, explore, and synthesize
existing research (see Multimedia Appendix 1). Wefiltered and
coded our findings based on whether adefinition was proposed,
whether outcome measures were discussed (and what the
outcome measures were), and methodol ogies used to assessthe
outcomes. We reran the search queries that were performed in
5 recent, frequently cited systematic reviews [6,12,14,21,22]
using the Medline, PsycINFO, PubMed, and Google Scholar
databases. Although we did not intend to perform a systematic
review for thisViewpoint, we believe that this research approach
was comprehensive and could be used to formulate
recommendations based on gaps and inconsistencies in the
literature.

Defining Patient-Centered mHealth
Technologies

A survey of the literature highlights the myriad terms used in
mHealth and the various ways in which they are defined. The
terms “mHealth,” “telehedth,” “eHealth,” and *“digita
technologies’ are often treated synonymously [23], although,
in reality, they could be different in that eHealth or digital
technologies can encompass devices that are not supported by
mobile means, such as hospital check-in or registration portals
to more advanced technologies designed to enhance patient
understanding through education and communication such as
Smart Boards and Smart TV's located on hospital units[24].

Digital behavior change interventions (DBCIls) are a subset of
eHealth, defined as “a product or service that uses computer
technol ogy to promote behavior change,” which can beddlivered
through computer programs, websites, mobile phones as text
message, smartphone apps, or wearable devices [6].

Patient-centered careisahealth care quality indicator proposed
by the Institute of Medicine (IOM) [25]. Patient-centered care
has generally been poorly defined, with authors often conflating
several distinct concepts such as using theterm “ patient-centered
care” when they are usually referring to a specific outcome
measure of patient-centered care [26]. As the IOM explains,
patient-centered careiscarethat is“respectful of and responsive
toindividua patient preferences, needs, and values, and ensuring
that patient values guide all clinical decisions’ [25]. Through
this lens, patient-centered care can be conceptualized as an
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overarching, broad concept that puts emphasis on respecting
patients asameans of honoring their dignity and worth [26,27].
By extension, patient-centered mHealth technologies can be
defined as technol ogies supported by mobile devices designed
to promote patient-centered care. There are several outcome
measures for patient-centered care.

Patient-Centered Care Outcomes for
Patient-Centered mHealth Technologies

“Patient experience” is likely the strongest, most proximate
outcome measure of patient-centered care. Patient experience
refersto any process observable by patients, including subjective
experiences (eg, pain control) and their objective experiences
(eg, wait time) [28,29]. A primary feature of patient experience
is that it reflects actual health care experiences [30]. Another
important feature of patient experienceisthat it refersto atime
sequence. Specifically, patient experience can refer to the first
touchpoint within an episode of care (eg, being assessed for a
left knee replacement) to thelast touchpoint within that episode
(eg, last follow-up appointment following surgery for aleft knee
replacement). Alternatively, patient experience can refer to the
whole continuum of care—their first encounter with Hospital
A to their last encounter with Hospital A.

“Patient engagement” and “ patient activation” are two outcome
measures of patient-centered care that are distinct from patient
experience. In particular, “ patient engagement” has been defined
in various ways in the literature [14,30,31]. Recent proposals
for integrative definitions of engagement have defined
engagement as consisting of objective and subjective
components [6,12,13]. The objective component is the extent
(eg, amount, frequency, duration, and depth) of usage of the
mHealth technology [12]. With respect to what constitutes
sufficient objective engagement, the literature demonstrates a
palpable lack of consensus [15,31]. Some researchers have
proposed that acertain empirical threshold of engagement must
be met to show sufficient engagement with the intervention to
achieve intended outcomes [13], whereas others suggest that
one critical point of engagement or fluid, ebbing, and flowing
engagement may be sufficient [32,33]. The subjective element
of engagement is often characterized by the user’s attention,
interest, and affect—their overall experience in engaging with
the specific mHealth technology [10,12].

“Patient activation” isa patient-centered care outcome measure
that refers to patients “willingness and ability to take
independent actions to manage their health,” such as avoiding
health-damaging behaviors and adopting healthy lifestyle
choices, including exercising regularly, eating well, or
monitoring their glucose levels [34]. DBCls usualy attempt to
evaluate patient activation [34-36], although they may indicate
that they are designed to assess adherence or engagement.
“Adherence’ isoften confused with “ engagement” and has been
defined in at least three separate ways: adherence could refer
to whether theintervention isused asintended by the devel opers
[10,32], the usage of mHealth [37] (which is more accurately
called engagement), or the patient’s willingness and ability to
adhere to the recommendations provided by their physician or
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health care provider (which is likely the most common use of
the word “adherence” in medico-legal parlance) [35,38-40].

Taken together, patient engagement typically refersto patients
engagement with an intervention itself, whereas patient
activation refersto patients’ physical and mental health-related
activities based on what they learned from an intervention
[34,41]. Patients can be engaged by, for example, reading digital
messages on the importance of exercising and still not be
activated to start exercising [34].

Patient engagement and activation are distinct outcome measures
from patient experience in that patient experience refers to
patients perceptions of others actions, whereas patient
engagement and activation refer to patients actions [27,42].
Patient experience, engagement, and activation are all measures
of patient-centered care in that they put emphasis on the patient
playing an integral role in their outcomes [43,44], with the
ultimate decision-making authority resting with patients. Further,
all three concepts can be evaluated empirically.

Finally, “patient satisfaction” is the most attenuated outcome
measure of patient-centered care. Patient satisfaction isaterm
that is often used in health care quality parlance and yet is
frequently misunderstood [27] owing to one key feature of
satisfaction that is often ignored: satisfaction has little to do
with quality [22,27,29]. Patient satisfaction only refers to
whether patients' expectations were met [22,27]. Patients can
be satisfied with care that islow quality and yet be dissatisfied
with high-quality care. For thisreason, it isincorrect to say that
the Hospital Consumer Assessment of Healthcare Provider and
Systems survey, thefirst standardized, publicly reported survey
of patient perspectives[45], measures patient satisfaction when,
in actuality, the survey uses patient experience as its primary
measure for patient-centered care [27,28,46].

Asthe above discussionillustrates, to date, we have not achieved
ashared understanding of important mHealth constructs, or how
to conceptualize and operationalize them [10]. Thus, if the
mHealth community is to continue to promote the use of
patient-centered mHealth technol ogies (ie, mHesalth technologies
that are designed with the goal of promoting patient-centered
care, as measured by patient experience, patient engagement,
patient activation, or patient satisfaction), then we need precision
in our terminology to extrapolate generalizable, transferable
results [6,31].

Methodologies Used to Empirically
Assess Patient-Centered Outcomes

To validly measure a concept, there must be a tight linkage
between the patient-centered care construct (ie, the outcome
measure) and items developed for measurement [47]. Below,
we describe several methodologies that can assess each
patient-centered outcome.

Patient Experience

There are severa qualitative methodologies that are ideal for
assessing patient experience. Focus groups, semistructured
interviews, observational studies, patient journey mapping, and
walk-throughs are al appropriate to assess patient experience
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[21,29,48,49]. Semistructured interviews (wheretheinterviewer
uses a structured guide to aid conversation) are most helpful to
elicit patients experiences, as well as to dlicit particular
informational and decisional needs. For example, consider an
mHealth technology that provides educational messages
(through text and email) to prepare and inform patients about
their upcoming surgery. Asking patients to reflect on whether
they had gapsin knowledge after completion of the module (eg,
gaps in knowledge about surgery lifestyle impacts, surgical
risks/benefits, and technical aspects of the surgery, or recovery
trajectories and activities) would help dlicit patients
informational needs[29].

To assess patient experience, researchers should aim to elicit
both definitional components of patient experience: (a) patients
subjective and objective assessments of what occurred, and (b)
patients observations across the full sequence of time [28,45].
Thus, if only one touchpoint of care within an episode is
evaluated—such as patient experiences using adigital check-in
registration system during a scheduled surgery—then it likely
cannot be said that patient experience was fully assessed. A
more precise methodology would be one in which teams
systematically evaluate patient experiences through all
touchpoints using walk-throughs or patient journey mapping,
starting from appointment scheduling, to the registration
check-in, to the digital navigation system that shows patients
how to get to aparticular department, to the Smart TVsor Smart
Boards within the patients' hospital rooms, and all the way to
the patients' beside tablet-based and electronic health record
solutions [50-52]. The goal of walk-throughs and journey
mapping is to ask patients what they are feeling, seeing, and
experiencing as they move from, say, the registration portal to
a patient room [50].

Patient Engagement

Short and colleagues [10] describe several methodologies that
are appropriate to eval uate patient engagement. To assess patient
engagement, researchers should aim to elicit both definitional
components of patient engagement: the objective component,
as the extent (eg, amount, frequency, duration, and depth) of
usage of the mHealth technology, as well users’ subjective
assessment in using the mHealth technology [ 13]. The objective
component islikely best evaluated using quantitative measures
such as the number of login attempts, the time spent on a
technology, the time spent reading a particular message or
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conducting an e-module, or the amount of bidirectional
communi cation between a patient and provider using an mHealth
technology [11,13,53-58]. The subjective component of
engagement can likely best be evaluated using qualitative
methodologies such as semistructured interviews and focus
groups, which tend to be most appropriate for teasing out
themes, as well as users beliefs, narratives, and perceptions
[23].

Patient Activation

There is a heavy behavioral dimension to patient
activation—what the patient doesin responseto theintervention
in terms of his or her health-related activities—which can be
assessed quantitatively [58,59]. Severa studies that claim to
measure patient engagement are arguably instead measuring
patient activation [60-62]. Whether a patient had higher
medication adherence [63,64], higher levelsof physical exercise
[9,65,66], or improved diabetes management as a result of the
mHealth intervention [67,68] can be considered patient
activation if the patient took healthy actions based on what
he/she learned through the mHeal th technol ogy. These medical,
clinically based health outcomes can be empirically derived
using electronic medical records. There are also validated,
reliable quantitative measures available to evaluate patient
activation [58,59].

Patient Satisfaction

Patient satisfaction is generally considered to be the most
attenuated outcome measure for patient-centered mHealth
technologies and thus can likely be assessed from a purely
descriptive [69] quantitative point of view, devoid of any
thematic nuancing that qualitative measures can afford. There
are numerous quantitative measures availabl e to eval uate patient
satisfaction, athough the validity and reliability of the
instruments have been a point of debate [69-80].

Table 1 outlines a common pathway linking definitions with
outcomes and methodologies. The table is not intended to be
exhaustive but is instead designed to provide a robust set of
patient-centered  constructs, outcome measures, and
methodologies. In this summary, we refrained from including
strictly objective, physiological measures because the
patient-centered constructs depend heavily on the subjective
experience of patients, which physiological measures often
cannot elicit.
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Table 1. Patient-centered mobile health (mHealth) technologies: outcome measures, methodologies, and definitions.
Outcome mea-  Definitions Methodologies ExamplemHealth Technolo-
sures gies
Qudlitative Quantitative
Patient experi-  Any process observableby pa=  Semistructured interviews Walk-throughs (eg, the Walk Through  Touchscreen kiosks for reg-
ence tients, including subjectiveexpe-  Think aloud exercises Tool [48]) istration or check-in
:L]er']rcab'(sg{i\?al n conitrol) and Focus groups Patient Journey Mapping Tool [49,50] Digital na\_/i gation s_ystems
eir objective experiences (eg, Impact of Assistive Devices Scale [0 el patients navigate the
wait time). Must refer to the en- PIADS) [51 hospital
tire sequence in the care episode ( ) [51] Smart TVsin hosoital
or full continuum of care—from art TVsin hospital rooms
thefirst to the last touchpoint.
Patient engage- Theextent (eg, amount, frequen-  Semistructured interviews  Self-report questionnaires (eg, the Two-way bidirectiona
ment ¢y, duration, and depth) of usage  Think aloud exercises eHealth Engagement Scaleand the  communication onacommu-
of the mHealth technology, cou- A Digital Behavior Change Intervention nication or education mobile
pled with the user’s subjective OCUS groups Engagement Scale[52]) platform
assessment in using the mHedlth Ussability and acceptability scales(eg, Secure SMS text mes-
technology. ThemHealth App Usability Question-  sage/email/push notifica-
naire [MAUQ] [53]) tions, self-scheduling, medi-
Social Networking Time Use Scale  Cal record access, patient-
(SONTUS) [54] provider messaging, and bill
Facebook Intensity Scale (FBI Scale) Py
[55]
Media and Technology Usage and
Attitudes Scale (MTUAS) [56]
Chinese Internet Gaming Disorder
Scale[57]
Number of logins; time spent on
mHealth; time spent reading a mes-
sage; number of monitoring questions
for which there was a response
Patient activa- Willingness and ability totake  Focus groups, semistruc-  Patient Activation Measure (PAM) Digital behavior change in-
tion independent actionsto manage  tured interviews [58,59] terventions
their health Patient biosensor monitoring
devices(eg, glucose monitor-
ing kits)
Patient satisfac-  Whether apatient’sexpectations Semistructured interviews Short Assessment of Patient Satisfac-  Patient-reported outcomes
tion were met. tion (SAPS) [60] collection viamHealth

Risser Patient Satisfaction Scale[61]
Patient Satisfaction Questionnaire
(PSQ) (multiple iterations) [62]

Quebec User Evaluation of Satisfac-
tion with Assistive Technology
(QUEST) [63]

Recommendation 1: Use Patients When Assessing

Recommendations

Above, we have described severa definitional inconsistencies
for key constructs in the mHealth literature. In an effort to
achieve clarity, we teased apart severa patient-centered care
outcomes, and we outline methodol ogies appropriate to measure
each of the patient-care outcomes (Table 1). In what follows,
we provide recommendations for evaluating mHealth
patient-centered technologies. Our recommendations relate to
the patient-centered constructs in that we advocate for patients
taking center stagein mHealth research and collaboration efforts
to enhance patient experience, patient engagement, patient
activation, and patient satisfaction.

http://mhealth.jmir.org/2020/11/€17577/

RenderX

Patient-Centered Care mHealth Technologies

Patient participationisacentral tenet of ethically driven research
and product development [81-83]. Unfortunately, much of
mHealth research only engages patientsin the beginning phases
during agenda-setting and protocol development [83].
Systematic reviews have found that little research involves
patients throughout the development, implementation, and
modification phases of mHealth patient-centered technol ogies
[83,84]. Reviews have aso found that patient participation is
often treated as a tokenistic measure, one in which patients
feedback is used primarily as a means of “rubberstamping” to
secure funding or to approve apreviously chosen decision made
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by the research or design team, rather than using patients as
principal drivers of decision-making [83,84].

The main reason that patient participation is integral to
conducting ethically driven mHealth research and product
devel opment is because patients are unique [42,85]; they should
not be viewed as the same type of customers found in other
sectors[6]. For instance, customers of any other good or service
have luxuries that patients may not have. Patients become
consumers, arguably not by choice but rather by need. Patients
preferences are largely unknown when the good or service is
used, and they have limited channels of communication and
limited control [42]. Patients likely experience physical or
emotional impairments such as fears, grief, and anxiety while
using the service [86]. All of these factors likely suggest that a
particular patient’s informational and decision-making needs
aredifferent from those that they would have outside of ahealth
care context [86-89]. Patient participation and active engagement
arethe classic tenets of task, user, representation, and functional
analysis used to inform system designers and leadership that
are contemplating implementing solutions to patient-centered
problems [87-89].

Recommendation 2: Create an I nternational
Collaboration to Enhancethe Quality and Effectiveness
of mHealth Technologies

mHealth technologies are the future for patient-centered care
[3,74]. However, the extent to which mHealth technologies
influence or impact patient-centered care is unclear [6], which
islikely owing to theimprecision in definitions, methodol ogical
approaches, and digointed interests of multiple stakeholders
within health care organizations and industry [2].

We contend that some form of self-regulation or an
internationally used assessment framework is needed to ensure
that quality standards are met before wide-scale dissemination
of any patient-centered mHealth technology [2]. The US Food
and Drug Administration hastaken apassive approach, explicitly
applying itsregulatory oversight to only those software functions
that are medical devices and whose functionality could pose a
risk to a patient safety if the device were to not function as
intended [90]. The European Commission mHealth Green Paper
does not give any recommendations [91]. The Hedth
Technology Assessment Agency and its collaborative networks
have discussed the importance of acollaborative approach, but,
at the time of this writing, have failed to provide some form of
a comprehensive evaluative framework [92,93].

When patient decision aids were being developed and
implemented at arapid pace without high-quality evidence, an
international collaboration among researchers, practitioners,
and stakeholders was instituted to enhance the quality and
effectiveness of patient decision aids, called the International
Patient Decision Aids (IPDAS) Collaboration [94]. The group
established (and routinely revises) an evidence-informed
framework, which outlines actions that patient decision-aid
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developers should take in terms of content-writing, devel opment,
implementation, and evaluation. The IPDAS Collaboration
“grades’ decision aids based on whether and to what degreethe
aids meet parameters, and the score can be used in marketing
and evaluating the patient decision aid [94].

An international collaboration similar to that used for patient
decision aids is, we believe, appropriate for the regulation and
systematic evaluation of patient-centered mHealth technol ogies.
Similar to patient decision aids, the successful implementation
of patient-centered mHealth requires multidisciplinary teams
from academia, industry, and health care management sectors,
along with patients and consumers working collaboratively to
maintain the requisite medical, statistical, information
technology, patient-centered, and research expertise necessary
to implement and evaluate mHealth technologies [95], which
an international collaboration would afford. There are severa
actions a large collaboration could take to encourage
high-quality development and dissemination of digital
technologies.

First, because of its large scale, an international collaboration
would be well-positioned to help address barriersto electronic
interoperability issues that stem from disparate proprietary
digital health record systems by, for example, creating digital
health data exchange platformsto standardize data[95]. Second,
a collaboration could disseminate practical advice on how
organizations can use their foundational digital systems to
leverage existing capabilitiesfor achieving coordination through
bolt-on, incremental devel opment of digital technologies. Third,
an international collaboration could build upon our work to
develop exhaustive criteriaand methodol ogy standards for how
to design, produce, implement, and evaluate digital technologies.

Conclusion

In this Viewpoint, we called for interdisciplinary, conceptual
clarity on the definitions, methodol ogies, and patient-centered
outcomes frequently used in mHealth research. In doing so, we
advocate for consideration of severa measures of
patient-centered care, and we outline various methods for
evaluating them. By creating a common pathway linking
definitions with outcomes and methodologies, we provide a
possible interdisciplinary approach to evaluating mHealth
technologies.

To that end of creating an interdisciplinary approach, we also
provide several recommendations that we believe can advance
mHealth research and implementation. For instance, if an
international collaboration were created to develop evaluative
criteria, using the guidance provided here to ground criteria
development, then low-quality digital technologieswould likely
be excluded. Transparency and precision would be promoted,
large-scale published evidence would be encouraged [3], and
mHealth technologies could finaly flourish within a
high-quality, patient-centered landscape.
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Abstract

Background: Mobile apps are viewed as a promising opportunity to provide support for patients who have posttraumatic stress
disorder (PTSD). The development of mobile technologies and apps shows similar trends in PTSD treatment. Therefore, this
emerging research field has received substantial attention. Consequently, various research settings are planned for current and
further studies.

Objective: The aim of this study was to explore the scientific patterns of research domains related to mobile apps and other
technologies for PTSD treatment in scholarly publications, and to suggest further studies for this emerging research field.

Methods: We conducted a bibliometric analysisto identify publication patterns, most important keywords, trends for topicality,
and text analysis, along with construction of a word cloud for papers published in the last decade (2010 to 2019). Research
questions were formulated based on the relevant literature. In particular, we concentrated on highly ranked sources. Based on the
proven bibliometric approach, the data were ultimately retrieved from the Web of Science Core Collection (Clarivate Analytics).

Results: A total of 64 studies were found concerning the research domains. The vast majority of the papers were written in the
English language (63/64, 98%) with the remaining article (1/64, 2%) written in French. The articles were written by 323
authors/coauthors from 11 different countries, with the United States predominating, followed by England, Canada, Italy, the
Netherlands, Australia, France, Germany, Mexico, Sweden, and Vietnam. The most common publication type was peer-reviewed
journal articles (48/64, 75%), followed by reviews (8/64, 13%), meeting abstracts (5/64, 8%), news items (2/64, 3%), and a
proceeding (1/64, 2%). There was a mean of 6.4 papers published per year over the study period. There was a 100% increase in
the number of publications published from 2016 to 2019 with amean of 13.33 papers published per year during thislatter period.

Conclusions:  Although the number of papers on mobile technologies for PTSD was quite low in the early period, there has
been an overall increase in this research domain in recent years (2016-2019). Overall, these findings indicate that mobile health
toolsin combination with traditional treatment for mental disorders among veteransincrease the efficiency of health interventions,
including reducing PTSD symptoms, improving quality of life, conducting intervention eval uation, and monitoring of improvements.
Mobile apps and technologies can be used as supportive tools in managing pain, anger, stress, and sleep disturbance. These
findings therefore provide a useful overview of the publication trends on research domains that can inform further studies and
highlight potential gapsin thisfield.

(JMIR Mhealth Uhealth 2020;8(11):€19391) doi:10.2196/19391
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Introduction

Mobile technologies have emerged as useful tools to support
patients who have posttraumatic stress disorder (PTSD) [1].
Recent studies in this field have mainly focused on the
development and evaluation of mobile health (mHealth) tools
[2], assessing their efficacy within a health care field [3], and
developing a standard for creating PT SD-related mHealth apps
[4].

New mobiletechnologies are accessible and cost-effective tools
to assist in identifying PTSD symptoms [5,6] and suicidal
behaviors [7]. Mobile technologies are supportive in
prognosticating the impact that PTSD symptoms have on
treatment efficiency [8], in the evaluation of the effectiveness
of psychotherapy [9,10] and its precision [11], and in helping
individuals manage their mental health [12,13]. The most
common benefits of using mobile interventions are
cost-effectiveness, reducing waiting lists, and high accessibility

[5].

Thus, mHealth tools have potential for supporting traditional
treatment for mental disorders among veteranswith PTSD [14].
Mood Tracker [15] and other mHealth apps (eg, Parenting 2GO,
PTSD Coach, and PTSD Family Coach) were established for
the treatment of military staff diagnosed with PTSD and their
families[16], which have been demonstrated to be feasible and
relevant. In addition, the efficiency of a mobile app designed
to screen traumarrelated symptoms as a diagnostic tool for
trauma survivors was proven [8].

New strategies for a self-managed and web-based wellness
training program for PTSD veterans are recognized as being
accessible, low-cost, and efficient to decrease PTSD symptoms
[5]. A similar study showed no significant difference in
effectiveness between amindful nesstraining program delivered
by a psychotherapist and the same program provided through
a self-directed mobile app [6]. Fraynt et al [17] explored the
ability of amobile app to help support the transition to civilian
life among PTSD veterans. Similarly, Pavliscsak et a [18]
demonstrated the importance of engagement with an mHealth
app among service memberswith PTSD symptomsin transition
to help improve communication skills.

In addition, severa studies have examined the use of mobile
apps in treatment for smokers with PTSD [19,20] and their use
inintegrated care[12,13], demonstrating their effectivenessand
congruency. A pilot study on the mobile app PTSD Coach
demonstrated a significant improvement in quality of lifeamong
patients with PTSD [21]. Another study showed the efficiency
of the Moodivate app in managing limitations associated with
evidence-based psychotherapy by decreasing the symptoms of
PTSD and depression among adults [22,23]. Other studies on
mobile apps for the treatment of anger symptoms [24,25] and
in managing pain among individualswith PTSD [26,27] showed
feasibility and therapeutic benefits. Overall, mHealth has been
evaluated to be effective in reducing emotional dysregulation

http://mhealth.jmir.org/2020/11/€19391/

among veterans with PTSD [28]. Other comparative studies
between in vivo exposure and virtual reality—based exposure
therapies for patients with PTSD symptoms indicated that the
virtual experiencewas considered to be amoreflexible approach
[29,30].

An influential group of studies has focused on how mobile
technology can be useful in applying cognitive behavioral
therapy (CBT) for various mental health conditions. The special
needs of patients with PTSD create a demand for modified
approaches other than therapeutic sessions in vivo [31] and
more creative tools used in treatment [32]. Recent systematic
reviews [9,10,30] have explored the efficacy of the mHealth
apps embodying CBT principles for the treatment of various
mental  disorders, including PTSD. For example,
Martinez-Mirandaet a [7] assessed the effectiveness of applying
amobile-based app in recognizing individuals diagnosed with
PTSD and demonstrating suicidal behaviors. Wang et a [33]
indicated the high potential and efficiency of mobile apps in
the monitoring and management of mental disorders, including
PTSD. Stirman et al [34] assessed an app designed for cresting
and assessing universal worksheetsto help evaluate the accuracy
of CBT therapy sessions for patients with PTSD. Evans et d
[35] investigated the development of a cognitive assessment
tool via mobile technology. A similar study by Price et al [36]
suggested that PTSD checklists delivered through a mobile app
or on paper were equally efficient.

Therefore, new technology as a psychological tool in treating
PTSD has been explored by researchers in various modalities,
including mobile apps, mHealth, web-based programs, virtual
reality, checklists, and assessments[30]. However, the majority
of mHealth apps that are currently available lack clinically
validated evidence of their efficacy [3]. Accordingly, the
primary aim of this study was to explore scientific publication
patterns in the research domain of “mobile technologies and
apps’ concerning PTSD. We further aimed to revea the
contribution of scientific knowledge by highlighting the gaps
and provide new directions of potential development areas for
further studies.

Methods

Research Questions

Based on the research scope and objectives, the following four
research questions formulated:

RQ1: What are the characteristics (descriptive) of
the publications? How many papers on “mobile
technologies and apps’ concerning “ posttraumatic
stress disorder” have been published between 2010
and 2019?

RQ2: Who are the most productive authors/coauthors
in this field, and what are their countries of origin?
What are the citation metrics of these authors?
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RQ3: In what types of sources are the papers
published most frequently? Which organizations
mainly contribute to this research area?

RQ4: What are the co-words (keywords/text)
associated with these publications?

Bibliometric Study

A bibliometric study enables researchers to explore patterns,
trends, associations, and scientific developments related to
searched domains, along with interrel ated fields over publication
data. This analysis requires a structured bibliometric database
to obtain appropriate data for answering research questions
[37-39].

Bibliometrics is also defined as a statistical method to analyze
bibliometric publications data over a wide spectrum such as
peer-reviewed journal articles, books, conference proceedings,
periodicals, reviews, reports, and related reports. There are
various analysis methods for a literature review along with
bibliometric tools [37,40-43]. This approach allows for further
obtaining more in-depth understanding of a given topic and its
publication trends.

In this study, we employed a bibliometric approach for obtaining
descriptive publication results, author/coauthor productivity
metrics, source impact analysis, along with keyword and most
common co-word (text) analysis [38,44-47].

Co-word (Text) Analysisand Word Cloud

A word cloud, aso known as a “tag cloud,” is a visua
representation of text data [39] from various keywords or any
given text material [42]. According to the Web of Science
dataset structure, a word cloud has four main categories to
analyze: abstract, title of the paper, author keywords, and
keyword plus (see Multimedia Appendix 1). Depending on the

Textbox 1. Search criteriaand strategy.a

Kulakli & Shubina

frequency of text data regarding the main categories, the
significant terms and tags are highlighted, which are usually
single words represented by a single font size and color based
on their relative importance. Bold and larger-sized words
indicate that the word has more importance and has attracted
researchers’ increasing attention in the subject domain field
[48]. Keywords or any other text datasets among these four
categories were collected from the articles to conduct the
co-word analysis and to construct aword cloud to illustrate the
power of wordsbased on their frequenciesin theliterature[49].

Data Collection and Extraction

A bibliometric study requires a structured database to analyze
publication data. The main two bibliometric databases available
for this purpose are I1SI Web of Science and Scopus. 1SI Web
of Science provides data on the highest ranked and impactful
(prestigious) sources, whereas Scopus aso ranks the same
sources in addition to other sources with wider coverage,
including conferences, symposia, and congress proceedings. In
addition, PubMed is a commonly used database in the medical
field. Journals focused on mHealth mostly rank in the highest
quartile (Q1) in Web of Science as well. Therefore, we chose
to focus on these highly ranked (Q1) and high-impact sources
in Web of Science to maintain consistency of citations in a
single database with SCI-Expanded and SSCI indexing. We
only used PubMed for comparison purposes and as a secondary
source of indexing. All databases have their citation count
categories. The citation results are significant to keep all
publications within the same quartile and for consistency of
comparisons at the same level (Q1 ranking and indexing).
Finally, publication datawere retrieved from the Web of Science
database using the search strategy shown in Textbox 1
[9,37,38,40,42].

TITLE: (“*mobile*” OR “mobile*” OR “*Mobile*” OR “Mobile*”) AND

TOPIC: (“PTSD” OR “post-traumatic stress disorder” OR “post traumatic stress disorder” OR “posttraumatic stress disorder”) (Journal articlestitle;

keywords, abstract)

Database: PubMed

Database: 1SI Web of Science Core Collection (Clarivate Analytics)
Indexes: SCI-EXPANDED, SSCI

Timespan: al years of (2010-2019)

%64 were papers found in the Web of Science list, including 40
matching papersin PubMed.

The data were retrieved as plain .txt, xls, .csv, and .bib file
formats for further analysis. The Microsoft Excel and R
Language (version R x64 3.6.1) R Studio software with the
“bibliometrix” package [39] were used for descriptive and
bibliometric data analysis, respectively [48].

Results

Publication Profileand Descriptive Publication Results

A total of 64 publicationsfor the research domain wereretrieved
from the ISl Web of Science database (Multimedia Appendix

http://mhealth.jmir.org/2020/11/€19391/

2). In comparison to the PubMed results, 40 papers were found
in the same dataset of the Web of Science—retrieved
publications. The vast majority of the papers were written in
the English language (63/64, 98%) with the remaining article
written in French (1/64, 2%). Overdl, there were 323
authors/coauthors from 11 different countries, with the United
States being the most common, followed by England, Canada,
Italy, the Netherlands, Australia, France, Germany, Mexico,
Sweden, and Vietnam. The descriptive summary of these
publications showed that the majority were peer-reviewed
journal articles (48/64, 75%), followed by reviews (8/64, 13%),
meeting abstracts (5/64, 8%), news items (2/64, 3), and
proceedings (1/64, 2%). There was amean number of 6.4 papers
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published on the topic per year, with a 100% increase in the
number of publicationsfound for the period of 2016-2019, along
with a corresponding increase in the mean number of papers
published per year during this period to 13.33.

Web of Science-Core Collection subject category data were
used to categorize the related research domains under the top
12 major subjects, which are summarized in Table 1, comprising
topics with at least 3 publications. Other minor subject

Kulakli & Shubina

categories with 2 publications included Computer Science
Information Systems and Neurosciences, and those with 1 paper
each included Computer Science Interdisciplinary Applications,
Education Educational Research, Environmental Sciences,
Health Policy Services, Information Science Library Science,
Medicine Research Experimental, Nursing, Oncology,
Pediatrics, Psychology Experimental, Rehabilitation, and
Respiratory System.

Table 1. Publicationsin the top Web of Science subject areas from 2010 to 2019 (N=64).

Subject category Publications, n (%)
Psychiatry 23 (37)
Psychology Clinical 16 (26)
Health Care Sciences Services 11 (18)
Medical Informatics 11(18)
Medicine Genera Internal 8(13)
Psychology Multidisciplinary 6 (10)
Psychology 4 (6)
Substance Abuse 4 (6)
Clinical Neurology 3(5)
Pharmacology Pharmacy 3(5)
Public Environmental Occupational Health 3(5)

Distribution of Publications Over Time

Figure 1 presents the publication records by year starting from
2010 through to the end of the decade in 2019. There was only
one publication recorded for 2010 and 2011, followed by a
dlight increase from 2012 to 2013. From 2013 to 2014, the
number of publications increased sharply from 2 to 5, with a
steady increase until 2016 (n=5 to n=7). A sharp increase was

Figure 1. Publication records by year.

observed from 2016 (n=7) to 2019 (n=14), representing a 100%
increase in the publication count. The last 3 years reflect
increasing research interest in the topic, as the period with the
highest count in the dataset. The mean number of publications
per year for the entire period was 6.4, increasing to 13.33 from
2016 to 2019. The publication distribution also supports this
upward movement as shown in Figure 1.

Publication records (n)

2011 2012 2013

2010

M ost Productive Authors/Coauthors

Table 2 providesthe descriptive resultsfor authors and coauthors
of the retrieved publications. Only 6 papers were published as

http://mhealth.jmir.org/2020/11/€19391/

RenderX

2014

2015 2016 2017 2018 2019

single-authored documents, whereas 317 papers were
multiple-authored documents, and there were 323 different
authors with 366 appearances.
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Table 2. Author and coauthor descriptive results for all documents published between 2010 and 2019.

Descriptive results Vaue
Authors 323
Author appearances 366
Authors of single-authored documents 6
Authors of multi-authored documents 317
Documents per author 0.198
Authors per document 2.05
Coauthors per document 572
Collaboration index 5.56
Average citations per document 7.95

Among thetop 20 most productive authors, Kuhn (n=7 records)
was identified as a leading author; followed by Beckham (n=5
records); Calhoun (n=4 records); and Dennis, Marx, and Moore
(n=3 records each) in the top category. Others at the same level
with 2 papers each include Acierno, Carpenter MJ, Carpenter
VL, Dahne, Dedert, Dennis, Diaz, Felton, Hertzberg, Hoffman,
Jovanovic, Kirby, and Kizakevich.

Table 3. Most relevant countries by corresponding author.

Table 3 shows the top 10 most productive countries that
contributed to the research domain fields. The top country was
the United States, followed by Germany, Italy, the Netherlands,
United Kingdom, Australia, Canada, France, Mexico, and
Sweden.

Country Articles, N Frequency Scp? McCpPP MCP/articleratio
USA 45 0.776 42 3 0.07
Germany 2 0.035 2 0 0
Italy 2 0.035 2 0 0
Netherlands 2 0.035 2 0 0
United Kingdom 2 0.035 2 0 0
Australia 1 0.017 1 0 0
Canada 1 0.017 1 0 0
France 1 0.017 1 0 0
Mexico 1 0.017 1 0 0
Sweden 1 0.017 1 0 0

83CP: single-country publication.
bmcP; multiple-country publication.

Table 4 showsthe contributed ingtitutions from various countries
around the world. Harvard University and Stanford University
emerged as the leading institutions with 8 papers each, and 13

http://mhealth.jmir.org/2020/11/€19391/

universities ranked at the top of the dataset among the total 156
contributing institutions.
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Table4. Institutions with the greatest contributions to the field (N=156).
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Institution

Publications, n (%)

Harvard University

Stanford University

Duke University

US Department of Veteran Affairs
VA Pdlo Alto Health Care System
VA Boston Healthcare System
Durham VA Medical Center
Boston University

Harvard Medical School

Medica University of South Carolina
University of California System
University of Washington
University of Washington Seattle

8(13)
8 (13)
7(11)
7(12)
7(11)
6 (10)
5(8)
4(7)
4(7)
4(7)
4(7)
4(7)
4(7)

Citation Results

The citation report of the 64 publications derived from the Web
of Science Core Collection statistics between 2010 and 2019
showed that the H-index was 12 and the average number of
citations per itemwas 7.9. The sum of timesan articlewascited
in total was 509, which was reduced to 471 after excluding
self-citations. The number of cited articleswas 421 in total and

Figure 2. Total publication/citation counts per year (2010-2019).

was 402 after excluding self-citations. Figure 2 shows the total
citation distribution throughout the research timeframe.
Although the citation statistics are available as of 2012, an
increase was only observed as of 2015 (n=28), followed by a
steady increase until 2019. From 2016 to 2017 and from 2017
to 2018, the citation counts nearly doubled, reaching 217 by
2019.

Total Citation and Publication Counts

100

Publication/citation cumulative

Publication

Table 5 presents the top 10 journals by citation counts. OIff [2]
was the leading paper with the highest number of citations
(n=58) during the search period. Thetop 10 citations comprised
299 of the total 509 citations (58.7%) starting from 2012 to
2019. There was a mean of 29.9 per year. Therefore, 4 papers
were above the mean: OIff [2], Hertzberg et a [19], Van
Ameringen et a [50], and Repetto et al [29], published in 2015,
2013, 2017, and 2013, respectively. Although the papers only
started to be cited as of 2012, the citation counts showed a

http://mhealth.jmir.org/2020/11/€19391/
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substantial (3-times) increase from 2014 to 2015 (from 6 to 20
counts). The most citations were recorded in 2019 (n=108).

The leading journal publishing these studies was Journal of
Medical Internet Research (JMIR) with 3 articles, and the
remaining journalsonly included 1 article each published inthe
top 10 list. The mgjority of these papers were related to mobile
technology and apps, PTSD-related topics, virtual redlity related
to mobile devices, treatment, and other psychological disorders.
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Table 5. Top 10 articles by citation results (2010-2019).
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Reference Citations (N) Average citations/year
Total 2012 2013 2014 2015 2016 2017 2018 2019
olff [2] 58 0 0 0 8 6 17 10 17 9.67
Hertzberg et al [19] 49 0 1 2 8 7 17 8 6 6.13
Van Ameringen et a 43 0 0 0 0 0 2 18 23 10.75
[50]
Repetto et al [29] 38 3 8 4 2 6 4 2 9 475
Place et a [51] 23 0 0 0 0 0 2 11 10 5.75
Carpenter et al [20] 22 0 0 0 2 4 6 5 5 3.67
Lui eta [3] 21 0 0 0 0 0 0 8 13 525
Kahn et al [5] 18 0 0 0 0 0 1 7 10 36
Rathbone et a [9] 14 0 0 0 0 0 0 9 5 35
Bakker and Rickard 13 0 0 0 0 0 0 3 10 4.33
[52]
Sum 299 3 9 6 20 23 49 81 108

Sour ce Frequency and Productivity

Table 6 shows the publication frequency for the most relevant
sources. Although there were no notable differences in
publication history, the top contributing journals of 8 sources
(n>2 records) arelisted in Table 6.

The top publication sources distributed and sorted from the
highest on the list with 4 (19.36%) records were European
Journal of Psychotraumatology, JMIR mHealth and uHealth,
and Military Medicine. The next most common sources with 3
(14.52%) recordswere JMIR, Professional Psychology Research
and Practice, and Psychological Services, whereas Applied
Psychophysiology and Biofeedback and Depression and Anxi ety
included 2 records each (6.45%).

Therewere 39 single-publication sources (n=1, 59.68%) among
thetotal 64 articlesin the dataset retrieved: Addiction, Addictive
Behaviors, American Journal of Preventive Medicine, Annales
Medico Psychologiques, Asian Journal of Psychiatry, Behavior
Therapy, Biological Psychiatry, Computers|n Human Behavior,

Table 6. Most relevant top publication sources (N=64).

Current Psychiatry Reports, ETR D Educational Technology
Research and Development, Health Informatics Journal,
Implementation Science, International Journal of Clinical
Practice, International Journal of Environmental Research and
Public Health, International Journal of Methods In Psychiatric
Research, International Journal of Psychiatry In Medicine,
Jama Journal of The American Medical Association, JMIR
Medical Informatics, IMIR Mental Health, Journal of Affective
Disorders, Journal of Child And  Adolescent
Psychopharmacology, Journal of Clinical Psychiatry, Journal
of Dual Diagnosis, Journal of Head Trauma Rehabilitation,
Journal of Investigative Medicine, Journal of Medical Systems,
Journal of Pain, Journal of Psychiatric Research, Journal of
Psychosocial Nursing And Mental Health Services, Journal of
The American Medical Informatics Association, Journal of
Traumatic Stress, Nicotine Tobacco Research, Personal and
Ubiquitous Computing, Psychiatry Interpersonal and Biological
Processes, Psycho-Oncology, Social Psychiatry and Psychiatric
Epidemiology, Global Mental Health, Systematic Reviews, and
Thorax.

Source

Records, n (%)

European Journal of Psychotraumatol ogy
JMIR mHealth and uHealth

Military Medicine

Journal of Medical Internet Research (JMIR)
Professional Psychology Research and Practice
Psychological Services

Applied Psychophysiology and Biofeedback

Depression and Anxiety

4(6)
4(6)
4(6)
3(5)
305
3(5)
2(3)
2(3)

The JMIR group of journals had the highest amount of
publication records (n=9) for the research domainsin the search
period. In addition, the source impact metric (H-index, n=2) of

http://mhealth.jmir.org/2020/11/€19391/

the journals ranked as follows: JMIR mHealth and uHealth
(H-index=4); Military Medicine, JMIR, and Professional
Psychology Research and Practice (H-index=3); and European
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Journal of Psychotraumatology, Psychological Services, and
Depression and Anxiety (H-index=2).

Co-Word (Keyword) Analysis

Keyword analysis is used to reveal the frequency of keywords
in publications. There are two types of keywords: author
keywords and Keywords Plus. The author keywords are the
words (terms) that authors prefer to use for their papers and
Keyword Plus includes terms from the preset list of related

Table 7. Top 10 keywords.

Kulakli & Shubina

science domains, which is created by the editorial experts of
Web of Science.

Table 7 shows the most relevant keywords used in the
publications associated with mobile technologies and apps for
PTSD treatment. The most common author keywords included
“m-hedlth,” “PTSD,” “mobile health,” and “depression.” The
most common Keyword Plus terms included “posttraumatic
stress disorder,” “PTSD,” “randomized controlled trial,” and
“depression.”

Rank Author keywords Keywords-Plus

Term N Term N
1 m-health 14 posttraumatic stress disorder 20
2 PTSD 14 PTSD 13
3 depression 9 randomized controlled trial 13
4 mobile health 7 depression 12
5 mobile apps 6 care 9
6 posttraumatic stress disorder 6 smartphone app 8
7 telemedicine 5 symptoms 8
8 trauma 5 veterans 8
9 mental health 4 meta-analysis 7
10 anxiety 3 prevalence 7

Co-Word (Text) Analysis

The word dynamic-growth graph (Figure 3), prepared with the
top keywords, was used to eval uate the keyword dynamics over
the research period. The repetition trend of each word (ie, the
frequency of appearancesin the dataset over the search period)
represents occurrences. The graph shows the trend direction to

Figure 3. Word dynamics-growth.

analyze either upward or downward movement over the linear
line according to the annual distribution of keywords. The most
popular terms and keywords can be tracked during the period
to understand trendsin subject domain interest and importance
inthe research field. Identifying topics of growing interest helps
researchers to concentrate on new subject areas and can also
provide valuable results to contribute to these fields.

Word Dynamics-Growth

POSTTRAUMATIC-STRESS-DISORDER
RANDOMIZED CONTROLLED-TRIAL

—CARE
— SYMPTOMS

e METAANALYSIS

Figure 3 illustrates the word dynamics-growth for the research
domains. Although the dataset shows that publications started
in 2012, the interest and popularity became significantly more
visible after 2015, followed by a sharp increase in the subject
areas until the middle of 2017. In those years, “PTSD,”
“posttraumatic stressdisorder,” “ smartphone,” and “ randomi zed
controlled trial” had peak levels, but the usage rates of these

http://mhealth.jmir.org/2020/11/€19391/
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terms declined from the middle of 2017 to 2019. At this point,
theterms* depression” and “prevalence” became highly popular
with a sharp increase on the graph, followed by “symptoms”
and “meta-analysis”

Multimedia Appendix 1 illustrates four different world
cloud-based data distributions. The top left word cloud is for
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abstract text data, whereas the upper right word cloud is for
author keywordstext data. Similarly, the bottom | eft word cloud
isfrom Keyword Plustext dataand the bottom right word cloud
shows a paper title text data representation. As can be seenin
each word cloud, the highlighted words differ in terms of
importance for each group. In particular, “health,” “mabile,”
and “apps’ were of the highest importance, followed by
“mental,” “treatment,” and “PTSD” in the abstract word cloud.
By contrast, in the author keyword cloud, “m-health” and
“PTSD” were both dominant keywords, followed by
“depression,” “mobile health,” and “posttraumatic stress
disorder.” The word order changed for Keyword Plus to
“depression” and “PTSD” at the top, followed by “care’
“smartphone app,” and “symptoms.” The title word cloud was
comparableto the otherswith “mobile’ being far moreimportant
than other key terms as a highly dominant term, followed by
“health,” and the terms “stress,” “app,” “disorder,” “mental”,
“posttraumatic,” and “application” appeared in another layer.

Discussion

Principal Results

Mobile apps are recognized as efficient tools in the assistance
of both health care patients and staff [1,3]. A mobile platform
allows for predicting the symptoms of depression and PTSD
[51] to collect dataand conduct research on health interventions
using the technology [53]. Mobile technology in the treatment
for military staff and veterans with PTSD and other mental
disorders has been reported to be feasible [8,15]. Engagement
with mHealth apps in the transition period improved
communications [18] and mental well-being [52]. Several
mobile apps have been considered to be useful supportivetools
inthetreatment of managing pain [26,27], stressreduction [54],
anger [25], and mental disorders, including PTSD, depression,
anxiety, and addictions[50,55], aswell asinidentifying suicidal
behaviors[7].

The efficiency of mobile apps in the psychological treatment
of mental disorders, including CBT [9], cognitive rehabilitation
[28], exposure therapy [10,29,30], and visualization [56] has
been verified. The use of mobile apps allows for evaluating
CBT precision [34], to conduct a cognitive assessment [35], to
deliver aPTSD checklist [36], and to monitor mental disorders
[33].

By analyzing the results of the dataset regarding the publication
pattern on research related to mobile technology and apps
associated with PTSD treatment, we found arapid increase and
growth of subject interest in the last decade. The trend sharply
increased in the most recent years, from 2016 to 2019.

This growth of productivity could reflect the improvements,
functionality, and devel opments of mobiletechnology and apps
in parallel with comparison to other areas of usage. Therefore,
these technologies have become the center of human life to
provide new opportunities, convenience, and address potential
benefits. Despite the negative insights and perceptions of such
technol ogies, thiswould be promising for patientsto adapt their
health behaviors as a supportive tool with their clinical
treatments. Cooperation among clinical experts, app designers,

http://mhealth.jmir.org/2020/11/€19391/
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and technology providersis necessary to reach the ultimate goal
and objectives, which should concentrate on patients needs
and treat them positively and objectively.

This analysis was conducted to highlight the most frequent
subject categories, along with popular keywords and terms.
These aspects were reflected in keywords, and the same terms
were similarly represented in the text of the abstract and title
of the paper. The text analysis showed the critical terms used
in this field of research and also represents the popularity of
subdomain searches. The aim of this study wasto discover the
publication trend and to identify the critical areasin the dataset
to ultimately provide insights and research directions for
academics, practitioners, and readers who wish to collaborate
in these domainsin the future.

According to the papers retrieved and analyzed (N=64), the
majority were peer-reviewed journal articles (75%), withamean
of 6.4 publications per year from 2010 to 2016, which then
sharply increased to 13.33 (doubled) between 2016 and 2019.
The most productive countries were the United States, with far
greater representation than any other country, followed by
Germany, Italy, the Netherlands, and the United Kingdom. One
of the main reasonsfor thisdifferenceis attributed to differences
in military engagement in various regions. For example, in the
Middle East and Asia, soldiers return to their countries with
different intensities of PTSD symptoms and other comorbid
disorders.

The results also revealed the distribution of the publications,
demonstrating that the top category sources support previous
arguments; namely European Journal of Psychotraumatology,
JMIR mHealthand uHealth, and Military Medicine were among
the highly popular sources for these publications. The JMIR
group of journals emerged as the leading sources (n=9, 14%
coverage) compared to other single-publication sources.
However, the vast majority (60%) of sources were equally
distributed among the 39 single-publication sources. Similar
results were found in the authorship analysis, in which the top
contributors in the field are Kuhn (n=7 records) as the leading
author; followed by Beckham (n=5 records); Calhoun (n=4
records); and Dennis, Marx, and Moore (n=3 records each) in
the top categories.

Co-word (text) analysis showed that the most common vital
terms overall (for the four different word clouds created) were
“mobile,” “PTSD,” “posttraumatic stressdisorder,” “m-health,”
“depression,” “health,” “treatment,” “smartphone apps,” and
“mobile health.”

Strengthsand Limitations

Despite growing interest for the research domains, no
publication was identified that analyzed the state of the field
with a bibliometric approach. Therefore, the main strength of
this study could be considered as the uniqueness of theresearch
designitself. Thisstudy isthefirst bibliometric-related research
in the domain. The contribution of the study is revealing the
scientific patterns and future research gaps to academics and
practitioners. The text analysis also highlighted and supported
popular subject areas to clarify the research scope and future
directions.
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One of thelimitations of thisstudy isthat we used only the Web
of Science Core Collection database in comparison to PubMed.
A single database was sel ected to ensure a simple and accurate
analysis, and to effectively eliminate duplications and avoid
errors. In thisregard, Web of Science coversthe highest impact
journals and has unigue indexing and ranking with its citation
categories. The research domain of health and mobile
internet—related publications is ranked in the SCI-Exp index.
Another limitation is that only documents published in the
English language were selected. Although various bibliometric
analysis methods are avail able, given the scope and size of this
topic, we decided to concentrate on more specific analyses such
asdescriptive statistics regarding the dataset from 2010 to 2019.

Future Resear ch Suggestions

According to the findings, the research domains are prevalent,
and growing interest can be seen as an upward trend in the
publication records since 2016. In particular, the majority of
the subject category records were found in Psychiatry and
Psychology, especialy in the clinical and multidisciplinary
domains, followed by Health Care Science Services, Medical
Informatics, and Medicine General Internal. Further research
is needed adopting various aspects of bibliometric analysis.
More empirical and case studies should also be conducted in
paralel with the improvement of technology and apps
perspectives that would be tested and clinically validated.

However, the research analyzed indicates the importance of
further explorations to devel op appropriate and feasible mobile
technology for PTSD treatment. The necessity to manage the
challenges related to the development of mHealth tools were
underlined [2]. Establishing the standards for creating
PTSD-related mHealth apps and following them seem to be
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essential in transferring mobile apps to the clinical field [4].
Moreover, practitioners need to explore the factors facilitating
and limiting the effective use of mHealth for PTSD treatment
[57,58]. Cooperation between mobile app creators, researchers,
and practitioners is essential in creating new technology that
will match the needs and expectations of both health care staff
and patients [50]. Finally, the mgjority of the available maobile
appsrequire more clinically validated evidence of their efficacy
before they can be adopted in the psychological treatment of
PTSD [33].

Conclusions

This study explored and analyzed the scientific patterns and
relations of scholarly publications related to the use of mobile
technologiesin PTSD treatment. Wetherefore provide ageneral
overview of the field based on co-word (text and keyword)
analysis of research domains, and variousforms of bibliometric
methods were employed along with a data visuaization
approach to establish a clear picture. The analysisincluded 64
papers published between 2010 and 2019.

Theresultsidentify the most frequent subject categories, popular
keywords, critical terms, and the popularity of subdomain
searches. With this study, we attempted to investigate the
patterns of publications to provide insights and research
directions for academics, practitioners, and readers who wish
to collaboratein these domainsin thefuture. The data highlight
the significance of further explorationsin thisfield to improve
mobile technology for PTSD treatment. Conducting studiesand
analyzing the practical use of these tools will improve the
technology and apps that would be tested and clinicaly
validated.
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Abstract

Background: There has been an increase in the technological infrastructures of many health care organizations to support the
practice of health care providers. However, many nurses are using their personal digital devices, such as smartphones, while at
work for personal and professional purposes. Despite the proliferation of smartphone usein the health care setting, thereislimited
research on the clinical use of these devices by nurses. It isunclear as to what extent and for what reasons nurses are using their
personal smartphones to support their practice.

Objective: Thisreview aimed to understand the current breadth of research on nurses’ personal smartphone usein the workplace
and to identify implications for research, practice, and education.

Methods. A scoping review using Arksey and O’ Malley’s methodol ogical framework was conducted, and the following databases
were used in the literature search: CINAHL, PubMed, ProQuest Dissertations and Theses, Embase, MEDLINE, Nursing and
Allied Health Database, Scopus, Web of Science, and Cochrane Reviews. Search terms used were Nurs® AND (personal digital
technology OR smartphone OR cellphone OR mobile phone OR cellular phone). Inclusion criteriaincluded research focused on
nurses’ use of their own digital technologies, reported in English, and published between January 2010 and January 2020. Exclusion
criteriawere if the device or app was implemented for research purposes, if it was provided by the organization, if it focused on
infection control, and if it was focused on nursing students or nursing education.

Results: A total of 22 out of 2606 articles met the inclusion criteria. Two main themes from the thematic analyses included
personal smartphone use for patient care and implications of personal smartphone use. Nurses used their smartphones to locate
information about medications, procedures, diagnoses, and laboratory tests. Downloaded apps were used by nurses to locate
patient care—related information. Nurses reported improved communication among health team members and used their personal
devicesto communicate patient information viatext messaging, calling, and picture and video functions. Nurses expressed insight
into personal smartphone use and challenges related to distraction, information privacy, organizational policies, and patient
perception.

Conclusions: Nurses view personal smartphones as an efficient method to gather patient care information and to communicate
with the health care team. This review highlights knowledge gaps regarding nurses’ personal device use and information safety,
patient care outcomes, and communication practices. This scoping review facilitates critical reflection on patient care practices
within the digital context. We infer that nurses’ use of their personal devices to communicate among the health care team may
demonstrate atechnological “work-around” meant to reconcile health system demands for cost-efficiency with effortsto provide
quality patient care. The current breadth of research isfocused on acute care, with little research focusin other practices settings.
Research initiatives are needed to explore personal device use across the continuum of health care settings.

(JMIR Mhealth Uhealth 2020;8(11):€18774) doi:10.2196/18774
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Introduction

Smartphone use is increasing globally, with an estimated 3.3
billion usersin 2019 and an anticipated 3.8 billion usersby 2021
[1]. Countries with the greatest number of smartphone users
include China, India, and the United States [1]. A smartphone
is a device that has both computing abilities and mobile
communication technology [2]. Mabile communication
technology has undergone rapid development [3], and
smartphone production is one of the fastest growing
technological industries [4]. Coupled with the proliferation of
smartphones is the high demand for downloadable apps that a
smartphone user can add to their device. In 2018, over 4 million
Android and Apple apps were available either free or for a cost
[5]. These apps provide the user with additional services and
features on their smartphone device.

Within the health care context, there has been anincreasein the
use of smartphones by health care providersin the last several
years[2], including anincreasein the use of health professional
apps [6]. Folster [7] reported over 200,000 health-related apps
available for purchase or free of charge. The increased use of
smartphones and selected apps by health care professionals
mirrors the increased use of information technology within
health care. There has been a significant increase in the
implementation and use of electronic documentation systems,
with billions of dollars being utilized to support the provision
and coordination of health care to patients using information
technology [8]. However, despite the increased use of appsin
health care, health care professionals have expressed concerns
relating to the trustworthiness of apps and a knowledge gap on
the effectiveness of apps[9].

Electronic documentation systems have been integrated within
health care systems to provide a centralized repository and
accessible source of clinical information for heath care
providers [10]. These same systems are intended to support
clinical care practices among all health care providers while
providing access to information, decision-support tools, and
improved workflow [10,11]. Given their extended contact with
patients and families, nursestend to havethe greatest interaction
with electronic documentation systems relative to other health
care providers[12].

Despite the increase in technological infrastructures of many
health care organizations to support the practice of health care
providers, many nurses are using their personal digital devices
(eg, smartphones) while at work for both professional and
personal purposes [13,14]. Yet, there is limited research
available on the clinical use of personal smartphone devices by
nurses. In addition, there is limited research available that
focuses on nurses' use of commercially available health-related
appsintheworkplace[15]. Thesegapsin research are especially
important to understand given the most recent global pandemic
caused by COVID-19 [16]. The COVID-19 pandemic lead to
rapidly evolving public health measures with frequent changes
in practice guidelines in al health care settings. Health care

https://mhealth.jmir.org/2020/11/€18774
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organizations had to respond and adapt quickly. With
smartphones being a convenient and accessible way to locate
information, the use of these devicesin practice by nurses needs
to bean areaof focus, especially when facing aglobal pandemic.

It is unclear as to what extent and for what reasons nurses are
using their personal smartphones to support their practice.
Similarly, there is a lack of clarity regarding the quality and
credibility of the resources accessed by nursesviatheir personal
devices. However, the expectation of evidence-informed patient
care practices highlights the importance of access to
health-related resources for nurses and other health care
providers [17]. In essence, evidence-informed practice
necessitates nurses to critically evaluate information collected
regarding patients needs and to integrate it with the available
clinical and research evidence to enable evidence-informed
patient care[18]. A valued feature of mobile smartphonesisthe
pro re nata, or PRN, access to vast amounts of online
health-related information. In this scoping review, we are
interested in how nurses are leveraging their personal
smartphones for personal and patient care—related purposes
across avariety of health care settings.

This research aims to explore and synthesize the current
literature regarding nurses’ use of their personal digital devices
in the workplace. The purpose of this review is to understand
the current breadth of research to identify knowledge gaps,
practice and policy implications, and future research
opportunities. More specifically, this review seeks to gain an
understanding of nurses’ use of their personal digital technology
within the workplace.

Methods

Overview

A scoping review wasthe chosen method to review theliterature
asitiswell suited for burgeoning areas of research. In addition,
scoping reviewsaimto identify gapsin research while mapping
key concepts and types of evidence[19]. Arksey and O’ Malley’s
[20] methodological framework outlines five stages for
conducting ascoping review, including identifying the research
question; identifying relevant studies; study selection; charting
the data; and collating, summarizing, and reporting the results.
A criticd stepinthisfina stageinvolvesidentifying theresearch
and evidence gaps that need to be addressed [20]. The
PRISMA-ScR (Preferred Reporting Items for Systematic
Reviews and Meta-Anayses extension for Scoping Reviews)
checklist was used to ensure that the scoping review is robust
and includes all essential reporting items [21].

Step 1: Identify the Research Question

The research question we identified for thisreview is“How are
nurses using their personal smartphones within the clinical
workplace?’
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Step 2: Identifying Relevant Studies

The following databases were used in the literature search
process. CINAHL, PubMed, ProQuest Dissertations and Theses,
Embase, MEDLINE, Nursing and Allied Heath Database,
Scopus, Web of Science, and Cochrane Reviews. Search terms
used were: Nurs* AND (personal digital technology OR
smartphone OR cellphone OR mobile phone OR cdllular phone).
Different search terms were trialed during the initial literature
search process. The search terms sel ected were broad and were
determined to capture all relevant studies that relate to the
research question. See Multimedia Appendix 1 for the full
syntax of search terms.

Articles included in the review had to meet the following
inclusion criteria: aresearch focus on nurses' use of their own
digital technology, research reported in English, and research
published between January 2010 and January 2020 in order to
capture datathat aligned with the proliferation of mobile phone

Figure 1. Flow diagram for article selection process.

2606 articles identified
through database searches

!

1545 after duplicates
removed

l

1545 records screened for
eligibility criteria using titles
and abstracts

|

68 articles selected for full-
text review

22 articles included in final
synthesis

Step 4: Charting the Data

Two databases were set up in Step 4. One database, Mendeley,
was used for sharing of articles between authors, including
sharing to achieve consensus review. The other database was a
matrix where all the data were collected. A spreadsheet was
created to organize relevant information from the included
articles. Data collected from each articleincluded author names,
year of publication, study design, data collection method, target
population, study location, and research question.

Step 5: Collating, Summarizing, and Reporting the
Results

During the final stage of collating, summarizing, and reporting
the results, the framework approach described by Ritchie and

Spencer [22] and used by Arksey and O’ Malley [20] was used
in this review. This technique involves synthesizing and
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ownership. Studies focusing on a specific device or online app
use were included only if the motivation for use was nurse
driven. Studieswere excluded from thisreview if theworkplace
organization provided the technology or if the technology was
implemented for research purposes. Studies that focused on
infection control of personal digital technology were excluded.
Studies were also excluded if they focused on personal digital
technology use and nursing students or nursing education, as
this review was aimed at understanding practicing nurses’ use
of digital health technologies within clinical settings.

Step 3: Study Selection

A total of 2606 studies were identified using the search criteria
above. Through consensus agreement between two reviewers,
22 studies met the inclusion and exclusion criteria and were
included for the scoping review. See Figure 1 for aflow diagram
of the article selection process.

3 articles identified through
reference list review

interpreting the data by sifting, sorting, and charting the
information based on the key themes and issues presented in
the literature [22]. The data were charted and thematically
analyzed. Data analysis was conducted by two researchers and
analytical discrepancieswere resolved through discussion until
consensus was achieved.

Results

Overview

The 22 studiesincluded in thisresearch (see Tables 1-3[23-44])
were conducted across a diverse range of countries and
published between 2013 and 2019, with most (17/22, 77%)
published in 2016 or later. Out of the 22 included studies, 16
(73%) used quantitative (ie, cross-sectional survey) research
designs [23-38], 4 (18%) were qualitative [39-42], and 2 (9%)
used a mixed methods design [43,44].
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Table 1. Included quantitative studies.

de Jong et a

Study design Datacol- Target population Study location Research questions Negative implications of  Purpose for digital
and author  lection personal digital technolo-  technology use
(year) method ay
Alameddine  Survey, 97 emergency de-  Academic health 1. What arethefrequency and «  Distraction « Information
etal (2019) crosssec- partment (ED) center withthe  patterns of smart device use «  Patient perception seeking for
[23] tional providers,includ- highest volume  among health care providersin clinical use
ing ED faculty  of patientvisitsin  the ED of alarge academic o  Communica
members, attend-  Lebanon health center in Lebanon? tionfor clinical
ing physicians, purposes
medical students, o  Personal com-
residents, and munication
nurses (33% purposes
nurses) o Other personal
uses
Bautista Penand 517 staff nurses  19tertiary-level 1. Using aranking system, how /a2 «  Communica
(2019) [24]  paper sur- genera hospitals  do Filipino nurses use their tionfor clinica
vey in Metro Manila, smartphonesfor work purposes? purposes
Philippines 2. What are the differencesin »  Information
nurses' smartphone use for work seeking for
purposes based on demographic clinical use
and organizational factors?
DeBenedic- Survey 125nursesand  Anltaianuniver- 1. Inwhat way isWhatsAppused «  Perceivedrisks(pri- «  Communica
tisetal 66 physicians sity hospital in in hospital settings by physicians vacy and confiden- tionfor clinica
(2019) [25] Rome, Italy and nurses with patients and be- tiality) purposes
tween colleagues? « Lackof organiza« .«  Personal com-
2. Which are the main perceived tion regulations munication
benefits and threats concerning  *  Distraction purposes
the use of WhatsApp in a hospi-
tal
setting by physiciansand nurses?
3. Which are the determinants
(individua and/or organizational)
of the use of WhatsAppin ahos-
pital setting?
4. Isthere an interplay between
individual and organizational
determinants?
Di Muzioet Survey 193 nurses SapienzaUniver- 1. What isthevalidity andrelia= «  Increase error e Persona com-
a (2019) sity Hospital, bility of the Nurses Use of «  Negative impact on munication
[26] Rome, Italy PCD<? Questionnairein the Ital- performance purposes
ian hospitals? « Distraction o Information
seeking for
clinical use
o Other personal
uses
Flynneta  Survey 735 acute care Six acute care 1. What arethe current ratesof »  May upset families «  Information
(2018) [27] nurses, point of  medical-surgical  persona smartphone use by « Distraction seeking for
careandnot point facilitiesinanur- nursesin acute care settings? o Increaseerror clinical use
of care banhedthcare o5 \what are nurses preferences e  Communica
systemin the regarding the use of smartphone tion for clinical
Southern United  ynctionality in acute care set- PUrposes
States tings? «  Personal com-
2b. Arethere differencesin use pmul:r;g::lson
by age category or role? e Other personal
3a. What are nurses' perceptions uses

of the benefits and drawbacks of
using smartphones in the acute
care setting?

3b. Arethere differencesin per-
ceptions by age category or role?
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Study design Datacol- Target population Study location Research questions Negative implicationsof Purpose for digital
and author  lection personal digital technolo-  technology use
(year) method ay
Garnereta  Survey 97 acute care 340+-bedtertiary 1. What arethe smartphoneac- .«  Confidentiality «  Communica
(2017) [28] nursesand physi- facilityinBen-  cessand use, including future « Misuseof hedthin- tionfor clinica
cians (82.5% galury, India opportunities for mHealth® and formation purposes
Were nurses) potential ethical implications, ¢  Patientanxiety «  Persona com-
among health care professionals *  Cybercrime munication
practicing at ahedlth carefacility *  Limited Wi-Fi ac- purposes
in Bengaluru, India? cess +  Other persond
uses
Grabowsky  Survey 59 advanced Alabama, United 1. What typesof clinical quess « Lackof internetac- «  Information
(2015) [29] practicenurses  States; physi- tions are answered using smart- cess seeking for
(APNs) cian’soffice, out- phones? clinical use
patient clinics, > Are there barriers to informa-
hospitals, academ- (o seeking with smartphones?
ic health centers, .
employee health 3. What phone apps gnd online
clinic, hospice, FESources d.o .APN.Sfm.d most
nurse practition- useful in clinical situations?
er—owned prac- 4. How do APNsview their cur-
tice, Veterans rent online searching skills?
Administration 5 What isthe level of interestin
nursinghome, ur-  receiving training in online
gent care, health  searching and what type of train-
department, and  ing is preferred?
dialysis unit 6. Isthe use of smartphonesto
answer clinical questionsrelated
to gender, level of education,
population of practice area,
practice type, or years approved
to practice asan APN?
Hranchook  Survey 258 certifiedreg- MichiganAssoci- 1. What aretheclinical andnon- «  Distraction o Information
et al (2018) istered nurse ation of Nurse clinical uses of mobilecomput- «  Risk to patient seeking for
[30] anesthetists (CR-  Anesthetists, ing devices among Michigan «  Peformancedecline clinical use
NAS) United States CRNASs? « Policy o  Communica
2. What are the experiences of tionfor clinical
Michigan CRNAswith regard to purposes
theimpact of using these devices +  Personal com-
on patient care? munication
purposes
«  Other persona
uses
Mayereta  Survey 1293 nurses NursingAssocia 1. Arenursesusing healthapps «  Concernaboutinfor- «  Information
(2019) [31] acrossarangeof tionof Barcelona professionally and what types of mation quality in seeking for
settings, includ- apps are they using? health apps clinical use
ing hospital care, 2. Among nurses, is there aneed
primary care, so- for training in the use of health
cial hedth care, apps?
prehospital care, , .
management, 3. What are nurses perceptions
teaching and re- of health professional apps?
search, and pri- 4. |sthere aneed for a certifica-
vate practice tion process for health apps and
what type of institution or organi-
zation should review and validate
these apps for professional use?
McBrideet  Survey 825 acute care Members of 1. What isthe frequency of non- N/A «  Persona com-
a (2015) hospital regis- Academy of work-related use of personal munication
[32] tered nurses Medical Surgical mobile phonesand other personal purposes
(RNs) Nurses, United  communication devices among «  Other personal
States hospital RNs? uses

Survey
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de Jong et a

Study design Datacol- Target population Study location Research questions Negative implicationsof Purpose for digital
and author  lection personal digital technolo-  technology use
(year) method ay
McBrideand 1268 nurses Membersof the 1. How do RNsworkingoninpa- «  Distraction « Information
L eVasseur (staff, charge, ad-  Academy of tient unitsusetheir PCDsatwork «  Negative impact on seeking for
(2017) [33] vanced practice, Medical Surgical (excluding lunch and breaks) and performance clinical use
managers, facul- Nursesandthe  what are their opinions about «  Communica-
ty, and executive) Society of Pedi- how PCD use impacted their tionfor clinica
atric Nurses, work and the work of their col- purposes
United States leagues? «  Persona com-
munication
purposes
«  Other personal
uses
Mobasheri et Survey 564 acute care Fiveindividual 1. What arethe waysthat front- «  Privacy «  Communica
a (2015) nursesand 287  hospital sitesin  line staff are using smartphones, tionfor clinica
[34] doctors London, United  tablet devices, and mHealth apps purposes
Kingdom intheclinical environment?
Mooreand  Survey 82 acute care 40+ acutetrusts 1. How donursesanddoctorsuse «  Uncomfortableus- «  Information
Jayewaedene nursesand 334  in England their smartphones at work, what ing phonein front seeking for
(2014) [35] doctors do they usethem for, and do they of patients clinical use
assess the risks associated with
the apps they use?
Piscotty etal  Survey 140 nursesin Public school of 1. What isthe prevalence of so- N/A «  Persona com-
(2016) [36] Registered Nurse nursingin South- cial media use by nurses during munication
to Bachelor of east Michigan, work hours? purposes
Sciencein Nurs-  United States o  Other persona
ing program uses
(RNsalready had
worked as nurs-
es)
Pucciarelli et Survey 256 acute care Seven hospitals 1. What arethework- andnon- «  Distraction « Information
al (2019) nurses who in Central and work-related activitiesperformed «  Negative impact on seeking for
[37] worked in hospi-  Southern Italy by nurses using smartphonesin performance clinical use
tals, outpatient the workplace? « Inappropriate «  Communica
facilities, or day 2 What are the differences be- recording tionfor clinica
surgeries tween smartphone use and nurs- * I_nappropriatg vital purposes
es’ age, gender, and working en- signsmeesuring - Personal com-
vironment? munication
3.What are the positive or nega- gl:;l[;(r)ses
S . personal
tive influences that smartphones Uses
have on nurses' performance
during their health care activi-
ties?
Stergiannis  Survey 974 acute care Six genera hospi- 1. What isthe clinical use of «  Unaware of apps N/A
et a (2017) medica andnurs- talsin Athens, smartphones among medical and that can be used to
[38] ing steff (18.5%  Greece nursing staff in Greece? assist them in their
nursing assi stants daily clinical task
and 42.6% nurs- o Internet access
es, with the rest «  Didnot think smart-
being doctorsand phones were useful

junior doctors)

«  Unsureabout appro-
priate sitesand apps

«  Distrustful of infor-
mation

«  Lack of education
on how to use
phone

3N/A: not applicable; this information was not reported in the study.
bpCD: personal communication device.
®mHealth: mobile health.
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Table 2. Included qualitative studies.

de Jong et a

Study design Datacol- Target population Study location Research questions Negative implications of  Purpose for digital
and author  lection personal digital technolo-  technology use
(year) method ay
Bautistaand Semistruc- 30 acute care 13 tertiary hospi- 1. How dotheinteractionsof so- «  Personal cost, as Information
Lin(2016) turedin-  staff, charge, and talsinthe Philip- ciotechnical components (users, hospital does not seeking for
[40Q] terview nurse managers ~ pines technology, and policy) affect provide phone clinical use
staff nurses’ use of personal mo- «  Distraction Communica-
bile phones at work? «  Privacy gapsand tionfor clinica
punishments purposes
« Policy
«  Patient complaints
« Infection control
Bautistaand Samigruc- 20 acute care Nine hospitalsin 1. How and why are mobilein- ;a2 Communica-
Lin(2017) turedin-  staff nurses the Philippines  stant messaging apps used by tionfor clinica
[39] terview Filipino nurses as part of their purposes
work? Personal com-
2. What are the gratifications de- munication
rived by nurses when using mo- purposes
bile instant messaging apps?
Chiangand  Semigruc- 17 community Two regional 1. What are nurses’ experiences «  Perceived risks (pri- Communica-
Wang (2016) turedin- nursesworking  hospital-affiliated regarding the benefits and obsta- vacy and confiden- tionfor clinica
[41] terview  for homecarefa- home carefacili- cles of using a smart mobile de- tiality) purposes
cilities ties and four vice app in home care? « Lack of organiza
community home tion regulationsand
carefacilitiesin incentives
Southern Taiwan « Disturbanceto per-
sond life, as mes-
sages received dur-
ing nonworking
hours
ParkandLee Semisruc- 4 orthopedic Operatingroom 1. How arescrub nursesusinga N/A Usinganappto
(2019) [42] turedfo-  scrub nurses of aveterans commercialy available smart- seek informa-
cusgroup hospital, Korea  phone app to solve information tionfor clinica
inter- needs in orthopedic surgery? use
views

3N/A: not applicable; this information was not reported in the study.
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Table 3. Included mixed methods studies.

de Jong et a

Study design Datacol- Target population Study location Research questions Negative implications of  Purpose for digital
and author  lection personal digital technolo-  technology use
(year) method ay
Giles-Smith ~ Survey, 94 acutecarein-  Communityhospi- 1. What isthe current usageof  «  Lack of wirelessin- «  Information
et a (2017)2 focus patient medical  tal and tertiary mobile devices and apps by ternet seeking for
[43] groups andsurgical nurs-  hospital in Win-  nursesfor direct patient care « Distraction clinical use
es nipeg, Canada within the study sites? o Unsureif alowedto
2. What are the attitudes of nurs- use at work
esat these study sitestoward the *  Potential damageor
use of mobile devices and apps loss of phone
for direct patient care? «  Infection control
«  Concern of patient
perception of phone
«  Professionalism
Planitzetal Survey, 299acutecare  Variousunitsand 1. What isthelevel of actual « Disruptive e Persona com-
(2013) [44] observa nurses wardsin ater- personal smartphone use by munication
tion tiary hospital lo-  nursesthat is occurring within purposes
catedinBrisbane, the hospital ? «  Other persona
Australia uses

2. What are the attitudes of nurs-

es toward smartphone use at the

hospital ?

3. Do the benefits of smartphones
outweigh the consequences of
distractions and occasiona mis-

use?

4. What are the factors influenc-
ing whether nurses used smart-
phones at work?

5. How are nurses using their
smartphones at work?

#Two-part study: only part 1 relates to the research question.

Health Care Settings

In reviewing the included studies, most researchers focused on
investigating personal smartphone use among hospital-based
nurses (18/22, 82%) [23-28,30,32-35,37-40,42-44]. Aswell, 6
studies out of 22 (27%) included a multidisciplinary group that
also included inquiry into physicians use of personal
smartphones in the clinical setting [23,25,28,34,35,38]. There
was asingle study that investigated registered nurses' personal
technology use during work hours, whose sample population
were enrolled in a Registered Nurse to Bachelor of Sciencein
Nursing program, with 93% of the nurse participants currently
working in acute care [36].

Out of 22 sudies, 2 (9%) targeted nurses working in
community-based health care settings[29,41]. Grabowsky [29]
focused on advanced practice nurses who worked in an array
of settings, including avariety of outpatient clinics. Chiang and
Wang [41] investigated personal digital technology use among
community nurses who worked for home care organizations.
Out of 22 studies, 1 (5%) included nurses from a range of
settings, both acute and nonacute, including hospital, primary
care, social hedth care, prehospital care, management,
education, and private practice settings [31].

Two main themes with associated subthemes were generated
from the analyses. The first theme was personal smartphone
use for patient care. This theme was divided into three

https://mhealth.jmir.org/2020/11/€18774

subthemes: information seeking, communication, and mobile
devicefunctions. The second themewasimplications of personal
smartphone use, which was refined into five subthemes:
smartphone use for persona reasons, distraction, patient
perception, privacy and confidentiality, and organizational
support and policy confusion. The details of the themes and
subthemes are described narratively in the following sections.

Personal Smartphone Use for Patient Care

I nformation Seeking

Nurses used their smartphones to access information directed
at patient care. The most common information sought was
related to medications, including drug guides and drug
references, in 14 of the 22 (64%) studies reviewed
[23,26-31,33-35,37,38,40,43]. Nurses reported efficiency of
access to medication information; it was easier to search
medications by either the generic name or brand name using
their smartphones, despite having access to a drug reference
book [40]. By using amobile device, nurseswere ableto quickly
look up new medicationsin drug guides[43]. Out of 22 studies,
8 (36%) identified that nurses used apps downloaded to their
devices to find information on medications; 4 (18%) did not
report the name of the apps used [ 23,27,34,35]. Whether nurses
located medication information though a general search engine
app (eg, Google) or by a specific app was not disclosed. The
other 4 (18%) studiesidentified the specific apps used by nurses
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as Epocrates, Micromedex, Drug Index and Dosage, and
Vademecum International [28,29,31,43].

Nurses also used their smartphones to access the internet for
disease-related information [27,29,30,34,40,43]. Smartphones
were used to collect procedural information, including various
surgical procedures and anesthetic procedures[27,30,34,40,42].
Other than Park and Lee [42], researchers did not specify if
nurseslocated thisinformation specifically through online search
enginesor by specific appsthey downloaded to their smartphone
devices.

Nurses identified the need for information access regarding
procedures and use of instrumentswithin surgical settings[42].
The greatest barrier to information access included the
inconvenience created by alack of dedicated computers within
surgical suites, thereby limiting nurses ability to access
information [42]. Surgical nurses used the app, BAND, on their
personal devicesin order to consult with each other and to share
information, including pictures, videos of themselves describing
instruments and procedures, YouTube videos, and other
pertinent information [42]. Using the app, information was easy
to access and readily available and was positively reviewed by
the operating room nurses [42].

Nurses used their smartphonesfor information seeking for both
patient education purposesand for their own educational needs.
Out of 22 studies, 4 (18%) reported that nurses used their
smartphones for patient education [27,29,33,40]. Flynn et al
[27] found that more than 75% of the nurses preferred the use
of their smartphonesto accessinformation for patient education,
and this was more commonly noted among hurses between the
ages of 18 and 30 years compared to nurses older than 50 years
of age. Furthermore, Flynn et al [27] discussed how nurses used
their own smartphones to respond to patients and families
requests for information on avariety of topics, such as medical
procedures, medications, contact information for providers, and
directionsto local venues.

Personal smartphone use provided nurses with ease of access
to information. For example, when asked by a patient about lab
values, the nurse used their phone to search Google for the
answer in the moment [40]. McBride and Levasseur [33]
reported that nurses also used their personal smartphones to
access patient handouts and teaching materials. Nurses accessed
continuing education and professional  development
opportunitiesthrough their smartphones[30,33], and M obasheri
et a [34] reported that nurses used medical apps to enhance
their clinical knowledge and skills.

Other uses of smartphones by nursesincluded the use of online
evidenced-based guidelines to support patient care [26,30], to
accessinformation related to patients’ prognoses[29], to support
nurses understanding of disease pathophysiology and
physiology [30], and to access clinical decision support tools
[35]. Multiple smartphone apps that were reported being used
by nurses for information seeking included WebMD [28,40],
Medscape [23,28,40], Google [28,40,43], UpToDate [23],
Infermera virtual [31], and 061 CatSalut Respon [31]. Garner
et al [28] reported nurses’ use of PubMed, YouTube, Medical
in Nursing and Oncology App, Google Scholar, Q Calc, Doc
Plus, Praco, Radiopedia, and Wikipedia as apps and programs
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on their smartphones. Giles-Smith et al [43] identified
Lexicomp, Medscape, and i Triage as additional health-related
appson nurses’ smartphonesfor information seeking and patient
care purposes. Nurses, particularly those with lessthan 5 years
of clinical experience, used e-books on their personal
smartphones for information seeking [24].

Communication

Nurses used their personal smartphones to communicate with
members of the health care team. Out of 22 studies, 11 (50%)
found that nurses used their smartphones while at work to
connect with health care team members by calling and/or text
messaging for patient care purposes[24-28,30,33,34,37,39,40].
Nurses reported improved communication between team
members, including physicians, and other alied health care
providers and claimed that their personal device use improved
efficiency in communication and facilitated immediate contact
with colleagues [27,39,40]. Voice calling and text messaging
with nurses and physicianswas the most commonly cited reason
for personal smartphone use at work [24].

Bautistaand Lin [40] reported that nurses were able to contact
doctors immediately using the Viber app and also received
patient care orders via their smartphones. Nurses reported an
enhanced efficiency in their workflow becausethey did not need
to“track down” the attending physician; instead, they used their
smartphones to contact them immediately [39]. Another
efficiency-related technique was the devel opment of adirectory
of persona contacts, whereby nurses saved the contact
information (eg, phone numbers) of physicians, supervisors,
and colleagues across diverse organizational departments to
their smartphones so they were readily available when required
[27]. Specific apps used for communication among the health
care team included Viber, Facebook Messenger, iMessage,
WhatsApp, and Line [25,28,37,39]. Group chats were also
mentioned, but a particular app was not reported for group chat
purposes [39].

Nurses also used their smartphones to communicate with
patients [41]. Chiang and Wang [41] assessed nurses
experiences using the Line app to communicate with home care
patients and families. Home care patients or their family
members would contact the nurse regarding their health care
viathe text option on the Line app [41]. Chiang and Wang [41]
found that the picture and video function on the app was used
as an assessment tool; home care patients would take pictures
and videos of signs and symptoms related to their health
condition and send them to the nurse using the app. Nurses
found the Line app beneficial because of the asynchronous
nature of communication patterns, which afforded them time
to problem solve patient care issues, and the unlimited texting
function increased opportunities for patient-provider
communication [41]. However, nurses also reported a situation
of being chronically “oncall,” where patient text messageswere
perceived as intrusive outside of their working hours [41]. In
another study, which investigated the use of WhatsApp,
researchersfound that nursesrarely communicated with patients,
whereas in the same study, physicians were more likely to
communicate with patients using WhatsApp [25].
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Mobile Device Functions

Three smartphone functionswereidentified as useful: the photo
and video function [24,27,34,39,40], the calculator
[26,27,31,33-35,37,38], and the flashlight function [27,44].
Nurses used the photo and video function on their smartphones
to support communication with their colleagues. For example,
nurses took pictures of radiology images, patient wound sites,
electrocardiograms, procedural equipment, skin test results, and
biologica samples, such as sputum [27,40], to facilitate
communication with other care providerswho requested greater
details of the patient condition beyond verbal reports [27].

Flynn et a [27] reported that over 75% of the nurses in their
study valued the calculator function on their smartphones. The
calculator was used to compute nursing and medical formulas
and to calculate dose and scale [26,31,37]. Other than reported
use, no further details were provided regarding the flashlight
function.

Implications of Personal Smartphone Use

Smartphone Use for Personal Reasons

In 12 out of 22 (55%) studies, nurses used their smartphones
within the workplace setting for nonwork-related reasons
[23,25-28,30,32,33,36,37,39,44]. Nurses most commonly
reported smartphone use included texting and messaging family
and friends [25,27,28,30,32,33,36,37,39,44]. The second-most
common personal smartphone use was to check or post
infformation on their personal social media sites
[23,26,28,30,32,33,36,37,44]. Other common uses were for
telephone calling or checking for missed calls[27,28,30,36,44]
and for entertainment such as playing games or shopping
[26,32,33,44]. Personal use was reported outside of scheduled
breaks[32,33]. Usesthat were only mentioned once throughout
theliteratureincluded internet access and surfing [30], catharsis
and conveying grievances about their work with other nurses
[39], the use of the global positioning system to verify their
children’slocation [27], and for personal safety (ie, walking to
vehicles at night) [27].

Distraction

Distraction from patient care was identified by nurses as a
concern regarding smartphone use within the workplace
[23,25-27,30,33,37,40,43]. Nurses self-reported instances of
their own distraction from patient care activities resulting from
theuse of their smartphones but a so reported observed instances
of inattentiveness among their nursing colleagues
[23,26,30,33,37]. Pucciarelli et al [37] reported that 42% of
nurses felt that smartphones were a distraction. For example, a
nurse was distracted from inserting an intravenous line by the
ringing sound of an incoming call on their smartphones [40],
and 12.5% of nurses had witnessed a coworker make amedical
error that they attributed to perceived distraction related to their
smartphone use [33]. Alameddine et a [23] similarly found that
55% of nurses had witnessed distraction they attributed to
smartphone use. Di Muzio et al [26] found that almost 62% of
nurses thought that the use of personal devices could increase
therisk of errors.
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Patient Perception

Similarly, nurses expressed their lack of knowledge about
patients' perceptions of their smartphone use and the potential
for patient complaints[27,28,35,40,43]. Nurseswere concerned
about patients’ possible negative feelings and thoughts about
mobile devices being used at the beside [23,43].

Privacy and Confidentiality

Nurses identified privacy and confidentiality of patient health
information as a concern associated with the use of their
personal devices within the workplace [25,28,34,40,41].
Mobasheri et a [34] found that 3.6% of nurses believed there
was patient-related clinical information retained on their
personal smartphones. Similarly, home care nurses discussed
their concernsregarding their use of the Line app, reporting that
“others could easily see patients’ recent whereabouts or sensitive
personal information on the software platform” [41].

Lack of Organizational Support and Policy Confusion

Lack of organizational support and policy confusion was
expressed by nurses[30,40,41,43]. Despite organizational policy
that prohibited personal smartphone use within their clinical
setting, most nurses considered their smartphones as helpful
technology in their workplace. Some nurses were aware of
policiesrestricting persona smartphone use, while others stated
they did not know what the existing policies for personal
smartphone use entailed. Hranchook et al [30] reported that
47.2% of the nurse participants in their study knew that their
organization had a personal device use policy, 22.6% said their
institution did not, while 30.2% were unsure. When asked if
medical administrators should develop a code of conduct for
smartphone use to minimize unnecessary distraction, 44% of
participants agreed, while 51% disagreed [23]. Nurses aso
reported barriersto Wi-Fi and internet accessissueswithin their
organizations that impeded their access to online resources
[28,29,38,43].

Discussion

Principal Findings

A scoping review of 22 studies was conducted to examine the
current breadth and range of research on nurses’ use of personal
smartphonesin the workplace; to our knowledge, thisisthefirst
review of itskind. Based on the studiesincluded in this review,
nurses have reportedly been using their personal smartphones
within their workplace for personal and patient care purposes
since 2013.

From the existing evidence, we know that nurses used their
personal smartphone devicesto gather patient careinformation
and to communicate within the health care team. In support of
evidence-informed patient care, nurses used online apps and
programs to locate information relating to patient-prescribed
medications, clinical procedures, diagnoses, laboratory tests,
and more. Theinformation-seeking and consultation behaviors
align with evidence-informed nursing practice [18,45]. Nurses
require access to specialized knowledge and comprehensive
clinical information to inform their clinical decision making.
However, the significant demands on nurses' timeimpedestheir
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ability to engage with research and health care resources
required for evidence-informed practice [46]. The use of their
personal smartphone devices provided nurses with rapid and
easy accessto online health information. It is possible that nurses
are using their personal smartphones as a way to efficiently
access needed resources and support their patient care
information needs.

Degspite the high level of smartphone and app use, there was
minimal reporting on nurses attention to the quality and
accuracy of the information garnered from the apps used. The
commercia profitability of health-related apps tend to take
priority over ensuring that apps are critically appraised for
information accuracy [47]. However, when asked, nurses
expressed that they want health apps to be certified by a health
or professional institution, exemplifying their concern about
information quality [31]. Nurses who conducted a risk
assessment on the apps that they used assessed the
trustworthiness of the source, sought guidance from professional
bodies on technology and app use, and were vigilant about
patient information privacy [35].

Similarly, nurses may be resorting to their own personal digital
devicesto compensate for the lack of support provided by their
organizations [42]. As reported elsewhere, nurses who have
accessto resources from amedical library, have internet access
at work, and have the opportunity to work with computer
technologies are more likely to engage in evidence-informed
nursing practice [48]. Organizations that strive to provide the
highest-quality patient care are also accountable to providing
the resources that make this achievable. The presupposition of
health information technology within the clinical setting
highlights the need for organizations to provide continuing
education to all health care providersregarding risk assessments
of health information technologies (eg, devices and apps) for
responsible use and to support evidence-informed practices.

Effective communi cation among the health careteam isessential
for quality patient care and effective teamwork [49]. In fact, the
most common reason for errors resulting in patient harm result
from communication failures [50]. In our review, nurses used
text messaging, telephone, and picture and video functions on
their smartphones to communicate with other members of the
health care team. Furthermore, nurses preferred the use of their
own smartphones for efficient and immediate communication
among health care team members. Medical students have aso
reported using personal smartphones as an efficient means of
communication and for coordination of the clinical team [51].
It may be that organizationally based communication systems
do not provide satisfactory options to meet the precipitous
communication needs of health care teams working within a
digital health context [52]. Similarly, nurses’ use of their
personal devicesto communicate among members of the health
care team may demonstrate a technological “work-around”
meant to reconcile health system demands for cost-efficiency
with efforts to provide quality patient care [53].

Despite nurses’ desiresto usetheir personal smartphonesin the
workplace, they were also mindful of concerns that included
personal and/or colleague distraction, and they acknowledged
challenges to information privacy and information security
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related to possible retention of patient dataon their smartphones.
Nurses' use of their personal devices to share practice-related
information among health care teams may characterize their
“work-around” of organizationa health information systems
that have not effectively considered nurses’ workflows, their
need for accessible and up-to-date health care information, nor
communication practices among multidisciplinary health care
teams [52,54]. Nurses are not the only health professionals
experiencing these tensions. Physicians report that barriers to
using their smartphones in practice include organizational
policies against smartphone use and concerns about using them
during patient consultations [9]. The tension between quality
health practices and pressure to find system efficiencies may
have also contributed to nurses use of their personal
smartphones within the workplace [54]. The reported lack of
awareness of organizationa policies related to personal
smartphone use and nurses’ lack of knowledge regarding patient
perception of their smartphone use for patient care constitute
two important areas for future research and health professional
education [55].

Implications

Implications for Research

This scoping review highlights significant gaps in research
regarding nurses’ use of personal smartphonesin theworkplace.
To date, research has focused on acute care nurses, with little
investigation of nurses’ device usewithin other practice settings.
Research is needed to understand persona smartphone use
acrossamore diverse range of health care settings, such ashome
care, long-term care, and public health. A greater understanding
of other health care settings, such aslong-term care, will provide
invaluable information, especially due to the aging population
in Canada and the growing demand on care providers for the
elderly. COVID-19 exposed profound gaps in long-term care
in Canada, including accessto practice standards and education.
The importance of public health care workers was aso
emphasi zed during the COV I D-19 pandemic. Research can help
to inform how smartphones can be leveraged to support nurses,
especially during resource and staffing shortages. Thiswill al'so
help to generate agreater understanding of the online resources
(eg, online information sites and apps) that support nurses
practices. Research isalso needed to inform smartphone practice
strategiesand policiesthat support efficient team communication
and that are accountable to information, privacy, and security
concerns.

Implications for Practice

Nurses are using their persona devices to access clinical
information and to contribute to clinical decision making. If
apps are being used and patient information is entered, it is
important to know where the information is being stored, who
has access to it, and who owns the data. Nurses' use of their
personal digital devicesfor sharing patient-related information
within the health care team carries a potential risk for
inappropriate disclosure of personal health information. While
unapol ogetic about using their personal devices, nurses instead
advocated for information-secure messaging apps that would
ensure the safety and security of people’'s personal health
information [34].
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Implications for Policy

Evidence that over 75% of nurses and physicians within acute
care settings use their personal smartphones to support their
patient care practicesisindicative of aclear gap between policy
and practice [27,38]. If nurses, as well as other health care
professionals, use their smartphones as an efficient way to
retrieve and share information, it would be incumbent on
organizationsto reassesstheir policiesregarding persona phone
use and to work with technology developers and care providers
to nurture their innovative thinking and insight into effective,
responsive, and responsi bl e technol ogy-enabled solutions.

Limitations

There were several limitations when completing this scoping
review. As 16 of the 22 studies were quantitative and used
cross-sectional surveys to gather data, there were limited
descriptions and examples available to provide an in-depth
understanding of smartphone and mobile phone use. In addition,
due to the lack of diversity in the target population, there is

de Jong et a

limited evidence across the nursing continuum. Lastly, studies
included were only in English; studiesin other languages were
not included in these findings.

Conclusions

This scoping review provides insight into nurses’ use of their
personal smartphoneswithin the workplace setting. Thereview
highlights knowledge gaps regarding nurses personal device
use and the safety and privacy of persona health information,
patient care outcomes, communication practices among health
care teams, and insight into app and information accuracy and
reliability, thus creating significant opportunities for future
research regarding nurses' use of personal digital technology
in the workplace. Organizational policies that limit or prohibit
smartphone use may be shortsighted; insightful leadership would
leverage the knowledge of nurses with other health care
providers to collaboratively develop strategies that enable
efficient, respectful, and ethical use of communication
technology for effective patient care practices [56].
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Abstract

Background: One of the main concerns of public health surveillance is to preserve the physical and mental health of older
adults while supporting their independence and privacy. On the other hand, to better assist those individual s with essential health
care servicesin the event of an emergency, their regular activities should be monitored. Internet of Things (I0T) sensors may be
employed to track the sequence of activities of individuals via ambient sensors, providing real-time insights on daily activity
patterns and easy access to the data through the connected ecosystem. Previous surveys to identify the regular activity patterns
of older adultswere deficient in the limited number of participants, short period of activity tracking, and high reliance on predefined
normal activity.

Objective: The objective of this study was to overcome the af orementioned challenges by performing a pilot study to evaluate
the utilization of large-scale data from smart home thermostats that collect the motion status of individuals for every 5-minute
interval over along period of time.

Methods: From alarge-scale dataset, we selected a group of 30 households who met the inclusion criteria (having at least 8
sensors, being connected to the system for at least 355 daysin 2018, and having up to 4 occupants). Theindoor activity patterns
were captured through motion sensors. We used the unsupervised, time-based, deep neural-network architecture long short-term
memory-variational autoencoder to identify the regular activity pattern for each household on 2 time scales: annual and weekday.
The results were validated using 2019 records. The area under the curve as well as lossin 2018 were compatible with the 2019
schedule. Daily abnormal behaviors were identified based on deviation from the regular activity model.

Results: The utilization of this approach not only enabled us to identify the regular activity pattern for each household but also
provided other insights by assessing sleep behavior using the sleep time and wake-up time. We could also compare the average
time individuals spent at home for the different days of the week. From our study sample, there was a significant differencein
the time individual s spent indoors during the weekend versus on weekdays.

Conclusions:. This approach could enhance individual health monitoring as well as public health surveillance. It provides a
potentially nonobtrusive tool to assist public health officials and governments in policy development and emergency personnel
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in the event of an emergency by measuring indoor behavior while preserving privacy and using existing commercially available

thermostat equipment.

(JMIR Mhealth Uhealth 2020;8(11):€21209) doi:10.2196/21209

KEYWORDS

public health; 10T; anomaly detection; behavioral monitoring; deep learning; variational autoencoder; LSTM

Introduction

The Internet of Things (10T) is a network of sensors that is
integrated with physical devices and other elements to allow
objectsto becomeintelligent and interact with humans[1]. The
utilization of loT in heath care is growing dramatically,
especidly in the areas of behavioral monitoring, welfare
interventions, and incident notifications [2]. The 10T involves
different types of information such as action, movements, and
location, aswell as physiological monitoring such asgait, heart
rate, blood pressure, and stress [3]. The idea of implementing
sensors to monitor one's health status and recognize activity
patterns of individuals was initiated by mounting a variety of
sensors on the human body [4] as well as smartphones [5] to
capture different movements and other health information. In
addition to wearable sensors, ambient sensors have aso been
utilized to build smart homes. The core feature of asmart home
is activity recognition (such as watching TV, cooking meals,
and sitting on the sofa) that classifies the collected data into
well-defined movements[6,7]. This can be agood indicator for
predicting normal and abnormal behaviors [6], as well as
recognizing diseases and injuries [8,9]. As elderly people are
likely to face difficulties with chronic diseases and other issues
that accompany aging, asmart home could provide support and
enable elderly individuals to live independently, as well as to
provideimmediate health care servicesin the event of aninjury
and other physical or mental health complications[2,6,10-12].
Using smart home technology would also diminish the
significant burden and cost of providing long-term care services
for supporting older adults that often falls on our health care
systems[13-18].

In the context of smart homes, diverse approaches have been
implemented to collect datafrom sensors and recogni ze different
types of activities. In some studies, the activity patterns of
individuals are identified by integrating wearable and ambient
sensors[19,20]. In others, the interaction of humans and objects
is detected through sensory-based devices [10,21,22], and the
activity pattern is recognized through the sequence of those
interactions [10,23].

Different supervised machinelearning and deep learning models
have been utilized to detect anomalies. In some approaches,
participants self-labeled their activities, and normal and
abnormal behaviors were identified by a supervised
classification model [6]. In other studies, regular activity patterns
are identified through the sequence of time-stamped events.
Deviation from those patterns identified abnormal activities
[22,24-27], using methods such as clustering of time-stamped
events with the deep belief network feature-extraction method
[21], Hidden Markov Models [22], and graph-based networks
[26].

http://mhealth.jmir.org/2020/11/e21209/

Although previous approaches towards behavioral monitoring
using smart home technology were focused on collecting
detailed information about health status and specific activity
patterns of individuals, they ultimately proved to be obstructive,
as they were limited to a small number of devices, dependent
on participants to report the predefined tasks, time-consuming,
and not generalizable for other smart homes [25].

Therefore, to tackle these challenges, weimplemented a novel,
unobstructive strategy to identify abnormal activity patterns of
individuals using an ecobee smart-home thermostat. We
hypothesized that, through the use of ecobee’s remote sensor
data, it would be possible to create model sthat represent typical
user behaviors (eg, sleep time, wake-up time, and average time
spent at home), providing the public health community with a
novel tool that could identify when abnormal patterns are
identified in daily user behavior. The key advantages of this
approach are that we can leverage population-level data over a
long period while preserving the privacy of individuals. We
also implemented an unsupervised neural network for detecting
anomal ous activity.

Methods

Data

In this study, we used Donate Your Data datasets from ecobee,
a smart-home thermostat manufacturer from Canada. The data
are donated by households that consented to share their
anonymized data to conduct research while their privacy is
preserved [28]. Around 98% of the users are located in North
America[29]. We selected a subset of 30 households that had
at least 8 passive infrared embedded sensors and had been online
for at least 355 days of 2018. The data collected by the sensors
aretransmitted to the thermostat base. The thermostat base can
support up to 32 sensors. The data are reported in 5-minute
intervals. To reduce the noise in the signal, the time window
was extended from 5-minute to 30-minute intervals. A similar
approach has been utilized by Huchuk et a [29] and Kleiminger
et a [30]. For every 30-minute interval, motion status was
determined on the basis of the sum of activation from all the
sensors (if motion was captured, the sensor value changed from
0to 1). We identified a positive motion state if the activation
of at least 1 sensor lasted for 20 minutes or a minimum of 4
sensors captured a movement for a 5-minute interval each (the
sum of activations during a 30-minute interval was >4).
Therefore, each day is represented by a binary time series that
identifies the motion state for the 48 time intervals during a
24-hour period.

Model

The annual record of each household was defined by a set of
independent equal-sized time sequences X = { X1,...,Xt,...,XN},
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where each sequence is composed of 48 time units. Anomaly
detection was used to decide whether the status of Xt was
abnormal, given that all other days were known. Knowing that
individuals are creatures of habit and usually have regular
activity patterns, these sequences are static and periodic on a
daily or weekly basis. Anomalies are the rare incidents that
appear among daily patterns; therefore, identifying them through
a supervised approach is chalenging, as there are no labeled
data available for regular and irregular activity. To answer this
challenge, an unsupervised anomaly detection model should be
implemented [31]. Utilizing the variational autoencoder (VAE)
as a generative model can identify abnormalities by mapping

Figure 1. Variational auto-encoder.

Jalali et &

the time-series data into a latent variable and reconstructing
them through the latent variable [32]. In a VAE model, the
encoder and decoder are defined by the probabilistic function
of q(zx, ) and p(z, ), respectively. The posterior distribution q
is adapted through training and is able to map the input to a
latent variable z. The variable z is assigned to a Gaussian
distribution with defined parameters of mean and variance

N(u,,02). After the encoding process, the underlying

characteristic of the input is generated by sampling from the
Gaussian distribution (z*) that is reconstructed during the
decoding process as described in Figure 1 [32].

Encoder Decoder
q(z]x,8) p(x|z,6)
N (1)
M
x xt
o
Hidden Hidden
Layers Layers

Dueto the temporal relationship between time-series windows,
the long short-term memory (LSTM)-VAE architecture was
utilized to capture the latent correlation between time windows
in each sequence [31]. In that way, not only are the temporal
dependencies of data retained but also the information from
previous time steps can be transferred to the next cell in a
controlled manner. This can be done through a memory cell
and 3 gates [33]. For each sequence of a time step, the hidden
state (hy) is updated by the memory cell (c;). The memory cell
is storing the information about the sequence that is controlled
by the gate. The gates update the (c,), asthe proportion of current
cell input (iy), the proportion of forgetting the previous memory
cell (f), and the proportion of current cell output (o,) [33].

For a sample dataset X that is composed of a set of 365
independent sequences (days), each sequence was composed
of 48 time intervals. The overall motion status was recorded as

http://mhealth.jmir.org/2020/11/e21209/

aunique variablein each interval. Therefore, the X dataset had
the dimension of (365,48,1). Given the input X to the encoder
model, the posterior distribution g(zx) was approximated by
feeding the LSTM’s output into 2 linear models to identify the
mean and covariance of the latent variables. Then, the input of
the LSTM’s hidden layers from the decoder was defined by
randomly sampling from the posterior distribution q(z|x). The
final output was defined by reconstructing the input through
the random samples from the posterior distribution [34].

Based on the generative characteristics of VAE, latent variables
have akey roleinidentifying the reconstructed data. Therefore,
our objective was to model the data in such a way that the
reconstructed input was similar to the original input.

Thisrelation is represented as:

@

where (X|2) isthe distribution of generating datafrom the latent
variable and p(2) is the probability distribution of the latent
variable.

On the other hand, the idea of VAE is to identify p(z) using
d(zx). However, identifying the distribution of q(Zx) is
challenging. To thisend, the variational inference model isused
to approximate the q(z)x) distribution with simpler replacements,
like standard normal or Gaussian distribution. Subsequently,
the difference between the true distribution and its
approximation is measured using Kullback—L eibler divergence
[35].
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After solving this problem, the approximation error for replacing
the posterior distribution with asimpler model would be defined

by:
E

Therefore, the overall loss function is defined as 2 parts:
reconstruction error between the input and output and
approximation error for replacing the posterior distribution with

asimpler model.
E

To identify the anomaly of instances, the label and score
approaches are usually used. In supervised anomaly detection,
thelabel approach isused to identify the anomal ous and normal
samples using the labels 1 and O, respectively. In contrast, for
unsupervised anomaly detection, the score approach is used to
identify the confidence value between 0 and 1, which reflects
the likelihood of an instance being anomalous [32].

Using the VAE loss function would define the anomalous
sequence on the basis of the high-loss score. In that way, the
distribution of scores for all the test data points would identify
the median and percentile. If the score is greater or equal than

http://mhealth.jmir.org/2020/11/e21209/
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“median + IQR," it isdefined as an anomal ous sequence, where
IQR = 75th percentile — 25th percentile.

In the training of VAE, the Keras [36] Python deep learning
library was implemented. Optimization was performed using
the Adam optimizer with a predefined learning rate and decay
rate. Thetraining wasinitialized by amini-batch size of 7 during
200 epochs. The number of nodesfor all 4 LSTM hidden layers
(2 each in the encoder and decoder) was set to 100, with the
tanh activation function for hidden layers and latent variables.
We set the latent space dimensionality equal to 7 and applied
an L1 regularizer inthe hidden layer of the encoder LSTM, with
aweight of 0.001.

After preprocessing the data for each household, the
unsupervised VAE model was implemented to identify the
different regular activity patterns. From the 2018 records, the
training and testing sets were randomly selected at a ratio of
80:20. The model was further validated using the records for
the year 2019.

Results

Annual Pattern

The regular activity patterns for different households were
identified. Figure 2 illustrates the results for the sample of 10
households. Thedistinct regular patterns of each household can
demonstrate the diversity of the schedules.

JMIR Mhealth Uhealth 2020 | val. 8| iss. 11 [e21209 | p.58
(page number not for citation purposes)


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

Jalali et &

JMIR MHEALTH AND UHEALTH

Figure 2. Regular activity patterns for a sample of households using variational autoencoder, which can demonstrate the diverse schedules.
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E demonstrated that the residents spent most of their time

For household A, the wake-up time was 5:30 am. The occupants

left the house at 9:30 am and returned at 4:30 pm. From 4:30  outside of the house.

pm to 10:00 pm, indoor activity was observed, while after 10:30
pm, the absence of motion could indicate sleeping time. Similar
patterns were observed for households F and G. However, for

Anomaly Detection

Anomalous activities aretherare daily patternsthat differ from
theregular schedul e that can be defined by significant variation

household D, the wakeup time was 6:30 am, and continuous

(median + IQR) from the regular pattern. For each household,
the validation result identified the areaunder the curve, number

of abnormal days, and average reconstruction error (10ss), which

are shown in Table 1.

motion was observed until 10:30 pm. Households | and C also

had similar patterns. The regular activity pattern for household

(page number not for citation purposes)

JMIR Mheslth Uheslth 2020 | vol. 8 iss. 11 [€21209 | p.59

http://mheal th.jmir.org/2020/11/€21209/

XSL-FO

RenderX


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

JMIR MHEALTH AND UHEALTH

Table 1. Validation result for each household based on the trained model.

Jalali et &

Household ID Abnormal days? Total observed days Loss AUC® Abnormal weekend®
HHO 66 360 0.18 0.88 43
HH1 60 360 0.22 0.76 15
HH2 35 325 0.22 0.63 7
HH3 53 365 0.13 0.78 12
HH4 63 311 0.13 0.8 37
HH5 73 352 0.17 0.52 61
HH6 62 365 0.23 0.8 16
HH7 68 362 0.21 0.72 31
HHS8 73 365 0.17 0.76 32
HH9 50 365 0.2 0.83 24
HH10 61 351 0.21 0.81 26
HH11 61 364 0.18 0.8 23
HH12 99 355 0.19 0.75 68
HH13 65 363 0.21 0.77 38
HH14 70 356 0.19 0.68 21
HH15 61 363 0.19 0.66 23
HH16 74 365 0.2 0.72 39
HH17 79 359 0.22 0.65 20
HH18 60 356 0.18 0.68 15
HH19 49 355 0.18 0.74 19
HH20 71 363 0.21 0.74 45
HH21 61 363 0.2 0.77 13
HH22 86 355 0.16 0.82 50
HH23 79 361 0.21 0.72 37
HH24 46 364 0.28 0.74 18
HH25 65 356 0.15 0.74 17
HH26 92 350 0.17 0.71 55
HH27 70 360 0.18 0.68 29
HH28 61 363 0.21 0.72 29

8Anomalous activity of usersin 2019: activity that deviated from regular activity patterns defined from the 2018 data.
bAverage error associated with reconstructing the validation records using the regular activity pattern.
CAUC: area under the curve. Overall compatibility of the regular activity pattern with validation records, in terms of recognizing the activation and

deactivation of motion sensors at the right time dlots.
Total number of abnormal daysthat are weekend days.

The variation in anomalous activity and normal activity with
respect to the regular schedule for a sample household is
illustrated in Figure 3. In the regular activity pattern of the
sample household, the wake-up time was 7:00 am, and the
residents spent most of the day at home. From 4:00 pm to 5:00
pm, alack of activity is observed in the regular pattern, which
could beinterpreted as either theresidentsare usually not inside

http://mhealth.jmir.org/2020/11/e21209/

the house or they are resting or performing other sedentary
activities (watching TV). A lack of activity is also observed
from 9:00 pm, which can indicate sleeping time. A similar
activity pattern, with asmall deviation, isobserved for anormal
day. For a sample anomalous day, a significant deviation from
theregular pattern isobserved, indicating alack of sleep during
the night and alack of activity from 2:00 pm to 6:00 pm.
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Figure 3. Demonstrates the regular activity pattern for a sample household (A), reconstructed normal activity (B) and anomalous activity (C).
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In addition to anomalous behavior, other indicators such as  households: Their wake-up time and sleep timewere recognized

wake-up time and sleeping time may be assessed from regular
activity patterns. Figure 4 demonstrates the sleep duration of

from the regular activity pattern (Multimedia Appendix 1).

Figure 4. Sleep duration (dashed lines) for different households that had complete wake-up and sleeping time records. HH_Id: household ID.
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Weekday Patterns

To compare the variations in regular patterns based on
weekdays, the annual data were divided into subsets of
weekdays, and different models were defined separately. For a
sample household, the most frequent weekday patternisdefined
and shown in Figure 5. Individuals had similar activity patterns

http://mhealth.jmir.org/2020/11/e21209/
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RenderX

from Thursday to Monday and seemed to stay home all day.
However, on Tuesdays and Wednesdays, the activity pattern
suggests outdoor activity during the day. The wake-up timewas
between 6:00 am and 7:00 am on weekdays, except Tuesdays,
when the wake-up time was 5:30 am. The sleeping time was
between 11:00 pm and 11:30 pm except for Sunday.
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Figure 5. Weekday-specific activity pattern of a sample household.
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The average number of minutes that each household spent a&¢  was asignificant increase in the time spent at home throughout
home was compared and is shown as box plots in Figure 6, the weekend versus on weekdays (P<.05).
Multimedia Appendix 2, and Multimedia Appendix 3. There
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Figure 6. Average minutes spent at home for (A) different days of the week and by (B) day type based on the regular activity patterns of different

households.

1000

800

600

Average time(minutes)

200

T

?

T[I\u Flrl Slat 5..I|n

Weekday

1000

800

600

Average time(minutes)

200

‘

T
Weekday

Discussion

Principal Findings

In this study, data from the ecobee smart home thermostat was
used to identify the anomalous activity patterns of individuals.
The large scope of these data provides mobility recognition for
every 5-minute interval. The total number of sensors in each
household was different, and the locations of sensors were not
identified. To enhance the accuracy of motion status, we
extended the time interval from 5 minutes to 30 minutes. Since
there was no specified normal activity pattern availablefor each
household, an unsupervised LSTM-VAE method was used to
generate the regular activity pattern on the basis of probabilistic
distribution. From Table 1, the different AUC outcomes
represent the goodness of fit of the daily record to the regular
activity pattern. A low AUC vaue represents a lack of
recognition of daily activity through the model. This could be
the result of a change in the schedule (HH5). In contrast, for
HHO, HH4, and HH22, the high AUC value and low loss value
represent a higher chance of distinguishing the daily activity
pattern through the model. The number of abnormal days was
defined based on the reconstruction loss threshold (Median +
IQR), which would explain the households with higher average
loss and lower number of abnormal days and vice versa (eg,
HH2 versus HHO).

As the demographic information of users was not specified in
this study, the diverse regular activity patterns observed for
each household could represent the lifestyle of working
professionals. However, in the case of the older population, we
are expecting a more stable schedule, and any change in
behavior could be considered asasign of unexpected incidents.

In addition to recognizing abnormal daily behavior using a
regular activity pattern, other insights can be determined from

http://mhealth.jmir.org/2020/11/e21209/

RenderX

T
Weekend
Day type

the model, such as assessing sleep duration and average time
spent at home. As sleep duration is one the cofounding factors
of individual wellbeing, it is amajor concern of public health
officials and health care systems to control this risk [37].
Moreover, excessive time spent inside the house can represent
the severity of detachment from the natural world and sunlight,
which could have detrimental impacts such as respiratory
problems or seasonal affective disorder [38]. Thisapproach has
the potential, after further validation through larger studies, to
provide a nonobtrusive surveillance tool to assist public health
officials and governments in policy development by reducing
the public health care cost and improving the quality of services
in the event of an emergency by measuring indoor behavior
[13-17,39,40].

However, to enhance the interpretation of the obtained results,
aswell asto ascertain other outcomes such astypes of incidents
and identify behaviora patterns in a time-based segquence of
activities, more information is required. This would include
demographic information about occupants, total number of
residentsin each household, and | ocation of sensors (ie, labeled
by type of room in the house). In addition to monitoring the
activity pattern of older adults [22,24-26], this approach could
also provideinsightsinto theimpact of the COVID-19 lockdown
and isolation measures on daily activity patterns of households,
such as sleeping time, sleeping quality, and other indoor
activities.

The outputs of the models described, when trained for each
household in the dataset, has potential for supporting public
health surveillance [41,42]. Using the 110,000 households
availableinthe Donate Your Datadataset [43,44], these models
could generate population-level insights on sleep patterns and
indoor physical activity. Data access is one of the greatest
challenges in public health research [43,44], and leveraging
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available datasets such as the one used in this manuscript
[14,15,18] allows an improved understanding of behavioral
patterns without the added human resources necessary to collect
subjective data from 110,000 households [45].

The same agorithms could be used to support independent
living, by providing seniors and their familieswith an analytics
layer that can be implemented on top of their ecobee smart
thermostat technology, enabling family members to better
understand the health of their loved ones; this has been
previously undertaken by identifying activity recognition
through postural transition using smartphones [5] as well as
sensory-based devices [46] and fall detection using ambient
sensors[16-18,40,47]. Ultimately, the utilization of 10T datasets
such as the one provided by ecobee can provide measures of
indoor activity, sleep duration, and sleep quality, as well as

Acknowledgments

Jalali et &

feedback to usersin near real-time. It can also alert emergency
response teams to adverse events such as elevated indoor
temperatures during heatwave events[15]. The use of objective
data as presented in this paper drives public health research
away from subjective biases that challenge the domain [15].

Conclusion

Utilizing this approach would tackle the major challenges of
public health surveillance in a more applicable and efficient
way. To the best of our knowledge, this is the first study that
has implemented this dataset for individual health monitoring
in an unsupervised manner. The results presented in thisarticle
further the development of the UbiLab Public Health
Surveillance Platform, expanding on the development of
algorithms for anomaly detection.
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Abstract

Background: Advances in technology have made the development of remote patient monitoring possible in recent years.
However, there is still room for innovation in the types of technologies that are developed, used, and implemented. The smart
thermostat solutions provided in this study can expand beyond typically defined features and be used for improved holistic health
monitoring purposes.

Objective: The aim of this study is to validate the hypothesis that remote motion sensors could be used to quantify and track
an individual’s movements around the house. On the basis of our results, the next step would be to determine if using remote
motion sensors could be a novel data collection method compared with the national census-level surveys administered by
governmental bodies. Theresultswill be used to inform amore extensive implementation study of similar smart hometechnologies
to gather data for machine learning algorithms and to build upon pattern recognition and comprehensive health monitoring.

Methods: We conducted a pilot study with asample size of 8 to validate the use of remote motion sensors to quantify movement
in the house. A large database containing data from smart home thermostats was analyzed to compare the following indicators;
sleep, physical activity, and sedentary behavior. These indicators were developed by the Public Health Agency of Canada and
are collected through traditional survey methods.

Results: The results showed a significant Spearman rank correlation coefficient of 0.8 (P<.001), which indicates a positive
linear association between the total number of sensors activated and the total number of indoor stepstraveled by study participants.
In addition, the indicators of sleep, physical activity, and sedentary behavior were all found to be highly comparable with those
attained by the Public Health Agency of Canada.

Conclusions: The findings demonstrate that remote motion sensors data from a smart thermostat solution are a viable option
when compared with traditional survey data collection methods for health data collection and are also a form of zero-effort
technology that can be used to monitor the activity levels and nature of activity of occupants within the home.

(JMIR Mhealth Uhealth 2020;8(11):€21016) doi:10.2196/21016
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Introduction

Background

Remote patient monitoring (RPM) involvesdigital technologies
used to collect and transmit medical and health data from
individuals to health care providers for assessments and
recommendations [1,2]. As a component of public health
surveillance, novel RPM technology infrastructures can
modernize traditional, time-consuming, and expensive data
collection methods [1]. The Internet of Things (I0T) enables
health care providers to remotely monitor patient health and
analyze the data with minimal delay to develop a personalized
treatment plan or follow the patient’s progress over time [3].
Aspects that can be monitored include physical activity levels,
drug adherence, and physiological indicators such as blood
pressure and heart rate [1,4]. The ultimate goal of RPM is to
enable individuals to lead healthier lives and improve their
well-being at home by leveraging technology.

Although avariety of RPM platformsexist today [5], consumers
continue to be limited by interoperability issues because the
systems lack compatibility, often creating silos of technologies
where data cannot be integrated or exchanged. This study uses
existing off-the-shelf technologies, such as loT-based smart
thermostats equipped with wireless motion sensors and
consumer-level wearable fitness trackers. Smart Wi-Fi
thermostats regulate indoor air temperature via motion sensors
that detect occupancy. Their benefits include cost and energy
savings owing to increased heating and cooling efficiency and
their ability to eliminate the need for an additional dedicated
home monitoring platform. In the United States, customers
using these smart thermostats save approximately 23% on
heating and cooling costs [6]. For this study, the Ubiquitous
Health Technology Lab (UbiLab) [7] at the University of
Waterl 0o has partnered with ecobee, a Toronto-based Canadian
smart Wi-Fi thermostat company [8]. Using data from ecobee
thermostats and a variety of sensors, the UbiLab Public Health
Surveillance Platform (UPHSP) was developed to augment
current public health surveillance effortsthrough the use of 10T
data. Public health surveillance is labor intensive, requires
significant human resources, often relies on outdated data, and
has numerous types of biases (eg, recall, performance,
nonresponse, voluntary response, social desirability) [9]. The
UPHSP improvesthat scenario by providing accessto near real
time, objective sensor-based data.

Public health surveillanceisthe systematic collection, analysis,
and interpretation of health data that are required to determine
funding for programs, strategies, and initiatives [10]. It is also
an important component of public health that focuses on early
identification, mitigation of disease, prevention, planning, and
overal evauation of population health behaviors. At present,
the Canadian public health surveillance system relies on
self-reporting and short-term activity monitoring to collect data
on healthindicatorsincluded in the Physical Activity, Sedentary
Behavior and Sleep (PASS) Indicator framework [11]. This
method hasimplicationsfor research methodol ogy, the validity
of research results, and the soundness of public policy developed
from evidence using questionnaire-based research [12].
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Traditional methods have several limitations. First, they are
prone to recal and social desirability bias. Second, data
collection does not occur in real time and requires extensive
administrative resources adding to the total costs [13]. Third,
conducting surveys can be alengthy process and thus are done
periodically and intermittently. Finally, methods such as physical
activity monitoring require participants to be completely
involved in data collection, which may be inconvenient and
cause deviations from their regular routines, leading to data
collection challenges that result in smaller study sizes[14].

Objectives

The goa of this study is to develop and facilitate the use of
UPHSP across Canada for population- and individual-level
surveillance of health behaviors. The platform enables RPM
via smart Wi-Fi thermostats and motion sensors to seamlessly
collect and transmit health behavior data. These data are
provided to public health officials, care providers (with
minimum disturbance of daily activities and delivery of
personalized health insights), and users. UPHSP has advantages
over conventional data collection methods becauseit addresses
current challenges with traditional data collection techniques.
UPHSP alows researchers to access granular and longitudinal
datagenerated directly from within the participant’shouse. The
anonymized datawill be collected 24 hours aday and 7 days a
week and then consolidated so that they are available to health
care officials in near real time. The core strength of this
surveillance method is that it utilizes zero-effort technology
(ZET) [14] that requires no effort from users. This effectively
reduces the burden on study participants, ensures minimal
disturbance to their daily routines, and can also be applied in
the real-world environment [15].

In collaboration with the Public Health Agency of Canada,
UbiLab is developing UPHSP to improve and develop
individual- and population-level health behavior indicators. In
theinitial stages of the project, the team focused on the existing
set of health indicators from the PASS Indicators framework.
PASS Indicators measured from within the house were sel ected
for this study. This study was then submitted to the Healthy
Behaviour Data Challenge organized by the Public Health
Agency of Canada (PHAC), the Canadian Institutes for Health
Research, and the MaRS Discovery District in August 2017
[16,17]. The aim was to demonstrate that collecting reliable
data for the 3 indicators was possible with smart home
technology. The goal is to enable public health officials, such
as the PHAC, to access real time population-level data of
Canadian behaviors and develop policies and programs with
relevant datato improve the health and well-being of Canadians.

Methods

UPHSP is based on thermostat sensor technology that collects
raw motion data generated by activity in the house. A two-step
approach was carried out to achieve the objectives of this study.
The first step involved deploying asmall pilot study to validate
the accuracy of the motion sensors, and the second step
investigated the larger data set acquired viathe ecobee's Donate
Your Data (DY D) program [18,19] to demonstrate the scalability
of this study, as described in Figure 1.
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Figure 1. The process of model building for population-level health surveillance.
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The first important task for this study was to determine if the
ecobee sensors were a valid data source. The association
between remote motion sensors and a person’s movement in
the house needed to be definite and accurate. A pilot study was
conducted to validate the relationship between ecobee remote
sensor activation and movement within the house and to test
the accuracy of these sensors. The team hypothesized that there
would be a significant association between the number of
sensors activated and the number of steps taken by the
participants in the house. The study included a total of 8
participants (4 women and 4 men) aged between 25 and 41 years
and were residents of the Kitchener-Waterloo Regionin Ontario,

Figure 2. Sample home layout of a participant with ecobee thermostat and
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Canada. Each participant wore a Fitbit Zip and was the sole
occupant in their house during the data collection period.
Furthermore, each house was equipped with an ecobee
thermostat unit, and remote sensors were placed around the
house to ensure maximum coverage by the sensors as seen in
the Figure 2. Approximately 5 to 30 remote motion sensors
were deployed in each home, depending on the size of the house.
The floorplan layout for each house was obtained to determine
optimum sensor placement. Motion and step datawere collected
inall 5 housesviathethermostat sensorsand the Fitbit between
9:00 AM and 5:00 PM. Participants were also instructed to
record their activities at all times and identify interruptions,
such as using the washroom or getting a snack, in an activity
log.
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Once the data were collected, cleaned, and ready for analysis,
the team was able to identify the activity status of the
participants (active vs sedentary) using step data and remote
sensor activations (Figure 1). As the data were not normally
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distributed, the Spearman correlation test wasthe tool of choice
totest for association [20]. The Spearman correl ation coefficient
was found to be 0.8, with P<.001 indicating that there was a
strong positive linear association between the total number of
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sensors activated and the total number of steps traveled by the
participant within the house and that this correlation was
statistically significant. The strength of this correlation increased
with the increasing number of sensors within a larger house.
With our first hypothesis successfully proven, the second phase
of the project, asidentified in Figure 1, could begin.

DYD

Ecobee created the Donate Your Data (DY D) [21,22] program
to provide researchers access to anonymized data collected from
their technology for further energy and sustainability research.
UbiLab, since its launch in 20186, is the first research team to
use these data for health purposes and has gained access to a
large datarepository through thisresearch partnership. Thefirst
data set received from ecobee contained over 10,000 records
(or households) and has since increased to more than 110,000
records after 3 years.

The metadatainformation accompanying the thermostat motion
datais provided by the ecobee user upon initial setup of their
ecobee thermostat, where they may choose to opt into the
program to contribute their data to the DYD program. The
information that is collected includes the style of house (eg,
apartment, townhouse, etc), floor square footage, number of
floors, and number of occupants. Incomplete fields were
eliminated from the analysis pool. For ecobee to maintain this
program’s opt-in process and encourage participation, leaving
the fields optional increased the enrollment but did not
contribute to completeness or quality of the dataset. The DYD
data set is completely anonymized to maintain user privacy,
and all user customizations of sensor names or locations are not
shared with researchers. Thisisalimitation but asensible move
from ecobee to protect user privacy and encourage program
participation. Unfortunately, the metadata quality is restricted
by the amount and quality of the information entered during
setup by the user.

From January 2015 to March 2017, data from 556 single
occupant houses in the United States and 70 in Canada were
included in the analysis. According to ecobee, over 1 million
smart thermostats areingtalled in houses acrossthe United States
and Canada and that number continues to grow. Furthermore,
federal and provincial rebate programs encourage user adoption
of smart thermostat technologies [23]. These efforts are
beneficial for this study and have future potential in UPHSP.

A Comparison

Theteam focused on the ability to collect datafrom sensorsand
demonstrate how the same indicators could be measured with
sensor technology. Existing health indicators from the PASS
Indicator framework were matched on the basis of the measure
description determined by the PHAC [11]. At present, the sleep
indicator is a self-reported value determined by the Canadian
Health Measures Survey (CHMS) from Statistics Canada and
is the sum of the average number of hours spent sleeping in a
24-hour period by adults aged 18 to 79 years [24]. This is
potentially problematic because the value is subject to recall
bias and sleep times are rounded to the nearest half hour. In
addition, the platform provides insight into the sleep timing,
patterns, and number of disturbances captured owing to
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excessive movement or additional triggering of sensorsin areas
of the house other than the bedroom. Indicators of sSleep
interruptionswould provideinsightsinto sleep-related conditions
and disorders such as sleep apnea and sleepwalking, but they
have not yet been devel oped by the PHAC. However, the PHAC
is currently developing several new sleep indicators for sleep
quality, sleep hygiene, and more.

Adherenceto the PASS Indicators of physical activity guidelines
and the total amount of moderate-to-vigorous physical activity
is derived from CHMS and uses accelerometer data [25]. As
the platform functions within the house, the lack of movement
during the day very likely indicates that the individual was out
of the house. Canada has distinct seasons,; therefore, this
information could be used to investigate seasonal patterns that
contribute to social isolation or increased healthy behavior
during the warmer months.

Physical Activity

Ecobee data are streamed in 5-min intervals, which means that
every 5 min the remote sensors send the motion data to the
thermostat and the thermostat sends these data to the server.
Hence, all the analyses performed in the project were performed
in 5-min intervals. The total activity within the house was
measured for the purposes of our study. Physical activity was
defined as true if =2 sensors were activated at 5-min intervals
within the house during the waking period between 8:00 AM
and 10:00 PM. This method of measuring physical activity
provides real time data, removes the involvement of the user
from data collection, effectively eliminates recall bias, and
minimizes the social desirability effect.

Sedentary Behavior

Sedentary behavior was defined as less than 2 sensors being
activated within any 5-min interval during the day (between
8:00 AM and 10:00 PM) whilethe individual wasin the house.
Asthiswasapilot study, wetried to classify unknown datainto
3 categories: sleep, sedentary behavior, and physical activity.
Our assumptions were as follows: (1) zero sensor activation
was labeled as sleep; (2) 3 or more activated sensors indicated
physical activity; and (3) the remaining values indicated
sedentary behavior. Thelogic behind thistype of sampling was
that if an individual moved from one place to another within 5
min, at least two sensors would be activated and the energy
equivalent used would be less than when undertaking physical
activity. When more than 2 sensors were activated, the step
values were more appropriately deemed to be a higher level of
physical activity.

This is different from the PHAC accelerometer-generated
indicator obtained from CHM S [26] because the focus was on
sedentary time within the house as our technology did not
measure sedentary time spent commuting or while at work. The
algorithms devel oped for the project treated movement between
rooms as physical activity and only stagnant behavior was
considered sedentary.
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Results

Pilot Study

Initially, a pilot study was conducted to confirm the accuracy
of the responses of the ecobee sensorsto movement in the house.
It involved using Fitbit to track the steps of 8 participants for
approximately one week, which was equivalent to 386
person-hours of data.

A total of 8 participants used Fitbit for 1 week; however, after
processing and cleaning the data, not al of the datawere exactly
of same length across the 7 days. There was no significant
difference between the duration of participants’ data used. A
simplevisual inspection of the number of steps captured by the
Fitbits and sensor activations was done to determine alignment
(asseenin Figures 3 and 4). Thereisaclear increase in motion
sensor activation in alignment with increased steps taken. To
confirm that the sensors were working precisely, a statistical
test was performed to measure the association between the

Figure 3. Association between Fitbit and ecobee database-separated.
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sensor activation and Fitbit data. The Spearman correlation
coefficient wasr=0.8 (range 0.78-0.90; n=3292; P<.001). These
results indicate a strong association between sensor activation
and the number of steps recorded via Fitbit. Figures 3 and 4
illustrate the sensors that were activated when an individual
walked around their house and their association with stepstaken
by that individual captured via Fitbit. The scatterplot in Figure
5 demonstrates the data points and individual-level correlation
between steps and activated ecobee sensors. In addition,
traveling between rooms, which is indicated by more steps,
showed higher levels of activity on the sensors. During periods
of inactivity, when no stepswererecorded by Fitbit, the sensors
also displayed no or minimal activation. A few random or
unexplained activations may be caused by internal movements
of itemsin the house, such as amoving curtain or abird flying
by a window that faced a sensor. These movements were
considered noise and removed for the purposes of our analysis.
Only one sensor was activated during this time, which can be
attributed to disturbed sleep or other kinds of sedentary behavior.

Fitbit steps

80

00

g0

l ulll L w1 |

1 61 an s o

01 361 421 481 S41 601 BEL 2L 781 841 901 S61 1021 1081 1141 1201 1261 1321 1381

441 1501 1561 1621 1681 1743

3 1801 1861 1921 1961 2041 2001 2061 2221 2781 2341 2401 2481 2521 2581 2641 2701 2761 2821 281 2941 3001 3061 121 ILBY 341 33 3

Time |5 min)

Ecobee sensors activation

LI

1Bl 121 181 241 301 361 421 &8 S41 601 661 721 7EL 841

901 961 1021 1081 1141 1201 1261 1321 1381 1441 1501 1561 1621 1681 1741 1801 1861 1921 1981 2041 2101 2161 2221 2281 2341 2401 2461 2521 2581 2641 2701 2761 2821 2881 2041 3001 3061 3171 3181 1241 3301 3361

Time {5 min}

Figure 4. Association between Fitbit and ecobee database-superimposed.

Steps

Time (5 min)

https://mhealth.jmir.org/2020/11/€21016

XSL-FO

RenderX

—Fithit

IMIR Mhealth Uhealth 2020 | vol. 8 | iss. 11 |e21016 | p.72
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

Figure5. Scatter plot with individual correlation.
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Sleep

Following the pilot study, the second phase of the project
involved analyzing the larger DY D data set from ecobee. Sleep
in households was measured using UPHSP. In Table 1, the
individual and household columns are defined as follows. a
house with a single occupant was labeled as individual and
households with more than one occupant was labeled as
household. They were mutually exclusive. The findings were
that, on average, single occupant households from the ecobee
data set had a sleep duration of 7.8 hours per day. Compared

(Based on data from pilot study)

with the conclusions from previous surveysand PHAC'scurrent
method of measuring average Canadian sleep duration [24], the
platform’s result was 0.7 hours higher on average. UPHSP can
calculate the number of sleep interruptions during the night
using automated algorithms. Data recorded by ecobee revealed
approximately two hours of interrupted sleep during regular
deep by ecobee single occupancy residents. An interruption
was defined as any movement within the sleeping hours.
Interrupted sleepisanew indicator asit isnot currently possible
to self-report this measure and has not been collected or reported
by the PHAC.

Table 1. Key findings and a comparison of UbiLab findings with PHAC reported physical activity, sedentary behavior, and sleep indicators (n=958).

Name of indicators UbiL ab® pASS?
Individual (n=70) Household (n=888) Individual

Nighttime sleep, hours 7.89 7.71 7.2

Disturbed sleep, hours 2.10 2.28 N/AC

Physical activity in the house, minutes per day 85.2 146.4 241

Sedentary time, hours 4.44 5.75 9.6

Away period, hours 8.12 5.80 N/A

3UbiL ab: Ubiquitous Health Technology Lab.
bPASS: physical activity, sedentary behavior, and sleep.
°N/A: not applicable.

Physical Activity
The second indicator measured by UPHSP was the amount of
physical activity in each household, which averaged 85 min per
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day. Physical activity was defined as movement within the house
during waking hours. A comparison of our indicator with
physical activity (moderate to vigorous) measurementsreported
by the PHAC revealed that UPHSP results surpassed that of
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PHAC by almost an hour (85 min vs 24 min). However, our
measurements do not consider the intensity of the physical
activity (ie, moderate or vigorous). Further studies are required
to develop intelligent algorithms that can differentiate between
the intensities of physical activity.

Analyzing the data over along period can inform public health
officials about seasonal physical activity variations. During the
winter months, the number of indoor activities and the time
spent inside will likely increase owing to cold weather and
shorter days. Measuring household physical activity in Canada
is therefore essential and necessary from a public health
perspective.

Sedentary Behavior

The study participants recorded their activity log during the
pilot study to track the type and duration of their activities. The
platform measures general activitiesin the house, time patterns
of doing certain types of housework, the number of interruptions,
and the area of the house where the users spend most of their
time. The log depicts the total time spent on a certain activity
that is recorded by a participant. In the first row, the time the
user spent cleaning their house would be considered physical
activity as the user was active and moved around the house. In
this case, multiple sensors would have been active throughout
the house during a 5-min interval. The second row indicates
that the user was sitting and watching television. This would
be considered a sedentary behavior if less than 2 sensors were
activated in a 5-min interval. The number of interruptionsis a
new indicator that could help the PHAC understand healthy
behaviors and seasonal patterns.

UPHSP calculates the true nature and timing of all the behaviors
being carried out in the house. In addition, the data set was
filtered for any exceptional behavior to ensure that there was
an accurate analysis of the ecobee users' average activities. For
this purpose, 100 steps (156 m) were selected as the threshold
for a5-mininterval. If participantstook morethan 100 stepsin
a5-min interval (eg, while working out on a treadmill), these
occurrences were considered outliers. To select this set point
of 100 steps, the Spearman correlation statistical test was
performed on several thresholds beginning with 100 steps, which
wasincreased by 50 steps at atime to amaximum of 400 steps.
As seen in the Multimedia Appendix 1, there was only a small
amount of variation in the correlation coefficients, r=0.798 and
P<.001, at 100 steps, which indicates a strong correlation
between the distance traveled and the activation of sensors.
Therefore, the project was successfully able to use ecobee
remote sensors to understand indoor physical activity levels.

Discussion

Principal Findings

Technological  advancements have rapidly become
cross-disciplinary as they merge health care and medicine.
However, unlike the retail and commercial sectors, the health
care field lags behind [25]. Mobile health is the application of
digital technology for the use of medical care and has the goal
of empowering individualsto bein control of their own health.
Technology has revolutionized the field of medicine and
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continuesto impact all areas of health care. Medical technology
has evolved rapidly, enabling doctors to use new equipment
inside hospitals and allowing them to connect with patients and
other physicians thousands of kilometers away through smart
devices[27]. Hundreds of health and wellness mobile apps have
been developed since the introduction of smartphones (also
known asthefield of mobile health [mHealth]) [28]. These apps
enable users to track their own health (ie, fitness levels, water
consumption, diet, etc) and compare their datawith standardized
guidelines or challenge their peers to step competitions. The
dependence on medical technology cannot be ignored within
the health care industry because health care professionals can
continue to find ways to improve their practice with the
development of these brilliant innovations [27].

Manipulating the temperature of a house using a smartphone
was not possible 10 years ago. At present, monitoring health
and diagnosing conditions are possible via smart home
technologies. With this technology, UbiLab isturning valuable
sources of data into useful insights. Raw data are difficult to
interpret and would be insufficient to encourage behavioral
change. They are made interpretable with artificial intelligence
(Al) agorithms using data from the pilot study. Interpreted
health datawill be shared with users using mobile or web-based
platforms and will be presented through a dashboard. These
data could help individuals learn about their daily activity
patterns, general health behaviors, and comparetheir behaviors
with those of their peers or the national average. For this to
become aredlity, it is necessary to ensure that all the users can
view and interpret the data anywhere with clarity. A simple
dashboard interface will be carefully designed to display
meaningful and actionable health information for Canadians.
The team created a ssimple dashboard for the purpose of the
Healthy Behaviour Data Challenge. Ideally, such a dashboard
would display the user’s health data in a textual, auditory, and
visual manner. It would support multiple languages and also be
interactive and visually appealing to gain more attention from
individuals. Furthermore, the dashboard would recommend
changes to the user’s physical activity, seep, and sedentary
behaviors to improve their overal heath. Smart home
technologies are currently expanding into the realm of virtual
assistants that are based on Al such as Amazon Echo [29],
Apple'sSiri [30], and Google Home[31]. Incorporation of these
technologies could bring additional personalization to the
platform and user interaction and further motivate health
behavior change and enhance user experience.

UPHSP has shown potential by providing a possible
improvement and by increasing the efficiency of the current
[abor-intensive methods of data collection. In comparison with
traditional data collection methods that require labor, funding,
and ample time, this platform is more cost-effective because it
leverages existing technology (smart thermostats). The platform
isvery convenient for most users because it uses ZET and only
requires direct involvement for theinitial setup and orientation
of the system. In addition, the data collected viaUPHSPismore
granular and accurate, collected 24/7 in real time, which
eliminates potential social desirability and recall bias. On
average, the current delay in research and policy devel opment
is 17 years [27,32,33], which can be changed with the help of
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technology and multisite studies. Implementing UPHSP could
significantly reduce the time spent on data entry and collection
because the technology requires little active involvement from
study participants and can reduce the overall study time.

The implementation of this study is possible because of a
growing interest in smart home technology. An estimated
100,000 Canadian households have an ecobee thermostat
installed, with even more usersin the United States of America,
and this number is only expected to increase. Incentives from
the provincial government, such as the Ontario Green Fund,
has also helped drive interest and adoption. Similar initiatives
would diversify the sample population, which is valuable as it
would open up this technology to awider sociodemographic of
population. The issue of a biased sample population can be
addressed by investing in the adoption of smart thermostat across
the country. By including individuals from different cultures,
ages, and various socioeconomic statuses, UPHSP can help the
PHAC gain insight into contrasting health behaviors among
different segments of the country. This could help identify
populationswith the greatest need and inform policiesthat target
these groups.

There aremany potential applications of thistype of technology
and ways of leveraging of nontraditional data sources, as has
been done herewith datafrom 10T for public health surveillance
[34]. For example, public health officials can monitor risky
behavior for chronic diseases, and this could have a significant
impact on routine monitoring systems at the national and
provincial levels. Real time monitoring of population health
behaviors without interfering with daily activity is the biggest
strength of this study. Astechnology rapidly evolvesto become
more affordable, smaller, and wireless, passive and seamless
data collection for health monitoring becomes more feasible.

Limitations

The team has identified some limitations with the technology
that constrain the capabilities of the data collected and the
possible health behavior insights. The ecobee remote sensors
collect data at 5-min intervals, which from the perspective of
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collecting data for temperature control is sufficient. However,
ahigher level of granularity isrequired for RPM, and the system
is not yet able to differentiate between multiple, different
occupantsin ahouse. Thereisno meansto tag an individual to
identify them as they move through the house; therefore,
observing apatternisdifficult, and it isnot yet possibleto attach
it to a specific person. Identifying or differentiating occupants
in the house is currently challenging without adding an
additional on-body device. The larger DY D data set isabiased
sample because the typical buyer of the smart thermostat is a
middle-to-upper class individual who is interested in cost and
energy savings, reducing environmental impact, and
technologically savvy. Initiatives from governments and smart
technology manufacturers to encourage the adoption of smart
thermostat technologies, such as rebates or the installation of
this technology in affordable housing units, can help to make
this more accessible to a wider income range and reduce the
samplebias. Thedistribution will also need to adequately reflect
the Canadian population, and considerations should be taken
to include smaller or remote communities outside of the
provinces of Ontario and British Columbia.

Moving forward, the UbiLab will collect demographic
information from asubset of existing ecobee usersto understand
the association between age, sex, and other relevant
demographic indicators. Our plan is to explore other sensor
technologiesto train machine learning algorithms and generate
data. In addition, solutions to correctly identify true positive
presence in the house will be explored to address this
shortcoming.

Conclusions

There is a lot of potentia for RPM to expand and leverage
commercial technologies. Thisstudy isjust one examplewhere
technology can be used to bring innovative solutions for real
use in the realm of health care, especially as it allows the use
of technologies that are zero effort and have more than one
added benefit. Technologies such as these will be able to
advance the fields of RPM and public health surveillance.
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Abstract

Background: The International Classification of Functioning, Disability, and Health (ICF) is a unified system of functioning
terminology that has been used to devel op electronic health records and assessment instruments. Its application has been limited,
however, by its complex terminology, numerous categories, uncertain operationalization, and the training required to use it well.
Together is amobile health app designed to extend medical support to the families of spinal cord injury (SCI) patientsin China.
The app’s core framework isaset of only 31 1CF categories. The app al so providesrating guidelines and automatically transforms
routine assessment results to the terms of the ICF qualifiers.

Objective: The goal of the research isto examine the suitability of the | CF set used in the app Together for use as an instrument
for assessing the functioning of SCI patients.

Methods: A cross-sectional study was conducted including 112 SCI patients recruited before discharge from four rehabilitation
centersin Chinabetween May 2018 and October 2019. Nurses used the app to assess patient functioning in face-to-faceinterviews.
The resulting data were then subjected to Rasch analysis.

Results: After deleting two categories (family relationships and socializing) and one personal factor (knowledge about spinal
cord injury) that did not fit the Rasch model, the body functions and body structures, activities and participation, and contextual
factors components of the ICF exhibited adequate fit to the Rasch model. All three demonstrated acceptable person separation
indices. The 28 categoriesretained in the set were free of differential item functioning by gender, age, education level, or etiology.

Conclusions: Together overcomes some of the obstacles to practical application of the ICF. The app is a reliable assessment
tool for assessing functioning after spinal cord injury.

(JMIR Mhealth Uhealth 2020;8(11):€20723) doi:10.2196/20723
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Introduction

Thelnternational Classification of Functioning, Disability, and
Health (ICF) is a unified system of terminology for
multidisciplinary use issued in 2001 by the World Health
Organization (WHO). It provides a consensus framework for
defining functioning and disability and their interrel ationships
with health conditions and contextual factors[1]. Asastandard
language, the ICF is designed to be easily understood and used
among multidisciplinary teams [2]. The comprehensive
perspective on functioning and interdisciplinary focus have
motivated the development of data collection tools, electronic
health records, and assessment instruments [3-5], and it is now
sometimes viewed as a third health indicator for monitoring a
health system’s performance after mortality and morbidity [6].
Many studies have provided evidence of the ICF's value in
reflecting patient levels of functioning, helping decision making,
enhancing collaboration, and planning treatment.

However, challenges have limited practical application of the
ICF, including its relatively complex terminology and category
numbering. Each ICF category has its own distinct definition,
which doesn’'t aways accord with the prevailing medical
terminology. Professionals need to be trained before using the
system [5]. Although many ICF core setswith fewer categories
have been specifically developed for certain conditions, some
studies still report that the application of the ICF is
time-consuming [7]. Reducing the number of categories by
selecting only the most relevant remains challenging.
Additionally, rating using the ICF qualifiersis not easy. There
are5 grades: 0= no problem, 1 =mild, 2= moderate, 3 = severe,
and 4 = complete problem. But there can be large differences
among user assessments because of alack of clear assessment
guidelines, giving the approach poor interrater reliability [8-11].
Some researchers have suggested establishing assessment
guidelines, but these would necessarily be complex and require
additional user training, further hindering the system’s
acceptance [12,13].

A mobile health app is a hedth-related software program
installed on smart mobile devices that provides health
information and tracks a user’'s health behavior. It might also
allow remote consultation [14]. With the popularity of personal
mobile devices such as cellphones and tabl ets, mobile apps have
been used in many fields in health care [15,16]. Studies have
shown that app-based transitional care enhances patients
self-perceptions of efficacy [17], helps prevent complications
[18,19], improvesquality of life[18], and reduces readmissions
to hospital [18].

The study team previously developed an | CF-based app called
Together for the transitional care of spinal cord injury (SCI)
patientsin China[20]. SCI isaserious and life-changing disease
that can cause paraplegia or quadriplegia. Most SCI patientsin
Chinalive at home after their acute trestment and rehabilitation
[21]. They amost always need professional medical support
for further rehabilitation and preventing complications [22,23].
However, community medical resourcesin Chinaare at present
limited and cannot meet SCI patients’ complex long-term health
needs [24]. Together was designed to bring professional health
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care support from medical institutions to SCI patients living
with their familiesin China. Thelanguage of the app is Chinese,
and the copyright is held by China's Sun Yat-sen University
[25].

Together’s coreframework isaset of | CF categoriesthat reflect
the levels of functioning typical of SCI patients and help
organize online assessment, standardize health guidance, and
coordinate interdisciplinary collaboration. The app uses fewer
and more specific categories than the normal ICF core set,
focusing on the transitional care of SCI patients. Preliminary
studiesidentified 31 | CF categories as the most useful outcome
indicatorsin the transitional care of SCI patients, covering the
major physiological, psychological, and social participation
problems of SCI patients at home [20,26]. The app provides
consistent assessment prompts for the raters. Guidelines are
provided for rating each | CF category, which helpsto guarantee
the consistency of the assessments, minimize the training
required, and ease the load on the clinical staff doing the
assessments.

Thisstudy was part of aresearch program designed to document
the effects of an app-based transitional care model for SCI
patients at home. Rasch analysis was applied to examine the
suitability of the app’s set of categories. The overall aim was
to determineto what extent Together can solve problemsrelated
to using the ICF in clinical practice.

The assumption of the Rasch model isthat a person with greater
ability is more likely than a person with less ability to passin
relation to an item, and that an easy item is more likely to be
passed than a difficult one [27]. A Rasch analysisis used to
examine whether an instrument makes those distinctions
satisfactorily. A person’s performance on an item should be
related only to the person’s ability and the difficulty of theitem,
regardless of gender, age, education, etc. [27]. If an instrument
fits the Rasch model well, it can be used to reflect the
performance of people with different abilities. This study was
designed to test Together’s performance in that regard. A good
result could present a new approach in the use of the ICF.

Methods

Study Design

A cross-sectional design was employed involving four research
centersin Guangzhou, Chengdu, and Shiyan in China. The study
was approved by Sun Yat-sen University’s ethics committee
(file 2017ZSLY EC-0620).

Participants

The participants were recruited between May 2018 and October
2019 prior to discharge from the four research centers. The
inclusion criteria were age 18 years or older, SCI according to
the International Standards for Neurological Classification of
Spinal Cord Injury [28] and imaging examination, less than 2
years since injury, conscious and able to communicate, and in
possession of an internet-connected mobile device and
familiarity with using it. The exclusion criteria were severe
heart, brain, lung, liver, or kidney disease; acute-stage spinal
cord injury or in the critical period; or spinal cord lesions with
a degenerative, genetic, or congenital cause.
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App

The Together app was designed to help medical staff provide
remote follow-up for home-dwelling SCI patients.
Hospital-based nurses, physicians, and therapists responsible
for the transitional care for SCI patients at home are the target
users. The corefunctions of the app comprise online assessment,
providing standard health guidance, interdisciplinary referral
within the team, interaction among health staff and patients,
and management of online follow-up. With the help of the app,
health care personnel can assess patient performance in terms
of ICF categories and remotely provide health education to
patients according to the assessment results. The app can be
used to refer patients to different professionals on the health
care team. Weekly reminders make managing follow-up by
medical staff easier.

The app’s development has been reported previously [20,26].
From 51 | CF categoriesidentified as outcomeindicators useful
in the transitional care of SCI patients by experts in the field
viaa 3-round Delphi survey, 31 were selected by a panel of 5
expertsto form the app’s framework based on the feasibility of
usein clinical practice. them. These categories best reflected

Figure 1. Development process of the Together app.

Step 1 Step 2

Extraction of the
ICF set in the app

Development of
the original ICF
set

* Expert panel
+« A three-round consuitation
Delphi expert
survey

T

Assessment Guidelines

Medical staff communicate with the patients face to face or by
telephone, assess them on each ICF category, and record the
results in the app, which offers standard verbal prompts to the
clinician to unify different clinicians’ assessments with respect
to each ICF category. For example, the verbal prompt of the
sensation of pain (b280) category was “If O is not painful and
10 is the most painful, how serious is your pain?’ Four
transformation guidelineswere devel oped to transform theinitial
clinical assessment results: 0 = no problem, 1 = mild, 2 =
moderate, 3 = severe, or 4 = complete problem (Table 1) [29].
The clinician is responsible for the initial assessments and the
app automatically transforms their initial assessment resultsto
the ICF qualifiers according to the preset guidelines.

Guideline 1 transforms patient information in the form of
percentagesto the ICF qualifiers. Using muscle power functions
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the dysfunctions and complications most common and most in
need of monitoring for SCI patients a¢ home. Categories
reflecting actual performance of SCI patientsin daily life were
preferred.

The 31 ICF categories address physiological functioning,
psychological functioning, complications, daily living activities,
social participation, adaptation to environmental factors, and
personal factors. For each category, guidelineswere established
for converting routine clinical assessment results to the ICF
qualifiers, and a standardized guidance program wasformulated
by the expert panel based on the knowledge-attitude-practice
theory. Together is an Android app developed using the Java
language. Most of the app’s functions—online assessment,
providing standard heath guidance, interdisciplinary
referral—apply to all of the categories.

The app’'s utility depends heavily on to what extent its
assessment results reflect functioning differences among patients
with different capabilities. This study used Rasch analysis to
test the app’s suitability as an assessment instrument. Figure 1
shows the development and examination process.

T~

Step 3
°P Step 4

Operationalization
of the ICF
categories' rating

Examination of
the ICF set in

+ Determine the the app
transformation *Rasch analysis
guidelines

+ Achieve
automatic

transformation via

(b730) as an example, the 0 qualifier would indicate that all of
the key muscles below theinjured neurological level had power
grade >3, and the 4 qualifier would indicate that 95% to 100%
of key muscles had power grade <3. Guideline 2 transformsthe
wording of patient reports to the qualifiers. Using mobility of
joint functions (b710) as an example, no limitation of joint
mobility, dight limitation, moderate limitation, severelimitation,
and total immobility would be rated as O, 1, 2, 3, and 4,
respectively. Guideline 3 transforms the frequency with which
aproblem was observed to the qualifiers. Using increased blood
pressure (b4200) as an example, stable blood pressure over the
past month would be rated as 0, whereas high blood pressure
almost every day would receive a 4. Guideline 4 transforms
assessment results generated using routine clinical instruments
or standards, such asthe 0-10 numerical rating scale (NRS) for
pain, to the qualifiers. NRS scores of 0, 1-2, 3-4, 5-9, and 10
would be rated as 0, 1, 2, 3, and 4, respectively (Multimedia
Appendix 1).
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Table 1. Guidelinesfor transforming routine assessment results to the International Classification of Functioning, Disability, and Health quaifiers.

Guiddine 34 Guiddine 4°

ICF2 qualifier Guideline1? Guideline 2°

0 (no problem) 0%-4% No, none, absent, negligible...
1 (mild problem) 5%-24% Mild, slight, low...

2 (moderate problem)  25%-49% Moderate, medium, fair...

3 (severe problem) 50%-95% Severe, high, extreme...

4 (complete problem)  96%-100%  Complete, total...

Theperson hasno such problem. R for pain, MASY, NPIAP stage,

FIM', WHOQoL-BREF, SF-36¢
The problem rarely happened in

the last month (<25% of the
time).

NRS' for pain, MASY, NPIAP" stage,
FIM', WHOQoL-BREF, SF-36¢

The problem happened occasion-
ally in the last month (<50% of
the time).

NRS' for pain, MAS?, NPIAP" stage,
FIM', WHOQoL-BREF, SF-36X

The problem happened frequent-
ly inthelast month (>50% of the
time).

NRS' for pain, MASY, NPIAP" stage,
FIM', WHOQoL-BREF, SF-36¢

The problem happened almost
every day in the last month
(>95% of the time).

NRS' for pain, MAS?, NPIAP" stage,
FIM', WHOQoL-BREF, SF-36X

3 CF: International Classification of Functioning, Disability, and Health.

PGuideline 1: transforms patient information in the form of percentages to the ICF qualifiers.

CGuideline 2: transforms wording from patient reports to the |CF qualifiers.

dGuideline 3: transforms the frequency with which a problem was observed during the previous month to the ICF qualifiers.
€Guideline 4: transforms the scores of aroutine clinical instrument or standards to the | CF qualifiers.

'NRS: numeric rati ng scale.

IMAS: Modified Ashworth Scale.

ANPIAP: National Pressure Injury Advisory Panel.
IFIM: Functional Independence Measure.

jWHOQoL—BREF: World Health Organization Quality of Life Assessment—Abbreviated.

KSF-36: 36-Item Short Form Hedlth Survey.

Instruments

Demographic and Disease Questionnaire

The questionnaire consisted of two parts, including demographic
and disease-related data such as name, gender, age, education
level, diagnosis, etiology, American Spinal Injury Association
Impairment Scalegrade, SCI level, and duration of the disability.
The information was collected by nurses in face-to-face
interviews with the patients and by reviewing their medical
records.

App-Based | nternational Classification of Functioning,
Disability, and Health Set

The 31 categories came from the three components body
functions and body structures (15 categories), activities and
participation (10 categories), and contextual factors (6
categories). Although the |CF does not classify personal factors
in the contextual factors component, four personal factor items
related to the psychology of SCI patients were included based
on preliminary testing (acceptance of life in a wheelchair/in
bed, knowledge about spinal cord injury, coping with everyday
life, and adjustment to new body image) [20,26]. The app was
then used to rate the SCI patients' functioning on a 1-4 scale.
In addition, an option 9 (not applicable) was also used. For the
activities and participation component, each patient’s
performance on tasksin actua life situations (not in a standard
environment) was assessed. For the contextual factors
component, barriers (but not facilitators) encountered in each

https:.//mhealth.jmir.org/2020/11/€20723

patient’s life were assessed. In previous research, the eating
(d550) and drinking (d560) categorieswere found to be strongly
interrelated and difficult to assess separately [13]; therefore,
those categories were combined into atestlet to be assessed.

Data Collection

All nurses who participated in the study first received half a
day of training involving alecture and workshop, including an
introduction to the study and how to use the app. Eligible
patientswereinvited to participate in the study before discharge.
After signing the informed consent form, demographic and
disease-related data were collected by the trained nurses in
face-to-face interviews and by reviewing the patients' medical
records. The nurses then assessed the patients performance
with respect to each |CF category using the app. They did this
face to face referring to the standard verbal prompts for each
category in the app. The app system allows submission only
after all categories have been evaluated; otherwise, the system
indicates to the user that the evaluation isincomplete.

Analysis

Data Processing

SPSS Statistics software version 21.0 (IBM Corporation) was
used to analyze the demographic and disease data. RUMM 2030
software (RUMM Laboratory Pty) was used to perform the
Rasch analysis. For each component of the | CF set, the overall
fit to a Rasch model was examined. If the overall fit was not
good, poorly fitting categories were identified and deleted.
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Another round of Rasch analysis was then run until adequate
overal fit was attained. The following properties of the | CF set
were examined.

Overall Fit to the Rasch Model

A nonsignificant value in a X? test for item-trait interaction, a
mean within £2.5 (SD <1.5) for the fit residuas of the items
and persons indicate good overall fit to the Rasch model [30].
Fit residuals represent the extent to which the observations do
not fit aRasch model. The significance level was adjusted using
the Bonferroni correction [31].

Single-ltem Fit to the Rasch Model

The good fit of a single category was represented by a
nonsignificant x test and amean of thefit residual valueswithin
+2.5[32].

Person Separation | ndex

An acceptable person separation index indicates good internal
consistency for the instrument and reflects the ability of the
instrument to discriminate between people with different
abilities. It has arange of 0 to 1, with higher values indicating
a better ability (>0.7 indicates good) [33].

https:.//mhealth.jmir.org/2020/11/€20723
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Differential Item Functioning

For anideal Rasch model, no factors should influence aperson’s
performance regarding an item except the Rasch factors [30].
The differential item functioning shows the influences of the
other factors. In this study, anonsignificant analysis of variance
result was taken as indicating no differential item functioning
for a specific category based on gender, age, education level,
or etiology.

Results

Patient Characteristics

The demographic and disease characteristics of all 112 spinal
cord injury patients are shown in Table 2. Their ages ranged
from 18 to 65 years (mean 41.7 [SD 12.3]); 82.1% (92/112) of
the patients were younger than 60 years, with patients in the
40- to 49-year age group the most numerous; 83.0% (93/112)
of the patients were male. A total of 60.8% (68/112) claimed
to have had amiddl e school education and 25.9% (29/112) only
primary education or less. The duration of their disability ranged
from 1 to 22 months (mean 7.1 [SD 4.2]); 88.4% (99/112) had
been injured for less than ayear. Most of the injuries (100/112,
89.3%) were caused by trauma. Most of the patientswereinjured
at the thoracic and cervical levels, accounting for 50.0%
(56/112) and 27.7% (31/112), respectively. About half (57/112,
50.9%) of the patients had complete injury.
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Table 2. Characteristics of the study sample (n=112).

Characteristic Value, n (%)
Gender
Male 93(83.0)
Female 19 (17.0)
Agein years
18-29 27 (24.1)
30-39 19 (17.0)
40-49 36(32.1)
50-59 20 (17.9)
60-65 20 (17.9)
Education
Primary school and below 29 (25.9)
Junior high school 47 (42.0)
Senior high school 21 (18.8)
College and above 15(13.4)
Etiology
Trauma 100 (89.3)
Nontrauma 12 (10.7)

Duration of diseasein months

1-6 59 (52.7)
7-12 40 (35.7)
13-18 12 (10.7)
19-22 1(0.9)

American Spinal Injury Association Impairment scale
Complete injury 57 (50.9)
Incomplete injury 55(49.1)

Spinal cord injury level

Cervicd 31(27.7)
Thoracic 56 (50.0)
Lumbar sacral 25(22.3)

. factors (6). To attain adequate fit to the Rasch model for each
Rasch Analysis Results component, categories that did not fit were deleted as multiple
The 31 ICF categories belonged to body functions and body  rounds of Rasch analysis were conducted. Table 3 shows the
structures (15), activities and participation (10), and contextual  process and results of the Rasch analysis for each component.
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Table 3. Summary of results of the Rasch analyses (n=112).
Analysis and action Itemfitresidu- Personfitresidu-  oyerall modd fit? Person separation
a, mean (SD)  a, mean (SD) index
X2 P value
Body functions and body structures
1 Original categories -041(0.86)  -0.32(0.62) 415 .08 0.50
Activitiesand participation
2 Original categories -048(227)  -0.38(0.80) 75.7 <.001P 0.89
3 Deleted family relationships (d760) -018(237)  -0.30(0.79) 433 <.001P 0.89
6 Deleted family relationships (d760) and socializing —0.06 (1.59) -0.23(0.73) 24.7 .08 0.89
(d9205)
Environmental factors and personal factors
7 Original categories 0.25 (1.63) —0.45 (1.30) 328 001P 0.65
8 Deleted knowledge about spinal cord injury -0.33(1.32) -0.43(1.22) 13.6 19 0.68

30verall model fit was tested using a x2 test with a Bonferroni-adjusted P value. The values were all P<.01.

bsi gnificant according to the Bonferroni-adjusted P value.

In the first-round Rasch analysis, the body functions and body
structures component consisting of 15 categories exhibited a
nonsignificant X2 test result for the item-trait interaction
(x230=41.5, P=.08, Bonferroni-adjusted P=.05/15=.003).
Additionally, the means for the item and person fit residuals
werewithin +2.5 (SD <1.5). These results suggested a good fit
to the Rasch model. All of the 15 categories exhibited
nonsignificant x? test results and the means of their fit residual
values were also within acceptable limits (Table 4). The person
separation index of this component was 0.5. There was no
differential item functioning for any of the categories by gender,
age, education level, or etiology.

Regarding the initial activities and participation component
with 10 categories, in the first-round Rasch analysis, the x test
for the item-trait interaction yielded a significant result
(x220275.7, P<.001, Bonferroni-adjusted P=.05/10=.005). The
single-item fit analysis found that four categories, changing
basic body position (d410), washing oneself (d510), family
relationships (d760), and socializing (d9205), did not fit the
Rasch model. The family relationships (d760) and socializing
(d9205) categories both exhibited poor fit resultsin a previous
study [13]. Considering the mean fit residual values 3.253 for
family relationships (d760) and 2.605 for socializing (d9205)
and the category meanings, d760 was deleted first. However,
the x* test result for theitem-trait interaction in the second-round
Rasch analysis (after deleting d760) remained significant
(x%5=43.3, P<.001, Bonferroni-adjusted P=.05/9=.0056). A
third round of Rasch analysiswas performed after deleting both

https:.//mhealth.jmir.org/2020/11/€20723

family relationships (d760) and socializing (d9205). Although
the standard deviation of the overall item fit residuals (SD 1.59)
was alittle larger than the upper limit, the X? test result for the
item-trait interaction was no longer significant (x216:24.7,
P=.08, Bonferroni-adjusted P=.05/8=.0063), suggesting good
fit to the Rasch model. The single-item fit testsfor the remaining
8 categories also yielded good model fit results, with
nonsignificant X test results (Table 4). The person separation
index of the component was excellent (0.89) and no differential
item functioning was detected for any of the categories by
gender, age, education level, or etiology.

For the contextual factors component, the first-round Rasch
analysis starting with 6 categories indicated poor model fit
according to the X2 test result for the item-trait interaction
(x?1,=32.8, P<.001, Bonferroni-adjusted P=.05/6=.0083). The
following single-item fit analysis showed that the personal factor
knowledge about spinal cord injury did not fit well (x%,=19.1,
P<.001). After deleting that item, the component displayed
satisfactory overall model fit, with anonsignificant x? test result
for the item-trait interaction (x°,;=13.6, P=.19,
Bonferroni-adjusted P=.05/5=.01). The means and standard
deviations of the fit residuals for items and persons were both
within the acceptablelimits. Thesingle-item fit analysesfor the
remaining 5 categories were also satisfactory, with
nonsignificant x test results (Table 4). The person separation
index of this component was 0.68, and no differential item
functioning was detected for any of the categories by gender,
age, education level, or etiology.
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Table4. International Classification of Functioning, Disability, and Health categories retained after multiple rounds of Rasch anaysis.
ICF2 category Location Fitresidual 20 Pvalue  Transformation

Body functions and body structures

1 Sleep functions (b134)
Emotional functions (b152)
Sensation of pain (b280)
Blood vessel functions (b415)
Increased blood pressure (b4200)
Decreased blood pressure (b4201)
Immunological system functions (b435)
Respiration functions (b440)

© 00 N O 0 b~ WN

Weight maintenance functions (b530)

=
o

Sexual functions (b640)

-
[N

Procreation functions (b660)

=
N

Mohility of joint functions (b710)

[any
w

Muscle power functions (b730)

[N
N

Muscle tone functions (b735)
15  Structure of areas of skin (s810)
Activities and participation®
16 Changing basic body position (d410)
17 Moving around using equipment (d465)
18  Washing oneself (d510)
19  Caring for body parts (d520)
20 Regulating urination (d5300)
21  Regulating defecation (d5301)
22 Dressing (d540)
23 Eating (d550) and drinking (d560)

Contextual factor s

24 Assistive products and technology for personal indoor and outdoor
mobility and transportation (€1201)

25  Design, construction, and building products and technology of
buildings for private use (e155)

26 Acceptance of lifein awheelchair/in bed
27  Coping with everyday life
28  Adjustment to new body image

-1.450 -0.762 1.0 61 4
-1.281 -1.414 7.9 02 3
0.308 1.047 24 30 4
2.034 0.395 37 16 2
1.932 0.789 36 16 3
0.757 -1.106 16 46 3
1.625 -0.922 18 40 2
1.767 -0.156 0.8 68 3
0.729 0.523 24 30 1
-2.588 ~2.086 55 07 2
-1.640 -0.862 16 44 2
-0.895 -0.791 17 43 2
-2,610 -0.216 35 17 1
-1.026 -0.586 27 25 4
2.339 0.046 12 54 4
0.252 ~1.543 5.6 06 4
-0.614 -0.274 22 33 4
-1.697 ~1.594 52 08 4
1.147 ~0.637 0.8 66 4
-0.866 3.353 85 01 4
-1.841 0.713 0.4 80 4
0.127 0.26 0.7 72 4
3.493 —0.741 13 52 4
1.805 0.585 24 30 2
-0.177 1.793 2.7 26 2
-0.237 ~1.264 33 19 2
-1.127 1.305 19 39 2
-0.263 -0.787 33 19 2

4 CF: International Classification of Functioning, Disability, and Health.

bGoodness of fit of each category was tested using a)(2 test with a Bonferroni-adjusted P value. All were <.01.
CFamily relationships (d760) and sociaizing (d9205) were deleted because of poor fit.

9K nowl edge about spinal cord injury was deleted because of poor fit.

Discussion

Principal Findings
The results of the Rasch analysis showed good fit to the Rasch

model for the different components of the ICF set as
implemented in the app after modification. Both overall and
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single-item fit were satisfactory. There was no differential item
functioning for any of the ICF categories by gender, age,
education level, or etiology. These resultsindicate the suitability
of the app-based | CF set as an assessment tool for assessing the
functioning of SCI patients.
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The app-based ICF set is one of many forms of 1CF-based
electronic health records. Several previous studies have
confirmed the role of ICF-based electronic health records in
reflecting patient functioning and facilitating rehabilitation
[6,34]. Asaunified and standard language originally devel oped
for multidisciplinary use, the original |CF wasrelatively easily
understood by different disciplines and suitable for
multidisciplinary teamwork [2]. However, some obstacles still
existed, including the complexity of the terminology, lack of
operationalization of the ICF qualifiers, and training overload
for ICF users. The satisfactory internal construct validity of the
set developed in the study is mainly due to the selection of
suitable ICF categories and standardized assessment enabled
by the app. In this study, the app applied many fewer ICF
categories (31) than the comprehensive ICF core set (168
categories) and the brief core set (33 categories) for SCI patients
issued by the WHO's I CF research branch [35]. Additionally,
the categories were more specific because they were originally
identified as good outcome indicatorsfor SCI patientsin China
[20,26]. Each ICF category focuses on a specific area and is
independent from the others, which hel ped to ensurethe overall
fit to the Rasch model based on the assessments’ content.

Together’'s verbal prompts standardize assessment and give
more consistent assessment results. The transformation
guidelines operationalize the 5 ICF qualifiers simply and
effectively. With the help of the app, the ICF qualifiers can
automatically be matched to the initial clinical assessment
results. No additional training on ICF terminology or qualifiers
isneeded. The processreducesthe differences among assessors
and makes presentation of the ICF data more convenient and
intelligent.

Family relationships (d760), socializing (d9205), and knowledge
about spinal cord injury were deleted. In a previous study, d760
and d9205 also exhibited poor moded fit [13]. Family
relationships are the basis for good functioning in the family,
and socializing reflects apatient’s social participation. Both of
them are influenced by many factors such as age, severity of
the injury, and financial considerations [36,37]. For an item to
have perfect fit to the Rasch model, no other factors should
influence a person’s performance regarding the item except for
the person’s ability and theitem’ s difficulty, which may explain
why the two factors did not fit the Rasch model. The ICF does
not classify persona factors because of the large socia and
cultural variance associated with them [1]. The personal factors
assessed in this ICF set were identified by multiround expert
surveys[26]. Knowledge about SCI isabroad concept covering
many aspects such asinjury outcomes, functional rehabilitation,
and preventing complications, and it is influenced by multiple
factors such as the patient's level of education, efficacy
self-perceptions, and any health education they have received
[38]. This may be why the item did not fit the Rasch model
well. However, family relationships or support, socia
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participation and the knowledge about SCI are important
indicators for the outcomes of rehabilitation. To ensure the
completeness of a patient’s health records, it is suggested that
they be retained as part of the basic health data collection but
not as part of the assessment instrument. Further research should
use professional measurementsthat reflect family relationships,
sociaizing, and the knowledge level for SCI patients.

It isworth noting that, in contrast to the person separation index
of the activities and participation component, the person
separation index of the other two componentswas not ideal (0.5
and 0.68), which reflects the poor internal consistency of the
two components. Thismay be related to the different measuring
guidelines used. Four guidelines were used in the study to
transform the input of the medical staff, based on patient
information in the form of percentages, wording from patient
reports, frequency with which a problem was observed, and
scores on routine clinical instruments or standards. A previous
study [29] found that the categoriesinvolving guideline 4 (which
transforms scores of aroutine clinical instrument or standards
into the ICF qualifiers) had the best interrater reliability, and
the categories involving guideline 2 (which transforms the
wording from patient reports into the ICF qualifiers) had the
lowest interrater reliability. In this study, all the activity and
participation categories used the guideline with the highest
reliability (quideline4), whileall the contextual factor categories
used the guideline with the lowest reliability (guideline 2).
Although the app automatically transformsthe initial datainto
the ICF qualifiers, subjectivity and uncertainty still existed in
the patients’ initial reports and recall, which may explain the
unsatisfactory person separation index of the two components.

Limitations

In interpreting these results, it isimportant to keep in mind that
the relatively smal sample may have influenced the
representativeness of the results. Also, although the app was
designed to assess SCI patients at home during transitional care
viaitsremote follow-up function, the study datawere collected
in faceto-face interviews before the participants were
discharged. Further validation with larger samples and remote
assessment via the app’s communication function are needed.

Conclusions

This study has confirmed the suitability of the Together app as
an assessment tool. With relatively fewer but more specific ICF
categories, it overcomes some of the limitations related to
applying the ICF and makes assessment results more reliable
and consistent. The app opens up anew way to usethe | CF with
SCI and electronic health records. In the future, the app could
be used to capture information about the functioning of SCI
patients at home remotely. Such assessment results would help
to monitor patients' functional changes and differences, learn
their needs, identify their problems, and provide evidences for
further interventions if necessary.
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Abstract

Background: Digitally delivering healthcare services is very attractive for tuberculosis (TB) management as this disease has
acomplex diagnosis and lengthy management and involves multiple medical and nonmedical specialists. Especialy in low- and
middle-income countries, eHealth could potentially offer cost-effective solutions to bridge financial, social, time, and distance
challenges.

Objective: Thegoal of the research isto understand what would make eHealth globally applicable and gain insight into different
TB situations, opportunities, and challenges.

Methods: We performed focus group interviewswith TB expertsand patientsfrom 6 different countries on 4 different continents.
Thefocusgroup interviewsfollowed the theory of planned behavior framework to offer structured recommendationsfor aversatile
eHealth solution. The focus group interviews were preceded by a genera demographic and technology use questionnaire.
Questionnaire results were analyzed using basic statistics in Excel (Microsoft Corporation). Focus group interview data were
analyzed using ATLASL 8 (ATLASL Scientific Software Development GmbH) by assigning codes to quotations and grouping
codes into the 5 domains within the framework.

Results: A total of 29 patients and 32 medical staff memberswere included in our study. All medical staff had used the internet,
whereas 31% (9/61) of patients had never been online. The codes with the most quotations wereinformation in relation to eHealth
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(144 quotations) and communication (67 quotations). The consensus among all participants from all countries is that there are
important communication and information gaps that could be bridged by an eHealth app. Participants from different countries
also highlighted different challenges, such asamajority of asylum-seeker patientsor lack of infrastructure that could be addressed
with an eHealth app.

Conclusions: Within the 6 countries interviewed, there is high enthusiasm toward eHealth in TB. A potential app could first

target information and communication gaps in TB, with additional modules aimed at setting-specific challenges.

(JMIR Mhealth Uhealth 2020;8(11):€18156) doi:10.2196/18156

KEYWORDS
eHealth; tuberculosis; policy; clinical; patient; perspective

Introduction

The continuous growth of the internet and availability of smart
technologies have modified many aspects of life, including
health care delivery. With more than half theworld’s population
online[1], delivering health-related services digitally has never
been more appealing or accessible, with the eHealth market
expected growth estimated at 22% by 2024 [2].

Tuberculosis (TB) is one the deadliest infectious diseases
worldwide, with an estimated 1.5 million deathsyearly [3]. The
more resistant forms, like multidrug-resistant TB and extensively
drug-resistant TB, pose a new threat, with treatment success
rates between 50% to 60% globally. TB diagnosis is complex,
its treatment is lengthy, and it requires close collaboration of
different medical and nonmedical expertsand patientsto ensure
TB management is adequately performed, especialy in
challenging settings such as patients living in remote locations
or constrained by socioeconomic factors.

Studies piloting varioustypes of eHealth technol ogies conducted
around the world have evaluated multiple areas where eHealth
could aid in TB management. From improving communication
among medical staff [4] and patients [5] to reducing costs [6]
and improving treatment indicators, especialy in situations
where patients were traveling [7] or in hard to reach regions
[8], eHealth seems to be a promising field of research and a
useful, cost-efficient, and acceptable improvement for TB
management.

On the other hand, multiple studies and reports, including a
consumer report from the European Union [9], have observed
that there are certain difficulties when implementing eHealth,
such as lack of acceptance, unfavorable regulations, and
insufficient funding [10]. The progress of eHealth in lower
income countries is limited by lack of know-how, funding,
technology, and communications ability [11].

Taking into consideration the particular nature of TB and
population differences together with the potential benefits and
challenges of eHedlth, tailored research would aid in creating
useful, tailor-made eHealth apps. Thisideaisrecommended in
multiple studies, including a recent review of smartphone apps
[12]. Market research, defined as an “ organized effort to gather
information about target markets’ [13], is an important
component of any business strategy aiming to create a new
product. In order to make sure a product is useful, acceptable,
and qualitative, market research is performed to understand the
needs and preferences of the market. One of the frameworks

https://mhealth.jmir.org/2020/11/€18156

used to conduct market research is the theory of planned
behavior [14], which links psychological intent to three
determinants: attitude toward behavior, subjective norm, and
perceived behavioral control. This theory attempts to explain
behavioral intentionsand has been previously used in numerous
studiesto investigate and explain intention and possible adoption
rates of new interventions [15,16].

This study aims to identify potential user perceptions about
eHealth usein TB management. We used the theory of planned
behavior framework to interview TB experts and patientsin 6
diverse countries on 4 different continents to form
recommendations for a well-received, usable, comprehensive,
and efficient TB eHealth app.

Methods

Participants

Adult (over aged 18 years) participants from Romania, Greece,
Netherlands, Indonesia, Ghana, and Venezuel awere approached
in the collaborating clinics and invited to participate. Two
participant groups per country were interviewed, one comprising
actual or former TB patients and one of the TB medical staff
experts. Experts had to have worked in a TB clinic on a daily
basis for at least 3 years. Participants were recruited through
purposive sampling by investigators visiting different medical
facilities specializing in TB care. The target size was 2 to 6
participants per focus group as all participants were highly
involved with the topic of TB and discussion in larger groups
was not recommended [17].

Study Design

The study was performed in two parts. Thefirst phase consisted
of a short questionnaire to collect demographic data and basic
internet and mobile use statistics by asking the experience, in
years and number of hours per day, spent using theinternet and
smartphones and anumbered scale on which participants ordered
activities performed in order of frequency (with 5 being most
frequent and 1 least frequent). Activities were defined as
communication (eg, WhatsApp, Facebook Messenger), socid
media (eg, Facebook, Instagram), utilities (eg, banking,
weather), work, games, and health/medical.

The second part consisted of semistructured focus group
interviews with questions as conversation starters. The
researchers allowed the interviewees to have a conversation
around a specific question and asked follow-up questions for
clarification. Questions were designed to repeatedly ask the
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same subject in different waysand at different time points during
the interview to achieve data saturation irrespective of time
needed. In order to adhere to qualitative reporting standards,
the consolidated criteria for reporting qualitative research
(COREQ) checklist was used [18].

In order to minimize the risk of bias, the researcher conducting
the interviews had no previous history with the patients or
medical staff involved and conducted theinterviewsin aprivate
room, patients separated from medical staff. Interviews were
conducted in the participants native tongues or in a language
they felt comfortable in, transcribed verbatim, and translated
by a native speaker with proficiency in English.

Framewor k

In order to develop a globally acceptable app that can be used
in different settings, interviews targeted diverse countries with
different cultures, socioeconomic statuses, and TB populations.
Thus, 6 countries, Romania, Ghana, Indonesia, Greece, the
Netherlands, and Venezuela, were chosen to have a mix of

Textbox 1. Interview structure based on the theory of planned behavior.

Margineanu et al

geography, socioeconomic statuses, health care systems, and
TB profiles (Multimedia Appendix 1).

The focus groups followed a semistructured framework based
on the theory of planned behavior (Textbox 1). This
psychological theory proposes that intention—in our case, use
of eHealth—has a number of determinants. The original work
describes three main determinants, and these were used in order
not only to stay true to the framework, but also to guide
interviewsin asimple, efficient manner. Thefirst isthe attitude
toward the behavior, defined by the strength of the attitude and
the evaluation of the outcome, favorable or unfavorable. The
second is the subjective norm, or beliefs about the normative
expectations of others: perceived social pressure to perform or
preclude from the behavior. The last is the perceived ease or
difficulty of performing the behavior and is based on past
experience aswell as anticipated factors that might facilitate or
impede a specific behavior [14]. The last domain, preferred
features, was added to further stratify user preferences.

Attitude toward behavior:

Subjective norm:

Perceived ease or difficulty of adopting behavior:

«  Q3follow-up B: Why?

«  Q4follow-up A: Why?

Preferred features:

through eHealth?

« Q1 Which problems and challenges in tubercul osis management could be solvable by an eHealth solution?

o Q1 follow-up: If you had to identify priorities, which would be the biggest challenge?

«  Q2: How do you think the medical staff and patients here would react to the implementation of an eHealth solution?
o Q2follow-up: What do you think will be the biggest problem or motivator to accept and use eHealth?

«  Q3: Doyou usetechnology regularly to assist with your work or patient life (for admitted patients)?

«  Q3follow-up A: Do you think the implementation of various software solutions has made your life (work/patient) easier or harder?

« Q3follow-up C: What could be done to a new eHealth app to make it really useful ?
«  Q4: Do you think implementing eHealth in your daily lives will be easy or difficult?

o Q4follow-up B: What would make it easier or harder to implement?

«  Q5: Name5 features or things you would likely use most in an eHealth app.

« Q5 follow-up: Which one do you feel you need most? Which process of tuberculosis management would be most suitable to be streamlined

Ethics

The study was approved by the ethics committee of theinitiating
ingtitute, the University Medical Centrum Groningen (METc
2017/448), and the medical facilities of each country
participating in the study. All focus group participants signed
informed consent expressing their volition to participate in the
study.
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Data Collection and Analysis

A thematic approach using ATLASi 8 (ATLASLI Scientific
Software Development GmbH) was used to analyze the
transcripts by one investigator (IM); this was reviewed by the
supervisory authors. After major themes were identified in
response to the questions asked and the theory of planned
behavior framework, the transcriptionswere indexed using topic
coding (Textbox 2). Codes were assigned to phrases addressing
an issue in the positive or negative (eg, “Maybe if we use an
app, [the process] would be made simpler” versus “[eHealth]
would give us double the job”) and were assigned whenever a
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guote was repeated by other participantsin the focus group but
not by the same participant. For clarification purposes, see
definitions in Multimedia Appendix 2. All of the coding was
performed by two independent authors (IM, CL). Conflictswere
resolved by discussions between the coders with the aid of one
of the supervisors (Y S).

Textbox 2. Coding.

Margineanu et al

Descriptive statistics were used to present quantitative results.
Medians and interquartile ranges were used to present internet
and mobile experience. Codes were reported as atotal and per
domain, and themes were reported as proportions of the total.

Attitude toward behavior:

o communication —eHealth

o eHealth — speed

« eHeath —would/wouldn't help in tuberculosis
« information/education — eHealth

«  my own experience with tech

Subjective norm:

e communication — status quo

«  how will othersreact to eHealth in tuberculosis
« information — status quo

« local environment

« others experiences with tech

.  stigmalisolation

Perceived ease/difficulty of adopting behavior:
«  Community building/testimonials

o | can/l can'timplement eHealth

o Locadlization

«  Money/devices

o Privacy/confidentiality

«  Repeatability

o Userinterface/simplicity
o Training

o Videos

Preferred features:

«  Screening/prevention
. Diagnosis

o  Treatment

«  Reminders

o  Gamification

« Mediapreference

« Anything else

Results

General Questionnaire Results

A total of 29 patients and 32 medical staff members responded
to the questionnaire and participated in the focus group. Four
patientswereformer TB patientsand had finished their treatment

https://mhealth.jmir.org/2020/11/€18156

RenderX

within 6 months of theinterview, with the magjority being current
patients. Ages ranged between 23 and 63 yearsfor patients and
30 and 60 years for medical staff. Gender distribution was
mostly male (20/29, 68%) among patients and mostly female
(26/32, 81%) among medical staff; 65% (19/29) of patientsand
68% (22/32) of medical staff lived in urban environments.
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Education levels were lower in patients groups than in the
medical staff group: among patients, the highest level of
education was a bachelor’'s degree, and among medical staff,
the highest level was doctorate (PhD).

General internet and mobileinternet use was almost half within
the patient group compared with the medical staff (Figure 1):
average years of experience using the internet was 6.1 (range
1-16) person-years versus 13.9 (range 5-35) person-years. All
medical staff had used the internet, whereas 31% (9/29) of
patients had never been online. Concerning mobile phone use,
staff median experience was 7.4 (range 0.3-15) person-years
versus 3.4 (range 0-10) person-years for patients; 44% (13/29)
of patients had never used mobile data and 34% (10/29) had
never used a smartphone. Of all patient groups, the least tech
savvy were the Romanians and the most were from Venezuela.
From themedical staff groups, participants from Ghana had the
least experience with the internet and mobile, and participants

Figure 1. Internet and mobile experience for the two participant groups.

Average years internet

Average hours/day internet

Created with Datawrapper

Focus Group I nterviews

Thefinal yield was 13 focus group interviews, two per country,
with 2 focus groups conducted with Dutch medical staff asthe
TB clinic and at the Municipal Health Center Groningen (atype
of outpatient clinic) are geographically separated. The duration
of interviews ranged between 25 and 45 minutes.

By domain, attitude toward behavior contained the most quotes
(339), with preferred features containing the least (161). By far
the most discussed topic wasthe potential of eHealth to improve
information and/or education concerning TB among patients,
the public, and even medical staff (144 quotes). The countries
that mentioned this aspect the most were Venezuela (55 quotes)
and the Netherlands (31 quotes).
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from the Netherlands had the most. Internet and mobile usein
hours per day were lower for people from the low- and
middle-income countries than the high-income countries, but
this correlation was observed only in the patient groups and not
in the expert groups.

The 20 patients who used the internet mostly used it for
communication (median 4/6), followed by social media (median
4/6), utilities (median 3/6), medical/health (median 2/6), work
(median 1/6), and games (median 1/6). For smartphones, the
18 patients ordered the categories the same, but with more
patients using Messenger (median 4.5/6) and fewer using for
social media and utilities (median 3/6). The 32 staff members
used the internet mostly for communication and work (median
5/6); games were the least used (median 1/5). Medical staff use
smartphones also mostly for communication (median 5/6),
followed by social media (median 4/6), and work (4/6).

7.4

Patients

Average hours/day mobile

A summary of the most frequent themes/codes and example
guotations can be found in Multimedia Appendix 2.

Thematic and Code Analysis

The attitude toward behavior domain contained 5 codes, with
atotal yield of 339 quotations out of the total 911 quotations
(37.2%), themost of al domains. Even though experience varied
between patients and medical staff, both groups explained that
their outlook concerning implementing eHealth in TB was
overwhelmingly positive (292/339, 86.1%), with the most
expected impact in the information and communication fields.

Education [would be the first priority when
implementing eHealth]. [Medical staff, Romanig]
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Actually thereisalready a programfor TB managing.
It has been running actually, but not everyone used
it [referring to an electronic database for medical
staff] . [Medical staff, Indonesia]

Maybe if using an app, would make it simpler.
[Medical staff, Indonesia]

Participants also offered examples of specific ways in which
eHealth could improve TB management.

It's important to really explain that the disease is
treatable and to know more about this disease and to
say that people can survive. [Patient, Venezuelal

Participants felt that speed, convenience, flexibility, and the
ability to communicate and obtain information over long
distances were very important factors contributing to a positive
outcome.

And also the plain fact that they wouldn't have to
come to the hospital could be a motive [to adopt an
eHealth app]. [Medica staff, Greece]

Although the expected outcome is mostly positive, some
challenges have been identified, such as a need for personal
contact. Interestingly, within the same focus group, one person
believed an app would enhance contact and others did not.

The fault is the lack of contact in DOT and an app
could do that. [Medical staff, the Netherlands]

Yes, but nothing can replacethe live contact. [Medical
staff, the Netherlands]

Furthermore, patients mentioned aneed for trustworthy sources
of information, and some medical staff were concerned about
patients intruding on their personal time if the app were to be
on their personal phonesor of doubling the workload (traditional
system and eHealth).

The subjective norm domain contained 6 codes with 22.8%
(208/911) of thetotal quotations. All groupsfelt thereisacertain
degree of pressureto perform the behavior asthey felt the status
guo should be improved, and they thought eHealth could be a
useful tool for such improvement. Participants described gaps
especially in communication and information access that would
encourage them to use a trusted eHealth app.

There needs to be more explanations about what you
can do, more explanations about the multiple versions
of TB. We don’t know about that you can have it in
your bones, people don’'t know about adverse
reactions, we don’t know about thesethings. [Patient,
the Netherlands]

Sometimes it [the internet search] will not give you
a straight answer. Sometimes it will lead you to
further look. [Patient, Ghana]

Concerning the particular use of eHealthin TB and the perceived
subjective norm concerning the general public, patients spoke
about stigma and how eHealth, through education, could solve
such problems.

For example, | feel a lot of rejection every time;
people changed a lot when they found | am TB
positive, they don't even say hello directly to me, but

https://mhealth.jmir.org/2020/11/€18156
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from afar and this rejection is due to the lack of
knowledge, education. [Patient, Venezuel ]

Participants believed either that eHealth would be easy to
implement or that it is possible but that ease of implementation
will depend on certain factors, most frequently technology
savviness.

If I could use technology, | would use it. But now |
am afraid | would make mistakes whilst using it
because | would get confused. [Patient, Greece]

Our TB patients are not there yet. We don't really
have university professors with TB. [Medical staff,
Romania]

Participants also mentioned lack of resources as possible
impediments to eHealth implementation. Lower income
countries tended to mention more often a lack of physical
resources, such as electricity, network coverage, or hardware
(computers, phones), whereas higher income countries were
worried about the lack of human resources needed to manage
apotential extra burden of eHealth.

They [the patients] get their phones stolen, or all sorts
of cables can be robbed. [Medical staff, Venezueld

The [clinic] does not have the manpower to see
everyone, they [ clinic staff] go [to see patients| maybe
once every two months. [Medica staff, the
Netherlands]

Perceived ease or difficulty toward behavior contained 9 codes
and 22.2% (203/911) of the total quotations. A minority of
participants expressed they didn’t think they could use a new
app, quoting reasons such as illiteracy or lack of time. Most
either said they would have no problems integrating a new app
within their digital routines or that they would require certain
facilitators that would promote adoption (eg, have a simple
interface, contain atraining module).

We are always open to new technology which could
help us improve even more. [Medical staff, Greece]

[Asked how they would respond to new app] Easy,
easy [raised voice, altogether]. [Patients, Venezuel g

And if you have too many apps, like we already do,
to have another one, it could be time consuming. We
wouldn’t want to be overloaded. [Medical staff, the
Netherlands]

Participants identified steps that are mandatory to perform in
order to have an easy-to-use app, such as privacy or localizing

the app.

Privacy, that's what | would consider first. There
shouldn’'t be any breaches because otherwise it
wouldn't succeed so no one should have access to
data. [Patient, Greece]

Facilitators concerning implementation, such as financia
incentives in the form of extra staff or equipment or offering
the app for free were also identified, especialy since some
participants expressly mentioned the financial difficulties some
patientsarein.
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| believe if the app could be in every language and
the devices would be provided people would be very
grateful, so it won't also be useful, but they would be
more compliant. [Medical staff, Greece]

Then the cost. It should be free. [Patient, Ghana]

Some participants expressed a desire to be trained in how to
use the app or for ademo modul e to be presented asthey believe
this would facilitate quick adoption.

Some of us will need someone to teach us. [Patient,
Romania]

Concerning the app itself, participants believed ease of use
would be furthered by a ssmple and friendly user interface, by
adding a community-building module (either for the patients
or for medical staff), adding atraining module, and using videos
to transmit information.

It should be simple, with not many things, because it
would demotivate me. [Medical staff, the Netherlands]

It can also even have people who are also being
successfully treated, people like that communi cating,
all that being put into the app so that when the person
goes, person knows from the beginning how the
treatment goes, and after treatment what to expect.
[Medicdl staff, Ghanal

Preferred features contained 7 codes with 17.6% (161/911) of
the total quotations. Concerning information media, most
participants expressed a preference for video, followed by
images, text, and a gamification component, such as quizzes,
to enhance the user experience.

| think film would be nice. When you read you can
put it away. [Medica staff, the Netherlands]

Or maybe a countdown, how far you are and how
much you have left and then patients know what to
eat. For them to see how easy it is and to stimulate
themto continue. [Medical staff, the Netherlands]

Participantswould rather use the app for treatment (38/61) than
for diagnosis (17/61) or prevention (19/61), and they would
want a notification or reminding system implemented to
encourage treatment adherence and follow-up.

Patients can use an application to schedule visits to
health facilities, start treatment, when should do
sputum test, do monthly check up. Things that they
usually do here, but it will be paperless/electronically.
Then all these [digital] notes can be brought
everywhere, | mean paper note can be lost, can be
damaged. [Medical staff, Indonesia

Through this media/app patients can be educated and
we can reinforce prevention. [Medical staff,
Venezuel g

Discussion

Principal Findings
Using a health behavior framework for market research [19],

this study explored attitudes toward eHealth implementation in
TB. Semistructured focus group interviews were performed
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worldwide with medical staff and patients to better understand
key motivators, challenges, facilitators, and user preferences
for implementing new eHealth solutions. A number of important
insights have been gathered, as has a prioritization of features
to be implemented, which can be used when planning new
eHealth appsfor TB. Overal, both patientsand TB experts have
expressed enthusiasm at the potential of eHealth, with an
overwhelming consensus that the first domains where it could
be useful are information and communication.

The attitude toward eHealth domain contained the most codes.
We interpreted this result in the context of participants having
already formed an opinion on this subject and welcomed the
opportunity to discuss it in depth. The domain presents
encouraging results, with 67% (229/339) of codes expressing
a positive expectation about eHealth capabilities. Participants
overwhelmingly felt there is a lack of knowledge about TB
among patients, the general public, and even among medical
practitioners. Thesefindingsare mirrored by asystematic review
that concluded there is a lack of knowledge among medical
practitioners concerning national or internal TB guidelines
within 14 non-European countries [20] and by multiple studies
identifying knowledge gaps among patients [21-23].
Furthermore, a recent review highlighted that many apps offer
inaccurateinformation [24]. Participants expect that an eHealth
solution would be used to educate and provide accurate, secure,
and friendly information.

The subjective norm describes the most important pressure to
adopt eHealth as the lack of information and communication,
felt acrossthe board. Participants described alack of clear, open
communication channels both between patients and medical
staff and between different speciaties involved in TB
management. Multiple studies have linked lack of
patient-medical staff relationships to poorer outcomes in TB
[25-27], concluded that communication methods should be
tailored [28], or called for improving collaborations between
medical staff involved in TB care[29]. Participantsin our study
would not only welcome online TB-related communities but
also believe that communication could be improved through an
app and that, in itself, would improve TB management and the
stigma felt at the moment. On the other hand, a challenge
identified was the need for human, personal contact, identified
especialy by aminority of Dutch participants (2).

Concerning perceived ease or difficulty of use, most participants
felt they could implement a new app easily, although some
participants mentioned a fear that a new app would be time
consuming.

One important factor that could influence adoption was
identified astechnology savviness, linked to age and experience
with use; however, some participants felt that training could
bridge this gap. Indeed, one study using video directly observed
therapy noted that “Older participants in particular enjoyed
learning to use a smartphone” [30]. A facilitator mentioned by
some participantsislocalization, translating the app in thelocal
language. A minority of participantsquoted illiteracy asabarrier
to regular app use.

On aloca level, interviewees from countries with a resource
paucity, such as Venezuela or Greece, expressed a need for

JMIR Mhealth Uhealth 2020 | val. 8| iss. 11 [e18156 | p.96
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

extra human or physical resources. Most participants agreed
that an app should befree. Interestingly, concerning technology
accessibility, opinions varied widely, from “even if they are
illiterate they use the internet, google, even if they can’t write
their own signature, they can go online” to “they probably have
1 smartphone per family and they don’t use the internet all the
time”

From a development perspective, the only truly mandatory
feature to be implemented would be privacy/security, as this
was aconcern expressed in multipleinterviews, both by experts
and patients. A recent systematic review performed by the

Margineanu et al

authors (unpublished) highlighted that within 7 studies that
quantified this aspect, there were zero privacy breaches for a
pooled 71 patients.

Participants mentioned other features, such as a treatment
module with asynchronous video therapy, reminders, and a
diagnosis modulewith an emphasis on self-diagnosing education
in order to hasten hospital visits. Participants also expressed a
desire to have a gamification component and believed video
would best facilitate app adoption.

Textbox 3 summarizes recommendations for devel oping a new
eHealth app for TB.

Textbox 3. Recommendations for developing a new eHeath app for tuberculosis.

General:

«  Target the app for education, followed by communication, treatment, prevention, and diagnosis
o ldentify amultidisciplinary team that can create a universally usable app, but recruit local members to advise, tailor-make, and translate

«  Create aconcept revolving around modules or build separate apps (eg, for medical staff and for patients)

App-related:

o  Makesurethe app is private and secure

« Focusonasimpleand friendly user interface with a preference for images/icons over text

«  Createtraining and educational videos
«  Offer the app for free

Make sure the app is private and secure:

« Useaninstitutional server if your institution already has taken security measures for its existing patients

« Usean external secure server for additional privacy

«  Respect local and regional privacy laws (eg, General Data Protection Regulation in the European Union)

Implementation:

«  Find local tech leaders who can learn the app quickly and facilitate dissemination and further education
. Preferably, offer devices for at least the most disadvantaged members of the target populace
« If designing amedical staff app, discuss with administrators so that the app decreases the workload and doesn’t add to it

«  Have an active tech support

Modules:
«  Education module, preferably with a gamification component
«  Communication components:

. medicd staff (results, expert forum)

o  patients (testimonials, community)

. medica staff and patients (side effects, questions, and appointments)

«  Treatment module: calendar, video/directly observed therapy, reminders

Comparison With Prior Work

There are few studies exploring user attitudes for eHealth in
TB. A study from Mozambique exploring text messaging found,
as our study did, that messaging should be used for reminders
and motivational texts in order to increase retention and that
the main obstacle would be privacy assurance [31]. Another
study involving focus group interviews with medical staff for

https://mhealth.jmir.org/2020/11/€18156

achronic obstructive pulmonary disease tel erehabilitation app
found that education and skill training are highly essential to
support successful implementation [32]. A study from Saudi
Arabia showed that perceived usefulness and perceived ease
are significant factors to performing the behavior, results
corroborated by our study [33]. Furthermore, arecent systematic
review (unpublished) performed by the main authors revealed
that already implemented eHealth apps focused rarely on
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education, despite it being one of the two major needs felt by
the participants within the focus groups.

This study offers a more diverse perspective on eHealth use in
TB by conducting interviews in 6 countries on 4 different
continentsto gain amore global perspective for apotential app
that could be universally applicable.

Limitations

Purposive sampling was used, which might have selected
participants a ready more open to new technol ogy. Furthermore,
individual interviews might have elicited different results as
they have lessrisk of bias and are more in-depth. The theory of
planned behavior isauseful tool to gauge decision making with
the caveat that it does not take in account socioeconomic,
religious, and gender-based factors.

Strengths

This study was conducted in 6 different settings, offering a
better understanding of what populations across the globe might
decide concerning adopting eHealth in TB management. TB
patients and TB experts were approached, thus covering the
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potential user base for future eHealth solutions. The theory of
planned behavior is a simple, elegant way to conduct focus
group interviews and understand decision-making processes.
Two independent authors coded the interviews, thus limiting
bias.

Conclusion

Thisstudy used focusgroup interviews performedin 6 countries
in order to gauge perceptions about eHealth use in TB
management and draw recommendations for further
implementation. Participantsin all 6 countries are enthusiastic
about eHealth, and most users expect a potential app to be
helpful. There is a globa need to improve information access
and communication, and participants fed that eHealth could
help bridge this gap. Most themes resounded in al countries
interviewed, but certain particularities, such asalarge proportion
of asylum seekers or lack of infrastructure or training, should
be addressed when trying to implement eHealth in specific
settings. Despite individua preferences, the global sentiment
isthat eHealthisapromising field of research that will be well
received with the potential to enhance multiple aspects of TB
care, with an emphasis on the need to communi cate and educate.
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Abstract

Background: Androgen deprivation therapy (ADT) increases the risk of metabolic adverse effects among patients with prostate
cancer. The transformative impact of mobile health (mHealth) apps may benefit men managing activity and nutrition at home.

Objective: Thisstudy aimed to evaluate the usability and patient experience of a newly devel oped mHealth app among prostate
cancer patientson ADT and physicians' beliefs about the potential benefits of using this app.

Methods: This study took place over 2 months, beginning in March 2019. A sample of 5 patients (age 45-75 years) initiating
ADT participated in a semistructured focus group discussion with a facilitator. The study participants also included 5 specialist
physicians who provided in-depth interviews. An institutional review board—approved script was used to guide both the focus
group and physician interviews. Usability was tested through specific scenarios presented to the patients, including downloading
the mHealth app, entering information on physical activity and meals, and navigating the app. The focus group and interviews
were audio recorded and transcribed. Content analysis was used to analyze the transcripts iteratively and exhaustively. Thematic
discrepancies between reviewers were resolved through consensus.

Results: The mean age of the patients was 62 years. This group included 4 White and 1 Latin American patients. The physician
speciaistsincluded 2 urologists, 2 medical oncologists, and 1 radiation oncologist. Analyses revea ed that the patients appreciated
the holistic care enabled by the app. Difficulties were observed with registration of the app among 60% (3/5) of the patients;
however, all the patients were able to input information about their physical activity and navigate the options within the app.
Most patients (4/5, 80%) were able to input data on their recent meal. Among the health care physicians, the dominant themes
reflected in the interviews included undermining of patients ability to use technology, patients fear of technology, and concern
for the ability of older patients to access technology.

Conclusions: The patients reported an overall positive experience of using an mHealth app to record and track diet and exercise.
Usahility was observed to be an important factor for adoption and was determined by ease of registration and use, intuitive
appearance of the app, and focus on halistic cancer care. The physicians believed that the app was easy to use but raised concerns
about usability among older men who may not typically use smartphone apps.

(IMIR Mhealth Uhealth 2020;8(11):€20224) doi:10.2196/20224
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Introduction

Health care is more efficient and effective when patients are
actively engaged in their treatment [1]. Physicians and
institutions perceive mobile health (mHealth)
technologies—defined as the use of portable devices such as
smartphones or tablets for health purposes—as an ideal tool to
engage their patients [2]. This technology has aready had a
transformative impact on the delivery of care[3]. For example,
home monitoring has been shown to be effective in reducing
cancer symptom distress and improving blood pressure control
[4,5]. Additionally, measurements obtained at home can be
transmitted wirelessly to electronic medical records or directly
to the clinician, allowing for rapid feedback and timely office
visits triggered by abnormal values[6].

mHealth technologies are currently being used for a variety of
medical conditions, including diabetes, asthma, and chronic
obstructive pulmonary disease. With features such as frequent
monitoring of patients, active collection of data, and seamless
transmission of clinical information into electronic medical
records, mHealth apps can enable real-time feedback and lead
to improved communication with health care providers [6].
These aspects present a unique opportunity to use mHealth
technology as a tool to prevent or alleviate adverse effects of
disease and treatment, especially among prostate cancer patients.

While androgen deprivation therapy (ADT) is a standard
treatment regimen for intermediate- or high-risk localized
disease and metastatic or recurrent prostate cancer, the ensuing
hypogonadal state results in significant metabolic and
cardiovascular adverse events. Previous studies have
documented that men exposed to gonadotropin-releasing
hormone agonists—a common form of ADT—manifested a
weight gain of 2.4%, anincreasein body fat percentage of 9.4%,

https://mhealth.jmir.org/2020/11/€20224
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and a loss in lean body mass of 2%-4% (also known as
sarcopenia) by the end of thefirst year [7,8]. We developed an
mHealth app that provides dietary and exercise interventions
to monitor and mitigate these metabolic disturbances. The
objective of this study wasto heuristically evaluate the usability
and patient experience of this newly developed mHealth app
among prostate cancer patientson ADT and physicians’ beliefs
about the potential benefits of using this app.

Methods

Study Design

This usability study employed qualitative data collection and
thematic content analysis methods. Focus group discussions
and in-depth interviews were used for collecting data. An
institutional review board (IRB)—approved script was used to
guide these discussions. Thematic content anaysis involves
systematically coding and classifying textual information to
explicate trends, patterns, frequency, of words, and their
embedded relationships and discursive structures [9,10]. This
technique enables researchers to understand the attributes of
the content by lowering the level of interpretative complexity
[11]. The Dana-Farber/Brigham and Women’s Cancer Center
(DF/BWHCC) IRB approved this study.

The mHealth App

myPROHealth is a health and fitness tracking app developed
by the Division of Urological Surgery at Brigham and Women's
Hospital. The app seeksto track, record, and promote exercise
and good eating habits in men diagnosed with prostate cancer,
who are about to initiate ADT. Figure 1 shows sample mHealth
app interfaces. The features of the app enable patients to enter
information on their recent physical activity and meals as well
as monitor their progress.
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Figure 1. Screenshots of the mobile health application.
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Study Setting and Focus Group Participants

Men diagnosed with prostate cancer, presenting to DF/BWHCC
and initiating ADT, were invited to participate. Eligibility
criteria included age between 45 and 75 years, the ability to
walk 400 m, medical clearance from their primary physician,
ability to speak English, cognitive alertness (current Eastern
Cooperative Oncology Group performance status available in
themedical notes), sufficiently literate (education level available
in the medical records), and ownership of a smartphone for >1
year. Men participating in rigorous structured exercise regimes
(ie, seeing a professional trainer or training >5 days per week)
in the last 6 months were excluded, as their inclusion could
conflict with the app’s usability for documenting physical
activity. Men with planned systemic chemotherapy, planned
treatment with abiraterone or enzalutamide, bone metastases,
acuteillness, any muscul oskeletal, cardiovascular, or neurologic
disorders that would prevent them from exercising or put them
at risk from exercising were excluded, aswere men with hearing
or visua impairment that would prevent them from participating
in the focus group.

Recruitment

Recognizing that the choice of an app-based intervention may
skew the sample toward younger and well-educated patients,

https://mhealth.jmir.org/2020/11/e20224

RenderX

Nabi et &l

myPROHealth

(O Thisweek (>)

240

minutes

165 minutes

Mo Tu We Th Fr Sa Su

@ sl & %

Home Progress Settings Links

we provided access to the program for all patients at a cancer
clinic as the point of service to reduce potential selection bias.
This study took place over 2 months, beginning in March 2019.
A convenience sample of 5 patients aged 45-75 years was
recruited from the cancer clinic for a focus group discussion.
Patients who were initiating ADT were recruited from 3
academic medical clinics affiliated with DF/BWHCC.
Permission was sought from the patient’s primary care physician
or oncologist before contacting them via phone. A research
coordinator explained the rationale of the study, and the
coordinator obtained verbal consent. Thefocus group interview
was held at a mutually convenient time for all the participants
in a hospital conference room. An additional sample of 5
physicians was recruited based on their specialties. Physicians
who treat patients undergoing ADT were specifically contacted
for individual in-depth interviews. The physicianswere selected
to gain insights on their beliefs about potential benefits of the
mHealth app and whether they would routinely recommend it
to their patientsif it were readily available.

Patient Focus Group

For the focus group, we used a pilot version of the app, which
was available online on Google Play for Android phones and
Apple Storefor iPhones. Using the feedback from the usability
testing, the developerslater launched an updated version of the
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app. The coordinator followed a pre-established IRB—approved
script to guide the focus group. Beforeinitiating the discussion,
the group introduced themsel ves, and then the study coordinator
described the goals and expectations of the research project
while asking clarifying questions (see Multimedia Appendix 1
for interview script). The focus group discussion was audio
recorded and subsequently transcribed with the assistance of a
transcription software, and the transcriptions were analyzed
manually.

Testing Usability and Definitions of Success

App usability was assessed through the participants’ responses
while the focus group addressed specific scenarios. These
scenarios included participants' ability to register an online
account and download the mHealth app, navigate optionswithin
the app, appreciate user-interface and engagement with the
graphics of the mHealth app (worksheet availablein Multimedia
Appendix 1), and input information on their (1) typical physical
activity in a given week, (2) recent exercise activity, and (3)
recent meal s (including the ability to take photos of their meals).
All the participants used their own smartphones. Success was
defined as the ability of the participants to complete the
instructions in a given scenario. When instructions were
executed compl etely, the response was considered “ successful”;
€l se the response was considered “ unsuccessful ”

Physician Interviews

Five physicians who treat patients with prostate cancer were
identified and contacted. A multi-disciplinary physician cohort
well versed in urology, medical oncology, and radiation

https://mhealth.jmir.org/2020/11/€20224
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oncology was recruited. In-depth interviews were scheduled
and conducted in locations convenient for both the coordinator
and the participant. The same IRB—approved script was used
for each physician interview. The interviews were audio
recorded and transcribed.

Qualitative Analysis

The developed initial coding scheme was based on usability
metrics from previous studies [12,13]. The transcripts were
correlated with audio recordings of the patient focus group and
physicianinterviews, and minor editswere made to the transcript
(small talk or unrelated dialogue was removed). Once al the
data were assembled, a master database of transcripts was
compiled and read multiple times by JN and AV. A thematic
content analysis was conducted. Significant and recurring
themes (defined as themes appearing more than 3 times) were
identified and coded in each transcript. Thematic discrepancies
were resolved through consensus between the two coders. Each
interview and focus group were summarized using these codes.
These summaries produced recurring themes acrossal the data,
which allowed ustoiteratively refinethe codebook and concept
map. This cycle continued until al the significant themes were
categorized and the transcripts and codebook were consistent
with those themes.

Results

Baseline Characteristics

Table 1 shows the baseline characteristics of the patients and
physicians recruited for this study.
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Table 1. Participants' characteristics (N=5).
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Characteristics Value
Patients (N=5)
Age (years), mean 62
Gender —male, n (%) 5 (100)
Age (years), n (%)
45-55 1(20)
56-65 2 (40)
66-75 2(40)
Medical conditions, n (%)
Prostate cancer 5 (100)
Race/ethnicity, n (%)
White 4(80)
Hispanic/Latino 1(20)
Education status, n (%)
Graduate/professional degree 2 (40)
Some college 2 (40)
GED®high school diploma 1(20)
Physicians (N=5)
Specialty, n (%)
Urologist 2 (40)
Medical oncologist 2 (40)
Radiation oncologist 1(20)

8GED: General education development.

Patient Focus Group Results

The focus group discussion with the participants covered the
following dominant patient themes surrounding mHealth app
usability: limited knowledge, participants appreciation for
holistic care, and struggles with app registration and download.
The focus group discussion also reveadled that participants
familiarity with mHealth apps was limited. This aspect was
highlighted by statements such as, “ There are so many options,
wow.” Participants highly appreciated that hedlth care

Table 2. Participants' reflections on the usage of the mHealth app.

organizations and physicians were proactively building digital
solutions that would improve patient well-being and
convenience, as evidenced by statements such as, “ This sort of
letsthe patient know that thereis moreto usthan just the cancer,
there’'s also our general well-being.” Last, participants were
candid about the struggles they experienced while handling
mHealth appsin general as patients with cancer, asrevealed by
statements such as, “It might just be me but it's tough for me
to understand.” Table 2 presents detailed statements on these
themes.

Theme Quotations

Participant knowledge .

“There are so many options, wow — | didn’t realize that things that | do on adaily

basis would be considered exercise. My wife would be so happy to hear that! What
elsedid you ask? If it was intuitive? Yes, it is clear and intuitive to me”

Participant appreciation

o “lthinkit's great that Dr.

, and whoever else isworking on this study, cares

about the—you know halistic care of the patient. This sort of lets the patient know
that there is more to us than just the cancer, there’s also our general well-being.”

«  “No, thisisgreat. It showsthat the providers care and that we are more than a
number to them, | think.”

Participant struggling .

“To be honest, | don’t think thisisintuitive. It might just be me but it's tough for

me to understand.”
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Participants’ responses to specific scenarios revealed that they
were generally comfortable using the mHeath app for
documenting exercise and diet. For Scenario 1, which tested
the participants ability to register an online account and
download the mHealth app, we found that 60% (3/5) were
“successful” and 40% (2/5) were “unsuccessful.” For Scenario
2, which tested the participants’ ability to input information on
their typical physical activity in a given week, we found that
100% (5/5) were “ successful.” For Scenario 3, which tested the
participants’ ability to navigate optionswithin the app, we found
that 100% (5/5) were“ successful.” For Scenario 4, which tested
the participants’ ability to input information on their recent
exercise activity, we found that 60% (3/5) were “successful”
and 40% (2/5) were“ unsuccessful.” For Scenario 5, which tested
the participants’ ability to input information on their recent
meals aswell astake photos of their meals, we found that 80%
(4/5) were “successful” and 20% (1/5) were “unsuccessful.”
Last, for Scenario 6, which tested the participants’ ability to
appreciate the user-interface and engage with the graphics of
the mHealth app, we found that 100% (5/5) were “successful ”

Physician Interview Results

Among the health care physicians, the dominant themesreflected
their concern regarding the undermining of patients, patients
fear of technology, and the ability of older patients to access a

Table 3. Physicians' reflections on the usage of the mHealth app.

Nabi et al

smartphone app (Table 3). When queried about patients' ability
to employ technology for recording exercise and dietary
activities, the physicians believed that most patients would not
be able to do so, as expressed by their statements:

I mean, | bet some patients are tech savwy, but the
majority of patients | see are not.

The interviews aso revedled that the physicians were
apprehensive that integrating technology as part of their health
care would lead to increased stress among their patients:

| think patientswill struggle with this. | think that we
need to be careful with technological .. .interventions
like this because it may make them more stressed.

We also found that the physicians believed that age would
prevent older patients from benefitting from the advantages of
using the mHealth app:

But | worry that the patients won't actually use it. It
might be hard for older patients, and most prostate
cancer patients are above the age of 45.

In addition to theseimpressions, the physicians al so emphasi zed
the intuitiveness and ease of navigating the app, as indicated
by statementssuch as, “...it'seasy to go back and forth between
tabs’ and “It's a great app. The design is simple, intuitive, and
professional ”

Theme Quotations
Undermining patients « “Ithink my conisthat, | don’t think older patients, or any patients with prostate cancer will understand
how to use this app.”
« “I mean, | bet some patients are tech savvy, but the majority of patients| see are not.”
Petients fear of technology o “lthink patientswill strugglewiththis. I think that we need to be careful with technological ...interventions
like this because it may make them more stressed.”
Concerns for older patients « “Theappisreally well designed and is...generally pretty intuitive. But | worry that the patients won't ac-
tualy useit. It might be hard for older patients, and most prostate cancer patients are above the age of 45.”
: : various features of the ie, move between the tabs and the
Discussion P ( ; ond
home screen) and take photos of their meals. Our findings
Findings contrast those of Sarkar et a [14], who found that the usability

Mobile health apps present a unique opportunity to enhance
patient engagement and self-management of chronic diseases.
In this study, we found that the overall usability of an mHealth
app in patients with prostate cancer participants on ADT was
acceptable. Moreover, we found that participants generally
appreciated their care teams' efforts in devising technological
solutionsthat would enhancetheir ability to record and monitor
their diet and exercise. We also observed that physicians were
generaly skeptical of the benefits of integrating technology
with conventional health care to augment prostate cancer care.
A disconnect was found between the experiences of the
participants and the physicians on the potential of health
technology solutions for improving prostate cancer care.

The findings of our study have several implications. First, we
found that the participants were generally successful in using
the mHealth app and were able to input data about their meals
and exercise. Most participants were able to navigate through

https://mhealth.jmir.org/2020/11/€20224

and applicability of mHealth apps for self-management of
chronic conditionswaslimited [14]. Sarkar et al [14] examined
the acceptability and usability of mHealth apps in a set of
racialy diverse and economically  disadvantaged
patients—communities that often have higher prevalence of
chronic diseases (diabetes and depression) and require
caregiving. They a so examined usability by asking participants
to perform specific tasks on 11 apps. While our study also
examined usability by asking participants to perform a variety
of tasks, we had amore specific focus, namely, the participants
ability to record exercise and diet, interventionsthat can impact
treatment, and disease outcomes. In addition, Sarkar et al [14]
attempted to understand usability among existing apps, while
our goal was to document how a newly developed app can be
improved for greater acceptance among patients. We found that
the participants appreciated that they could use the mHealth
app for tracking their typical physical activity—an important
consideration for patients who may develop sarcopenia. This
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finding correlates with those of previous studies reporting that
prostate cancer patients are often receptive to using mHealth
apps to promote physical activity, especialy if the technology
is easy to use [15]. ADT is associated with decreased bone
mineral density and higher risk of fracture, and current evidence
indicates that improvements in dietary intake (calcium and
vitamin D supplementation) could alleviate these risks [16].
Our analysis underscores the benefit of using mHealth appsto
record and track dietary intake. Additionally, patientson ADT
are at risk of developing several metabolic adverse events,
including weight gain and diabetes[7,16]. M oreover, given that
mHealth apps can record the level of physical activity, these
online tools can potentially mitigate the impact of metabolic
adverse events.

Second, we found that our sample of physicians was not
convinced that using mHealth technology for prostate cancer
patientswould be beneficial, although they remarked positively
on its genera usability, appearance, and navigation. These
perceptions were based on their beliefs that patients lacked
technological understanding, would be unable to use mHealth
apps, and their advanced age would preclude them from
benefitting from technological interventions. Thisfinding isin
conflict with those of a previous work as well as the results of
patients usability evaluations from this study. Nguyen et al
[17] reported that physicians viewed patient-focused apps
positively and believed that these interventions would augment
their ability to provide patient care. The same study also
observed that physicians believed that using mHealth apps
would supplement their role by providing additional medical
information to their patients el ectronically and therefore enhance
self-management of chronic conditions.

Third, our findings point to the role of physician specialization
as a determinant of mHealth app adoption. As per Bodur et al
[18], medica and nursing students believed that health
technology could play an increasingly important role in the
delivery of care in the future [18]. It is possible that these
differences are driven by variations in clinical focus, we
interviewed prostate cancer specialists, and previous studies
have mostly evaluated general practitioners. Although thereis
evidence that cancer specialists are highly satisfied with using
mHealth technology for improving cancer careddlivery, it seems
that specialists perceive a greater benefit of adopting mHealth
apps at the population, rather than the patient, level [19].

Last, our analyses aso reveal the various factors that can
influence the adoption of mHealth apps. Our qualitative analyses
underscore how ease of use and registration/download, intuitive
appearance of the app, ability to navigate various tabs within

Nabi et al

the app, and focus on holistic cancer care areimportant adoption
considerationsfor patientsaswell as physicians. Thesefindings
concur with previous analyses. In a comprehensive review,
Alam et al [20] reported that factors such as performance
expectancy (the belief that technology will achieve expected
outcomes), effort expectancy (ease of use), and facilitating
conditions (the belief that technol ogy/organization infrastructure
supports usage) were positively associated with greater adoption
of mHealth technology [20]. Our study provides additional
evidence to support incorporation of these usability featuresin
mHealth apps for patients.

Given the methodological approach we pursued, our study has
several limitations. We studied a small sample of physicians
and patients from a single cancer center. The results may vary
with larger—scaleimplementation. We eval uated the participants
in our study on a specific mHealth app and provided the service
free of charge, which may lead to selection bias and limit the
generalizahility of thiswork, respectively. While some mHealth
apps provide information on prostate cancer, arecent systematic
review revealed that most commercially available apps do not
provide culturally sensitive information and have major usability
concerns [21]. Other studies have reported that patients would
be willing to pay for these services—especidly if they are
affordable [22,23]. In our study, the patient participants were
aware that their responses were being recorded and evaluated,
which could have led to changesin observed behavior [24] and
overestimated the usability of the app due to social desirability
bias. Although the participants were aware that their own care
teams were involved in this study, results may vary when
implementing such mHealth apps in a different context.
Moreover, we did not eval uate the efficacy of the app to improve
prostate cancer outcomes; we choseto first eval uate the usability
and feasibility of the app, as we viewed these aspects as
necessary requirementsfor future studies on efficacy evaluation.

Conclusion

Usahility was observed to be an important factor for adoption
of the proposed mHealth technol ogy, as determined by ease of
registration and use, intuitive appearance of the app, and focus
on holistic cancer care. Men receiving ADT for prostate cancer
treatment had an overall positive experience using the mHealth
app to record and track their diet and exercise. The physicians
believed that the app was easy to use but raised concerns about
usability among older men who do not commonly use
smartphone apps. This work provides foundational evidence
for studies that examine the feasiility, efficacy, and
interoperability of using mHealth apps for prostate cancer
patients.
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Abstract

Background: Mobile health apps are promising vehicles for delivering scalable health behavior change interventions to
populations that are otherwise difficult to reach and engage, such as young adults with psychiatric conditions. To improve uptake
and sustain consumer engagement, mobile health interventions need to be responsive to individual s needsand preferences, which
may change over time. We previously created an ecological daily needs assessment to capture microprocesses influencing user
needs and preferences for mobile health treatment adaptation.

Objective: The abjective of our study was to test the utility of a needs assessment anchored within a mobile app to capture
individualized, contextually relevant user needs and preferences within the framework of a weight management mobile health
app.

Methods: Participants with an iOS device could download the study app via the study website or links from social media. In
this fully remote study, we screened, obtained informed consent from, and enrolled participants through the mobile app. The
mobile health framework included daily health goal setting and self-monitoring, with up to 6 daily prompts to determine
in-the-moment needs and preferences for mobile health—assisted health behavior change.

Results: A total of 24 participants downloaded the app and provided e-consent (22 femae; 2 mae), with 23 participants
responding to at least one prompt over 2 weeks. The mean length of engagement was 5.6 (SD 4.7) days, with amean of 2.8 (1.1)
responses per day. We observed individually dynamic needs and preferences, illustrating daily variability within and between
individuals. Qualitative feedback indicated preferences for self-adapting features, simplified self-monitoring, and the ability to
personalize app-generated message timing and content.

Conclusions: Thetechnique provided an individually dynamic and contextually relevant alternative and complement to traditional
needs assessment for assessing individually dynamic user needs and preferences during treatment devel opment or adaptation.
Theresults of this utility study suggest the importance of personalization and learning algorithms for sustaining app engagement
in young adults with psychiatric conditions. Further study in broader user populations is needed.

(JMIR Mhealth Uhealth 2020;8(11):€18609) doi:10.2196/18609
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Introduction

Background

Digital health interventions are being developed at arapid rate,
particularly for behavioral management of chronic diseaseslike
diabetes, heart disease, and stroke, which account for greater
than 90% of health care expenditures and more than 75% of
deaths in the United States [1,2]. Such interventions promise
increased access and scalability across hedlth care systems.
Mobile health (mHealth) interventions in particular offer
immediate engagement, often titratableto user preferences, with
the ability to deploy assessmentsthat incorporate both self-report
and sensor data. However, approximately half of users disable
health apps within 2 weeks of download, with loss of interest
a commonly cited reason for app disablement [3]. Barriers to
and facilitators of engagement, adherence, and mativation all
likely vary over time, impacted by unique, context-dependent
needs and preferences both intrinsic and extrinsic to the
individual—variables that cannot be adequately assessed by
traditiona needs assessment methods. Person-centered strategies
to optimize patient engagement are critically needed for mHealth
appsto impart intended benefits, and for mHealth interventions
to become a mainstream way of delivering health care [4].

Obesity treatment is a case where eliciting patient preferences
intreatment development is particularly important, as (1) patient
engagement isacritical indicator of treatment success, (2) there
isarange of treatment options, and (3) there are limited datato
guide personalization of a treatment approach [5]. Only 20%
to 30% of individuals seeking first-line behavioral weight loss
treatment achieve clinically meaningful or sustained weight
loss [6,7]. Consistent predictors of treatment response across
weight loss studies include treatment engagement (eg, session
attendance, homework completion) [8], adherence to
self-monitoring activities (eg, food and activity logging, tracking
weight) [9], and intrinsic motivation for health behavior change
[10]. However, individuals with psychiatric conditions may
experience unique and persistent barriers to engagement in
healthy eating and exercise [11,12]. For example, parents of
adolescents with psychiatric illness who participated in a
family-based weight loss intervention reported that major
barriers to participation were pragmatic (transportation to and
fromin-person visits), or weredirectly related to the psychiatric
condition (shame and avoidance). These individuals expressed
preferences for digital self-monitoring and support delivered
via a mobile device over in-person treatment. Moreover,
participants indicated that needs and barriers varied from day
to day, and that an intervention adaptive to their dynamically
changing needswasimportant [13]. Asthe availability of mobile
devices among mentally ill youth increases [14], this mode of
treatment becomes a feasible way to increase access and
engagement [15]. However, to our knowledge, no mHealth
approachesto health promoation, including weight management,
have been adapted to engage patients with early-onset
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psychiatric conditions, where prevention is a primary public
health concern [16,17].

Traditional behavioral treatment adaptation approaches use a
range of methods (eg, semistructured interviews, checklists,
self-report questionnaires, focus groups) to elicit needs and
preferences from potential recipients to inform treatment
development and adaptation [18-20]. However, these methods
are often employed at static assessment times, missing the
dynamic effects of time and context on user needs and
preferences, which arecritical for trestment engagement. Digital
data collection methods, such as ecological momentary
assessment [21] and passively collected sensor data, caninform
adaptation efforts. For example, just-in-time adaptive
interventions track the dynamic effects of time and context on
individual characteristicsor behaviorsand adapt, ideally in real
time, based on a concrete measurable construct such as
salf-reported mood [22] or sedentary behavior [23]. With enough
measurement time points, such ideographic assessment methods
can be used to model and predict dynamic changesin symptom
presentation or treatment responsein asingleindividual, without
the need for reference to alarger group [24,25]. However, few
just-in-time  adaptive interventions have collected or
incorporated dynamic user preferences and perspectives into
adaptation algorithms [26,27], and little is known about what
types of data inputs are most relevant in building adaptive
treatments for lifestyle change [28].

Objective

To begin the process of adapting an existing interactive obesity
treatment approach [29,30] for use in young people with
psychiatric conditions, we created an ecological daily needs
assessment. The intention was to capture dynamic user needs
and preferences data as part of the adaptation process for
developing a self-adapting treatment algorithm. However, the
amount of lived-experience feedback needed to inform relevant
treatment adaptation and, more importantly, the threshold for
assessment fatigue, is not well understood [31]. The primary
aim of this study was to evaluate the utility of the tool over a
period of 2 weeks as part of an overall mHealth treatment
adaptation effort, specifically to determine whether it could
detect dynamic user needs and preferences. Secondarily, we
aimed to determine the threshold for response fatigue in young
adults with psychiatric conditions.

Methods

Participant Recruitment and Study Orientation

In this fully remote observational utility study, we recruited
participants nationally via social media (Twitter, Facebook, and
Instagram), as well as traditional methods, using an online
research registry (ResearchMatch, Vanderbilt University); US
national email listservs for college students, medical students,
and residents; and word-of-mouth or flyers. These recruitment
methods directed potential participants to the study website in
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order to download the free app. Once participants had
downloaded the app, they were asked to complete a brief
screening questionnaire, which included questions about comfort
with and ability to use their device for answering preferences
guestions. Inclusion criteriawere age between 18 and 45 years;
accessto aweb-enabled device with theiPhone operating system
(i0S; AppleInc); ability to keep their device with them for most
of the day over the following 2 weeks for the purpose of
answering needs assessment prompts; and a history of a
diagnosis of a psychiatric or psychological disorder. Since the
app involved setting health goals for weight loss, a history of
an eating disorder was exclusionary.

After reading about the study and passing the eligibility screen,
participants signed consent on their device touch screen and
received an email with thefull signed consent document, which
included email addresses and phone numbers for the study
coordinator and principal investigator. Participants were asked
about their preferred times for the following questions: (1) a
time every morning to set a health intention for the day, (2)
times the user typically ate breakfast, lunch, and dinner, or
would be most likely to engage in physical activity, and (3) a
timein the evening to answer questions about app usability and
acceptability. Participants were then prompted 6 times daily
each for eating and exercise needs assessments during their
preferred times.

Study Approval

This study was reviewed and approved by the Washington
University Ingtitutional Review Board and the Washington
University Office of Information Security in December 2016.
Following completion of development in August 2017, study
enrollment was open from September 2017 to March 2018.

Mabile App Development

Asthefirst step in alarger, ongoing research program to adapt
and test the effectiveness of an existing weight management
intervention [29,30] for use in young adults with severe mental
illness, we created a needs assessment tool for the purpose of
conducting a digital needs assessment within the mHealth
context. Thetheoretical behavior change framework underlying
the overall program is based on increasing self-efficacy [32]
for mental and physical health, by using maobile technology to
reduce extraneous cognitive | oad associated with making health
behavior changes [33] and to increase uptake of information
and intervention engagement. The ecol ogical heeds assessment
was embedded within abasic mHeal th goal-setting framework.

Needs Assessment Description

We devel oped the needs assessment using Status/Post, adigital
platform (developed by CLM) that integrates the Apple
ResearchKit (AppleInc) framework with the REDcap (REDCap
Consortium) web app through an application programming
interface [34]. The app framework included a daily prompt for
health intention setting and scaling, 6 prompts for needs
assessment during the day designated by users as times they
would be most likely to eat (3 prompts) or exercise (3 prompts),
and reflection on goal progress at the end of the day (screen
shots in Multimedia Appendix 1). The fina survey each day
consisted of feasibility, acceptability, and appropriateness
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questions adapted from Lyon and colleague’'s contextualized
technol ogy adaptation process|[35]. Feasibility questionsfocused
on eliciting feedback from the user about the frequency and
timing of question prompts, as well as messaging content. \We
conducted semistructured interviews with participantswho had
high (eg, responses on >80% of study days) and low (eg,
responses on <25% of study days) engagement following
completion of the 2-week utility study.

Statistical Analysis

The recommended number of users needed for maximal
detection of usability problemsis5[36], and up to 25 usersfor
comparative studies [37]. Anticipating a 50% attrition rate [3]
over the 2-week study period, we enrolled 35 participants with
the goal of at least 10 completers. We generated descriptive
statistics (mean, frequencies, and proportions) for survey
responses. We converted Likert-scale items from severity to a
numeric rating (eg, 1 = not at al; 3 = very much). Over the
course of the study, there were 235 potential eating prompt
responses, comprised of 9 possible response options (ie, “Are
you planning to eat? yes/no;” “Are you eating out? yes/no;”
needs assessment question with 6 response options; and a
free-text option for additional feedback), and 234 possible
exercise prompt responses, comprising 8 possible response
options (“Are you planning to exercise? yes/no;” needs
assessment question with 6 response options; and free-text
option for additional feedback). All participants with at least
one postbaseline response were included in the analysis. We
report responses to each survey question as number (n) and
percentage of participants with aresponse in each category for
a given question. We cleaned and analyzed data using the R
software package version 3.1.1 2014-07-11, R.app 1.65 (R
Foundation for Statistical Computing). We used all available
data from all participants.

Results

Participant Characteristics

A total of 35 individuals downloaded the app, 24 consented to
participate, and 23 proceeded past the orientation questions to
answer at least one needs assessment question; 2 of them were
male. Participants accessed the app viathe study website (n=4),
the online study registry (n=6), social media (n=6), an email
listserv (n=6), or aflyer or by word-of-mouth (n=9). Participants
were queried 6 times daily: 3 times daily during prespecified
1-hour periods when they were most likely to eat meals, and 3
times daily when they were most likely to exercise. Of the 23
participants who provided responses, 18 responded “Yes' to at
least one eating query during the study, prompting the healthy
eating needs assessment questions to be deployed 122 times
over the study period. A total of 11 participantsresponded * Yes’
to a least one exercise query during the study, prompting
healthy activity needs assessment questions to be deployed 28
times during the study period.

App Use and Engagement

The mean length of participation in the study was 5.6 (SD 4.7)
days, with mean of 2.8 (1.1) responses per day. The mean
number of responses per participant was 6.7 (3.0) over the
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2-week study period. The earliest time to termination was 1
day; 2 individuals completed the entire 2 weeks. As Figure 1
shows, app use, defined asthe number of participants responding
to prompts, decreased by 46% (18/39) during thefirst day, with
avaried but continual decrease in the number of respondents
over the course of the study. However, the pooled daily response

Nicol et al

rate decreased to 80% (31/39) on day 1 and then remained stable
at 67% (8/12) on day 7 through day 14 (6/9). Response rates
remained relatively stable during the second week of the study,
although individual responses varied across study day and
assessment time point (Figure 2).

Figure 1. Overal study engagement shown by the number of total responses per day (green line), and “yes’ responses per day for eating (orange bars)
and exercise (purple bars). The table presents raw numbers of responses per day based on mealtime.

Number of participants responding per prompt
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Figure 2. Responses on dynamic needs and preferences for healthy eating from 2 study participants over the 2-week study period.
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User Needs and Preferences

As Table 1 shows, the top preferences for app functionality
were receiving a reminder of the daily health goal, simplified
self-monitoring for food intake, healthy eating and activity
options nearby, and being ableto see or track progress on goals
throughout the day. More nuanced qualitative responses (eg,
participants chose “ something else” and entered atext response)
suggested that participants wanted pragmatic assistance with
making healthy eating selections (“Access to healthy preferred
options or premade healthy options;” “An inventory of food in
my house so | can figure out healthy options;” “Let me list at
the beginning of the week what | have on hand and use those

Table 1. Pooled user needs and preferences for healthy eating and activity.

Nicol et al

assuggestions’). Participants also indicated their preferencefor
the app to learn their patterns and behaviors to anticipate their
needs, as well as respond with personalized support
(“Motivational messaging and a dashboard of my progress;”
“Suggestions on healthy options in my area;,” “Give me a list
of 3-5 quick and healthy meal options;” “Someone to go with
me and hold me accountable;” “ Support me by checking in with
me like a friend would”).

Responses to preference questions also revealed dynamic
responses within and between individual s throughout each day
over the course of the study (Figure 2).

Preferences

Total responses selected, n (%)

Eating preferences (=122 questions deployed)
Remind me of my daily health intention
Quick and easy option to log my food
Provide healthy eating options nearby
Show me my calorie intake for the day
Something else?

Video or text chat with a support person

Activity preferences (n=28 questions deployed)
Show me my activity progress for the day
Remind me of my daily health intention
Provide easy exercise options nearby

Video demonstration of easy exercise

Something dse?
Easy way to log my activity

51 (41.8)
50 (41.0)
39 (32.0)
37(30.3)
17 (13.9)

6 (4.9)

11 (39)
9(32)
9(32)
8(29)
5(18)

4(14)

8A ccess to healthy preferred options or premade healthy options; alist of 3-5 quick and healthy meal options to prepare in advance; someone else to
prepare healthy meals; inventory of food in my house or assistance figuring out healthy options without getting up; reduced focus on calories; suggest
healthy options based on what | have in my house; motivational messaging and a dashboard of my progress; reci pe suggestions; suggestions on healthy

optionsin my areaor just genera food suggestions.

bSomeone to go with me and hold me accountable; support me by checking in with me like a friend would.

Usability, Acceptability, Feasibility, and
Appropriateness

At the end of each study day, contextualized technology
adaptati on process questions regarding feasibility, acceptability,
and appropriatenesswere deployed. The mgjority of respondents
indicated that the number of daily prompts was “just right”
(37/72, 51%), followed by “too low” (23/72, 32%), with “too
high” (12/72, 17%) being the least frequently selected response.

http://mhealth.jmir.org/2020/11/e18609/

The majority of respondents viewed timing of prompts as
“moderately helpful” (36/72, 50%), followed by “not at all
helpful” (26/72, 36%), with the fewest responses indicating
timing was*“ extremely helpful” (10/72, 14%). Responsesto the
final question, “What would have made this application more
helpful,” shown in Table 2, indicated that users preferred
personalized messaging and simplified self-monitoring options.
Participants also had the option of adding free-text comments,
as Table 3 shows.
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Table 2. Pooled data for al participants (n=19, total possible responses n=69) responding to acceptability, feasibility, and appropriateness questions

deployed at the end of each day.

What would have made this application more helpful ?

Total responses, n (%)

Personalized text messages about how to reach my health goals
Provide an easy way to log my food and activity

Incentive for healthy choices (eg, collecting “points’ to be used toward a reward)

Anticipate sedentary behavior and send me activity suggestions
Anticipate unhealthy eating and send me healthier options nearby
Provide interactive video of exercise examples

Provide healthy meal options and recipes

Track and show me my activity throughout the day

Ability to video chat with a professional

Link to social mediato share my progress with others

See afriend or loved one’s progress

29 (42)
28 (41)
28 (4
27 (39)
25 (36)
23(33)
23(33)
21 (30)
5(7)
1(1)
0(0)

Table 3. Postparticipation interview responses vs app-collected responses.

Question Representative interview quote

Representative app quote

What did you like about the app?
in at the end of the day.

What did you dislike about the app? Too many prompts.

What would have made the app more Make logging easier.
useful?

What would make you morelikely to

continue using an app like this? tings.

| liked setting a health goal and then checking

| want to be able to change the notification set-

I know how | should be feeling and behaviors | should be
changing, but itisreally hard when | am all aloneto takethe
right steps...[the app] kept me busy so | wouldn’t get so sad.

Hounding people to eat healthy and exerciseisthe #1 way
to drive an emotionally fragile person away.

Maybe amood tracker would be helpful, and avisual of my
progress.

I’dlike to be ableto ask for help making eating choiceswhen
I’'m ready to eat. Dueto my disability, | don’t have aregular
sleep schedule so | don’t eat meals at regular times.

In order to contrast results from traditional acceptability,
feasibility, and appropriateness assessment methods with data
collected via the app, we conducted semistructured interviews
with 4 users representing high and low user engagement,
contrasted with responses provided via free text through the
app (Table 3). Follow-up intervieweesin general gave positive
feedback about the context, particularly about the intention
setting at the beginning of the day, and anticipated or actual
difficulty rating features. In contrast, feedback obtained through
the app on adaily basisincluded more detail about the usability
of the needs assessment tool, particularly with respect to what
participantsdidn’t like. Respondents noted that their day-to-day
schedules varied, in particular related to sleep and mood, so
prescheduled “in-the-moment” needs assessment prompts
weren't always relevant and were perceived as annoying if they
came at a time that was busy or stressful. Respondents also
expressed a desire for the app to provide more emotional
support, learn their patterns and behaviors, and personalize goals
or substitute behaviors that consider a specific condition or
disability.

http://mhealth.jmir.org/2020/11/e18609/

Discussion

Principal Findings

We tested the utility of a novel mobile technology—based
techniqueto capture both group-based and individually dynamic
user needs and preferences. We conducted this assessment,
which we term ecological daily needs assessment, alongside a
basic mHealth intervention designed to support health behaviors
linked to healthy weight management. There were 3 key
findings. Firgt, the technique demonstrated the ability to detect
dynamic needs and preferences, which changed over time
differentially within an individual, as well as between
individuals. The technique collected group-level usability data
suggesting specific adaptations for improving the app, as well
as being informative for intervention adaptation. Second, the
number of daily prompts was acceptable, but timing was rarely
appropriate despite being during prespecified times indicated
by the participant. Response rates declined significantly after
3 days, suggesting a possible threshold for collecting useful
needs assessment data. Third, this approach to usability
assessment yielded specific critical feedback, contrasted with
less specific and generally positive or neutral feedback obtained
from the more traditional method of semistructured interviews.
These results highlight the importance of context in usability
testing of mobile assessments, which can yield datarelevant to
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dynamic needs and preferences at the group and individual
levels.

Digital toolsare commonly leveraged to temporally link active,
passive, and metadata to improve user engagement. Despite
this, mHealth apps are still disabled within weeks of download
[38], suggesting that extensive digital phenotyping efforts are
insufficient for optimizing user engagement [39,40]. Assessment
of user preferences increases mHealth treatment engagement
[41], but populations perceived as difficult to engage, such as
individuals with psychiatric illnesses, are often excluded from
treatment adaptation research, primarily due to concerns about
thereliability of self-report measures dueto cognitive limitations
[42]. However, it is exactly these cognitive limitations that
necessitate the need for usability and preferencetesting [41,43].
The extant research evaluating mHealth or digital weight loss
treatments in young adults with mental illness is limited, but
suggeststhat the unique needs and preferences of this population
may have important implications for mHealth treatment
development [44]. These results underscore the importance of
ecologically valid data in developing interventions that
effectively engage this population [45].

The needs assessment in this study was anchored within a
behavior change framework based on existing treatments[29,46]
to provide the user exposure to an intervention upon which they
could consider their needs and preferences. In contrast, more
traditional usability assessments conducted at the end of an
intervention, even when paired with utilization data, are subject
to recall bias and do not capture how end users experience the
app in real time [47]. The complexity of programming needed
to build a learning system from inception contributes to cost,
and there are as yet few cost-benefit data to inform investment
inartificia intelligence featureslike machinelearning for health
apps [48]. Developers of mHeath treatments in
resource-constrained settings might more expeditiously begin
app development with an anchored needs assessment in place
to better understand end user needs, which could provide useful
information regarding which data inputs are most relevant to
employ in learning algorithms.

Nicol et al

Limitations

It isimportant to note limitations of this study. First, the number
of participants was small, but within the recommended range
for usability testing. Second, participation was limited to
individualsowning iOS devices. Appson non-iOS smart devices
using the Android operating system, which are more commonly
used in psychiatric populations[49], are needed. Third, although
the needs assessment technique in this study prioritized
participant-scheduled prompts, participants were not able to
changethe schedule or initiate aresponse when they encountered
a need outside of the schedule, resulting in potential missed
opportunities to capture more nuanced aspects of individual
variability in needs and preferences. Fourth, important questions
remain regarding the validity and relevance of our observations
for mHealth treatment development. If individually dynamic
needs and preferences are relevant, what is the best way to
accurately capture this information? And how can this
information be meaningfully incorporated into behavioral
mHealth intervention development and adaptation? Empirical
testing is needed to determine whether capturing individually
dynamic data leads to superior mHealth interventions and
outcomes.

Conclusions

The results of this study provide insights that may inform the
development of self-adapting treatments, which this study and
others have identified as particularly germane to engagement
of individuals with chronic health concerns, including mental
health conditions[27,50]. In popul ationswhere app engagement
islinked to treatment outcome, or in settings where funding for
development islimited, early usability testing of digital features,
using the digital context, is alow-cost option for determining
which aspects of development to prioritize with limited funding.
The resulting contextually relevant information might be
particularly useful in guiding real-time treatment adaptation
whilelimiting in-person contact, which will likely beimportant
for the future of clinical research in vulnerable populations
during public health eventslike the coronavirus pandemic [51].
Additional study is needed to determine whether amobile needs
assessment can usefully inform behavioral treatment
development for diverse patient populations and operating
systems.
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Abstract

Background: Thesmoking relapse rate during the first 12 months after pregnancy isaround 80% in the United States. Delivering
remote smoking cessation interventions to women in the postpartum period can reduce the burden associated with frequent office
visitsand can enable remote communication and support. Devel oping reliable, remote, smoking measuring instrumentsisacrucial
step in achieving this vision.

Objective: The study presents the evaluation of the MoMba Live Long system, a smartphone-based breath carbon monoxide
(CO) meter and a custom iOS smartphone app. We report on how our smoking detection system worked in a controlled office
environment and in an out-of-office environment to examineits potential to deliver aremote contingency management intervention.

Methods: In-office breath tests were completed using both the MoMba Live Long system and a commercia monitor, the piCO"
Smokerlyzer. In addition, each participant provided a urine test for smoking status validation through cotinine. We used in-office
test datato verify the validity of the MoMba Live Long smoking detection system. We al so collected out-of-office tests to assess
how the system worked remotely and enabled user verification. Pregnant adult women in their second or third trimester participated
in the study for a period of 12 weeks. This study was carried out in the United States.

Results: Anaysesof in-officetestsincluded 143 breath tests contributed from 10 participants. CO readings between the MoMba
Live Long system and the piCO" were highly correlated (r=.94). In addition, the MoMba L ive L ong system accurately distinguished

smokers from nonsmokers with a sensitivity of 0.91 and a specificity of 0.94 when the piCO* was used as a gold standard, and
a sensitivity of 0.81 and specificity of 1.0 when cotinine in urine was used to confirm smoking status. All participants indicated
that the system was easy to use.

Conclusions: Relatively inexpensive portable and internet-connected CO monitors can enable remote smoking status detection
in awide variety of nonclinical settings with reliable and valid measures comparable to a commercially available CO monitor.

Trial Registration: Clinical Trials.gov NCT02237898; https://clinicaltrials.gov/ct2/show/NCT02237898

(JMIR Mhealth Uhealth 2020;8(11):€18809) doi:10.2196/18809

KEYWORDS
breath carbon monoxide; contingency management; smoking cessation; pregnancy; mobile-based sensor; mobile phone

https://mhealth.jmir.org/2020/11/€18809 JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 11 [e18809 | p.120
(page number not for citation purposes)


mailto:megan.smith@yale.edu
http://dx.doi.org/10.2196/18809
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH

Introduction

Background

Tobacco is the most common substance of abuse used during
pregnancy, with a substantially higher rate of use among
socioeconomically disadvantaged women [1]. While
approximately 50% of women who previously smoked regularly
abstain from smoking in pregnancy, relapse to smoking
postnatally remains a challenge, with over 70% of women who
remitted relapsing within 12 months postpartum in the United
States [2,3].

Contingency management (CM), rewarding financial incentives
contingent upon biochemically verified abstinence from recent
smoking, has consistently been shown to decrease the use of
tobacco [2-4] and to be an efficaciousintervention for promoting
smoking cessation in pregnant and postpartum women [5].
Delivering CM interventions typically involves frequent
monitoring of smoking statuswith daily or weekly officevisits.
In thiswork, we devel op aremote smoking assessment system
to more widely disseminate smoking cessation interventions
into community settings and to reach overburdened and
underserved populations of smokers, such as expectant mothers
of lower socioeconomic status.

Technologies for Remote Smoking Assessments

Mobile technologies, especially web-enabled or smartphone
technology, can be used to access rea-world community
settings, as the access to smartphones has increased: 81% of
Americans owned a smartphone in 2019 [6]. Mobile health
solutions are emerging, creating an opportunity for the expansion
of evidence-based practices[7-9]. In combination with sensors
that enable remote biochemical assessment of smoking status,
such as breath carbon monoxide (CO) measurements [10-12],
mobile technologies could alow remote delivery of smoking
cessation interventions.

A randomized, controlled, parallel-group design study carried
out a 6-week intervention evaluating the effectiveness of an
internet-based smoking cessation program in the United States
using asystem called Motiv8 [13]. Participants used Motiv8 to
submit videos and values of breath CO tests taken with a

commercial CO breath analyzer, the piCO" Smokerlyzer

https://mhealth.jmir.org/2020/11/€18809
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(Bedfont Scientific), and to confirm identity and veracity of
tests through a secured website. Even with some limitations
(eg, the need for a desktop computer), the study demonstrated
that participants receiving rewards based on abstinence were
more likely to post negative CO samples on the website than
the participants who received monetary rewards independent
of smoking status (odds ratio 4.56, 95% CI 2.10-9.52). More
recently, breath CO manufacturers have developed commercial
CO monitors that leverage the advantages of internet-based
systems with new, smaller CO monitors such as the iCO
Smokerlyzer (Bedfont Scientific). The iCO Smokerlyzer
connects to a smartphone for personal smoking behavior
monitoring and enables users to measure their CO levels but
doesnot include away to verify that theintended user completed
the breath test appropriately. This verification is important for
remote CM interventions, where additional evidenceis needed
to verify test validity as there are no present observers. Recent
work has investigated unsupervised breath test validity by
verifying exhalation through the use of pressure sensors and
theuse of facial recognition for user authentication in the context
of smoking and alcohol use [14-16].

The MoMba Live Long System

Overview

The MoMba Live Long system consisted of a custom and
portable breath CO meter that wirelessy interfaced via
Bluetooth with an iOS-only app (see Figure 1). The MoMba
Live Long iOS app provided an interface for the breath CO
meter that allowed the participant to receive notifications
regarding the availability of the breath test, taking the breath
test, seeing results of smoking status, and keeping track of
rewards and progress. In addition, the app verified that the
participant was correctly taking the breath test by recording
picturesusing thefront-facing cameraaswell asrecording audio
to verify that the participant was exhaling while taking the test.
When abreath test indicated smoking abstinence, the participant
was rewarded with tokensthat could be exchanged for gift cards.
The MoMba Live Long app aso enabled the delivery of
guestionnairesthrough the app. The MoMbalLive Long system
was based on a successful app design developed to support
maternal mental health in the postpartum period [17].
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Figure 1. The custom and portable breath carbon monoxide (CO) meter is comprised of an environmental CO gas sensor and a custom 3D-printed
chassis. A smartphone was loaded with a custom app (MoMba Live Long) that enables participants to complete scheduled breath tests and collect
rewards. The Sensordrone and chassis sizes are shown at scale with respect to the phone in the image.

3D Printed
Chassis

Sensordrone
(CO gas sensor)

MoMba Breath CO Meter

The custom breath CO meter used an electrochemical CO gas
sensor—the Sensordrone, part No. SDRONEG1 (Sensorcon
Inc)—designed to measure environmenta CO. The Sensordrone
was accurate to within 10% with a resolution of 1 parts per
million (ppm), making it comparable to existing commercial
medical-grade CO breath analyzers [18]. We designed a
3D-printed chassis to encase the Sensordrone and allow proper
air flow. 3D printing was selected as a fabrication method that
allowed us to prototype in atimely manner and test different
designs. The 3D-printed chassis held an inline activated-carbon
filter and cotton that removed non-CO gases and excess
moisture.

Breath Sample Collection

To determine smoking status, a user completed a breath test by
blowing into our custom breath CO meter composed of a
disposable mouthpiece connected to the custom 3D-printed
chassis encasing the Sensordrone. The breath CO meter
measured CO concentration in the breath after collecting exhaled
air samples for 20 seconds at a 5-Hz sampling rate. Collected
data were securely sent and stored in a back-end server
monitored by staff.

The MoMba CO Estimate

A previous study we conducted established that the most
accurate prediction of smoking status from breath was by
sampling the portion of breath at the end of exhalation, which
represented the middle portion of an exhalation of 20 seconds,
on average[19]. During thisinitial testing, we detected baseline
reading offsets attributed to increased temperature in the
Sensordrone from recent charging and environmental pollution.

https://mhealth.jmir.org/2020/11/€18809
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Thisled to the addition of abaseline correction to our algorithm.
Our previous findings presented an exhaustive exploration of
different smoking detection approaches using different
classification models and features, while thisreport presentsan
evaluation of our system’s performance with our implemented
algorithm that used the best-performing features from our
previous study [19]. In order to obtain one single value from a
20-second sample of breath tests, we performed the following
steps: (1) calculated the baseline reading for the Sensordrone,
(2) located the general maximum and captured values above
50% of the maximum value, and (3) cal culated the median value
and removed any offsets detected in the baseline value. This
final value represented the MoMba CO estimate.

Aim of the Study

We present the design of theMoMbaL ive Long, mobile, breath
CO meter and a pilot evaluation of the feasibility of the system
as a smoking assessment tool during and after pregnancy.

Methods

Participants

The MoMbaLive Long pilot study was approved by the ethical
review board of the Yale School of Medicine. Participantswere
recruited at local clinics; through community outreach, flyers,
and advertisements; and from referrals. Participants were women
who met the following inclusion criteria: were 18 years of age
or older, were daily tobacco cigarette smokers not using nicotine
replacement therapy, were pregnant with a singleton in their
second or third trimester, and had a desire to stop smoking.
Women were not eligible if English was not their primary
language, if they did not live in the city in which the study was
conducted, if they did not plan to deliver their baby at the local
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hospital, or if they met medical exclusions, as determined by
medical record review, including respiratory medical conditions
such as chronic obstructive pulmonary disease, HELLP
(hemolysis, elevated liver enzymes, low platelet count)
syndrome, or pregnancy complications. If a participant lost her
child, she was no longer eligible to participate. Eligible
participants completed an intake visit where informed written
consent was provided and smoking status was confirmed with
aurine sample.

I n-Office and Remote Data Collection Procedures

During the MoMba Live Long pilot study, breath tests were
collected for 12 weeks and followed the CM schedul e described
by Higgins et a [20]. For each consecutive smoke-free breath
test, a participant received a higher number of tokens per test.
Breath samples were obtained via a mixture of in-office and
remote tests. Each participant was asked to attend up to 18
in-office visits: five visitsin week 1, two visitsin weeks 2 and
3, and one visit per week for weeks 4-12. In-office visits did
not always coincide with a CM-related breath test. Before
completing breath tests, participants were asked to report the
number of cigarettes smoked within the previous 24 hours and
the date and time of the last cigarette smoked through the
MoMba Live Long app. In-office visits consisted of first
completing one breath test using the MoMba Live Long system

and then one breath test with piCO". Participants also provided
aurine sample to validate smoking.

During in-officetesting, participantswere asked to sitinachair
in an upright and straight position to accurately complete a
breath test. Participants were instructed to inhale deeply and
hold their breath for 15 seconds and then exhale al the air
completely (up to 20 seconds). Holding the breath allowed the
sensor to obtain a CO value close to aveolar CO concentration

[21]. Both the MoMba Live Long system and the piCO* monitor
displayed acountdown on their respective screens as partici pants
were holding their breath. Once the countdown was finished,
the participant blew into the sensor. Both systems displayed a
second countdown to indicate that the sensor was collecting the
sample.

All remotetestsfollowed the same procedures asin-office breath
tests. The participants received a kit to take home that included
an iPhone, which participants were encouraged to use as their
primary phone; a chassis, a Sensordrone; a charger for the
Sensordrone; disposable mouthpieces; and replacement filters.
After participants completed their tests, research staff verified
the validity of the test using the back-end server and approved
the corresponding financial rewards. Participants received a
notification to complete their test between the hours of 8:30
AM and 3 PM EST. The notification for the breath test expired
after 5 hours.

M easures

Participant Characteristics at | ntake

A baseline questionnaire asked questions regarding
demographics and smoking habits. The Fagerstrom Test for
Cigarette Dependence was used to assess dependence on
nicotine; a higher score indicates greater dependence [22].

https://mhealth.jmir.org/2020/11/€18809
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MoMba Performance Against Gold-Standard Measures

The primary outcome measure for this study was the validity
of the MoMba CO outcome; this measure was compared with

the gold standard of piCO" and urine cotinine collected at the
same visit. A measure of smoking abstinence was defined as
CO-negative breath samples determined by the MoMba breath

CO meter and the piCO" (<6 ppm). The selected CO cutoff
levels were recommended by previous work [10,23]. All urine
tests were tested for adulteration using a specimen validity test
and then sent to alab for aquantitative cotinine urine assay with
quality control. A cotinine concentration value less than 50
ng/mL indicated smoking abstinence [24]. Dueto limitsin lab
detection, cotinine concentrations reported aslessthan 10 ng/mL
were estimated as 5 ng/mL.

Variation of CO Values Since Last Cigarette Smoked

To examine how breath CO values varied since last cigarette
smoked, the half-life of breath CO, 3-6 hours[12], was used to
create a dichotomous variable indicating if the participant
smoked within 5 hours of a breath test or more than 5 hours
before a breath test.

Variation of CO Values According to Pregnancy Status

Pregnancy and postpregnancy CO values were compared to
explore any potential differences; postpregnancy status was
determined by a participant’s delivery date. We used the number
of cigarettes and time since last cigarette smoked to investigate
if these variables impacted the observed pattern of results.

Out-of-Office Performance and User Experience

A follow-up questionnaire was asked 3 months after intake, at
the completion of CM; this questionnaire included two Likert
scal e questions regarding how easy it was to use (1) the sensor
and (2) the MoMba Live Long app; response options were 1
(Extremely Difficult), 2 (Difficult), 3 (Neutral), 4 (Easy), and
5 (Extremely Easy). In addition, we evaluated the completion
and delivery of the remote breath test aswell asthe performance
of the front-facing camera authentication method and the
microphone to detect exhalation during remote breath tests.

Statistical Analysis

Categorical variableswere described with count and proportions.
Normally distributed data were presented with mean and SD;
nonnormally distributed data were presented with median and
IQR. Sensitivity was defined as the proportion of testsfor which
a true-positive breath CO test was detected. Specificity was
defined as the proportion of tests for which there was a
true-negative breath CO test. Receiver operating characteristic
curves were generated for the MoMba CO estimate and the
piCO" by plotting the percentage of true positives against the
percentage of false positives. Area under the curve (AUC) was
calculated for each plot using the pROC package for R (The R
Foundation) [25]. Since each participant contributed multiple
observations, methods to calculate sensitivity and specificity
accounted for clustering due to participant [26]. To assess the
relationship across smoking measures, a correl ation coefficient
was calculated accounting for repeated observations of
participants [27]. Generalized linear models were used to
compare smoking statusindicators between groups, accounting
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for potentially correlated data among participants. An
autoregressive correl ation structure was specified for the models.
Time since last cigarette smoked and/or number of cigarettes
smoked in the past 24 hours were used as covariates in the
model. Statistical significance was determined as P<.05
(2-tailed).

Vaenciaet al

Results

Participant Characteristics at I ntake

A total of 10 pregnant adult women participated in the MoMba
Live Long pilot. The mgjority of women were single and never
married (7/10, 70%); 50% (5/10) of the women were Black or
African American, non-Hispanic (see Table 1). The average
age of participants was 31.7 years (SD 4.6).

Table 1. Demographics and clinical characteristics of participants from the MoMba Live Long pilot study.

Characteristic Value (N=10)
Marital status, n (%)

Single and never married 7 (70)

Married or partnered 3(30)
Race and ethnicity, n (%)

White, non-Hispanic 4 (40)

Black or African American, non-Hispanic 5 (50)

White, Hispanic 1(10)
Highest year of education completed, n (%)

Grades 9-12 or Genera Educationa Diploma 5 (50)

At least 1 year of college or vocational school 5 (50)
How many cigarettes per day do you smoke? n (%)

0-5 cigarettes 0(0)

6-10 cigarettes 9(90)

11-20 cigarettes 1(10)
Agein years, mean (SD) 31.7 (4.6)
Previous pregnancies not including current pregnancy, mean (SD) 3.7(25)
Number of weeks pregnant, mean (SD) 25.9(9.1)
Fagerstrom score®, mean (SD) 4.5(16)

3Fagerstrom Test of Cigarette Dependence conducted at intake; scores range from 1 to 10.

M oM ba Performance Against Gold-Standard
M easures
A total of 143 breath tests were collected; participants

contributed, on average, 14.3 (SD 3.5) tests (range 8-17).
Significant CO reading correlations (r=.94) were observed

between the MoMba CO estimate and the piCO" (see Table 2).
When using the piCO" as the gold standard, the MoMba CO
estimate presented a sensitivity of 0.91 and specificity of 0.94.

Of the 139 tests with urine data, a moderate linear relationship
was seen between both CO breath measures and the urine

https://mhealth.jmir.org/2020/11/€18809
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cotinine tests (see Table 2): MoMba CO estimate (r=.52) and
piCO" (r=.57). When using cotininein urine asthe gold-standard
smoking indicator, the sensitivity withthe MoMba CO estimate
was 0.81 and the piCO" measure showed a sensitivity of 0.87.
Both MoMba CO and piCO" estimates had a specificity of 1.0.

The AUC for the MoMba CO estimate was 0.95 (95% CI

0.91-0.99) when the piCO" measure was used asagold standard
(see Figure 2). With urine cotinine as the gold standard, the
AUC for the MoMba CO estimate was 0.95 (95% CI 0.92-0.99)
and for the piCO" measure was 0.99 (95% CI 0.99-1.0) (see
Figure 3).
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Table2. Sensitivity and specificity of the MoMba Live Long system carbon monoxide (CO) measure with the piCO* measure as gold standard, and
MoMba Live Long system CO and piCO" measures with cotinine in urine as gold standard.

Smoking status test Sensitivity (95% CI) Specificity (95% CI) r P value

piCO* asgold standard

MoMba CO estimate (n=143) 0.91 (0.80-1.0) 0.94 (0.83-1.0) 94 <.001
Cotininein urine asgold standard
MoMba CO estimate (n=139) 0.81 (0.65-0.97) 1.0 (1.0-1.0) 52 01
piCO" (n=139) 0.87 (0.73-1.0) 1.0(1.0-1.0) 57 02

Figure2. Receiver operating characteristic curves for the MoMba Live Long system carbon monoxide (CO) measure with the piCO* measure as gold
standard.
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Figure 3. Receiver operating characteristic curves for the MoMba Live Long system carbon monoxide (CO) and piCO* measures with cotinine in
urine as gold standard.

[e=]
Q- ceseeseesesseseserececsciesecanannes 5
o
[
o
2o
=
'é —— MoMba
< | [ — +
3 i piCO
N
(=]
=
e T I ] I | I
1.0 0.8 0.6 0.4 0.2 0.0
Specificity
https.//mhealth.jmir.org/2020/11/e18809 JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 11 [e18809 | p.125

(page number not for citation purposes)

RenderX


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

JMIR MHEALTH AND UHEALTH

Variation of CO Values Since Last Cigarette Smoked

Figure 4 shows the difference in CO measures based on the
dichotomized variabl e time of last cigarette smoked. Of the 143
completed in-office breath tests, 8 (5.6%) tests did not have
dataregarding time of last cigarette smoked, 102 (71.3%) breath
tests were taken within 5 hours of smoking, and 33 (23.1%)
testswere taken after 5 hours of smoking. All breath CO values

Vaenciaet al

were higher when a participant smoked within 5 hours of the
breath test (MoMba CO estimate, P=.048; piCO", P=.03). After
controlling for the number of cigarettes smoked in the past 24
hours, values remained higher for participants who smoked
within 5 hours of the test compared with participants who
smoked morethan 5 hours before the test (MoMba CO estimate,

P=.045; piCO", P=.02).

Figure 4. Breath carbon monoxide (CO) values according to time since last cigarette smoked. ppm: parts per million.
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Variation of CO ValuesAccordingto Pregnancy Status

Among the 4 participants who delivered a baby during the study
(65 breath tests), the median MoMba CO estimate was 4.7 ppm
(IQR 3.3-12.5) during pregnancy and 11.1 ppm (IQR 8.4-21.0)
after pregnancy (see Figure 5). The median CO estimate from
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Breath CO value (ppm)

piCO" was 12 ppm (IQR 3-14) during pregnancy and 11 ppm
(IQR 9-25) after pregnancy. Therewere no differences between
values during pregnancy compared with val ues after pregnancy
for al three smoking indicators; this remained after controlling
for number of cigarettes smoked in the past 24 hours and time
of last cigarette smoked.
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Figure5. Breath carbon monoxide (CO) and cotinine in urine values according to pregnancy status (n=4). ppm: parts per million.
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Out-of-Office Perfor mance and User Experience

Of the 102 remote breath tests successfully sent to participants,
51 (50.0%) tests were completed. Participants received, on
average, 10 remote breath test notifications (SD 3.6) and
completed 5 breath tests on average (SD 3.5). Almost al remote
breath tests (47/51, 92%) indicated smoking. Remote breath
tests that were not completed were preceded by a breath test
indicating smoking 88% (45/51) of thetime; averagetimefrom
amissed remotetest to the preceding completed breath test was
9.8 days (SD 7.2). Notifications were not successfully delivered
for 7 out of 51 (14%) remotetests; in 2 of theseinstances (29%),
the participant received a replacement breath test in the office,
and in 2 instances (29%) a replacement breath test was sent
remotely to the participant. Out of 51 remote breath tests, 4
(8%) results were challenged by a participant; research staff
examined the data to determine if there was an inconsistency
in breath sample values and pictures. If results were indicative
of afalse positive, the participant was sent a new breath test.

All 51 completed remote breath tests had pictures where staff
could verify the identity of the participant completing the test;
only one set of picturesfor 1 remote breath test out of 51 (2%)
did not show the participant’s mouth. All participants used the
front-facing camera feature correctly. Audio was available for
all remote breath tests except for 1 out of 51 (2%), in which the
filewas corrupted. About 50% of audio recordings also included
background noise, making it difficult to detect the sounds of
breath; these background sounds included TV, radio, fans,
babies, and other people talking.

At the 3-month follow-up, 63% (5/8) of participants indicated
that the MoMba Live Long app and the Sensordrone were
“extremely easy to use,” and 38% (3/8) indicated that it was

“easy to use”
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Discussion

Principal Findings

In this study, we tested and validated the MoMba Live Long
system’s breath CO meter as a smartphone-based system that
can determine smoking status during and after pregnancy.
Collected breath CO valueswith the MoMba Live Long system

compared well to the commercial piCO™ monitor. Women in
our study found the system easy to use. Regarding the novelty
of our system, in comparison with other remote smoking

measurement instruments, including the piCO* and the new

iCO" Smokerlyzer (Bedfont Scientific), the MoMba Live Long
CO meter has several advantages. (1) it interfaces wirelessly
with a smartphone app, (2) it enables user verification, through
picture and audio capturing for smoke test validity on the go,
and (3) it can detect smoking status during and after pregnancy.
Further investigation is required to determine what additional
system features are needed to make home CM interventions
feasible beyond ensuring the accuracy of the measurement
system.

System Performance Metricsin the CM Context

When delivering financia incentivesthrough remote verification
of smoking status, specificity—the proportion of testsfor which
thereisatrue-negative breath CO test—isthe measurement that
should be prioritized to positively reinforce participants who
have abstained from smoking. The MoMba Live Long system
achieved high levels of specificity; fal se positivesin the context
of a CM intervention can decrease motivation to quit and
increase frustration for participants.

Breath CO asa Time-Dependent Marker for Smoking

While CO concentration and cotinine can both measure the
presence or absence of smoking, the differencein the half-lives
of these analytes do not make them directly comparable. CO
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has a shorter half-life (3-6 hours) in comparison to cotinine (17
hours in nonpregnant women and 9 hours in pregnant women
[28]). This difference helps explain the finding of an observed,
moderate, linear relationship between both the MoMba CO

estimate and the piCO" measure with urine cotinine tests. CO
concentration in the breath can be a better measure of cigarette
consumption within a shorter period of time than cotinine, as
shown in previous work [29], making it suitable for recent and
immediate smoking assessments[12]. Furthermore, our analysis
found differencesin breath CO levels within the 5 hours of the
last cigarette smoked and after the 5-hour mark, suggesting that
future remote CM interventions should consider sampling more
than one time a day.

The Need for Context-Aware CO Cutoffs

Prior work has suggested avariety of optimal cutoff breath CO
levelsto determine smoking status[12,24,30-32]. Whilewedid
not observe differencesin CO values during pregnancy and the
postpartum period, possibly due to a small sample size, the
literature suggests that using different cutoff values during
pregnancy and the postpartum period may bethe best alternative,
although there is no consensus on a set cutoff value. While one
study suggestsa CO cutoff of 2-3 ppm, other studiesrecommend
a 4-ppm breath CO cutoff to identify pregnant smokers [24].
Studies reporting these cutoff values were based on self-report
of smoking, which is not always a reliable measure [33-35].
The reported variability in cutoff values is endogenous to
exhaled CO as a biomarker since it depends on the given
environment in which the measurement is taken [36], an
individual’s physiology [11], the breath sampling procedure,
and the breath CO measurement instrument [37]. Further
validation on optimal breath CO cutoff levelsis needed as well
as systems that are flexible to adapt to cutoff changes through
the perinatal period.

Limitations and Future Work

This study does not report on the success of financial incentives
to prevent smoking relapse but rather on the validity of our
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measuring instrument and the participant’s experience in using
the MoMba Live Long system in person and remotely after a
period of 3 months. Future publications will report on a
randomized controlled trial on the prevention of smoking relapse
using remotely delivered financia incentives. While participants
reported that the system was easy to use, there are many
unknowns regarding why participants missed remote breath
tests. Additional research should investigate reasons for
noncompletion, such as difficulty accessing their phone or the
required sensor, recent smoking, the timing in which
notifications were received, and the social context in which
participants are asked to take a test. Prior work has reported
some of these factors as negatively impacting adherence to
remote dietary interventions [38].

Another limitation of the CO meter is that many other
environmental factors can affect the readings of a remote CO
monitor, such asair pollution, secondhand smoke, or the use of
tetrahydrocannabinol (THC) or cannabis. Expired CO air from
THC users has shown to double CO concentration levels [39].
Our sensor is susceptible to increased CO readings based on
these external factors. Studies looking into enabling remote
smoking detection should consider other substance use
screening, as well as assessing a participant’s environment to
be aware of possible confounding factors.

Conclusions

TheMoMbaLiveLong systemisoneof thefirst portable breath
CO monitoring systems delivering remote CM smoking
cessation interventions for pregnant women. The results from
this study suggest that CO estimates derived from a
smartphone-based breath CO meter are reliable and valid, but
further testing in remote and diverse settings is needed to fully
understand what environmental and usability barriers may
impact the process of taking remote breath tests. Overall, the
MoMbaLive Long system isafeasible and acceptabl e approach
to help practitioners and researchersincrease access and delivery
of CM smoking cessation interventions remotely to diverse
populations.
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Abstract

Background: The poor engagement of men with HIV care is attributed to a number of factors: fear of stigma, masculine
representations, concerns related to confidentiality, and the time commitment needed to visit public health clinics. Digital
technologies are emerging as an approach to support the engagement of men with care.

Objective: Thisstudy aimsto deliver ausable and engaging tablet-based app, called EPIC-HIV 2 (Empowering People through
Informed Choices for HIV 2), to support men in making informed decisions about engaging with HIV care in rural KwaZulu
Natal, South Africa.

Methods: We employed a mixed methods, iterative, and three-phased design that was guided by self-determination theory
(SDT), a person-based approach, and human-computer interaction techniques. We reviewed related literature and conducted
secondary analyses of existing data to identify barriers and facilitators to linkage to care and inform content development and
design principles and used focus group discussions with members of the community advisory board and general community to
evaluate a PowerPoint prototype of the app; used observations and guided questions with a convenience sample of potential users
from the intervention community to iteratively test and refine afunctioning interactive app; and conducted qualitative interviews
and satisfaction surveys with actual users to evaluate acceptability.

Results: Phase 1 identified supply- and demand-side barriers to linkage to care. Specifically, clinics were feminized spaces
unattractive to men with high social costs of attendance. Men did not feel vulnerable to HIV, preferred traditional medicine, and
were afraid of the consequences of being HIV positive. Thus, the app needed to allow mento identify thelong-term health benefits
to themselves and their families of starting antiretroviral therapy early and remaining on it, and these benefits typically outweigh
the socia costs of attending and being seen at aclinic. SDT led to content design that emphasized long-term benefits but at the
same time supported the need for autonomy, competence, and relatedness and informed decision making. Phase 2 indicated that
we needed to use simpler text and more images to help users understand and navigate the app. Phase 3 indicated that the app was
acceptable and likely to encourage men to link to care.
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Conclusions: We found that iteratively developing the app with potential users using local narratives ensured that EPIC-HIV
2 isusable, engaging, and acceptable. Although the app encouraged mento link to HIV care, it was insufficient as a stand-alone
intervention for men in our sample to exercise their full autonomy to link to HIV care without other factors such as it being
convenient to initiate treatment, individual experiences of HIV, and support. Combining tailored digital interventions with other
interventions to address a range of barriers to HIV care, especially supply-side barriers, should be considered in the future to

close the present linkage gap in the HIV treatment cascade.

(JMIR Mhealth Uhealth 2020;8(11):€17549) doi:10.2196/17549
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Introduction

Poor Engagement of Men With HIV Care

Poor engagement of menwith HIV careiswell described [1-5].
Thisresultsin the persistence of unacceptably high HIV-related
mortality among men and new HIV casesin young women [6].
In rural KwaZulu-Natal, South Africa, despite freely available
antiretroviras (ARVS) in the public sector, men are 25% more
likely than women to die of HIV-related illnesses, and 70% of
them had never sought care [7]. Fear of stigma, cultura
constructions of masculinity that do not involve caring for
health, concernsrelated to confidentiality, and time commitment
needed to attend public health clinics have been cited as key
reasons for men's reluctance to get tested and start HIV
treatment [1,8]. Novel, scalable interventions that improve the
uptake of HIV testing and care among men are needed to
improve individual health and reduce HIV transmission risk
[9,10].

The Potential of Digital Technologiesin Closing Gaps
in HIV Care

Digital technologies such as mobile phones are emerging as
one of the approaches to close the gaps across the HIV care
cascade [11,12], especidly in light of the expanding access to
smartphones in areas most affected by HIV/AIDS. A recent
Pew internet survey found that 33% of respondents from
sub-Saharan Africa owned a smartphone, and the number is
expected to double by 2025 [13]. Digital technologies are
particularly suitable asinterventionsto help prevent and manage
HIV and AIDS, asthey have the potential to access and impact
hard-to-reach populations, including those who typically feel
stigmatized within health care settings [14]. Daher et al [15]
conducted a systematic review of digital innovations for HIV
or sexually transmitted infections and found them to be effective
in improving clinic attendance, adherence to antiretroviral
therapy (ART), and turnaround time from testing to treatment.
This suggests that digital interventions have considerable
potential to support engagement in the HIV care continuum.

Challengestothe Development of Digital Interventions

There are many challenges to the development of digital
interventions: most importantly, ensuring that the digital
platform isusable and engaging for end users[16] and delivering
the intended messages. Designing digital interventions for
resource-constrained settings such as rural South Africa has
added challenges, as there are varying levels of education,
health, and digital literacy [17]. Furthermore, ensuring that the
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intervention supports individual decision making can be
challenging. There are limited data on how to develop digital
interventionsfor HIV carein resource-constrained settings that
are usable and engaging and support informed individual
decision making.

As part of alarger, cluster randomized controlled clinical trial
to increase home-based HIV testing and linkage to carein men
[18], we devel oped 2 interactive tablet-based apps (to integrate
with the trial) called EPIC-HIV 1 and 2 (Empowering People
through Informed choices for HIV 1 and 2). Both are guided
by self-determination theory (SDT) to support informed decision
making and make explicit and usually implicit processes of
decision making. EPIC-HIV 1 is offered at the point of HIV
test to help men make an informed choice about testing and if
necessary linkage to care. EPIC-HIV 2 is offered to men who
have tested HIV positive but have not linked to care within a
specified time frame. It aims to encourage men to link to care
and stay in care by supporting autonomy, feelings of relatedness,
and competence in linking to care by using positive examples
from other men living with HIV.

Theoretical Framewor k

The primary aim of EPIC-HIV 2isto support informed decision
making by making explicit decisions that are usually implicit
and thus, encourage men to link to care, to initiate ART early,
and to introduce the potential benefits of staying on ART.
Therefore, it is aimed at shifting the motivation of link to care
from unmotivated or amotivated to internally motivated because
of the benefits of ART. SDT addresses factors that either
facilitate or undermine motivation. According to SDT, human
motivation is based on the satisfaction of 3 inherent
psychological needs: (1) autonomy, (2) competence, and (3)
relatedness. Autonomy requires an individual to make personal
decisions and act in a way that corresponds to their identity,
belief systems, and values [19,20]; competence refers to an
individual’'s perceived ability to perform an act [21]; and
relatedness refers to the ability of an individual to connect to
others and fed cared for [22]. SDT proposes that events or
conditions that enhance a person's sense of autonomy,
competence, and relatedness support internal motivation, which,
in turn, can facilitate the adoption of new behaviors to be
internally motivated and sustained [20,21].

In the case of HIV, SDT has been used to understand ART
adherence, treatment motivation [23], and overal hedlth
behavior among individualsliving with HIV [22,24]. Applying
evidence-based theories to the development process of

JMIR Mhealth Uhealth 2020 | vol. 8| iss. 11 |e17549 | p.133
(page number not for citation purposes)


http://dx.doi.org/10.2196/17549
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH

interventions helps to direct attention to design characteristics
that may otherwise be ignored and indicate conditions under
which interventions are more likely to be effective [25].
EPIC-HIV 2 development was guided by SDT toincreasemen’s
internal motivation to engage with HIV care. In this paper, we
provide an overview of the approach we adopted for designing
and developing EPIC-HIV 2. Using one component of the app
as a detailed case study, we describe the design rationale and
components of the app and report on its acceptability to users.

Methods

Study Context

As mentioned earlier, EPIC-HIV is being evaluated in a
home-based intervention to test and start (HITS), a cluster
randomized controlled trial designed to evaluate the effect of 2
interventions—EPIC-HIV (male-targeted HI V-specific decision
support app) and microincentives on increasing home-based
HIV testing and linkage to care among men, with the ultimate
aim of reducing HIV-related mortality in men and hence HIV
incidence in young women in rural South Africa [18]. The
details of the study are described elsewhere[18] andisregistered
on the Nationa Institute of Health trials (identifier
NCTO03757104). In summary, the trial uses the Africa Health
Research Ingtitute (AHRI) HIV surveillance platform, which
visits households annually to conduct surveys using
Android-based tablets and offer home-based HIV testing.
EPIC-HIV 1 was administered at the point of HIV test offer
during the fieldworker surveillance activity to encourage men
totest for HIV. If aparticipant was diagnosed with HIV but did
not present in the local Department of Health clinic within a
month of the positive HIV test, a study fieldworker revisited

Mathenjwa et al

the participant at home to offer EPIC-HIV 2. Both apps were
installed on the field worker’stablet. During the home visit, the
field worker handed over the tablet to the participant together
with earphonesto allow the participant to independently explore
the app. EPIC-HIV 2 uses a mixture of audio, text, video, still
photos, and graphics and has different pathways through 3
interactive modules. This paper focuses on the design and
development of EPIC-HIV 2.

Study Design

This was a mixed methods study using a person-centered
approach and human-computer interaction (HCI) techniques.
The study was conducted in 3 phases. Phase 1 focused on user
requirements and early prototyping. It included identifying
barriersand facilitatorsto HIV linkageto carethrough literature
review and secondary analysis of existing qualitative datafrom
AHRI. We then developed a PowerPoint prototype of the app
based on SDT and drawing on established behavior change
techniques [26], which was discussed with members of the
Community Advisory Board (CAB; special body representing
members of the intervention community that act as a bridge
between AHRI and the community, safeguarding the rights of
the study participants) and general members of the community
in focus group discussions (FGDs). Together, these methods
were used to inform app content requirements and conceptual
design. In phase 2, based on the findings from phase 1, we
developed a functioning, interactive app. We iteratively tested
and refined the app with potential users from the intervention
community using observations and guided surveys. Finally, in
phase 3, we evaluated the acceptability of the app with actual
users (participants who received the EPIC-HIV interventionin
the HITStrial). This processisillustrated in Figure 1.

Figure 1. Mixed methods approach showing the 3 phases of the study. EPIC-HIV: Empowering people through informed choices for HIV; HITS:

home-based intervention to test and start.

App development - identify

requirements and conceptual design
(Sep 2016 - Dec 2017)

1. Identify barriers to linkage to care
that the app should address
Literature review and secondary
analysis of existing data

2. Formulate design principles and
essential features that the app
should include and prototype Power
Point version

App refinement — design and

usability testing (Jan - Jun 2018)

Develop an electronic prototype and
iteratively test and refine it with
potential users (men aged 18+) from

the intervention community interviews
3 cycles of user-centered evaluations
(pop up user testing with novice users
using observations and guides) Satisfaction ‘ In-depth ‘
surveys interviews

Acceptability testing (Oct 2018 -Mar
2019)

Evaluate acceptability with actual
users of the app
Satisfaction surveys and in-depth

« Satisfaction * Open-ended

Based on the results from the surveys with individual
literature review and data analysis |::> Establish usability requirements HITS trial interviews
and drawing on self-determination (n=12) participants with HITS

theory, using specific behavior change that received trial
techniques ’ EPIC-HIV 2 participants
intervention that received
3. Evaluate PowerPoint prototype Evaluate design changes made as a (n=14) EPIC-HIV 2
. o intervention
with target users result of first evaluation (n=14)
Two focus discussions with members (n=8)
of the Community Advisory Board
and general community to evaluate .
content and usability from a user Refine undell'standmg of user *To be eligible for EPIC-HIV 2, participant should have
perspective (n=11) reauenents e okt I uring o vk s
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Study Setting

This study was conducted in uMkhanyakude district in
KwaZulu-Natal, South Africa. The areais predominantly rural
and poor, with high levels of unemployment [27] and HIV
prevalence [28]. Previous research has shown poor linkage and
low ART uptake among meninthisarea[29,30] mainly because
of fear of stigma[1,5].

Recruitment and Sample

All participantswere recruited from the AHRI HIV surveillance
community. Each phase employed different recruitment and
sampling methods; these are described in detail under each
phase.

Ethical Approval

Ethical approval for the study was granted by the Biomedical
Research Ethics Committee of the University of KwaZulu-Natal
(BREC 398/16).

Below, we provide an overview of each phase, outlining its
main aim, study procedures, and participants.

Phase 1: Requirements and Conceptual Design (App
Development, September 2016 to December 2017)
Aim

The am is to (1) gather the app content requirements and
formulate design principles and features that the app should
include by identifying modifiable barriers to linkage to care,
(2) develop aninitia prototype, and (3) evaluate it with potential
users for overall impressions, appropriateness, and relevance
to our setting.

Study Procedures

First, we drew on systematic reviews conducted on barriers and
facilitators to testing and linkage to care and searched for
additional studiesin South Africa or elsewhere in sub-Saharan
Africa (Multimedia Appendix 1 [1,31-43]). Second, we
conducted a thematic secondary analysis from an AHRI study
that explored community experiences and perceptions of
tuberculosis and HIV transmission, treatment, and prevention
[44] (Multimedia Appendix 1). Thethematic coding frame also
identified supply- and demand-side barriers to linkage to care,
focusing on men’s perspectives. The findingsfrom theliterature
review and secondary analysis were summarized as barriersto
linkage, and those that were potentially modifiable were
identified (Multimedia Appendix 1). Third, we identified
specific behavior change techniques from the Behavior Change
Taxonomy [26] that could support fedlings of autonomy,
relatedness, and competence and thus were likely to shift
motivations for linkage to care, support informed decision
making, and make explicit processes that are usually implicit
(such as avoiding the clinic). Finaly, we developed a
PowerPoint prototype of the app and evaluated it with focus
groupsusing an FGD guide (semistructured questions, ng
the content and design and overall app impressions). Informed
consent was obtained from all participants before beginning
each focus group. FGDs were conducted in the AHRI offices
in isiZulu (native language), audio recorded, transcribed,
translated, summarized by TZ, and discussed with the
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development team (MS, PM, SW, TM, and TZ). They were
analyzed using thematic analysis [45] to draw out key themes
for design.

Participants

To obtain diverse views, we invited a purposive sample of men
aged 18 years and above from the CAB and general community.
We sought members representing periurban and rura
communitiesin the surveillance area. In general, we aimed for
men of different ages and occupying various positions in the
community. For example, we recruited men from the taxi
industry, church, liquor business, and forma and informal
occupations, those who were unemployed, and those in the
traditional health sector. The AHRI public engagement (PE)
department assisted with the recruitment of participants.
Through PE, the research team explained the study to the CAB,
and the members who were willing to participate and provide
informed consent were phoned for further engagement and to
arrange a suitable time for the FGD. Of the 10 CAB members,
7 were included in the study. To recruit community members,
a research assistant in the study approached men meeting the
study inclusion criteriaand explained the study, and those who
werewilling to participate provided their telephone numbersto
be contacted to arrange a time for the FGD. Of 11 men who
were approached, 4 participated in the study. We conducted 2
FGDs, one for the CAB and one for the community members.

Phase 2: Iterative Design and Usability Evaluations
(App Refinement, January to June 2018)

Aim
The main aim of this phaseisto iteratively design and test the
app to refine it to be usable and engaging in our setting.

Study Procedures

We conducted 3 cycles of usability evaluations to assess
participants' ability to successfully navigate the app,
comprehend the educational content, and determine whether
they found the app to be engaging and relevant. Thefirst cycle
was to establish usability requirements, the second cycle was
used to evaluate the design changes made as aresult of thefirst
evaluation, and the last cycle was used to refine the
understanding of the user requirements. User-centered
evaluations were conducted with potential users using
observations and guided surveysthat consisted of amix of open
and closed questions to assess comprehension of the content
and record usability issues. The questions were adjusted to suit
the objectives of each cycle of evaluation with 2 questions that
remained consistent to benchmark the design changes
(Multimedia Appendix 2). Evaluations were conducted in
isiZulu, and we recorded the audio and tablet screen during the
session. Datafileswere trandated and transcribed, summarized,
and discussed with the HCI expert and technological partner
after each evaluation cycle. Onthe basis of thefindings, the app
wastailored to ensure that parti cipants understood the messages
correctly and to improve the user experience.

Participants

We used pop-up user testing [46] to recruit a convenience
sample of men aged 18 years and above from the intervention
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community. We sought participants who represented a broad
spectrum of technological and educational literacy, involving
at least six participants in each cycle to get quick feedback on
the app. The team drove (in an AHRI-marked vehicle) to
different locations in the area and asked men (novice users) to
participate in this study. Participants gave verbal consent and
were asked to confirm if they were aged 18 years and above;
they were not required to disclose their HIV status or any
personal information.

Phase 3: Acceptability Testing (October 2018to March
2019)

Aim
The aim of this phase is to evaluate the acceptability and
perceived value of the resulting app with actua users

(participants who received the EPIC-HIV intervention in the
HITStria).

Study Procedures

We conducted satisfaction surveys and individual in-depth
interviews. An adapted Client Satisfaction Questionnaire
(CSQ-8) [47] was used to assess satisfaction with the app (see
Table 1 for the adapted questionnaire). The CSQ-8 has 8 items:
quality of app, app met needs, kind of servicereceived fromthe
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app, recommend app to afriend, amount of help received from
the app, effectiveness of the app for dealing with the health
problem, overall satisfaction, and willingness to use the app
again. These items are assessed on a 4-point Likert scale of 1
to 4 with individually specified anchors, and 4 is consistently
the positive assessment. For this study, we added 2 questions
to assess the relevance of the app for this setting and user
friendliness. The CSQ-8 has been used to evauate
technology-based intervention and has demonstrated high
consistency [48]. The 10 itemswere administered on aREDCap
[49] project by afiel dworker. Proportions were used to describe
the acceptability. Statistical analyses were conducted using
STATA software (version 15.1; StataCorp LLC). We
complemented the satisfaction surveyswith in-depth interviews
with apurposive sample of participantswho received EPIC-HIV
2. The interview questions explored why participants had not
been linked to care after the HIV diagnosis and their views of
EPIC-HIV 2 and the impact it had on them. Interviews were
conducted at participants homes in isiZulu and lasted
approximately an hour. The audio files were transcribed,
translated, and analyzed thematically with themes guided by
SDT. NVivo was used to code and manage the transcripts.
Separate informed consent was obtained for participating inthe
satisfaction surveys and in-depth interviews.
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Table 1. Empowering People through Informed Choices for HIV 2 satisfaction surveys.
Survey item Response, n (%)

How would you rate the quality of the EPIC-HIV® app you just listened to?

Excellent 13 (93)
Good 1(7)
Fair 0(0)
Poor 0(0)

To what extent hasthe app helped in meeting your needs with regardsto information about HIV treatment?
All 12 (86)
Most 0(0)
Only afew 1(7)
None 1(7)

Did you get the kind of HI'V management infor mation you wanted or expected?

Yes, definitely 14 (100)
Yes, generaly 0(0)
No, not really 0(0)
No, definitely 0(0)

Did the information you just listened to appeal to your conscienceto go for HIV treatment and take ARVS if you have not done so?

Yes, definitely 13(93)
Yes, generally 1(7)
No, not really 0(0)
No, definitely 0(0)

Do you feel empowered to make informed choices regarding your health with theinformation from the app?
Yes, definitely 12 (86)
Yes, | think so 2(19)
No, | don't think so 0(0)
No, definitely not 0(0)

If afriend werein need of HIV treatment and management infor mation, would you recommend the app to him or her?
Yes, definitely 14 (100)
Yes, | think so 0(0)
No, | don't think so 0(0)
No, definitely not 0(0)

How satisfied are you with the amount of HI'V management information you received from the app?

Very satisfied 12 (86)
Mostly satisfied 2(14)
Mostly dissatisfied 0(0)
Quite dissatisfied 0(0)

How would you rate the simplicity and user-friendliness of the app?

Excellent 11 (79)
Good 2(19)
Fair 1)
Poor 0(0)

In general, how satisfied are you with the app?
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Survey item Response, n (%)
Very satisfied 14 (100)
Mostly satisfied 0(09)
Mostly dissatisfied 0(0)
Quite dissatisfied 0(0)
If you wereto seek information about HIV management again, would you consider EPIC-HIV app?
Yes, definitely 14 (100)
Yes, | think so 0(0)
No, | don't think so 0(0)
No, definitely not 0(0)

3EPIC-HIV: Empowering People through Informed Choices for HIV 2.
BARV: antiretroviral.

Participants

All men aged 15 years and above who received EPIC-HIV 2
between October 2018 and January 2019, as part of the
intervention in the HITS trial, were asked to consent and
complete the satisfaction surveys. For the individua in-depth
interviews, we purposively selected 14 men from the 28 who
had received EPIC-HIV 2 between April 2018 and January 2019

Textbox 1. Key takeaway findings for the different phases.

(which meant that they had tested positive for HIV but did not
link to care within a month).

Results

Each phase is presented separately with a particular focus on
the iterative development. Textbox 1 shows the key takeaway
findings from the 3 phases.

Phase 1

Phase 2
« Meninour setting did not understand the seesaw metaphor
«  Theclick worked better than swipe

«  Two options were better than 3 options

Phase 3
«  App was usable and acceptable in our setting

« Itencouraged mentolink to HIV care

« ldentified key learning points to incorporate in the content to persuade men to attend clinic and start antiretroviral therapy

« Long-term health benefits of starting antiretroviral therapy early and remaining on it

Phase 1. App Development

In the literature review and analyses of the earlier study, we
identified barriers and facilitatorsto HIV testing and linkage to
care among men, particularly relevant to our setting (Figure 2).
Through this process, weidentified 4 key learning points (shown
in Figure 2) to be incorporated into the content of EPIC-HIV 2
with the aim of supporting informed decision making by making
explicit decisionsthat are usually implicit and demonstrate that
attending a clinic to start ART can be managed and that the
long-term benefits of starting ART early and remaining on ART
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outweigh the costs. Drawing on SDT, we developed the app
content and design to map to the psychological requirements
for autonomy, relatedness, and competence (shown in
Multimedia Appendix 3). To increase the likely personal
identification with the messages and potential feelings of
relatedness, the content was provided in the form of personal
testimonies or experiences from local men. Thiswas informed
by evidence that suggests experiential information helps users
make sense of what various outcomes might belike (inimagined
futures) and increases their awareness of persona health risk
and the likelihood of aresponse to the intervention [50].
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Figure2. Theidentified key barriersand facilitatorsto HIV testing and linkage to care and the key learning pointsfor EPIC-HIV 2. ART: antiretroviral;
EPIC-HIV: Empowering people through informed choices for HIV; HITS: home-based intervention to test and start.

Key barriers and facilitators to HIV testing and linkage to
care identified from the literature review and analysis of

existing data

Supply side (related
to clinics)

+ Clinicsareview as
“feminized” spaces
where men do not
feel comfortable

* Lackof
confidentiality if
seen in clinics

* Long waits at busy
clinics put men off
going

» Clinics open at times
men find it difficult
to go there

* Poorrelationships
with healthcare
workers

A total of 11 men aged 34 to 66 years participated in 2 focus
groups to evaluate the first (paper) prototype. They provided
feedback on content and design (organization of the app,
appropriateness and appeal of language and images,
acceptability and relevance, and overall app impressions). On
the basis of the feedback from the FGDs, the team modified the
initial conceptual design of the app and created a revised plan
for the app features and content.

The final realized product (EPIC-HIV 2) has 3 main modules
(sections), and to further support the psychological requirements
for autonomy, the user has the option to engage with 1 or all 3
modules (Figures 3 and 4; Multimedia Appendix 3). All 3
modules cover the 4 key learning points (Figure 2) but present
the information in different ways to support different learning
styles, social identities, and barriers to engaging with care: (1)
Jabu’s man-to-man advice—ataxi driver talking about how he
views HIV as an uninvited guest and gives his persona
testimony on how he controls HIV; (2) healthy and strong with
HIV—4 male characterswho givetheir experiential information
on how they managed going to the clinic, how they disclosed
their HIV status, and how they started ART, and stayed on ART;
and (3) the facts are your shield—gives a broader picture of
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Key learning points for EPIC-HIV 2

1) Daily ART, taken for life, will
suppress your viral load (and
nothing else will)

2) Viral load is measured with a blood
test in clinic

3) Suppressed viral load for life will

' protect your health

4) Suppressed viral load for life will
prevent transmission to your sexual
partner

ART and how it fights HIV in the body by explaining the
commonly used medical terminology in HIV care. Thereis a
start button, and a male voice over that introduces EPIC-HIV
2 and gives instructions for navigating the app. As mentioned
earlier, the app uses amixture of audio, text, video, still photos,
and graphics, and there is a continue button that the user needs
to click to move to the next page (Multimedia Appendix 4
provides an example of the navigation in the Jabu module).

Thefinal conceptual design (realized in the product) startswith
an introduction and instructions on how to use the app, and
users are then able to choose between “Jabu’s man to man
advice’ or “ healthy and strong with HIV” modules. The“shield”
module was not offered initially because it has more focused
material and is expected to appeal to fewer men (and to make
the number of choices manageable). After users complete the
initial module, they are returned to the menu and are able to
choose one of the remaining modules or to end. Figure 4 shows
all the possible pathways through the app. Each module was
developed and tested individually, as described in phase 2, and
once finalized, all the different modules were integrated into a
single app that was evaluated for functionality and
comprehension.
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Figure 3. PowerPoint prototypes showing examples of the content from each module (presented in English, athough all content was delivered in

isiZulu in thefinal app).

e Jabu: HIV -The uninvited visitor

My name is Jabu,
| think of the virus like a visitor [ don't want,

HIV is never going to leave my body, but | can conlrol it.
‘With understanding comes control.

=)
Let me give you
my man to man i
advice »
= \w
-

Let me help you
make choices

B what 1 said to my wife | N How | explain my
",i. trips to clinic

“I didn’t find it easy = we seemed to be in some kind of
suspicion and guilt thing. We haven't had sex for years.

1 decided to get myself sorted on treatment first, and to
talk to her after that, 5o then I said “1 need to talk to
you abaut something®. Then | fust said it: "t have HIV"
Of course she was shocked — but also she had probably
guessed. It raises a fot of questions of course. Luckily she
tested negative.”

“Isaid | wanted ta get a sugar
test at the chinic - my mother
‘has sugar problems.

Sonow | have ta keep going =
say ts still for thot reason

My wife probably didn't believe
that ofd story, but my kids and
mother seem to.

What | said to my girlfriend

I How | explain my trips to clinic

7O it was bad - 1 didn't tell my girlfriend, but she
found out because she found my medication. I
shauld just have been more open with her.

It was @ big thing spitting up. | won't make the ¥
some mistake with my next partner | |

“I have friends dotted oround who |
travel to see - so | usually just say |
am doing that as | am often away
far o dov ar two at o time "

Vaice over:“It is hard to understand
haw small the virus is! We cannat
see it, but there will be mony in our
blood. The virus passes into our
body mainly through unprotected
sex and then muitiplies in our
blood.

it can also pass to the babies of
mothers with HIV.

The virus lives in, and destrays, our
soldier cells. What are soldier
cells?

Figure 4. Map of the pathways through the 3 main modules of empowering people through informed choicesfor HIV 2.
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Phase 2: Iterative Design and Usability Testing
(January to June 2018)

Decision Support Tool

The main outcome of phase 1 was an in-depth understanding
of user needsrelevant to EPIC-HIV 2. We subsequently refined
the prototypes using a standard app development toolkit to
deliver testable interactive demonstrator prototypes on an
Android tablet computer. In this paper, weillustrate the approach
to iterative design and usability testing by focusing on the
development of the decision support tool (a component within
Jabu).

The decision support tool aimed to help men weigh up and
reflect on the costs and benefits of attending a clinic. The user
was presented with different statements that either support or
delay going to the clinic. To facilitate engagement, we wanted
to make this section interactive. Initially, we applied a seesaw
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metaphor for usersto attempt to render usually implicit decisions
as explicit and interpret whether they were ready to attend a
clinic within 2 weeks. This was done by adding the arguments
to one side or the other of the seesaw to illustrate how the
arguments stacked up in decision making. For example, if the
user agreesthat they want to seetheir children and grandchildren
grow up, that would be an argument that weighs in favor of
engaging with HIV care, whereasiif they agree that they do not
wish to be seen at aclinic by one of their neighbors, that would
be an argument that weighs against engaging with care. In
making design decisions about the clinic decision support tool,
we prototyped and tested 2 versions. drag-and-drop with
illustrations and a Likert scale without illustrations, both
employing the seesaw metaphor. These areillustrated in Figure
5 (loose trandation: “ngifuna ukubona abazukulu bami”—I
want to seemy grandchildren; “ giniso”—true; “ amanga’ —false;
“ngiyavumelana’—I agree; “ngiphakathi nendawo”—neutral;
“angivumelani”—I disagree) and Figure 6.
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Figure 5. Example screenshots of drag-and-drop (statement with an image and illustration on how to drag) versus Likert scale (statement only).

O Ooo0oo0oo0oo0oooOoobn.

Qiniso

Ngabe lesi statimende sili @iniso noma Amanga?®

Amanga

Ngifuna ukubona abazukulu bami bekhula.

ngiyavumetana ngiphakathi nendawo angivumelani

Figure 6. Example of the seesaw screenshots with statements only (from Likert scale version) versus statements with images (from drag-and-drop

version).
Nguna ldkela impil yami
gl mishanguz
| mrﬂgfu‘;,,;ﬁag“ Angeke sl Ngnezinye ankinga ezshesha
Mol Sokuyae cini emd ekl
U Nothenda andbil.

Kiongidhulla tkgda

Nfung ukubong ST
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Evaluation 1

The main objective of thefirst evaluation wasto refine the user
requirements. The key objectives and results of this evaluation
are shown in Textbox 2.

In total, 12 men participated in this evaluation, which was
conducted as outlined earlier. In addition to the questionsrel ated
to the key objectives outlined in Textbox 2, we also asked
participants what the main messages were and whether there
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were any statements that should be added (ie, other
considerations in deciding whether to engage in HIV care) and
whether there were other ways the design could be improved.
Overall, participants found it difficult to use the drag-and-drop
option and did not understand the seesaw metaphor. Clicking
was intuitive, and most participants preferred the images and
text and the 2 options (agree or disagree). There was aconsensus
that the key message of this section was going to the clinic to
start ART.
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Textbox 2. Key objectives and results of evaluation 1.
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Participants found it difficult to use the drag-and-drop version, particularly more aged participants and participants with lower digital literacy

levels

A majority of participants needed to be shown how to drag-and-drop, despite the illustration at the beginning of the statements
In contrast, clicking was intuitive; almost al the participants started clicking when they took the tablet

To determine whether the neutral option was valued by participants

Some participants preferred drag-and-drop becauseit had 2 options (agree or disagree): “drag—I found it easy with the scale | was not compl etely
sure of what was happening. With the drag option there was only two options which made it easy to select” [P6]

To test which interaction style participants preferred and found easier to use between a drag-and-drop version (dragging each statement into a bucket
labeled agree or disagree) or a Likert scale version (where people clicked in abox labeled agree, neutral or disagree”)

Another participant reported that he found the neutral option confusing

Most participants preferred text with an illustrative image to help them select the statements over the text only with many participants stating
that images made it easier to understand the statements: “the image makes it clear what the statement says’ [P7]

Some found the images to facilitate engagement: “the images capture your attention” [P6]

Participants did not understand the seesaw metaphor

Many expressed confusion on how to interpret the results: “not sure how it should look like on the seesaw. When is it good, when it is up or

down?’ [P1]

It was not clear for some participants on how to agree or disagree with the statements; 2 participants (2/8) in the Likert scale option selected

agree for al the statements

To test whether participants preferred each option presented as text only or as text with an illustrative picture

To test whether participantswere ableto correctly interpret a seesaw metaphor, in which each response was stacked up on the end of a seesaw depending
on whether it weighed toward or against attending a clinic (correct interpretation of the metaphor was that the end that was more heavily weighted
and hence down was the preferred outcome)

To assess whether it was clear how to agree or disagree with a statement and whether it was clear how their selections related to the outcome of the
seesaw

On the basis of the findings, the following design changes and
decisions were made (asillustrated in Figures 7 and 8):

1

2.

As the app was intended for one-off use, after seeing that
clicking was intuitive and users struggled with the
drag-and-drop, we decided to use clicking to select
Statements.

We limited the options to agree and disagree, as some
participants did not find value in the neutral option.

To support users to make informed choices regarding
attending aclinic for care, we used text and image as users
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5.

expressed that images made it easier to understand the
Statements.

It was judged that the seesaw metaphor was not applicable
for this exercise, as many participants struggled to
understand what it meant if one side was more heavily
weighted than the other. We removed the seesaw,
summarized the statements, and explained what it means
if they were skewed on one side. Furthermore, we labeled
the right side as supporting going to the clinic in 2 weeks
and |eft as delaying going to the clinic.

No further changes were judged necessary to address this
guestion.
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Figure 7. Example screenshot showing the design change with the 2 options, agree or disagree.
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Figure 8. Example screenshot showing statements only without the seesaw and a clear |abel showing which side supports going to the clinic and which
supports delaying (in English, but inisiZulu in the final app). Thisis a preliminary version, and the data were not final.

g Jabu

BEGINNING  —

will delay going to clinic

= | am worried about being seen at the clinic
« | cannot find time to go in the next 2 weeks.

« | have other problems that are urgent.

Evaluation 2

The main objective of the second evauation is to validate the
design changes made, particularly the summary screen shown
in Figure 7. A total of 7 men participated in this evaluation
cycle. We stopped them at the end of each section to ask guided
questions: (1) Doesthetext only make the choices you selected
clearer or do you think text and image would make it clearer?
(2) What do you think is the key message of this section? (3)
Would you prefer the agree and disagree buttons to be color
coded?

Results of Evaluation 2

The design of the selection tool was received positively by all
participants. All participants were selective on the statements
they agreed or disagreed with asper their individual experiences,
and they were ableto interpret what it meansif statementswere
weighted on one side (Figure 8). However, 2 participants
mentioned that the statements were not clear or applicable to
them. This could have been because the user was not affected
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END

Start ain
) startag

Will not delay clinic visit

« | have health problems | need to get checked
« Itwill be a relief to start treatment

« | would like healthy children.

« | will travel for treatment outside my area

« IU's a priority to protect my sexual partners.
= | want to protect my health by getting on

= |twill be a relief to start treatment.

« | want to see my grandchildren grow.

by or living with HIV (the researcher did not ask the
participant’s HIV status).

Of 7 participants, 4 preferred thetext only in the summary page,
validating the first evaluation findings that images were only
important at the selection point. In addition, 6 participants
reiterated that the key message of this section was about the
importance of going to theclinic to start ART, with 1 participant
adding that one should go to the clinic early and not wait until
they are sick. Moreover, 5 participants said they would prefer
the agree or disagree buttons to be color coded, with 4
participants suggesting that agree should be green and disagree,
red:

colours help, maybe green and red so that they can
see that they have made the right or wrong choice.
[Participant 2]
One participant stated that different colorswould be particularly
useful for people who cannot read.

On the basis of the preference for color coding and the
association of green with right and red with wrong, we decided
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to use neutral colorsthat are not associated with right or wrong
to help users make an individual choice as opposed to fearing

Mathenjwa et al

being right or wrong (Figure 9).

Figure 9. Design changes showing the neutral colors for agree and disagree.

Evaluation 3

This evaluation was conducted as part of the full Jabu section
testing, mainly to assess understanding of the content as well
as to check whether users find the presentation of content
interesting and to validate the changes made as a result of
evaluation 2. A total of 8 men participated in this cycle.

This evaluation did not reveal any usability issues, indicating
that the changes made to the designs were effective. Participants
were paying more attention before deciding whether they agreed
or disagreed, and they listened to the audio while looking at the
screen. Overall, participants reported finding the decision
support tool engaging and useful. For example, when asked
which part of the app they thought would be most relevant to
their friends or other men, 3 participants referred to the clinic
decision support tool. In addition, 1 participant, when asked if
he learned anything new as aresult of using the app, mentioned
that he learned how to use a tablet, suggesting that there was
incidental value (not directly related to the primary aim) in
introducing such an app to people.

Phase 3: Acceptability Testing (October 2018toMarch
2019)

User Satisfaction Surveys

A total of 15 participantsreceived EPIC-HIV 2 between October
2018 and January 2019, and 14 completed the user satisfaction
surveys. Their mean age was 35.6 years (SD 13.38299), and a
majority (8/14, 57%) had high school education, and half of
them were unemployed. User satisfaction ratings were high
(Table 1). Participants reported that they were generally satisfied
with the app and found it to meet their needs for information
on HIV treatment. All participants said that they received the
kind of HIV management information that they wanted or
expected and that they would definitely consider the app when

http://mhealth.jmir.org/2020/11/e17549/

RenderX

Ngithanda izingane ezinempilo

seeking information about HIV management as well as
recommending the app to friends in need of similar help. In
addition, 86% (12/14) of participants were very satisfied with
the amount of information that they received from the app.
Overdl, 79% (11/14) of the participants were very satisfied
with the app by rating the simplicity and user friendliness of
the app as excellent. The app has proven to empower the
participants in managing their heath; 86% (12/14) of
participants definitely agreed.

In-Depth Interviews

A total of 14 men (aged 35-53 years) who had tested positive
for HIV and had not linked to care within amonth of receiving
their test results received EPIC-HIV 2 between April 2018 and
January 2019 agreed to be interviewed; 11 of them had linked
to HIV care at the time of the interview. A magjority of
participants reported that the app offered relevant information
about HIV management, boosted their confidence, and
encouraged them to start and stay on treatment. However, this
was not enough for al participants to link to HIV care. We
report the experiences of men who used EPIC-HIV 2 using the
SDT framework: autonomy, competence, and rel atedness.

Complexities of the HIV Care Pathway: Examining
Men’s Autonomy to Link to HIV Treatment

Participants described the app as motivating them to start ART
by providing them with information on how to manage HIV to
live a hedlthy life:

Mmm... | can say | have listened to the App from the
beginning up to the end. Yes, | have really seen a
need...| have seenit asa very important thing. | think
that has encouraged me because | have never been
totheclinic previoudly, but | went to clinic after that.
[Participant 2, linked to care]
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For some, this was a catalyst to link to care (even if they did
not act on it immediately):

| was supposed to visit the clinic along time ago, but
| didn’t because of work...I was thinking about that
when | listened to EPIC [app] ...you must be open as
the EPIC was saying that you mustn’t fear that people
will laugh at you. | took a decision because...thisis
life and we are living within a community...| realised
that in order to be assisted, | must go to AHRI nurses
at the clinic. [Participant 5, not linked to care]

However, for some participants, the app a one was insufficient
to motivate them to go to the clinic for HIV treatment. Other
factors reduced the logistic barriersto linkage that nudged them
to link. For some participants, it was the availability of our
research nurses at local clinics, with the:

referral |etter... that was going to make things easy
for me... [Participant 4 linked to care]

For others, such as participant 1, it was experiences such asthe
death of his best friend that motivated him to link to care after
using the app:

Er...I can just say that there is nothing new | have
learnt (from EPIC)...| started treatment because I've
lived with people who had been using it (ARVSs) before
| knew my health status. One of my best friends passed
away after he defaulted from taking treatment. After
| found out that | am HIV positive | was motivated,
and | said | will try by all means to take treatment
accordingly. So, | can say | have learnt a lot from
him about therisk of delaying... [Participant 1, linked
to care]

This suggeststhat for men to exercise autonomy to link to care,
in addition to the app, external factors such as clinic operation
hours, support, and individual experiences of HIV need to be
considered.

“I Am Not Giving Up on Life": Men’s Competency
and Decision to Manage HIV

Several of the participants reflected on how the positive
narratives in the app encouraged them to take charge of their
lives and manage HIV to improve their health outcomes and
“avoid infecting other peoplewith diseases’ by describing “ how
to take the pills on time” and “comply with treatment.”

Some participants also reported that app messaging lessened
their fears (particularly fear of disclosure) and motivated them
to adopt positive attitudes to advance their health. The quotation
below illustrates how some participants felt about their fears:

... had that feeling of fear to say, oh my Lord how
could | do this thing since | am afraid as it will be
revealed? Eh, | also gained advices becausethey start
with allowing you to listen from the messages that
say once you know your status, you can get help so
it's up to you whether you do it or not. But | chose to
be assisted because | am not giving up on life.
[Participant 4, linked to care]

http://mhealth.jmir.org/2020/11/e17549/
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Others also drew attention to the message of EPIC-HIV 2 that
it gave them tips on how to discuss disclosure with their sexual
partners:

Er...like disclosing your health statusto your partner
so that she can check for HIV aswell for both of you
to take treatment, yes, | think it's good not to hide
from your partner: [Participant 2, linked to care]

Overdl, for many participants, the app supported their
competenceto link to care through the positive messaging that
gave hope, aleviated their fears, and reinforced the need for
them to manage their health effectively to live a healthy life
while minimizing the risk of transmitting HIV.

Relatednessto Charactersin the App: Men'’s
Per ceptions of HIV Treatment and M anagement

Participants reflected how the narratives of different characters
in the app reverberated with their present realities and how the
app stories shaped their understanding of the importance of HIV
treatment and management for them to live a healthy life:

...They [app characters] have mentioned the fact that
once you have defaulted from taking treatment you
will be very sick...the characters | have seen on the
app were fit. They were sharing their experiences as
to how they are taking their ARVs... [Participant 6,
linked to care]

They [app characters] were sharing simple
information, something that is said even on TV by
Ministersthat you need not to be bedridden until you
go to theclinic. [Participant 3, linked to care]

Furthermore, a participant who had previoudy defaulted
treatment had this to say:

The part | have seen as most essential onefor meit’'s
where the characters were talking about the risk of
defaulting from taking treatment...It motivated me to
decide to be re-initiated on treatment...It is really
necessary...because characters on the Epic were
talking about thingsthey had experienced. [ Participant
2, linked to care]

In sum, the empathetic nature of the personal testimonies of
various characters in the app resonated with participants, and
they felt cared for. Some of them described the relevance of the
information shared through the app and were able to initiate
treatment and took the decision to manage HIV to improvetheir
health outcomes.

Discussion

Principal Findings

We found that it was possible to successfully apply a
multiphased iterative development process to create a
theoretically informed, interactive, tablet-based app to support
men in making informed decisions about engaging with HIV
care in alow-income, rural South African setting. Men in our
setting who had been missing from the HIV care cascade found
the app to be acceptable and reported that the storiesin the app
resonated with their realities and encouraged them to link to
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care. Previous work has established that digital interventions
are acceptable and effective in improving clinic attendance,
ART adherence, and turnaround time from testing to treatment
[11,14,15]. Our results underscore the value of using a
person-based approach to integrate evidence-based content and
design to ensurethat the app isrelatable and addressesthelocal
perception of HIV care. Using HCI techniques ensured that the
app was simple, usable, and engaging for end userswith varying
levels of education, health, and digital literacy. For example,
user testing established that the seesaw metaphor was difficult
for participants to understand, so it was removed between the
first and the second iterations of app testing. In addition,
supporting different learning styles and motivations through
tailoring of content provided a greater level of engagement for
participants. Previous studies have shown that interactive digital
interventions that deliver tailored content that address the
specific challenges for individual users can be highly engaging
and likely to be understood [51]. Furthermore, using digital
technologies could help people learn new skills (using atabl et)
and facilitate a sense of accomplishment that can improve their
competence and possibly improve engagement.

Drawing on behavior change theory, such as SDT, ensured that
EPIC-HIV 2 supported individual decision making. Thereisan
increasing need to apply evidence-based theories to enhance
the development of digital interventions and improve their
efficacy [15,25,52]. Our findings corroborate previous studies
that have used the SDT framework (autonomy, competence,
and relatedness) to understand ART adherence and treatment
motivation and overall health behavior among men living with
HIV [23,24]. However, the app wasinsufficient asa stand-alone
intervention for men in our sample to exercise their full
autonomy to link to HIV care without other factors such as it
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being convenient to initiate treatment, individual experiences
of HIV, and support. Combining tailored digital interventions
with other interventions to address a range of barriers to HIV
care, especialy supply-side barriers, should be considered in
the future to close the present linkage gap in the HIV treatment
cascade.

Study Strengths and Limitations

Using a mixed methods approach to understand usability and
acceptability and the potential of the app to encourage men to
link to care are strengths of the study. However, the
generalizability of study findings outside our areamay belimited
because of the locally tailored design of the EPIC-HIV 2 app,
the sampling method, sample size, and specific study sites. In
addition, the possibility of social desirability bias cannot be
excluded as some participants might have found it easier to say
positive things about the app and not necessarily trandate to
the actual initiation of ART. Furthermore, we cannot establish
what the outcome would have been if we had made different
design decisions or applied a different theory of behavior
change. The decision to develop atablet-based app was fitting
for the specific context of use, but more widespread use of such
an app would probably be achieved by implementing it on
mobile phones for independent use; this remains an area for
future work.

Conclusions

Using a multidisciplinary approach and drawing on
evidence-based theories to develop digital interventions can
ensure that the resultant products are acceptable and engage in
a wide range of users. Our work aims to pave the way for a
greater focus on mixed methods and person-centered approaches
to the development of digital interventions for HIV care.
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Abstract

Background: The prevalence of gestational diabetes mellitus (GDM) isincreasing worldwide. A healthy diet and stable blood
glucose levels during pregnancy can prevent adverse health outcomes for the mother and the newborn child. Mobile health may
be a useful supplement to prenatal care, providing women with targeted dietary information concerning GDM.

Objective: We analyzed secondary data from a two-arm, multicentered, nonblinded randomized controlled trial to determine
if a smartphone app with targeted dietary information and blood glucose monitoring had an effect on the dietary behavior of
women with GDM.

Methods: Women with a 2-hour oral glucose tolerance test level of 29 mmol/L were individually randomized to either the
intervention group receiving the Pregnant+ app and usual care or the control group receiving usual care only. Eligible women
were enrolled from 5 diabetes outpatient clinicsin the Oslo region, Norway, between October 2015 and April 2017. The Pregnant+
app promoted 10 GDM-gpecific dietary recommendations. A healthy dietary score for Pregnant+ (HDS-P+) was constructed
from a41-item food frequency questionnaire and used to assess the intervention effect on the dietary behavior completed at trial
entry and at around gestation week 36. Dietary changes from baseline to week 36 were examined by a paired sample two-tailed
t test. Between-group dietary differences after the intervention were estimated with analysis of covariance, with adjustment for
baseline diet.

Results: A total of 238 women participated: 115 were allocated to the intervention group and 123 to the control group. Of the
238 women, 193 (81.1%) completed the food frequency questionnaire both at baseline and around gestational week 36. All the
participants showed improvements in their HDS-P+ from baseline. However, the Pregnant+ app did not have a significant effect
on their HDS-P+. The control group reported a higher weekly frequency of choosing fish meals (P=.05). No other significant
differences were found between the intervention and control groups. There were no significant demographic baseline differences
between the groups, except that more women in the intervention group had a non-Norwegian language as their first language (61
vs 46; P=.02).

Conclusions: Our findingsdo not support the supplementation of face-to-face follow-up of women with GDM with asmartphone
app in the presence of high-standard usual care, as the Pregnant+ app did not have a beneficial effect on pregnant women’s diet.

Trial Registration: Clinical Trials.gov NCT02588729; https://clinicaltrials.gov/ct2/show/NCT02588729

(IMIR Mhealth Uhealth 2020;8(11):e18614) doi:10.2196/18614

KEYWORDS
gestational diabetes mellitus; diet; mHealth; mobile phone; randomized controlled trial

http://mhealth.jmir.org/2020/11/e18614/ JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 11 [e18614 | p.151
(page number not for citation purposes)


mailto:lgarnwei@oslomet.no
http://dx.doi.org/10.2196/18614
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH

Introduction

Gestational diabetes mellitus (GDM) is defined as
hyperglycemia detected at any time during pregnancy [1]. The
prevalence of GDM is increasing worldwide and ranges from
1% to 20% globally depending on the screening procedure and
population characteristics [2]. The prevalence of GDM in
Norway was 5% in 2018, according to the Norwegian Medical
Birth Registry [3]. However, a cohort study ina district in
Oslo identified GDM in 13% of al women, 11% of ethnic
Norwegians, and 12%-17% of women in groups of
non-European origin [4]. Women of South Asian and African
origins tend to develop GDM at a lower body mass index and
age compared to White Europeans [5]. The other risk factors
for developing GDM include overweight and obesity, advanced
maternal age, a family history of diabetes, and GDM in a
previous pregnancy [6]. Even though GDM resolves in most
women after delivery, its development may affect the health of
both mothers and children in the short and long terms [7,8].

A healthy diet and stable blood glucose levels throughout
pregnancy can prevent adverse health outcomes for the mother
and the newborn child [9]. About 85% of the women diagnosed
with GDM can manage the disease with lifestyle changes such
ashealthy eating and physical activity, without the need for oral
metformin or insulin therapy [10]. However, lifestyle changes
presuppose knowledge, motivation, and follow-up by health
care professionals [11]. Pregnant women are often in contact
with health care professionals; however, perinatal careinvolves
dealing with many health-related issues, and there are some
indications that women are not provided sufficient information
about the management of GDM by their health care
professionals[12,13].

Mobile health (mHealth)—defined as medical and public health
practice supported by mobile devices such as smartphones,
patient monitoring devices, personal digital assistants, and other
wireless devices[14]—may be auseful supplement to perinatal
care by providing women with GDM with dietary information
and the opportunity to register blood glucose levels [15]. A
scoping review hasfound several ongoing randomized controlled
trials (RCTs) that eval uate the effectiveness of smartphone apps
in the management of GDM [16]. Some results of these RCTs
have been published recently [17,18]. Even though these studies
did not find any effect on the glycemic, maternal, and neonatal
outcomes [17,18], there is a lack of studies investigating the
possible effects of an app on the diet of women with GDM. A
systematic review has studied the usability of appsin the health
care of pregnant women without GDM. That review indicated
that apps may support women in reducing gestational weight
gain and in increasing their intake of vegetables and fruits;
however, the evidence of their effectivenessisstill limited [19].
Dodd et a [20] evaluated the impact of a smartphone app asan
adjunct to face-to-face consultation in facilitating dietary
changes among pregnant women in South Australia. They found
no significant benefit of the smartphone app in the intervention
group. All women improved their dietary quality during

pregnancy [20].

http://mhealth.jmir.org/2020/11/e€18614/
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We have developed the Pregnant+ app for women with GDM
[21]. This app provides tailored information on diet, physical
activity, breastfeeding, and GDM, and the possibility to
automatically transfer or manually record blood glucose levels
from a glucometer to the smartphone (Multimedia Appendix 1
and Multimedia Appendix 2). The Preghant+ app was developed
in collaboration with experts in midwifery, obstetrics, physical
activity, nutrition, and data security. Pregnant women with
GDM of different ethnic origins were involved in several steps
of its development [21]. A narrative review on studies with
pregnancy-related apps found only 2 multilingual apps for use
in prenatal care [22]. The Pregnant+ app is available in
Norwegian, Urdu, and Somali languages. Information and
pictures related to diet and physical activity are culturally
adjusted according to the chosen language. This app wasfound
to be the only app adapted to specific target groups (women
born in Pakistan and Somalia) in a scoping review by Chen and
Carbone [16]. The effect of this app on the main outcome
(2-hour glucose level of the routine postpartum oral glucose
tolerance test [OGTT]) was tested in a two-arm RCT at 5
diabetes outpatient clinicsin the Oslo region, Norway [18,23].
The study showed that the Pregnant+ app did not have any
significant effect on the main outcome [18].

The aim of this study wasto examine if the Pregnant+ app had
an effect on the dietary behavior of women. No specific dietary
recommendation for women with GDM existed when the study
was started in 2014. Women with GDM were recommended to
follow the national dietary guidelines for healthy eating [24].
Some hospital s developed adjusted dietary advice for pregnant
women with GDM. The Pregnant+ app promoted 10
GDM-specific dietary recommendations that were devel oped
in cooperation with clinical nutritionists [21].

Methods

Study Design

We analyzed secondary data from a two-arm, multicentered,
nonblinded RCT for women with GDM, which was conducted
at 5 diabetes outpatient clinicsin the Oslo region. ThisRCT is
in accordance with the CONSORT-EHEALTH checklist
(Multimedia Appendix 3).

Recruitment

Women with GDM were recruited from October 2015 to April
2017 by health care professionals at the diabetes outpatient
clinics. At thetime of recruitment, pregnant women with higher
risk for GDM based on their prepregnancy weight, family
history of diabetes, age, and ethnicity were sent for an OGTT
[25]. Eligible women for this study were diagnosed with GDM
by a2-hour OGTT blood glucoselevel of =9 mmol/L, according
to the definition of GDM in the Norwegian guidelines [25]. In
addition, participants were older than 18 years, were less than
33-weeks pregnant, owned smartphones, and understood
Norwegian, Urdu, or Somali. Women with type 1 or type 2
diabetes (OGTT blood glucose levels>11 mmol/L), twin
pregnancy, celiac disease, or lactose intolerance were excluded
from the study. In total, 774 women were assessed for eligibility
and 238 participated (Figure 1). Those who agreed to participate
signed a consent form. All the participants in both groups
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received aglucometer and lancets from the study administrators.
The Norwegian Social Science Data Services (identifier:

Garnweidner-Holme et al

2014/38942) approved the study.

Figure 1. Flow chart describing the process leading up to the final number included in the analysis of dietary behavior in the Pregnant+ study.

Assessed for eligibility
(n=774)

Excluded (n=536)
- Not meeting inclusion criteria (n=409)
- Refused to participate (n=61)

A 4

- Other reasons (n=66)

A 4

Randomized
(n=238)

Allocated to intervention
group (n=1158)

Allocated to control

(n=123)

l

Y

Did not answer Q2 (n= 17)
Premature birth (n= 2)
No data on diet in week 36 (n=1)

Y

Diet analyzed in week 36

Did not answer Q2 (n= 16)
Premature birth (n=8)
No data on diet in week 36 (n=1)

Y

Diet analyzed in week 36

(n=95)

(n=98)

Randomization and Blinding

The participants were randomly allocated to 2 groups:
intervention (access to the Pregnant+ app and usual care) and
control (usual care). Randomization was performed on a 1:1
basis with allocated blocks of 4. Women who agreed to
participate filled out a baseline questionnaire (Ql) on an
electronic tablet (average time 30-45 minutes). After completing
Q1, a computer-based program randomized and allocated the
women to either the intervention or the control group. The
participating women, project workers, and health care
professional s at the diabetes outpatient clinicswere not blinded
to the allocation.

Intervention and Control

Usual Care (Control) Group

The participants in the control group received usual care for
GDM according to the national guidelines[26]. Thisincluded
regular consultations (every 1-2 weeks) with midwives or nurses,
both specialized in diabetes, at the diabetes outpatient clinics.
According to the guidelines [26], women should be provided
with information about ahealthy diet, with emphasison regular

http://mhealth.jmir.org/2020/11/e€18614/
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meals with limited intake of sugar-rich foods and increased
intake of whole grains and vegetables. The women in the control
group wereinstructed how to measuretheir blood glucose levels
and were asked to record these levels in a paper diary. They
received written and verbal dietary advice on the basis of their
blood glucose levels. In the absence of specific dietary
guidelines for women with GDM, the different diabetes
outpatient clinicsincluded in the study devel oped some specific
dietary guidelines for these women that emphasized regular
meals, increased intake of vegetables and whole grains, and
limited intake of sugar. If women in the usua care group
downloaded the Pregnant+ app, their access was restricted to a
single page with a link to the website of the Norwegian
Directorate of Health with generic health information for women
with GDM and alink to the Norwegian Federation of Diabetes.

Pregnant+ App and Usual Care (I ntervention) Group

The participants in the intervention group had access to the
Pregnant+ app in addition to usual care, as described above.
Thewomen allocated to the app group could download the app
from the Apple Store or Google Play at the hospital or home.
The app contained 4 main icons: “Blood glucose,” “Physical
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activity,” “Food and beverages,” and “Diabetes information.”
The 10 GDM-specific dietary recommendations that were
developed for this study [21] were presented in the “Food and
beverages’ icon for women (Textbox 1). The women could
select if the dietary recommendations should be presented with
food items and pictures representing the Norwegian, Urdu, or
Somali food culture. They were also referred to recipes on the

Textbox 1. The dietary recommendations in the Pregnant+ app.

Garnweidner-Holme et al

home page from the Norwegian Diabetes Foundation. They
could automatically transfer or manually register their blood
glucose levels in the icon “Blood glucose” After registering,
they received feedback on their values. Those with too high
values were directly referred to the dietary recommendations.
A graphical representation of the blood glucose levels visually
aided the monitoring.

«  Eat healthy mealsregularly.

«  Eat anddrink little sugar.

.  Eat more vegetables.

«  Choose whole-grain products.

«  Limit your intake of sat.

«  Eat enough fish.

o  Choose lean dairy milk produce.

e Choose hedlthy and less ail.

«  Read nutrition labels on foods before buying.

o Choose water when thirsty.

M easurements

The participants answered the questionnaires on an electronic
tablet during their first consultation at a diabetes outpatient
clinic and at their consultation around gestational week 36. The
guestionnaire included a41-item food frequency questionnaire
(FFQ). At baseline, they were asked to report their dietary habits
prior to being diagnosed with GDM . In the second questionnaire,
they were asked to report their current diet. The FFQ included
thefollowing food groups: beverages, milk and dairy products,
bread and grain, fruit and vegetables, snacks, meat, and
ready-to-eat meals. Answers to the questions on the frequency
of intake ranged from O (never) to 9 (several times daily). The
FFQ wasbased on the Fit for Delivery study and has been shown
to have an adequate level of test-retest reliability [26]. The FFQs
in Somali and Urdu were tested for comprehension and
appropriateness by conducting qualitative interviews with
Somali and Pakistani Norwegian women.

The healthy diet scorefor Pregnant+ (HDS-P+) was constructed
using 9 subscales, with apossible range of 0to 90. The subscales
were constructed on the basis of the dietary recommendations
(second point to tenth point) provided in Textbox 1 and
consisted of different questionsin the FFQ related to the dietary
recommendations. The women were asked how often they
choose different food groups, with the following answer options:
O=never, 1=less than once a week, 2=once a week, 3=twice,
4=threetimes, 5=four times, 6=fivetimes, 7=six times, 8=every
day, and 9=several times a day.

Information on background characteristics was obtained from
the baseline questionnaire and consisted of different
socioeconomic variables: age, education, income, country of
birth, marital status, economic hardship, and language. Other
variablesrelated to pregnancy and health were parity, gestational
age at baseline, prior GDM, and perceived health score [23].

http://mhealth.jmir.org/2020/11/e€18614/

Statistical Analysis

Materna baseline characteristics were compared according to
randomization status. The characteristics were presented as
mean (SD) for continuous variables (independent sample
two-tailed t test) and proportions (%) for categorical variables

(x? test). Dietary changes from baseline to around gestational
week 36 were examined by a paired sampletwo-tailed t test. A
one-way between-group analysis (analysis of covariance) was
conducted to measure the effect of the Pregnancy+ app. The
dietary behavior after the intervention was examined with
adjustment to the baseline values. The HDS-P+ and subscales
related to the recommended dietary advice were the dependent
variables, and the randomization status (use of the Pregnant+
app or not) was the independent variable. Sensitivity analysis
was performed to evaluate the effect of the differences in
nonnative and native Norwegian-speaking women between the
intervention and control groups at baseline. This did not alter
the results and the final model did not adjust for this. Levene
test and normality checkswere carried out and the assumptions
were met. All statistical analyses were performed with SPSS
for IBM statistical software package (version 25, IBM
Corporation). A two-sided P value of <.05 was considered
significant.

Power

The power calculation wasfor the primary outcomefor the RCT
[23].

Data Exclusion

Figure 1 presentsthe flowchart for this study. Two women were
excluded because of missing dietary data at gestational week
36. No other participant had more than 2 values missing in the
41-item FFQ. The missing datain this study were not imputed.
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Results

Participant Characteristics

A total of 238 women were recruited at 5 diabetes outpatient
clinics in the southeast region of Norway and randomized to
use the Pregnant+ app (intervention group, n=115) or no app
(control group, n=123). Figure 1 shows an overview of thefinal

http://mhealth.jmir.org/2020/11/e€18614/
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numbersin the dietary analysis. Of the 238 women, 193 (81.1%)
women completed the FFQ both at baseline and at gestational
week 36. Background characteristics are described according
to the randomization status (Table 1). There were no significant
baseline differences between the groups, except for more women
with a non-Norwegian language as their first language in the
intervention group (61 vs 46, P=.02).
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Table 1. Background characteristics at baseline of the participants who provided dietary data at baseline (Q1) and after the intervention (Q2) in the

study on the Pregnant+ app.
Background characteristics Total, N=193 Control group, n=98 Intervention group, n=95 P value
Age (years), n (%) a1
<29 47 (24.4) 22(22) 25 (26)
30-37 110 (57.0) 52 (53) 58 (61)
>38 36(18.7) 24 (25) 12 (13)
Gestational age at baseline, mean (SD) 27.1(4.6) 27.3(4.6) 26.9 (4.5) .66
Parity, n (%) 21
Primiparous 86 (44.6) 48 (49) 38 (40)
Multiparous 107 (55.4) 50 (51) 57 (60)
Previous GDM@ (N=107°), n (%) 82
No 75(70.1) 34 (68) 41 (72)
Yes 32(29.9) 16 (32) 16 (28)
BMI (N=190°%, n (%) 68
<24.9 83 (43.7) 44 (45) 39 (42)
25.0-29.9 57 (30.0) 26 (27) 31(33)
30.0-34.9 31(16.3) 18 (19) 13 (14)
35.0-45.0 19 (10.0) 9(9) 10 (11)
Country of birth, n (%) 15
Norway 90 (46.6) 52 (53) 38 (40)
Western Europe + United States of America 13(6.7) 9(9) 4(4)
Eastern Europe 18(9.3) 9(9) 9(10)
Asia 45(23.3) 16 (16) 29 (31)
Africa 22 (11.4) 10 (10) 12 (13)
South America 5(2.6) 2(2) 313
Marital status, n (%) .62
Married/cohabiting 179 (92.7) 90 (92) 89 (94)
Single/other 14 (7.3) 8(8) 6 (6)
Education, n (%) 51
Primary school/no education 19(9.8) 12 (12) 7(7)
High school 40 (20.7) 23 (24) 17 (18)
College/university<4 years 47 (24.4) 23 (24) 24 (25)
College/university=4 years 87 (45.1) 40 (41) 47 (50)
Smoking or wet tobacco, n (%) .69
No 189 (97.9) 96 (98) 93 (98)
Yes 4(2.1) 2(2) 22
Main activity, n (%) .22
Employed or self-employed 147 (76.2) 71 (72) 76 (80)
Not employed or not self-employed 46 (23.8) 27 (28) 19 (20)
Joined income, n (%) .78
<59,900 USD 57 (29.9) 26 (27) 31(33)
60,000-79,900 USD 28(14.2) 14 (14) 14 (15)
80,000-99,900 USD 39(19.8) 20 (20) 19 (20)
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Background characteristics Total, N=193 Control group, n=98 Intervention group, n=95 P value
=100,000 USD 35(18.8) 20 (20) 15 (16)
| don’'t know 34 (17.3) 18 (18) 16 (17)
Economic hardship (N=188°%, n (%) 85
No 58 (30.9) 29 (30) 29 (32)
Yes 130 (69.1) 67 (70) 63 (69)
Language, n (%) .02
Native Norwegian-speaking 86 (45.1) 52 (53) 34 (36)
Nonnative Norwegian-speaking 107 (54.9) 46 (47) 61 (64)
Perceived health score (0-100), mean (SD) 70.8 (19.7) 70.5 (20.5) 71.2(18.9) .80
3GDM: gestational diabetes mellitus.
bA mong multiparous women only.
CSome values are missing.
Outcomes
Dietary Outcomes Around Gestational Week 36
Overdll, thetotal HDS-P+ and most of the subscal es, except the
intake of healthy oils, improved from baseline to gestational
week 36 (Table 2).
Table 2. Dietary changes from baseline to gestational week 36.2
Subscales Baseline values, mean (SD) Week 36 values, mean (SD) P value
1 HDS.P+P 40.36 (14.11) 55.56 (13.70) <.001
2. Sugar (times/week) 10.10 (7.88) 1.89 (3.21) <.001
3. Vegetables (times/week) 8.87 (3.52) 10.35 (3.5) <.001
4. Whole grains (times/week) 6.71 (2.96) 8.87 (2.78) <.001
5. Salt (times/week) 3.71(3.10) 2.39 (2.49) <.001
6. Fish (times/week) 1.84(1.17) 2.21(1.32) <.001
7. Low-fat milk (times/week) 4.84 (4.08) 4.22 (3.34) .02
8. Healthy oil (% of total dietary fat)°® 62.41(25.32) 65.09 (25.36) 11
9. Read nutrition labels 5.78 (3.44) 8.45 (2.64) <.001
10. Water (% of total fluid intake)® 40.15 (14.67) 51.21 (17.35) <.001

Paired sample two-tailed t test.
PHDS-P+: healthy dietary score for Pregnant+.
CPercentage of weekly consumption.

Between-Group Differences After I ntervention

A one-way between-group analysis of covariance was conducted
to compare the effectiveness of the app on the participants
dietary habits after being diagnosed with GDM. The women's
HDS-P+ preintervention was used as the covariate in the
analysis. Table 3 presents the between-group differences for

http://mhealth.jmir.org/2020/11/e€18614/
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the overall HDS-P+ and the 9 different subscales at gestational
week 36. No significant differences favored the intervention
group. The analysis showed that the control group reported to
eat more fish meals per week (P=.05). No other significant
differences were found between the intervention and control
groups.
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Table 3. Between-group differencesin 10 dietary domains reported after the intervention (gestational week 36) in the Pregnant+ app.

Dietary domain Subscale(s) Control group, n=98, Intervention group, Estimated difference 95% ClI P vaue
mean (SE) n=95, mean (SE) after intervention?,
mean (SE)

Eat healthy HDS-P+P 56.11 (1.11) 55.34 (1.13) 0.77 (1.72) 262,416 .65

Eat and drink littlesugar ~ Sugar (times/week) 1.97 (0.31) 1.79 (0.32) 0.18 (0.45) -0.70,1.06 .68

Eat more vegetables Vegetables 10.40 (0.32) 10.30(0.32) 0.09 (0.45) -0.83,0.95 .86
(times/week)

Choose whole grains Whole grains 8.23(0.27) 8.01 (0.28) 0.14 (0.40) -0.79,0.99 .73
(times/week)

Limit your intake of salt ~ Salt (times/week) 2.53(0.12) 2.25(0.21) 0.28 (0.31) -0.31,088 .35

Eat enough fish Fish (times/week) 2.34(0.09) 2.09 (0.09) 0.26 (0.13) -0.01,051 .05

Choose lean dairy milk Low-fat milk 4.40 (0.28) 4,04 (2.85) 0.35 (0.40) -0.42,1.14 .38
(times/week)

Eat less saturated fat Healthy oil (% of total  66.30 (2.05) 63.80 (2.10) 2.50 (2.50) -3.31,833 .40
dietary fat)®

Read nutrition labels Read labels 8.76 (0.25) 8.13 (0.25) 0.63 (0.36) -0.07,1.33 .08

Choose water Water (% of total fluid  51.93 (1.57) 50.47 (1.59) 1.46 (2.24) -2.69,5.89 57
intake) ©

8Analysis of covariance adjusted for baseline HDS-P+.
PHDS-P+: healthy dietary score for Pregnant+.
CPercentage of weekly consumption.

Discussion

Principal Results

The Pregnant+ app combined with usual care did not have any
significant effect on the dietary behavior of the participants
during pregnancy compared to the dietary behavior of the
participants receiving usual care only. All the participants
improved their diet from the time they were diagnosed with
GDM to gestational week 36.

Comparison With Prior Work

This study addsto the literature on the development and effect
of pregnancy-related apps for the management of GDM and for
following a healthy diet [22,27,28]. Pregnant women consider
these appsto be useful and convenient for nutrition information
and management of their diets [27]; however, little is known
about their effects on the dietary behavior [19]. mHealth apps
may provide several functions targeting behavior change or
monitoring. The most successful smartphone-based interventions
for dietary change and health outcomes include elements of
self-monitoring and personalized feedback [29]. Similar to other
appsfor women with GDM [21,30], the Pregnant+ app includes
afunction for self-monitoring of blood glucoselevels. According
to our qualitative study on women’s experience with the
Pregnant+ app, the self-management of blood glucose levels
was the most important aspect of the app for increasing
self-awareness and motivation [31]. Ten of the 17 participants
from the intervention group reported to use the Pregnant+ app
daily for their blood glucose management. However, the
monitoring of food intake was not possible in the app. A
qualitative study about the acceptability of a smartphone app

http://mhealth.jmir.org/2020/11/e€18614/

for patientswith type 2 diabetesindicated that the use of adigital
diabetes diary to monitor food intake supported them in eating
a healthy diet [32]. Dodd et a [20] assessed the effect of a
smartphone app on the dietary behavior of pregnant women.
Their app included a combination of information provision,
goal setting, feedback, and self-monitoring. The use of the app
was poor, and it provided no additional benefit over face-to-face
consultation and printed materials in improving dietary
behaviors [20]. It should aso be considered that adherence to
self-monitoring has been shown to decrease over time and that
self-monitoring is successful only when people are regularly
reminded to use the app [33]. The women in our intervention
group were not reminded to use the app.

Compared to studies demonstrating the positive impact of apps
on healthy eating and blood glucose levels [29,34,35], the
Pregnant+ app did not have any personal interaction with the
women. For instance, a review on the use of telemedicine
technology for managing diabetesin pregnancy (not just GDM)
showed a modest but statistically significant improvement in
HDbA ;. levels [35]. To avoid bias, the health care professionals
were not asked to use the app actively during their consultations.
However, the women automatically received specific dietary
information when registering too high blood glucose levelsin
the Pregnant+ app. The women in our qualitative study wanted
more involvement of the health care professionals in the usage
of the app. In an RCT involving 203 pregnant women in the
United Kingdom, women with access to a smartphone app had
a higher level of satisfaction with care than the women in the
control group [17]. In this study, the midwives checked the
women’s registered blood glucose levels in the app 3 times a
week and sent feedback via SM S text messaging [17].
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Similar to that reported in other mHealth studies[36], technical
problems with the app could be a reason for us to not find any
effect of the app on the participants diets. Some of them
experienced problems with the automatic transfer of the blood
glucose levels [31]. A cross-sectional survey on the use of
mHealth among Latino patients with diabetes found that the
lack of operability between the smartphone app and other
devices could serve as a barrier to using the app [37].

All the participantsin this study improved their diet after being
diagnosed with GDM. This is in accordance with previous
research, indicating that the diagnosis of GDM motivateswomen
to changetheir diets[38-40]. Our previous study about women’s
dietary habits prior to being diagnosed with GDM showed |ow
adherence to national dietary recommendations [41]. A
significantly higher proportion of nonnative Norwegian-speaking
women had a high healthy diet score compared with native
Norwegian-speaking women. In this study, significantly more
women with a non-Norwegian language as their first language
were in the intervention group (P=.02). Previous research has
shown that a combination of technological, health literacy, and
language issues may result in alower uptake of pregnancy apps
among immigrant women [16]. These barriers may also have
led to alower usage of the Pregnant+ app.

Limitations

One of the main limitations of this study was that we did not
have access to usage logs because of technical problems. To
securethe participants' privacy, we did not collect any additional
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data from the app. We do not know if those in the intervention
group actually used the Pregnant+ app or about their frequency
of usage or the pages in the app accessed by them. Our
qualitative study on 17 participants from the intervention group
showed that some women used the app regularly and some did
not use it at al because of technical problems [31]. Patients
participating in a study will often experience an effect even
when not receiving the intervention—the Hawthorne effect. In
our study, this could account for the lack of effects as women
not using the app may have focused more on a healthy diet as
aresult of participating in a study. The datafor this study were
derived from self-completed questionnaires, which include the
possibility for recall bias. Socia desirability might have biased
the self-report of dietary intake. The FFQ covered only selected
aspects of the overall diet. Thus, the difference in the HDS-P+
should not be interpreted as an absolute measure of dietary
change [42].

Conclusions

To our knowledge, thisis one of thefirst studiesto evaluate the
effect of a smartphone app on the dietary behavior of women
with  GDM [17]. Our findings do not support the
supplementation of face-to-face follow-up of women with GDM
with a smartphone app in the presence of high-standard usual
care. However, the app might be a useful tool for women who
do not receive sufficient dietary counselling in person. Future
research should explore the effects of various technological
features provided in a smartphone app to improve the care of
women with GDM.
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Abstract

Background: eHealth interventions are widely used in clinical trials and increasingly in care settings as well; however, their
efficacy in real-world contexts remains unknown. ReMindCare is a smartphone app that has been systematically implemented
in afirst episode of psychosis program (FEPP) for patients with early psychosis since 2018.

Objective: The objective of this study was to assess the efficacy of ReMindCare after 19 months of use in the clinic and varying
use by individual patients.

Methods: Theintegration of the ReMindCare app into the FEPP started in October 2018. Patientswith early psychosis self-sel ected
to the app (ReMindCare group) or treatment as usual (TAU group). The outcome variables considered were adherence to the
intervention and number of relapses, hospital admissions, and visitsto urgent care units. Datafrom 90 patientswith early psychosis
were analyzed: 59 in the ReMindCare group and 31 in the TAU group. The mean age of the sample was 32.8 (SD 9.4) years,
73% (66/90) were males, 91% (83/90) were White, and 81% (74/90) were single.

Results: Significant differences between the ReMindCare and TAU groupswerefound inthe number of rel apses, hospitalizations,
and visitsto urgent care units, with each showing benefits for the app. Only 20% (12/59) of patients from the ReMindCare group
had a relapse, while 58% (18/31) of the TAU patients had one or more relapses (x°=13.7, P=.001). Moreover, ReMindCare
patients had fewer visits to urgent care units (x>=7.4, P=.006) and fewer hospitalizations than TAU patients (x>=4.6, P=.03). The
mean of days using the app was 352.2 (SD 191.2; min/max: 18-594), and the mean of engagement was 84.5 (SD 16.04).
Conclusions: To our knowledge, thisisthe first eHealth intervention that has preliminarily proven its benefitsin the real-world
treatment of patients with early psychosis.

International Registered Report Identifier (IRRID): RR2-10.1111/eip.12960
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Introduction

High interest in eHealth services and now digital and mobile
health has been noted in many recent studies among patients
with psychotic disorder diagnoses [1,2]. With COVID-19, this
interest in digital health has surged, and the need to expand
access to care through smartphones has become patent.
Smartphone apps have been proposed astool sto mitigate social
isolation, lack of access to care, and other triggers caused by
the pandemic [3-5]. Researchers have already demonstrated that
access to and use of technology among people with psychosis
is nearly equivalent to that in the general population [6-8], but
lessis known about the actual efficacy of appsin care.

Apps have already seen growth in care for patients with early
course psychosis. Many studies are using real-time ecological
momentary assessment (EMA) surveys to monitor symptoms
and experiences and identify early indicators of relapse [9].
Beyond relapse prediction, these EMA data can offer novel
information on the longitudinal health status of patients, which
could improve treatment and shared decision making between
patient and physician [10]. Finally, eHealth services may be a
major resource to enhance the benefits of the first episode of
psychosis programs (FEPPs) for early psychosis, which can
foster recovery [11] and reduce the risk of hospitalization and
relapse[12,13].

Specific appstargeting schizophreniahave aready been created
and offer promising results. Examples of these innovative
interventions are the Actissist [14] and the EXPRESS [15]
interventions, which demonstrated potential in improving the
quality of treatment of patients with early psychosis. Another
example is the CrossCheck app [16], which demonstrated
potential for identifying and dismantling dysfunctional beliefs
that contribute to maintenance and distress associated with
psychotic symptoms. Despite the widespread use of these
eHealth interventions and high rates of efficacy reported in
clinical trials, the efficiency and actual efficacy of these
interventions in real-world clinical practice remains unknown

[17].

One reason for the lack of initial success of heath apps in
clinical settings is lack of engagement. Often engagement in
academic studies does not translate into real-world use[18,19].
Indeed, some studies found a negative correlation between the
time spent using eHealth apps and the engagement of patients
[20,21]. In addition, many clinicians expressed their concern
that if these systemsintegrate seamlesdy with clinical workflow,
they will resultin anincreaseintheclinicians workload [22,23],
which might affect their engagement with the app.

Other concerns have also limited efforts to integrate these apps
into care settings. In our previous study [8], we found that 20%
to 23% of patients felt anxious, suspicious, or paranoid
concerning the internet, and almost 25% of patients perceived
that use of the internet was directly related to one of their
relapses. In addition, some studies indicated that excessive
eHealth communications could be regarded as intrusive or
irritating [24,25] or could increase worries about illness [25].
These potential harms of eHealth interventions must also be
taken into consideration.

https:.//mhealth.jmir.org/2020/11/€22997
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Considering these factors, it is clear that eHealth interventions
shown to be feasible must now be assessed for effectiveness,
efficacy, and efficiency [26] in real-world settings. With this
objectivein mind and to improve the daily treatment of patients
with psychosis, we designed the ReMindCare app. The protocol
followed for the design process and implementation of the app
is published elsewhere [27]. In this protocol, we introduced
ReMindCare as a smartphone app plus a clinician dashboard,
developed to be implemented in a FEPP for patients with early
psychosis.

To the best of our knowledge, ReMindCare is the first eHealth
intervention for patients with early psychosis that has been
systematically integrated into daily clinical practice, finaly
filling the gap between research and clinical practice [2,17].

The aim of this study was to assess the efficacy and clinical
outcomes of the use of the app after 19 months in terms of
adherence to ReMindCare, relapse prevention, hospital
admissions, and visits to urgent care units compared with
treatment as usual (TAU) without the app.

Methods

Study Setting

The app was systematically integrated into the daily clinical
workflow in a FEPP at the University Clinic Hospital of
Valencia, Spain. This FEPP started in 2010 with the objective
of improving early detection, evaluation, and personalization
of treatment. It covers a total of 330,000 inhabitants included
in Area 5 of Valencia city. The incidence of novel psychotic
disordersin thisareahas gradually increased during the 10 years
since the program started. Currently, the FEPP in the clinic
hospital hasamean of 30 to 35 new patientswith psychosis per
year.

The implementation of the ReMindCare app into the FEPP and
into clinical practice started in October 2018 and is still in use
today. In this study, we present the results from the first 19
months of use of the app.

Neither patients nor physicians received any remuneration or
compensation for participating in the program or using the app.
The use of the app was offered as an extra free service to the
patients in the program.

Participants

Recruitment and Enrollment

The patient’s psychiatrist of reference offered the use of the
ReMindCare app to every outpatient from the FEPP who met
the criteria for inclusion. Once patients enrolled in the study,
they were encouraged to use the app as long as they remained
in the program (maximum period of 5 years). To use the app,
all patients signed an informed consent form and completed
baseline assessments.

Eligibility Criteria
To be considered for thisintervention, patients met the following
criteria: (1) diagnosis of psychoatic disorder following DSM-5

(Diagnostic and Statistical Manual of Mental Disorders, 5th
Edition) criteria, interview conducted by a licensed clinician,
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(2) aged between 17 and 65 years, (3) smartphone ownership
with an internet connection that allowsfor the proper installation
and functioning of the app, and (4) less than 5 years of illness
duration. However, it must be stated that some patientsremained
in the program for more than 5 years. These patients remained
in the FEPP to prevent potential relapses, as they experienced
severe fluctuations in their symptoms.

Criteriafor exclusion were (1) lack of ability to use and master
amobile device and theinternet, (2) refusal to sign aninformed
consent form, and (3) level of Spanish or English not fluent
enough to maintain a conversation or understand the app
guestionnaires.

Figure 1. Screenshot of the ReMindCare app home screen.

> ReMindCare

Bonet et al

Intervention

ReMindCare App

ReMindCareisafree and user-friendly app that conducts daily
evaluations of the health status of patients with early psychosis
by offering quick questionnaires (Figure 1).

Two types of questionnaires were included:

« Dalily questionnaires: 3 daily questions assessing levels of
anxiety, sadness, and irritability (Figure 2)

«  Weekly questionnaires. 18 weekly questions aimed at
assessing adherence to medication (1), the presence of side
effectsfrom antipsychotic medication intake (5), the attitude
toward medication intake (3), and the presence of prodromal
psychosis symptoms (9)

Questions

Daily Evaluation
Adherence

Side Effects
Attitude

Symptoms

Urgent
Consultation

Everyday at 8 p.m.

Every Monday at 8 p.m.
Every Monday at 8 p.m.
Every Monday at 8 p.m.
Every Monday at 8 p.m.

'/«'
11!

Evolution
Charts

© INCLIVA, HCUV, i3M-UPV - 2020
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Figure 2. Screenshot of the ReMindCare daily questionnaire.

Bonet et al

&> ReMindCare

Daily Evaluation

Are you feeling depressed?
y g aef

® Notatall Slightly

Moderately

Very Extremely

Are you feeling nervous?

Notatall (@) Slightly

Moderately

Very Extremely

I hardly got a couple of hours of sleep last night

Are you getting angry easily?

Not at all

In addition, the app offered preset alerts in case of low
engagement or abrupt changes in survey responses. Low
engagement aertswere set off if patients did not respond to the
surveys for 7 days or more, while abrupt changes were
considered when therewas adifference of 2 points (Likert scale
1 to 5) or more between each question in the last 2 surveys
answered. These aerts notified physicians by email and were
also displayed in the profile of the patient on the app’s website
portal.

All data captured by the app were accessible for physicians on
a password-protected dashboard. Moreover, physicians could
download a summary pdf of these data from the dashboard and
attach it to the electronic clinical record of the patient in the
hospital database.

The app is available in 3 languages (Spanish, English, and
Catalan), although we are open to developing new language
versions of the app. Our aim is to extend the use of the app to
other countries, and adaptation of the app to different languages
would be necessary to ensure patient engagement. Further
information about the design process of the app and its
characteristics can be found in the ReMindCare app study
protocol [27].

Patients who used the app (ReMindCare group) did not
experience any changesin their usua clinical appointments.

https:.//mhealth.jmir.org/2020/11/€22997

Slightly (@ Moderately

Very Extremely

Treatment as Usual

The TAU group comprised patients who met the criteria but
rejected using the app. In this group of patients, 42% (13/31)
were patients with low adherence to treatment, 26% (8/31) did
not perceive any benefit from using the app, and 26% (8/31)
were suspicious about technology and their privacy.
Additionally, 6% (2/31) were included in this group because
they only used the app for 2 days. These patients continued with
their usua psychiatric treatment at the FEPP and were not
adversely affected by their rejection of participation.

Procedure

Once patientsenrolled in the FEPP, after aninterview with their
psychiatrist of reference, they were asked to complete some
baseline assessments. Subsequently, they were offered the use
of the ReMindCare app. The ReMindCare app was described
as an extra tool developed by the FEPP that could help them
manage their symptoms and help clinicians better understand
their illness evol ution. The main characteristics of the app were
listed. After receiving thisinformation, patients decided whether
they were willing to use the app. If they were not interested,
they were placed in the TAU group. If patients were interested,
they were informed in more detail by an expert clinician about
the installation process, characteristics of the app, and ethics
and data privacy information.
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Patients could use the ReMindCare app to contact their
psychiatrist of reference directly in case of symptomsworsening
by using the urgent consultation request tab on the home screen
of the app. If they clicked the urgent consultation request, their
clinician would contact them by phone within 48 hours (patients
who did not use the app could call the department of psychiatry
at the hospital and be referred to their psychiatrist or attend an
urgent care unit). In addition, clinicians contacted patients by
phone in response to preset alarms. As aresult of these phone
callsand theinformation that patients provided to the clinician,
urgent care visits could be scheduled if necessary. With these
services, we aimed to improve the detection of early psychotic
symptoms and reduce the visits to urgent care units at the
hospital, asthese prodromal symptomswill be primarily treated
by a phone call or in the outpatient services. If patients did not
make an urgent consultation request and no preset alarms were
set off, they continued with their scheduled clinical
appointments.

Furthermore, the use of the ReMindCare app changed the
dynamics of the clinical appointment at the outpatient services.
Once patients arrived at the clinical appointment, physicians
accessed their profile on the ReMindCare' s physician dashboard
and used the information provided for patients to guide them
through the interview. Clinicians used shared decision making
with patients and discussed their responses.

Data Collection and M easures

Baseline

After patients were enrolled in the FEPP, the following data
were collected:

«  Sociodemographic information: age, gender, country,
ethnicity, marital status, education level, employment status,
and cohabitation

« Clinical information: antipsychotic medication, injectable
medication, length of illness, associated illnesses, suicidal
attempts, Clinical Globa Impression Severity of IlIness
scale (CGI-Sl) [28], Globa Assessment of Functioning
(GAF) [29], Positive and Negative Syndrome Scale
(PANSS) [30], Premorbid Adjustment Scale (PAS) [31],
date discharged from FEPP

Outcome Measures

- Efficacy: number of relapses, number of visits to the
hospital urgent care units, and number of hospital
admissions in the ReMindCare group compared with the
TAU group

https:.//mhealth.jmir.org/2020/11/€22997
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« Feasibility: number of patients who agreed to use the app
compared with the patients who did not use it (TAU)

- Compliance and engagement: number of times patients
answered the questionnaires when presented and humber
of months using the app, patients dropouts, plus number of
urgent consultation requests

Data Analysis

Datawere analyzed with the statistical program SPSS Statistics
version 22 (IBM Corp). The cohort was divided into two groups:
ReMindCare group patients agreed to use the app and used it
for at least 1 month; the TAU group patients did not use the app
or used it for lessthan 1 month. To consider that patientsin the
ReMindCare group had a relapse while using the app, patients
had to be actively using the app. Relapses of patients who did
not use the app for more than 2 months were not considered as
relapses while using the app. Descriptive statistics (mean,
standard deviation, frequency, and percentage) were determined,
and chi-square test analysis was performed to compare the
differences between the ReMindCare group and the TAU group.

Ethics, Data Privacy, and Participant Safety

The ReMindCare app project received approval from the
research ethics committee of the faculty of medicine at the
University of Valencia and from the research ethics committee
of the Sanitary Research Institute of the University Clinic
Hospital of Valencia, Spain.

To protect the data sent by patients, communications to the
platform were encrypted with a transport layer security
certificate from the Generalitat Valenciana and were sent
through the https protocol. The hospital infrastructure is
protected through a reverse proxy, which enhances security by
establishing a single access point to it and hiding all inner
infrastructures. Moreover, the integration of the app into the
hospital systems was subjected to Organic Law 3/2018:
protection of personal data and digital rights guarantee,
December 5th, the Spanish organic law adaptation of the General
Data Protection Regul ation.

Results

Data from 90 patients were analyzed: 59 used or are using the
app (ReMindCare group) and 31 did not agree to use the app
(TAU group). Characteristics of both groups are displayed in
Tables 1 and 2.
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Table 1. Sociodemographic data.

Characteristic Total RC2group TAUP X2 (P value)
Agein years, mean (SD) 32.8(9.4) 321(1.2) 34.3(1.7) 15(.57)
24 and younger, n (%) 19 (21) 12 (20) 7(23) _c

25-44, n (%) 58 (64) 40 (68) 18 (58) —

45 and older, n (%) 13 (14) 7(12) 6 (19) —
Gender (male), n (%) 66 (73) 40 (68) 25(81) 1.7 (.19)
Native country (Spain), n (%) 79 (87) 48 (81) 30 (97) 4.2 (.04)
Race (White), n (%) 83(91) 51 (86) 31 (100) 4.6 (.33)
Marital status, n (%) — — — 5.2(.16)

Single 74 (81) 50 (85) 23 (74) —

Married 11 (12) 5(9) 6 (19) —

Other 85(7) 4(7) 2(7) —
Educational level, n (%) — — — 5.9 (.05)

Primary 2(2) 0(0) 2(7) —

Secondary 45 (50) 27 (46) 18 (58) —

College or higher 43 (48) 32 (54) 11 (36) —
Employment status, n (%) — — — 5.6 (.24)

Employed 29 (32) 16 (27) 13 (42) —

Student 21 (23) 16 (27) 4(13) —

Not employed 38 (42) 25 (42) 13 (42) —

Unable to work 33 23 1(3) —
Cohabitation, n (%) — — — 2.3(.51)

Alone 6 (7) 3(5) 3(10) —

Family_birth 60 (66) 39 (66) 20 (65) —

Family_own 11 (12) 6 (10) 5 (16) —

Other 14 (15) 11 (19) 3(10) —

3RC: ReMindCare.
bTAU: treatment as usudl.
‘not applicable.
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Table 2. Baselineclinical information.

Characteristics Total RC2group TAUP X2 (P value)
Injectable medication, n (%) 18 (20) 8(14) 10 (32) 4.4(.03)
Length of illnessin years, mean (SD) 10.5(2.8) 3.9(0.4) 5.7 (0.5) 12.3(.002)

0-1, n (%) 13 (14) 13(22) 0(0) _c

2-5, n (%) 43 (48) 30 (51) 13 (42) —

More than 6, n (%) 34 (38) 16 (27) 18 (58) —
Associated illnesses, n (%) 29 (32) 18 (31) 11 (36) 0.2 (.63)
Suicidal attempts, n (%) 16 (18) 12 (22) 3(10) 2.1(.15)
CGI-SI%, mean (SD) 4.2(0.9) 4.1(0.1) 4.4(0.2) 2.7(.26)

Mild (1-3), n (%) 13 (16) 10 (19) 3(11) —

Moderate (4-5), n (%) 66 (83) 42 (81) 24 (86) —

Severe (>5), n (%) 1(1) 0(0) 1(4) —
GAF®, mean (SD) 60.7 (10.9) 61.3(1.7) 59.8 (1.7) 1.3(52)

Mild (71-100), n (%) 8(10) 4(8) 4(14) —

Moderate (51-70), n (%) 51 (65) 35 (69) 16 (57) —

Severe (<50), n (%) 20 (25) 12 (24) 8(29) —
PANSS, mean (SD) 65.9 (18.8) 64.5(2.2) 68.7 (4.6) 52.1(.28)

Positive 18.4(6.5) 18.7 (5.8) 18.7 (6.8) 23.9(.58)

Negative 18.9 (6.9) 15.4 (5.1) 17.9(9.3) 28.2(.17)

NS5. Difficulty in abstract thinking 2.3(1.3) 2.0(0.2) 2.8(15) 12.8(.03)
N6. Lack of spontaneity and flow conversation 1.7(1.3) 16(1.1) 19(1.7) 12.9(.02)
General 323(8.2) 66.1(14.7) 70.5(22.2) 322(41)
G5. Mannerism and posturing 1.1(0.7) 1.1(0.49) 1.3(0.7) 9.9(.01)
PASY, mean (SD) 10.5(2.8) 10.7 (0.5) 10.14 (0.6) 9.1(.70)
Relapses Basdline, n (%) — — — 43(12)

0 53 (59) 38 (64) 15 (48) —

1 21(23) 14 (24) 7(23) —

>2 16 (18) 7(12) 9(29) —
ucu" visits Basgline, n (%) — — — 0.9 (.61)

0 26 (29) 19 (32) 7(23) —

1 36 (40) 23(39) 13 (42) —

>2 28 (31) 17 (29) 11 (36) —
Hospitalizations_Baseline, n (%) — — — 4.6 (.10)

0 19 (21) 16 (27) 3(10) —

1 50 (56) 32 (54) 18 (58) —

>2 21(23) 11 (19) 10 (32) —

8RC: ReMindCare.

BTAU: treatment as usual.

Cnot applicable.

dCGI-SI: Clinical Global Impression Severity of Iliness scale
€GAF: Global Assessment of Functioning.

fPANSS: Positive and Negative Syndrome Scale.

9PAS: Premorbid Adjustment Scale.
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hucu: urgent care units.

Sociodemographic Analysis

The mean age of the sample was 32.8 (SD 9.4) years, 73%
(66/90) were males, 91% (83/90) were White, and 81% (74/90)
were single. No significant differences were found between the
ReMindCare and TAU groups in any of the sociodemographic
information analyzed except for the native country. We found
that nearly every immigrant considered for inclusion agreed to
use the app (ReMindCare group 19% [10/11], TAU group 3%
[1/11]; x?=4.2, P=.04). Further information regarding
sociodemographic analysis of the datais displayed in Table 1.

Baseline Clinical Analysis

Significant differences were found between the ReMindCare
group and TAU group in some clinical factors. With regard to
injectable medication, 32% (10/31) of TAU patientsweretaking
injectable medication, while only 14% (8/59) of the ReMindCare
took it (x?=4.4, P=.04). Every new patient in the FEPP (length
of illness: 0-1 year) agreed to use the app (13/90, 22%), and
58% (18/31) of the TAU group had their illness for 6 or more

years (x>=12.3, P=.002). Moreover, the TAU patients showed
higher scores on the PANSS N5 and N6 negative subscales and
G5 in the general subscales (x°=12.8, P=.03; x°=12.9, P=.02;
X%=9.9, P=.01, respectively).

Considering medication, 20% (18/90) of patients were taking
injectable medications, 32% (29/90) of the patients suffered
from another illness, and 18% (17/90) had a prior suicidal
attempt. The mean of the CGI-Sl was 4.2 (SD 0.9), the GAF
mean=60.7 (SD 10.9), PANSS mean 65.9 (SD 18.8), and PAS

Table 3. Use of ReMindCare.

Bonet et al

mean 10.5 (SD 2.8). Finaly, 12% (11/90) of patients were
discharged from the FEPP. No significant differences were
found between the groupsin any of these factors. Moreover, no
significant differences were found between the ReMindCare
group and TAU group in terms of the number of relapses

(x?=4.3, P=.12), visits to urgent care units (x°=0.9, P=.61), or
the number of hospitalizations (x?=4.6, P=.10) at baseline.
Further clinical information is available in Table 2.

ReMindCare Outcomes

The mean of days using the app was 352.2 (SD 191.2), which
correspondsto 11.6 months. The mean of compliance was 84.5
(16.04), and 61.1% of the ReMindCare group had acompliance
rate between 85% and 100%.

Of the 59 ReMindCare patients, 31% (18/59) requested an
urgent consultation, 20% (12/59) had a relapse while using the
app, and 8% (2/59) developed adelusion involving the app and
the research group.

After 19 months of intervention, 63% (37/59) of patients
continued using the app, while 12% (7/59) stopped using the
app because they were discharged from the FEPP and 25%
(15/59) opted to stop using ReMindCare. Reasons for
discontinuation: 33% (5/15) of patients felt suspicious about
technology (among these patients, 4 had a relapse while using
the app); 40% (6/15) perceived the app as boring and did not
perceive any benefit; and 27% (4/15) of patients left treatment
and did not continuein the program. Thisinformation is shown
in Table 3.

Characteristic RC®group (n=59) Min-max
Days using app, mean (SD) 352.2 (191.2) 18-594
Months using app, mean (SD) 11.6 (6.5) 0-19
Engagement, mean (SD) 84.5 (16.0) 42-100
85%-100%, n (%) 36 (61) _b
UCUS, n (%) 18 (31) —
Relapses using app, n (%) 12 (20) —
Relapses related to app, n (%) 2(8) —
Status of use after 19 months, n (%)
Patients using app 37 (63) —
Patients not using app 22 (37) —
Discharged from FEPP? 7(32) —
Dropouts 15 (68) —

3RC: ReMindCare.

Prot applicable.

CUCU: urgent care units.

dFEPP: first episode of psychosis program.

With regard to the clinical outcomes, after 19 months of
ReMindCare'sintegration into the clinical workflow, only 20%

https:.//mhealth.jmir.org/2020/11/€22997

(12/59) of patients from the ReMindCare group had a relapse,
while 58% (18/31) of TAU patients had one or more relapses
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(x?=13.7, P=.001). Moreover, ReMindCare patients had fewer
visits to urgent care units (x>=7.4, P=.006) and fewer

Bonet et al

hospitalizations than TAU patients (x°=4.6, P=.03). Information
regarding these clinical outcomesis displayed in Table 4.

Table 4. Clinica outcomes after 19 months of the ReMindCare intervention.

Charecteristic Total, n (%) RC?group, n (%) TAUP, n (%) X2 (P value)
Relapses _¢c — — 13.7 (.001)

0 60 (67) 47 (80) 13 (42) —

1 29(32) 12 (20) 17 (55) —

>2 1) 0(0) 1(3) —
ucu9visits 20 (22) 8 (14) 12 (39) 7.4 (.006)
Hospitalizations 9(10) 3(5) 6 (19) 4.6 (.03)

3RC: ReMindCare.
BTAU: treatment as usual.
Cnot applicable.

ducu: urgent care units.

Discussion

Principal Findings

The results obtained from these analyses of the first 19 months
of ReMindCare use highlight the potential benefits of this
eHealth intervention for patients with early psychosis. Patients
who used the app not only had fewer relapses than the TAU
group, but they also had fewer visitsto the urgent care unit and
fewer hospitalizations.

Resultsrelated to the efficacy of the app arein linewith previous
resultsobtained in clinical trials[14-16]. However, asfar aswe
know, this is the first study to identify the benefits of the use
of an app as atool systematically integrated into daily clinical
practicein a FEPP.

With regard to the feasibility of the app, no significant
differenceswere found between the ReMindCare group and the
TAU group in terms of sociodemographic characteristics except
for native country. The feasibility of this intervention aligns
with the results obtained in our previous study [8], where we
found no differences in terms of sociodemographic
characteristics and interest in using eHealth interventions.

With regard to the clinical characteristics of the samples and
their impact on the effect of ReMindCare, there were some
differences between groups. We found that patients who did
not use the app were more likely to be taking injectable
medication, have a longer history of illness, and have higher
scores on the PANSS N5 and N6 negative subscales and G5 in
the general subscales. These results might suggest that the use
of ReMindCarewas not indicated for chronic patients. However,
we did not find differences in other clinical scales such asthe
CGI-Sl, GAF, and PAS scalesor even onthe PANSStotal scale.
More importantly, we did not find any differences between
groups in terms of baseline relapses, hospitalizations, or visits
to urgent care units.

These results are in line with the ones we obtained in our
previous study [8], wherewefound that interest in using eHealth
apps was equivalent between chronic and early psychosis

https:.//mhealth.jmir.org/2020/11/€22997

patients. In this regard, we suggest that differences obtained in
termsof theclinical characteristics of the patients could be more
related to the history of treatment than to clinical characteristics.
Aswe found, every new patient who joined the FEPP (length
of illnesslessthan 1 year) was interested in using the app (22%
of users), while patients who had alonger history of treatment
(Iength of illness more than 6 years) were more likely to reject
its use (58% of TAU group). This could highlight the relevance
of introducing these new technologies at the very beginning of
treatment so early psychosis patients consider these appsto be
just another tool included in their daily clinical treatment and
not an extra service, especially since our results suggested that
use of the app had a significant impact in improving the course
of theillness.

Finally, with regard to compliance and engagement with the
app, we found that 61% of patients had compliance rates
between 85% to 100%. Rates of engagement were also high, as
63% of patients still use the app after almost 1 year. These
results of compliance and long-term engagement are contrary
to previous studies [20,21] and suggest that the use of an app
in along-term approach is feasible and beneficial.

However, we would like to highlight that 20% of patients had
a relapse while using the app and 8% developed a delusion
involving the use of the app and the research group. These
negative results should be cautiously considered.

Technology could be a major resource to improve the quality
of treatments, but as we found in a previous study [8], it can
also play animportant role asatrigger for psychotic symptoms.
In this regard, in a 3-case study in 2011 conducted by Nitzan
et al [32], they stated that the use of the internet and computers
might contributeto agradual break with reality and devel opment
of psychotic symptoms. They suggested that given that patients
with psychotic diagnoses have greater difficulties in filtering
and understanding signals and symbols, they are also more
likely to misinterpret digital messages. However, no specific
studies regarding the potential harms of the use of new
technologies have been undertaken until the present.
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In our study, we found that the ReMindCare app was related to
beneficial clinical effects for the vast majority of patients who
used it. However, despite the general positive effects found in
this study, there are still some barriers and negative effects that
must be taken into consideration. The main barrier found in our
study relatesto the 34% of the approached patientswho did not
want to use the app and who also tended to be the more chronic
patients. Moreover, the main negative effect we found related
to the 8% of patients who developed a delusion involving the
app. As aresult, we would like to point out that this app is not
a panaceato prevent relapses. However, it is clear that the app
positively affected the course of theillness, as only 5% of those
who relapsed required hospitalization compared with 19% of
patients who relapsed in the TAU group.

Limitations and Strengths

There were some limitations that must be taken into
consideration. First, not every outpatient from the FEPP was
eligible for inclusion, as some patients did not have their own
smartphone with an internet connection or did not have the
ability to use the app or understand it due to language barriers.
Developing strategies to prevent digital exclusion should be a
priority to ensure that every patient could benefit from these
technologies[33]. Second, as areal-world study, this study was
not randomized. Despite the groups not differing in the vast
majority of clinical or demographic characteristics, there were
somefactors such as personality that could influence our results.

The main strength of our study was the fact that ReMindCare
is the first app that has been systematically integrated into the
clinica FEPP workflow. To our knowledge, there are no
previous studies that used an app as atool to improve the daily
treatment of patients with early psychosis. All the studies we
found were conducted in academic research settings that did
not emulate real-world environments [17,34].

Another strength is in regard to the development of the
ReMindCare app. First, it was based on two previous studies
[2,8] and co-designed with patients[27]. Second, we conducted
apilot study and focus groupsto ensure theinvolvement of both
patients and care providers[27] in the design and improvement
process of the app.

Finally, we would like to highlight the long-term approach of
this intervention. As stated before, ReMindCare is now
integrated into clinical practice and it was used for 19 months.
These results align with previous studies [16] that found that
people with psychosis have the abilities and interest required
to engage in long-term eHealth interventions.
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Implications for the Future

As aresult of these analyses, we highlighted the benefits that
theuse of ReMindCare app produced on early psychosis patients
inaFEPP. Our aimisto continueimproving the app in response
to the needs and suggestions provided by patientsand clinicians.
As Ross et a [22] claimed in their meta-review, in order to
ensure the use of these eHealth technologies over time, there
are three challenges that should be overcome. First, the apps
must be able to adapt to the characteristics of the environment
and patients. Second, the apps should be easy to use. Third, the
apps should be integrated into clinical practice, adjusting the
characteristics of the app in order to ensure it is user-friendly
and efficient for patientsand clinicians. It is our aim to address
these issues to maintain the positive results obtained in this
study.

However, we would like to point out a major issue that must
guide future eHealth interventions. As stated before, 8% of
patients developed adelusion related to the use of the app, 25%
of patients deliberately stopped using the app, and 34% of
patients approached did not want to use the app in thefirst place.
These results suggest that there are till significant numbers of
patients not willing to use eHealth interventions, and there are
some patients who could be adversely affected by the use of
thesetechnologies. Studying the characteristics of these patients
should guide future research in order to ensure that the use of
digital technologies only provides benefits to the patients [8].

Finally, we would like to underline that given the exceptional
situation that the world isfacing at the moment with COVID-19
and in order to address the requirements of interventions that
could improve thetelematic treatment of patientsand prevention
of hospital collapses [4,35], ReMindCare could be used as an
effective and efficient tool. Since quarantining in Spain began
March 13, 2020, patients have not been permitted to come in
person to their clinical appointments and have received their
clinical evaluations by phone. Since that moment, the use of
ReMindCare has been extremely useful to improve the
evaluation and adherence of early psychosis patients. However,
future analysis will be conducted in regard to this aspect.

Asthe conclusion of this study, we would like to point out that,
to the best of our knowledge, ReMindCare is not only the first
app to be integrated into the clinical practice, it is the first
eHedlth intervention with evidence that it improvesthe outcomes
of early psychosis patientsin areal-world care setting.
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Abstract

Background: Myofunctional therapy has demonstrated efficacy in treating sleep-disordered breathing. We assessed the clinical
use of anew mobile health (mHealth) app that uses a smartphone to teach patients with severe obstructive sleep apnea—hypopnea
syndrome (OSAHYS) to perform oropharyngeal exercises.

Objective:  We conducted a pilot randomized trial to evaluate the effects of the app in patients with severe OSAHS.

Methods: Forty patients with severe OSAHS (apnea—hypoxia index [AHI]>30) were enrolled prospectively and randomized
into an intervention group that used the app for 90 sessions or a control group. Anthropometric measures, Epworth Sleepiness
Scale (0-24), Pittsburgh Sleep Quality Index (0-21), lowa Oral Performance Instrument (IOPI) scores, and oxygen desaturation
index were measured before and after the intervention.

Results: After the intervention, 28 patients remained. No significant changes were observed in the control group; however, the
intervention group showed significant improvements in most metrics. AHI decreased by 53.4% from 44.7 (range 33.8-55.6) to
20.88 (14.02-27.7) events/hour (P<.001). The oxygen desaturation index decreased by 46.5% from 36.31 (27.19-43.43) t0 19.4
(12.9-25.98) events/hour (P=.003). The IOPI maximum tongue score increased from 39.83 (35.32-45.2) to 59.06 (54.74-64.00)
kPa (P<.001), and the IOPI maximum lip score increased from 27.89 (24.16-32.47) to 44.11 (39.5-48.8) kPa (P<.001). The AHI
correlated significantly with IOPI tongue and lip improvements (Pearson correlation coefficient —0.56 and —0.46, respectively;
both P<.001). The Epworth Sleepiness Scale score decreased from 10.33 (8.71-12.24) to 5.37 (3.45-7.28) in the app group
(P<.001), but the Pittsburgh Sleep Quality Index did not change significantly.

Conclusions: Orofacial exercises performed using an mHealth app reduced OSAHS severity and symptoms, and represent a
promising treatment for OSAHS.

Trial Registration: Spanish Registry of Clinicad Studies AWGAPN-2019-01, ClinicalTrials.gov NCT04438785;
https://clinicaltrial s.gov/ct2/show/NCT04438785
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Introduction

Background

Obstructive seep apnea—hypopnea syndrome (OSAHS) is a
serious health problem worldwide [1], and is associated with
morbidities such as hypertension, arrhythmia, and
cerebrovascular diseases. The classic treatment of thissyndrome
isbased on dietary measures, weight loss, and exercise, and the
use of continuous positive airway pressure (CPAP). Other
treatment options include upper airway surgery, mandibular
advancement devices, and upper airway stimulation devices
(UASDs) that bring the tongue forward to prevent it from falling
backward and collapsing the airway. The success rates of
treating the airway obstacle or correcting the muscles vary.
Indications and the success rate for al treatments depend on
patient compliance with the treatment and the severity of the
disease [2].

Patients with OSAHS present with impaired sensorimotor
deficits located in the upper airway muscles[3]. These deficits
are associated with apraxia [4], hypotonia [5], and changesin
the type of muscle fibersfromtypel to types|laand IIb, which
lead to early fatigue and can interfere with the ability to perform
prolonged exercise [6]. These deficits can lead to impairment
of proprioceptive acuity in the upper airway muscles [4]. The
best rehabilitation for improving this pathology is proprioceptive
training in association with visual or acoustic feedback [7].

Myofunctional therapy is one of the newest treatments for
deep-disordered breathing [8], which isbased on daily exercises
using the oropharyngeal muscles in an attempt to strengthen
them and to facilitate opening of the airway. OSAHS originates
from suboptimal function of the dilator muscles of the airway.
Therefore, myofunctional therapy is designed, theoretically, to
deal with the underlying mechanism of this disease [9]. The
patient is instructed to perform these exercises regularly for
20-40 minutes daily for at least 3 months[10]. In some cases,
patients perform the exercises independently at home without
substantial feedback and without giving precise information to
the therapist about their performance of the exercises, and this
type of therapy is associated with low adherence [11].

Most existing mobile health (mHealth) apps for OSAHS focus
on the diagnosis of snoring or OSAHS [12], and a few are
designed to promote adherence to treatment with CPAP [13].
None of these apps is used alone to treat OSAHS. Mobile
technology may be valuable for treating people with OSAHS
because it may promote patient empowerment and
self-management [12].

Therefore, we conducted this pilot randomized trial to evaluate
a new mHealth app based on proprioceptive training, which
was designed to promote oropharyngeal exercises through
interactions with asmartphone. In this prospective, randomized,
multicenter clinical study, we evaluated adherence to the app

http://mhealth.jmir.org/2020/11/€23123/

and its effectivenessin agroup of patientswith severe OSAHS,
as identified by an apnea—hypoxia index (AHI)>30 compared
with acontrol group of similar patients who did not participate
in the intervention.

Objectives

Primary Objectives
The main objectiveswereto study the effects of the AirwayGym

app on adherence to myofunctional therapy and on the AHI in
patients recently diagnosed with severe OSAHS (AHI>30).

Secondary Objectives

The secondary objectives were to evaluate the change in the
oxygen desaturation index (ODI), use of the lowa Ord
Performance Instrument (I0PI) score to evaluate the effects of
the app on the tone of the genioglossus and buccinator muscles,
and use of the Epworth Sleepiness Scale and Pittsburgh Sleep
Quality Index questionnaires to evaluate subjective morning
somnolence and sleep quality.

Methods

Study Overview

Thiswas anonsponsored study coordinated by the Pulmonology
and Otolaryngology Departments of Quirénsalud Marbella
Hospital and Campo de Gibraltar Hospital, Andalucia, Spain.
The protocol was designed and written by the authors and is
availablein Multimedia Appendix 1. The protocol was approved
by the governmental review board (AWGAPN-2019-01). All
patients provided informed consent. An independent data and
safety monitoring board regularly reviewed data on serious or
nonserious adverse events and study quality. The authorsvouch
for the accuracy and completeness of the data reported and for
the fidelity of the study to the protocol. All investigators were
GCP-certified.

The CONSORT (Consolidated Standards of Reporting Trials)
checklist [14] is shown in Multimedia Appendix 2.

Design
This was a prospective controlled quasiexperimental clinical
study in patients with severe OSAHS (AHI>30).

Participants and Recruitment

Patients newly diagnosed with severe OSAHS based on the
results of polysomnography or respiratory polygraphy with
measures of AHI and oxygen saturation were recruited offline
inaclinical setting. All dleep studieswereinterpreted manually
by a deep technician according to the standard criteria of the
American Academy of Sleep Medicine Manual for the Scoring
of Sleep and Associated Events [15], and the interpretations
were reviewed by certified physicians.
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Information about the inclusion and exclusion criteria,
evaluation of the type of smartphone used, previous experience
with the app, and the study protocol are provided in Multimedia
Appendix 1.

All patients agreed to participate and provided offlineinformed
consent. At the initial visit, participants were evaluated by an
otorhinolaryngol ogist who performed rhinofibrolaryngoscopy,
Friedman staging, the Marchesani protocol [16], and
examination of temporomandibular joint dysfunction. Patients
with grade |V tonsils, complete nasal obstruction, ankyloglossia,
or problems with temporomandibular joint dysfunction were
excluded from the study. In a second visit, anthropometric
variables, including weight, height, and neck and waist
circumferences, were measured, and the BMI was calcul ated.
The Friedman staging, Epworth Sleepiness Scale, and Pittsburgh
Sleep Quality Index questionnaires were completed, and |OPI
lingual and buccinator scores were obtained.

Randomization

Randomization was based on the consecutive order of patient
enrollment. A pulmonol ogist specialist allocated odd-numbered
patients to the AirwayGym app group and even-numbered
patients to the control group.

Intervention

Participantsin the AirwayGym group were instructed about the
use of the app and the exercisesto perform for 20 minutesdaily.
Follow-up visits for both the AirwayGym and control groups
occurred after 1 month (visit 3) and 3 months (visit 4). At these
visits, all variables were measured again and the questionnaires
were completed, and the patientswere asked whether they were
using any other therapies. In the final visit at 3 months,
polysomnography or polygraphy was performed for both groups.
Thetotal study duration for each participant was 3 months.

Participants were excluded from the study if they were lost to
follow up because they did not attend hospital visits or if they
lost 25% of body weight during the study. Patients in the
AirwayGym group were also excluded if they did not perform

http://mhealth.jmir.org/2020/11/€23123/
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<85% of the scheduled exercise sessions, as monitored by the
app.

Myofunctional Therapy App

Participants in the AirwayGym group committed to using the
AirwayGym app. This app was created as a collaboration
between the sleep units of Quirénsalud Marbella Hospital and
Campo de Gibraltar Hospital. The app can be thought of as a
portabl e fitness app except that the user isintended for patients
rather than athletes, and therapists rather than trainers provide
theinstructions. The novelty of thisapp isthat it isthefirst app
in the health care market that allows the patient to interact
directly with the smartphone without needing any other device.
The app focuses on sleep apnea disease and improving
proprioceptive deficits. When used with the app, the phone
provides acoustic feedback about the efficacy of the exercises
performed.

The app includes 9 exercises based on myofunctional therapy
(Figure 1) that are aimed at improving the tonicity of thevarious
musclesinvolved in the pathogenesis of OSAHS. Before every
exercise, an animated demonstration and a video show the
patient how to perform the exercise. After each exercise, the
patient receives visual, acoustic, and tactile feedback about the
success of their performance as a point score. When the patient
finishes the exercises, the results are saved on a networked
online storage (in the cloud), and a therapist can evaluate the
patient’s performance of the exercises. Users of the app can
follow the progress of their daily activity over time (Figure 2).
A chat function is available through which the patient can
contact the therapist directly. Additional information can be
found on the AirwayGym webpage [17]. This app complies
with regulations 2002/58/CE and (UE) 2016/679 concerning
data protection. The app was provided free to each participant.

The main objective of the exercisesin the app isto increase the
tone of the extrinsic muscles of the tongue (genioglossus,
hyoglossus, styloglossus, and palatoglossus). The exercisesare
based on those described el sewhere [10] and have been adapted
to alow feedback using a smartphone (see Multimedia
Appendices 3-12).
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Figure 1. Screenshot of agif showing an exercise.
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Pressure with your chin
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Open your mouth and keep pushing the screen
for 5 seconds, close your mouth and rest. While
doing the exercise say /a/.
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Figure 2. Screenshot of a patient’s progressin following the exercises for 1 year.
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Sleep Laboratory Procedures

Standard  laboratory  polysomnography  (Somté  PSG,
CompumedicsLtd 2006, Abbotsford, Australia) was performed
according to the technical specifications of the American
Academy of Sleep Medicine[15]. The recorded variables were
obtained using electroencepha ography (C3-A2, C4-A1l, O1-A2,
02-A1l), electrooculography (2 channels), chin and leg
electromyography, and electrocardiography. Frontal electrodes
were not used. Respiratory variables were measured using
linearized nasal pressure prongs and the flow waveform of the
oronasal thermal signals. Respiratory effort signals were
measured through inductive bands that recorded ribcage and
abdominal movements. Oxygen saturation, body position, and
snoring were also registered.

Respiratory polygraphy was performed using an Embletta
portable diagnostic system (ResMed, Sydney, Australia)
according to the technical specifications of the American
Academy of Sleep Medicine[15]. Measurementswere obtained
using a snoring sensor, nasal thermistor, and nasal pressure
cannula to register airflow; thoracic and abdominal belts to
assess ribcage and abdominal movements; el ectrocardiography;
actigraphy to detect body position; oxygen saturation; and heart
rate.

All patients were evaluated using the same testing procedure
(polysomnography or respiratory polygraphy) before and after
theintervention. Theresultsfor each participant were analyzed
manually by atechnician who was blinded to the participant’s
assigned group.

The pulmonologist’s medical evaluation was used to determine
which test was chosen for each patient. Apnea and hypopnea
were analyzed and scored according to the following criteria.
Hypopnea was defined as a =230% decrease in airflow signal
amplitude lasting =10 seconds and accompanied by >3% oxygen
desaturation. Apneawas defined as a=90% decrease in airflow
signal amplitude lasting =10 seconds. The ODI was used to
quantify oxygen desaturation >3% Both testswere used to define
moderate OSAHS as an AHI of 15-29.9 eventshour of sleep
and severe OSA as =30 eventshour of sleep.

|OPI Measurements

Detailed information about this device and measurements is
provided in Multimedia Appendix 1.

Sample Size Derivation

The effectiveness of use of the app for performing
myofunctional therapy in patients with severe OSAHS was
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evaluated using the percentage changes in the AHI observed
during follow up as the primary outcome measure. This
percentage was calculated from results reported in previous
studies of myofunctional therapy [10,18,19]. Based on an a
level of .05 and power of 0.80, we estimated that 30 participants
wererequired. To account for potential loss during theinclusion
process (including patients with selection bias), early
withdrawal, or loss to follow up, we doubled the sample size
to 60. The sample size was calculated using XLSTAT (v16
Addinsoft France).

Data Analysis

Data were collected in a database. Nomina variables are
described by their frequency distribution. Quantitative variables
were assessed by calculating the median and IQR. Baseline
characteristics of the 2 groups of patients with OSAHS were
compared using two-tailed paired t-testsfor continuous variables
and the chi-squared or Fisher exact test for nominal variables.
For variables with a skewed distribution, the Mann-Whitney U
test was used. Pearson correlational analysiswas used to assess
the associations between the changes in the AHI and changes
in possible explanatory variables, including BMI and neck and
waist circumferences. A P value <.05 was considered to be
significant.

Results

Patients

Of the 60 patients initially recruited, 40 patients were enrolled
and randomized from February 2019 to July 2020. Twenty of
the 60 patients were excluded, 10 (17%) because of the
exclusion criteria and 10 (17%) because of findings in the
otorhinolaryngol ogist’s examination. Six of the 40 patientswere
excluded because of a change in body weight, 4 voluntarily
abandoned the study in the control group, and 2 patients were
lost because of poor adherence to therapy in the AirwayGym
group. Finally, the datafor 28 patients (22 men) were included
in the study (Figure 3). Half of the participants in the control
group were lost to follow up.

The baseline demographic and deep characteristics are presented
for the two groups in Table 1. There were no significant
differences in any characteristics, including age, weight, and
BMI, between the two groups. In addition, at the baseline, the
AHI did not differ within or between the groups (Table 1).

JMIR Mhealth Uhealth 2020 | vol. 8| iss. 11 [€23123 | p.180
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH O'Connor-Reinaet &

Figure 3. CONSORT flowchart for pilot randomized trials for recruitment of participantsin this study. AGG: AirwayGym group; CG: control group.
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Table 1. Baseline characteristics of the study participants.
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Characteristic Control (n=10) AirwayGym (n=18) P vaue
Anthropometric data
Age (years), median (IQR) 63.9 (56.4-71.38) 59.17 (53.7-64.6) 19
Female, n (%) 2(20) 4(22) .95
Body weight (kg), median (IQR) 87.7 (77.9-97.4) 86.11 (77.4-94.8) .86
Height (cm), median (IQR) 170.2 (166.2-174.1) 177.1 (166.3-177.9) .52
Waist circumference (cm), median 109.1 (97.5-120.6) 109.2 (102.9-115.4) .98
(IQR)
Neck circumference (cm), median 43.7 (40.3-47) 43.74 (41.03-46.4) .99
(IQR)
BMI (kg/m?), median (IQR) 29.6 (27.1-32.08) 28.9 (26.8-31.02) .67
Friedman stage, n (stage) 2, 3(1),2(11),3(1V) 41, 41), 37,7 (V) .95
Polysomnography data
AHI¥hour, median (IQR) 47.36 (38.59-56.13) 44.77 (33.841-55.69) .70
oDI®, median (IQR) 40.6 (29.46-51.81) 36.31 (27.1-43.43) .54
Tone measures (kPa)
1OPIC max tongued, median (IQR) 42 (32.67-51.33) 40.26 (35.32-45.2) .70
|OPl max Iipse, median (IQR) 28.10 (23.7-32.5) 28.3 (24.16-32.47) .94
Questionnaires
Pittsburgh Sleep Quality Index, median  8.80 (7.12-10.48) 10.1(8.22-11.99) .34
(IQR)
Epworth Sleepiness Scale, median 9.3 (6.6-12) 10.47 (8.71-12.24) 42
(IQR)

3AHI: apnea-hypopneaindex.

boDI: oxygen desaturation index.

%1OPI: lowa Oral Performance Instrument.
Ymaximum tongue elevation strength.
€maximum lip strength.

significant changes from before to after the intervention were
observed in the AirwayGym group. The adherenceto the therapy
in the AirwayGym group was 90%. No adverse reactions were
registered.

Intervention

After the intervention period, none of the variables changed
significantly in the control group (Table 2). Conversely,

http://mhealth.jmir.org/2020/11/e23123/ JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 11 [e23123 | p.182

(page number not for citation purposes)

RenderX


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

JMIR MHEALTH AND UHEALTH

Table 2. Changesin variables from the baseline to 3-month follow up in the control and AirwayGym groups.
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Variable Control group (n=10) AirwayGym group (n=18)
Baseline, median After 3months, me- Pvaue  Baseline, median After 3months, me- P value
(IQR) dian (IQR) (IQR) dian (IQR)
Anthropometric data
Body weight (kg) 87.7 (77.9-97.4) 87.3(78.03-95.66) .95 86.1(77.4-94.8) 86.00 (77.93-94.06) .92
Height (cm) 170.2 (166.2-174.1)  169.80 (166.27- .98 177.1(166.3-177.9) 172.6 (167.3-177.9) 1.00
174.12)
Waist circumference (cm) 109.1(97.5-120.6)  108.5(96.9-120.10) .94 109.2 (102.9-115.4) 108.84(102.7-114.9 .92
Neck circumference (cm) 43.7 (40.3-47) 435 (40.33-46.67) .92 4374 (41.03-46.4)  44.6 (42.12-47.2) .60
BMI (kg/m?) 29.63(27.1-32.08)  29.6(27.35-31.84) .94 28.9(26.8-31.02)  28.81(26.79-30.83) .92
Polysomnography data
AHI? (eventsthour) 4736 (38.59-56.13) 35.00(31.2-38.7) .07 44.77 (33.84-55.69) 20.88 (14.02-27.74) <.001
obl® 40.64 (29.46-51.81) 32.03 (24.14-39.91) .17 36.31(27.19-43.43) 19.4(12.9-2598)  .003
Tone measures (kPa)
IOPI® max tongue® 42 (32.67-51.33) 44.2(34.1-54.2) 72 39.83(35.32-45.2)  59.06 (54.74-64.00) <.001
10PI max lips® 28.10(23.7-325)  31.3(26.6-35.9) 27 27.89(24.16-32.47) 44.11(39.5-488)  <.001
Questionnaires
Pittsburgh Sleep Quality Index  8.80 (7.12-10.48)  9.78(7.2-12.11) 50 10.2(8.22-11.99)  8.28(5.97-10.35) .22
Epworth Slespiness Scale 9.3(6.6-12.0) 9.6 (6.8-12.3) 86 10.33(8.71-12.24)  5.37 (3.45-7.28) <.001

3AHI: apnea-hypopneaindex.

boDI: oxygen desaturation index.

%1OPI: lowa Oral Performance Instrument.
Ymaximum tongue elevation strength.

€maximum lip strength.

Anthropometric Data

The anthropometric measures did not change significantly in
the intervention group (Table 2).

Laboratory and 1OPI Measurements

The AHI decreased by 53.36% from 44.7 (IQR 33.8-55.6) to
20.88 (IQR 14.02-27.7) events/hour (P<.001) (Figure 4). The
ODI score decreased by 46.5% from 36.31 (IQR 27.19-43.43)

http://mhealth.jmir.org/2020/11/€23123/

to 19.4 (IQR 12.9-25.98) eventshour (P=.003). The IOPI
maximum tongue el evation strength score increased from 39.83
(IQR 35.32-45.20) to 59.06 (IQR 54.74-64.00) kPa (P<.001)
(Figure 5). The IOPI maximum lip score increased from 27.89
(IQR 24.16-32.47) to 44.11(IQR 39.5-48.80) kPa (P<.001)
(Figure6). The AHI correlated significantly with improvements
in the IOPI tongue and lip scores (Pearson coefficients —0.56,
P<.001 and -0.46, P<.001, respectively).
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Figure 4. Apnea—hypopneaindex (AHI) before (baseline) and after 3 months in patients with severe obstructive sleep apnea. Intragroup comparison
from before to after the study was performed using the Wilcoxon test owing to the skewed data distribution. CG: control group; AGG: AirwayGym

group.
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The intragroup comparison is shown from before to after the study. AGG: AirwayGym group; CG: control group.

IOPI tongue strength  (kpa)

http://mhealth.jmir.org/2020/11/€23123/

XSL-FO

RenderX

80+

o))
o
1

o
o
1

205

mAGG
mCG
# 01 0 '
og
Baszeline 3 Mt;nths

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 11 [e23123 | p.184
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

O'Connor-Reinaet d

Figure 6. lowa Ora Performance Instrument (I0PI) lip strength (kPa) at baseline and after 3 months in patients with severe obstructive sleep apnea.
The intragroup comparison is shown from before to after the study. AGG: AirwayGym group; CG: control group.
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The Epworth Sleepiness Scal e score decreased from 10.33 (IQR
8.71-12.24) to 5.37 (IQR 3.45-7.28) (P<.001). However, the
Pittsburgh Sleep Quality Index did not change significantly in
the AirwayGym group.

Discussion

Principal Findings

Thisprospective study showed that an mHealth app that includes
education about myofunctional therapy exercises for patients
with severe OSAHS helped to improve the AHI and upper
airway muscle tone. This is the first report in the literature to
show significant correlations between the increase in tone, as
measured by the|OPI, and improvementsinthe AHI in patients
with severe OSAHS.

The main criticisms of previous reports on the use of
myofunctional therapy to treat OSAHS patients are that the
myofunctional therapy included different kinds of exercisesand
the authors did not explain the reason for improvement [8]. The
clinical trial by Guimaraes et a [10] reported a significant
reduction in neck circumference, which may explain the
effectiveness of the exercises. Our app provides one unique set
of exercises with acoustic, visual, and tactile feedback. We
found no significant change in neck circumference, which
suggests that increasing muscle tone, as measured by the IOPI,
helped to improve the AHI.

Eckert [20] reported the use of myofunctional therapy and
UASDs as an elective treatment for patients with a hypotonic
phenotype associated with OSAHS. Our results may be similar

http://mhealth.jmir.org/2020/11/€23123/

RenderX
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to those obtained with a stimulator [21], but the app costs less
and does not appear to be associated with adverse effects.
Another difference after myofunctional therapy isthat the |OPI
scoresincreased after use of the app, whereas UASDs have not
been found to increase 0PI scores [22]. Active voluntary
movement is required to increase the muscle tone, but UASDs
do not dicit such movement. However, the app must be
evaluated for alonger time, 1 year or more, as performed with
UASDs, to make definitive conclusions [21].

We believethat the reason for the success of thisapp in patients
with severe OSAHS isthat myofunctional therapy must be based
on proprioceptive training because of the sensorimotor deficit
in the upper airway muscles in these patients [4]. All clinica
studies reported to date are based on isometric and isotonic
exercises in patients with moderate or severe sleep apnea, and
used videos and diagrams [10,13,19]. Our app is based on
proprioceptive training using isometric and isotonic exercises,
which led to satisfactory results in these patients with severe
OSAHS.

The main disadvantages of myofunctional therapy are the poor
adherenceto therapy [23] and the absence of objective feedback
[10,11]. Adherence to myofunctional therapy was high in our
study, possibly because of the ease of contact with a practitioner
and the acoustic and visua feedback about the patient’s
performance given by the app for every exercise[24]. Monthly
visits for measurement of 1OPI scores can also provide an
objective way to evaluate patient progress and to promote
adherence.

Instead of using placebo exercises, asemployed in other studies
[25], we choseto withhold therapy for the control group because
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there is no separate app that could be used as a control. This
study also describes a new method for delivering upper airway
exercise training for which there is no comparable study
available to date.

The selection of patients suitable for myofunctional therapy is
important [18]. The efficacy of this therapy may be limited in
patients with restricted tongue movement, permanently blocked
nose, or temporomandibular joint disorder. Therefore, patients
with OSAHS should be examined by atherapist with knowledge
of the use of myofunctional therapy before beginning such
therapy [26]. In our study, 10 patients (16.6%) were rejected
because of one of these conditions. Thisapp is suitable only for
improving upper airway muscletone and does not correct other
myofunctional therapy disorders[27]. Future studies are needed
to identify the hypotonic phenotype(s) suitable for thistherapy.
Aswe have suggested previously [28], patientswith alow |OPI
score are good candidates for myofunctional therapy.

Although further evidence of the efficacy of thisapp is needed,
we consider that this therapy will help to improve adherenceto
other treatments, as has been suggested previously [28-30]. In
addition, conventional treatments such as CPAP or sleep surgery
have been restricted during the COVID-19 pandemic [31], and
this app may be a reasonable therapeutic option, as we have
reported recently [24].

Degpite the strengths of this pilot study mentioned above, we
note several limitations. First, the number of participants was

O'Connor-Reinaet d

small. Second, wefound asignificant loss of participantsin the
control group (50%), who were instructed not to perform any
therapy once they had been diagnosed with severe OSAHS.
Despite this loss, our sample size was similar to that included
in other clinical studies of thistherapy [10,18,19]. The number
of patients in the control group was low because we found
significant differences in the therapy group early during the
study. We therefore decided not to enroll more patients in the
control group because of the difficulties experienced by patients
with severe OSAHS not given appropriate therapy and the
restrictions on sleep studies during the COVI1D-19 pandemic.
Third, as this was a nonsponsored pilot trial, we initialy
attempted to perform polysomnography studiesin all patients,
but this test slowed our trial. We decided to use laboratory
polygraphy because we found no significant differencesin the
accuracy of the outcomes AHI and ODI between
polysomnography and polygraphy provided that the pre- and
postintervention measures were obtained by the same team and
equipment. Finaly, this pilot triadl was registered at
clinicaltrials.gov during the performance of the study.

Conclusions

In patientswith OSAHS who performed myofunctional therapy
exercises using this app, the severity of symptoms decreased
and the tone of the upper airway muscles increased after 3
months. This app may represent a promising treatment for
OSAHS given its convenience and availability of the mobile
phone market.
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Abstract

Background: Mobile health (mHealth) technology has the potential to support the Chronic Care Model’s vision of closed
feedback loops and patient-clinician partnerships.

Objective: Thisstudy aimsto evaluate the feasibility, acceptability, and short-term impact of an electronic health recordinked
mHealth platform (Orchestra) supporting patient and clinician collaboration through real -time, bidirectional data sharing.

Methods: We conducted a 6-month prospective, pre-post, proof-of-concept study of Orchestra among patients and parentsin
the Cincinnati Children’s Hospital inflammatory bowel disease (IBD) and cystic fibrosis (CF) clinics. Participants and clinicians
used Orchestra during and between visits to complete and view patient-reported outcome (PRO) measures and previsit plans.
Surveys completed at baseline and at 3- and 6-month follow-up visits plus data from the platform were used to assess outcomes
including PRO completion rates, weekly platform use, disease self-efficacy, and impact on care. Analyses included descriptive
statistics; pre-post comparisons; Pearson correlations; and, if applicable, effect sizes.

Results: We enrolled 92 participants (CF: n=52 and IBD: n=40), and 73% (67/92) completed the study. Average PRO completion
was 61%, and average weekly platform use was 80%. Participants reported improvement in self-efficacy from baseline to 6
months (7.90 to 8.44; P=.006). At 6 months, most participants reported that the platform was useful (36/40, 90%) and had a
positiveimpact on their care, including improved visit quality (33/40, 83%), visit collaboration (35/40, 88%), and visit preparation
(31/40, 78%). PRO completion was positively associated with multiple indicators of care impact at 3 and 6 months.
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Conclusions:

Opipari-Arrigan et al

Use of an mHealth tool to support closed feedback loops through real-time data sharing and patient-clinician

collaboration is feasible and shows indications of acceptability and promise as a strategy for improving pediatric chronic illness

management.

(JMIR Mhealth Uhealth 2020;8(11):€11968) doi:10.2196/11968

KEYWORDS

health services research; mHealth; eHealth; patient engagement; chronic illness; mobile phone

Introduction

Background

Optima management of pediatric chronic illness requires a
different type of health care system [1,2]. Current models of
care organized around treating acute, episodic conditions no
longer meet the needs of the growing number of children with
chronic health problems[3,4]. Although, organizationally, care
is focused around the clinic visit, more than 99% of patients
lives are spent outside of this context. The Chronic Care Model
positions informed, activated patients and prepared, proactive
clinicians as foundational to improved health outcomes.
However, itisdifficult for most cliniciansto be informed about
what happens outside of the clinic. In turn, most patients have
neither easy, understandable access to their own clinical data
nor systematic ways to reliably measure and communicate
changes in daily functioning. Thisis a missed opportunity for
optimizing hedlth care. Failing to connect what happens
day-to-day with clinical decision-making leads to reactive
instead of proactive care based on hazy memories, missing
information, and subjective impressions of how things have
been going.

Mobile health (mHealth) technology offers the opportunity to
address these gaps by expanding care beyond the boundaries
of time-limited, infrequent clinical encounters to support data
sharing, communication, and collaborative decision-making
between patients and clinicians [5-9]. This potential has
encouraged considerable attention from the health care and
technology industries;, however, we have yet to see mHealth
have a transformative effect on chronic care delivery systems
or outcomes. Although the number of digital health apps, portals,
and dashboards is rapidly increasing, evidence of their impact
has been mixed and modest [10]. Some studies have
demonstrated that mHealth supportsimproved engagement and
adherence. For example, text messaging interventions have
boosted attendance at pediatric HIV appointments[11] and have
increased adherence in pediatric asthma [12], type 1 diabetes
[13], and cardiac care [14]. Electronic health portals that track
patients’ symptoms and provide decision support have decreased
clinic visits and school absences in pediatric ulcerative colitis
[15] and decreased flares and missed parental work in pediatric
asthma[16]. Yet, there are countless other examples of mHealth
technologies that fail to improve self-management behaviors
or clinical outcomes [9,10,16-21]. In fact, a comprehensive
review of mHealth technology for chronic disease management
found that just over half impacted adherence behavior and only
39% impacted clinical outcomes[10]. In addition, studies show
that about half of theindividual s that download health apps stop
using them, most soon after initial use [22,23].

https://mhealth.jmir.org/2020/11/€11968

Both technological design elementsand clinical careintegration
likely contribute to an mHealth tool’s success or failure [24].
Tools that only enable tracking and display of user data may
build awareness but arelikely insufficient to engageindividuals
in health behavior change [24-26] and surmount the burden of
data entry [22]. Rather, mHealth tools that support the Chronic
Care Moded’s vision of closed feedback loops and
patient-clinician partnership, through making data relevant,
understandabl e, and actionable and by facilitating collaboration,
are more likely to be adopted and retained [26,27]. Beyond the
technology itself, purposeful integration with clinical care, so
that both patients and clinicians understand the why and how
of incorporating mHealth tools, is paramount to achieving
impact [10,26,28].

Objectives

The purpose of this study isto test the feasibility, acceptability,
and short-term impact of using an mHealth tool to facilitate the
Chronic Care Model’s vision of closed feedback loops and
patient-clinician partnerships. As there was no available
commercia platform that reliably enabled the functionality
needed to support the Chronic Care Model's approach to
continuous care, we developed an mHealth tool with patient
and clinician end usersto support pediatric chronic care during
and between clinical encounters. The Orchestra platform [29]
was designed to enabl e proactive and collaborative chronic care
through (a) real-time sharing and visualization of clinical and
patient-generated (ie, patient-reported outcome, PRO) data, (b)
automated symptom surveillance with actionable aertsto signal
changes in patient status based on patient-generated data, and
(c) collaborative previsit planning. As a first step, this
prospective, preliminary pre-post study tested Orchestra in 2
pediatric chronic diseases (cystic fibrosis[CF] and inflammatory
bowel disease [IBD]). We hypothesized that parents, patients,
and clinicians would find Orchestra feasible and acceptable
and that we would see signals of clinically meaningful impact.

Methods

Setting and Patient Population

This study was conducted within the IBD and CF clinics at
Cincinnati Children’s Hospital (CCH; Ohio, United States) and
was approved by the CCH Ingtitutional Review Board
(#2014-0975). We conducted the work at CCH because of our
existing relationshipswith clinicsthat had an interest and ability
to partner with us in this proof-of-concept study. We used a
convenience sample of patients and parents from the CCH CF
and IBD clinics. The CF and IBD clinics were chosen to ensure
that our study included conditionsthat varied in disease course,
management, and time demands associated with daily care.
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Eligible participantswere patientswith IBD or CF aged between
14 and 21 years and/or a parent or legal guardian of patients
aged between 0 and 21 years. If apatient waslessthan 14 years
old, only their parent was enrolled in the study and used the
Orchestra app. If a patient was older than 14 years, the family
decided if only the patient, only the parent, or both would enroll
and use the Orchestra app. Participants were English speaking
or reading and had asmartphone (iOS or Android) with amobile
data plan and/or internet connectivity.

Study Design and Protocol

Thiswas a preliminary, prospective pre-post, proof-of-concept
study. Recruitment began in May 2015 and continued for 1 year.
Follow-up data collection was completed in fall 2016. Eligible
participantswereidentified viaclinic rosters and were contacted
by research staff, who were not part of the clinical team, before
or at aclinicvisit. Interested participants watched a3-min video
[30] describing Orchestra while waiting for their visit and then
discussed with their clinicians how they might use Orchestra
as part of their care. Following the visit, participants met with
staff to sign theinformed consent form, download the Orchestra
mobile app, and customize settings. Participants were enrolled
for 6 months.

Orchestra Technology Platform

The Orchestra technology platform [29] was developed with
clinicians, patients, and parents viaa user-centered, agile design

Opipari-Arrigan et al

process. The platform included a patient- or parent-facing mobile
app and alinked clinician-facing web-based dashboard. Patient
or parent functionality included the following (Figure 1):

« Library of PRO measures[31,32] that could be selected for
symptom and general health tracking based on patient goals
and customized for daily or weekly completion. Therewere
35 predetermined measures available for IBD (eg,
abdominal pain frequency, stool consistency, and fatigue)
and 28 available for CF (eg, energy level, cough severity,
and appetite). Participants could also create custom
symptoms with their clinician if needed (Multimedia
Appendix 1).

« Real-timevisudization of PRO data

« PRO data point annotation and journal entry features for
recording observations.

« Previsit health report showing disease-specific laboratory
data (ie, C-reactive protein and hematocrit) and health
metrics (ie, weight and pulmonary function tests) with
simple visualizations and text descriptions of results and
trends as well as personalized suggestions for topics to
discuss with clinicians.

« Previsit plan (PVP) completion to inform clinical teams
about patient symptoms, goals, and questionsbeforeaclinic
visit.

Figure 1. “Orchestra’ participant mobile app example screens. PRO: patient-reported outcome; PV P: previsit plan.
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The clinician-facing web-based dashboard was accessed via
Epic (Epic Systems Corporation), the el ectronic medical record,
using acustomized configuration that enabled one-click, single
sign-on authentication. Clinical usersincluded physicians and
nursesin IBD and physicians, nurses, dietitians, asocial worker,
arespiratory therapist, and a psychologist in CF. The clinician
dashboard enabled the following (Figure 2):

+ Real-timevisualization of PRO data and review of PV Ps.

https:.//mhealth.jmir.org/2020/11/€11968

RenderX

- Addition of notes to a patient’s account visible by the
patient or parent and other clinical staff.

« Notification if a patient's symptoms met prespecified
criteriabased on PRO data. Alert triggerswere customizable
and based on meeting a threshold value and/or meeting
standard statistical process control criteria of 8 data points
above or below the median after a 20-data point baseline
was established [33]. If alerts were triggered, clinicians
were notified via the Orchestra dashboard and email.
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Figure 2. “Orchestra’ clinician dashboard example screens. PRO: patient-reported outcome; PVP; previsit plan.

PRO data visualization

PVP feedback

= Q

IBD Pre-Visit Plan Survey

Orchestra I ntervention

Use of the Orchestra technology platform was accompanied by
adelivery system intervention to integrate the technology into
clinical workflows and patients’ lives, personalize goalsfor use,
and establish accountability for system use between participants
and clinicians. All clinicians who cared for patients, including
physicians, nurses, dietitians, a respiratory therapist, a social
worker, and a psychologist, received training on the use of
Orchestra [29]. Participants and clinicians used shared
decision-making during the baseline clinic visit to discuss their
preferences and goals for Orchestra use, select which PROsto
complete and at what frequency, and decide who (patient and/or
parent) would usethetool. Cliniciansdiscussed health concerns
and goals with patients (eg, reducing symptoms, reducing
medications, and preventing exacerbations) and identified
whether using Orchestra would help achieve these goals. The
clinician and family then reviewed the PRO and symptom
measures availablein Orchestra and determined which measures
were most rel evant to addressing theidentified goals. They also
established a social contract to set expectations regarding
between-visit data completion (by participant), review (by
clinician), and communication (participant-clinician). Clinicians
chose whether to set data aerts and customized trigger points
based on the PROs selected and patient needs.

To reinforce the use of Orchestra by demonstrating that data
collected between visits were reviewed, a designated clinical
team member was asked to review the data entered into the
Orchestra platform each week and within 1 day of receiving a
dataalert. In addition, clinicians were asked to review PVP and
PRO data before al clinic visits. At visits, clinicians were
encouraged, at least, to verbally acknowledge reviewing the
data and idedlly to use the data for discussion and decision
making.

Data Collection

Participants completed study assessments at baseline and 3- and
6-month follow-up visits during regularly scheduled clinic
appointments. As this tool was designed to be used as part of
clinical care, if apatient did not have aclinic appointment within

https://mhealth.jmir.org/2020/11/€11968

+1 month of a follow-up time point, the assessment was not
completed. Participants were till included in the study if they
did not have an appropriately timed follow-up visit, but that
specific assessment was considered missing.

Health status indicators, including the Physician Global
Assessment (PGA) Score (IBD) and forced expiratory volume
in 1 second (FEV 1) percent predicted (CF), were collected from
the electronic health record to understand the baseline health
of participants. The PGA scoreisanindicator of disease severity
that israted at each clinic visit by the physician and is based on
symptoms, clinical exam, and laboratory measures [34]. PGA
is used to classify disease as in remission, mild, moderate, or
severe. FEV 1iscalculated as part of pulmonary function testing
and is an established marker of disease progressionin CF [35].
Thelower the FEV 1 percent predicted, the more severethelung
disease.

Clinicians and research staff reported on baseline technology
discussion and set-up time via a paper and pencil measure
completed immediately following the patient visit. In addition,
the patient’s physician and, if applicable, asecond clinical team
member involved in using Orchestra completed surveys after
each visit regarding their assessment of the patient and parent’s
engagement in the visit and their experience using Orchestra.
However, due to an inability to obtain responses in a timely
manner from clinicians, the data were not analyzed.

Outcomes

The feasibility of implementing and supporting Orchestra in
care was assessed by measuring the percentage of eligible
patients with access to a smartphone with data plan or internet
connectivity, minutes spent discussing Orchestra (self-reported
by the clinician at baseline), minutes spent enrolling and setting
up the Orchestra app (self-reported by research staff), and
participants' report of whether Orchestra was used during
follow-up visits. One facet of acceptability was assessed by
measuring usage of the app including PRO completion (ie,
percentage of PROs a participant answered), weekly engagement
with the mobile app (ie, percentage of weeks a participant input
data at least once), and PVP completion (percentage of PVPs
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that were submitted in the app). We examined the short-term
impact of Orchestra on disease self-efficacy, visit engagement,
and care impact, including perceived care quality,
patient-clinician collaboration, visit preparation, diseaseinsight,
treatment plan quality, and perceived usefulness. Aswe did not
expect health outcomesto change over the 6-month study period,
we focused on measures of short-term meaningful clinical
impact that reflected participants’ perceptions of their ability
to manage their illness (efficacy) aswell astheir perceptions of
their clinic visit and interaction with their clinicians. Disease
self-efficacy was measured using the validated Self-Efficacy
for Managing Chronic Disease 6-1tem Questionnaire [36,37].
Eachitemusesal (not at all confident) to 10 (totally confident)
scale, and a mean of al itemsis calculated. Visit engagement
was measured using an 8-item survey examining visit
preparation, knowledge, and involvement given at baseline and
at the 3- and 6-month follow-up (Multimedia Appendix 2). As
oneitem assessed the use of tracked data at clinic visits, it was
assessed only at 3 and 6 months and was not included in the
analysis. At 3 and 6 months only, participants completed a
20-item care impact survey that measured the impact of
Orchestra on care quaity (4 items), patient-clinician
collaboration (2 items), visit preparation (6 items), disease
insight (3 items), treatment plan quality (3 items), and perceived
usefulness (2 items; Multimedia Appendix 2). Both the visit
engagement and care impact surveys were developed
theoretically by ateam of experts for this study, used a 6-point
scale ranging from 1 (strongly disagree) to 6 (strongly agree),
and were tested in a convenience sample for understandability.
The 3- and 6-month surveys also included a single question
measuring overall satisfaction: “How likely are you to
recommend Orchestrato other parents/patientslikeyou?’, which
respondents answered on a 10-point scale from 10 (very likely)
to 1 (not at all likely). Impact on the treatment plan was
measured by chart review examining the percentage of data
alerts that led to documented clinical action including phone
cals, emails, or messages to check status; expedited clinic
appointments or laboratory tests; referrals; or trestment changes.

Statistical Analyses

Descriptive statistics, including means and ranges for continuous
variables and percentages for categorical variables, were used
to describe the study population, feasibility, acceptability,
satisfaction, and perceived impact. A mean score of 4 or higher
on thevisit engagement survey and careimpact survey subscales
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was defined as an indicator of engagement in the visit and
improvement in care experience, respectively. t tests were used
to assess the impact of condition (CF or IBD), person using
Orchestra (parent or patient), and baseline health status in CF
(FEV 1: =70% predicted or <70% predicted) on PRO completion.
Cohen d measured the effect size. Univariate analysis of
variance tests was used to evaluate differences in acceptability
measures across study cliniciansand across IBD baseline health
status (PGA: continuous remission, remission, mild, and
moderate). Paired t tests examined the impact on disease
self-efficacy and visit engagement from baseline to 6-month
follow-up. Pearson correlation coefficients examined the
relationships between PRO completion and perceived impact
on care. Analyseswere conducted using the Statistical Package
for the Social Sciencesv23 (SPSS, IBM Corp).

We aimed to enroll 100 participants. Our target was based on
knowledge of the eligible population in each clinic, frequency
of clinic visits, available research resources, and a desire to
complete the study while the technology remained current. As
efficacy was not the primary endpoint, we did not perform an
apriori power calculation.

Results

Overview

Of the 127 families approached, 88 (69.2%) agreed to
participate. A total of 92 participants (CF: n=52 and IBD: n=40)
from 88 familiesenrolled in the study (Figure 3). In 38 families
(38/88, 43%), an adol escent patient participated; in 46 families
(46/88, 52%), a parent participated; and in 4 families (4/88;
5%), both participated. At 3 months, 71 of the origina 92
participants (77%) remained in the study; at 6 months, 67 of
the original 92 participants (73%) remained (Figure 3). The
6-month retention rate was higher among IBD clinic participants
(32/40, 80%) than among CF clinic participants (35/52, 67%).
Eight different attending physicians had participants enrolled
on the platform, 2 from IBD and 6 from CF. Thisincluded all
attending physicians in the CF clinic and the physicians who
most frequently saw patients with IBD in the gastroenterology
clinic. Table 1 describes the demographic and health status
characteristics of the participants. Characteristics of the
participants mirrored the general demographics of the clinic
populations. Participants selected an average of 4.96 PROs
(range: 1-13) to track in the app.
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Figure 3. Participant flow diagram. Of the 127 eligible families, 88 were enrolled (92 participants). At 3 months, 77% (71/92) of participants remained
in the study and 66% (47/71) completed the 3-month follow-up within the specified study time window. At 6 months, 74% (67/92) of the participants
remained in the study and 63% (42/67) completed the 6-month follow-up within the specified study time window.
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Table 1. Baseline demographic and health status characteristics of the patients for each enrolled family.

Patient characteristics

Cysticfibrosis(n=51)

Inflammatory bowel disease (n=37)  Full sample (N=88)

Patient age (years), mean (SD) 10.55 (6.01) 15.70 (4.02) 12.72 (5.82)
0-2, n (%) 7(14) 1(3) 8(9)
3-12, n (%) 24 (47) 9(24) 33(38)
12-21, n (%) 20 (39) 27 (73) 47 (53)

Patient gender, n (%)

Female 24 (47) 22 (60) 46 (52)
Male 27 (53) 15 (40) 42 (48)

Patient race, n (%)

White 49 (96) 35 (95) 84 (96)
Black or African American 0(0) 2(5 2(2)
Other 24 0(0) 2(2

Disease indicators, mean (SD)

Mean forced expiratory volumein 1 second percent predict-  96.89 (19.69) _c _c
ed®? (cystic fibrosis only, n=38)
Disease type (inflammatory bowel disease only) _d «  Crohn: 29 (78%) _d

«  Ulcerative Colitis: 8 (22%)
Physicians global assessment score (inflammatory bowel __d «  Continuous Remission: 10 _d
disease only) (27%)

« Remission: 14 (38%)

o  Mild: 11 (30%)

«  Moderate: 2 (5%)

Family income (US $), n (%)
<25,000 4(8) 3(8) 7(8)
25,000 to 49,999 12 (24) 1(2) 13 (15)
50,000 to 74,999 8 (15) 5 (14) 13 (15)
75,000 to 99,999 9(18) 7(19) 16 (18)
>100,000 15 (29) 14 (38) 29(33)
Unknown 3(6) 7(19) 10 (12)

85cores ranged between 48 and 127.
bNot all participants were old enough to reliably complete pulmonary function testing.
®Measure not applicable for patients with inflammatory bowel disease.
IMeasure not applicable for patients with cystic fibrosis.
Acceptability

Feasibility

Access to technology was not a significant barrier to
participation. Of the families approached, 119 of 127 (94%)
had regular accessto an eligible device and internet connectivity.
Most participant-clinician conversations about Orchestra (40/83,
48%) required 5-10 min, with 34% (28/83) taking <5 min and
18% (15/83) requiring >10 min. Orchestra enrollment and app
installation took 14 min on average (SD 7; 95% Cl 13-16),
ranging between 2 and 43 min (dataavailable for n=84 families).
Longer set-up times were related to technical issues or need for
more thorough instruction. It was feasible to incorporate
Orchestra into follow-up clinic visits—participants reported
discussing Orchestrain 83% (34/41) of visits at 3 months and
in 71% (29/41) of visits at 6 months.

https://mhealth.jmir.org/2020/11/€11968

Among those who used the PRO feature (n=80), 19,954 PROs
were completed. The average PRO completion rate by
participants was 61% (range: 6%-100%; 95% Cl 55-68). There
was no difference in mean PRO completion rates between CF
(n=47, 58%; 95% Cl 50-67) and IBD (n=33, 66%; 95% CI
58-75; P=.19). Parents (n=41) had significantly higher rates of
PRO completion (67%; 95% CI 59-76) than patients (n=39;
55%; 95% Cl 46-64; P=04; Cohen d=0.46). Participant PRO
completion rates varied significantly across different physicians
(n=8), ranging between 38% and 77% (P=.02; partial eta
squared=0.20). PRO completion was not related to baseline
health status in CF (FEV1 percent predicted) or IBD (PGA
score), data not shown.
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Average weekly engagement, a measure of app stickiness that
indicates the participants’ willingness to return to the app, was
80% (n=80; range: 21%-100%; 95% CI 75-85). No significant
differences in weekly engagement were observed between CF
(n=47; 80%; 95% Cl 73-87) and IBD (n=33; 80%; 95% CI
72-88; P=.99) or based on participants' physicians (n=8; P=.06).
Parents (n=41) had a higher rate of weekly engagement (87%;
95% Cl 81-92) compared with patients (n=39; 73%; 95% CI
65-81; P=.005; Cohen d=0.64). Patientswith IBD in continuous
remission for >1 year based on PGA (n=6) showed lower weekly
engagement (55%; 95% Cl 28-83) than patients in current
remission for <1 year (n=13; 84%; 95% CI 71-96) or thoserated
as having mild (n=12; 86%; 95% CI 75-98]) or moderate (n=2;
93%; 95% Cl 2-184) disease activity (P=.02; partid eta
sguared=0.28). No differenceswerefound in the average weekly
engagement based on FEV 1 statusin CF (n=35).

Participants received three PVPs on average (range: 0-6) and
completed 49.4% (94/190). Most familieswho received a PVP
(56/76, 74%) completed the information at |east once.

Opipari-Arrigan et al

Short-Term Impact

Participants reported significant improvement in disease
self-efficacy from baseline (7.90, SD 1.63; 95% CI 7.70-8.34)
to the 6-month follow-up (n=40; 8.44, SD 1.34; 95% CI
8.01-8.87; P=.006; Cohen d=0.36). The mgjority of participants
reported feeling engaged in their clinic visit at baseline (87/92,
95%) and 6-month follow-up (38/40, 95%), and there was no
change in self-reported visit engagement scores from baseline
(5.13, SD 0.74; 95% CI 4.84-5.22) to 6-month foll ow-up (n=40;
5.29, SD 0.66; 95% CI 5.06-5.50; P=.12). Most participants
reported that incorporating Orchestra into care was useful and
had a positive impact on care quality, visit collaboration,
participant visit preparation, participant disease insight, and
treatment plan quality. Table 2 shows the percentage of
participants who responded that Orchestra improved their care
experience. Participants who used Orchestra more were more
likely to report greater perceived impact on care. As shown in
Table 3, the higher a participant’s PRO completion, the more
useful they found Orchestra and the more impact it had on
reports of care quality, visit collaboration, participant visit
preparation, and treatment plan quality at 3- and 6-month
follow-up visits.

Table 2. Percentage of Orchestra users reporting that the tool improved their care experience.

Impact on care experience

3-Month follow-up (n=44)2 n (%)

6-Month follow-up (n=40)b, n (%)

Improved care quality 40 (91)
Improved collaboration 37 (84)
Improved participant preparation for visit 35 (80)
Improved participant disease insight 33(75)
Improved treatment plan 38 (86)
Perceived useful for visit 40 (91)

33(83)
35 (88)
31(79)
29 (73)
32 (80)
36 (90)

344 out of 47 participants completed the care impact survey at the 3-month follow-up.
b40 out of 42 participants completed the care impact survey at the 6-month follow-up.

Table 3. Pearson correlation coefficients between patient-reported outcome completion rate and impact of Orchestra on care experience.

Impact on care experience 3-Month follow-up (n=43)2 Pvaue g Month follow-up (n=39)° P value
Improved care quality 0.52 <.001 0.33 .04
Improved collaboration 0.39 .009 0.38 .02
Improved participant preparation for visit 0.47 .002 0.34 .04
Improved participant disease insight 0.33 .03 0.07 .67
Improved treatment plan 0.51 <.001 0.36 .03
Perceived useful for visit 0.51 <.001 0.22 .18

844 out of 47 participants completed the care impact survey at the 3-month follow-up, and 43 out 47 participants received regular patient-reported

outcomes (n=1, used tool for previsit plan only).

b40 out of 42 participants completed the care impact survey at the 6-month follow-up, and 39 out of 42 participants received regular patient-reported

outcomes (n=1, used tool for previsit plan only).

Participants reported moderately high satisfaction (ie, likelihood
of recommending to others) with using Orchestra at the 3-month
(mean 8.16, SD 1.76; n=45) and 6-month follow-ups (mean
8.55, SD 2.05; n=40).

https://mhealth.jmir.org/2020/11/€11968

Clinicians set optional alertsfor 49 of 92 (53%) participants. A
total of 192 alerts were triggered among 35 of the 49 (71%)
patients. On the basis of the clinician report and medical record
review, 39% (74/192) of aerts led to documented, actionable
clinician behavior. For example, in one case, the CF team was
signal ed about a change in mucous production and cough based
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on Orchestra alerts. This prompted a phone call to the family
who had noted the symptoms but had not acted on them. The
clinical team was able to initiate early treatment (antibiotics
and increased airway clearance) and potentialy avoid an
inpatient admission for pulmonary exacerbation. More than half
(65/111, 59%) of alertsin IBD led to action as compared with
only 11% (9/81) in CF.

Discussion

Principal Findings

We tested a technology platform and care delivery system
intervention designed to support the Chronic Care Model’s
vision of informed patients and prepared cliniciansworking in
partnership with closed feedback loops. This proof-of-concept
study suggeststhat the mHealth platform isfeasible, acceptable,
and shows promise for clinically meaningful impact. The
average PRO completion rate by participants acrossthe 6 months
of the study was 61%, and the average weekly platform use was
80%, suggesting reasonable acceptability. Participantsreported
significant improvement in self-efficacy from baseline to 6
months. At 6 months, most participants reported that the
platform was useful and had a positive impact on their care,
including improved visit quality, visit collaboration, and visit
preparation. PRO completion rate was moderately associated
with participant-reported visit preparation, care quality,
treatment plan quality, collaboration, disease insight, and
usefulnessat 3 months. All relationships, except diseaseinsight
and usefulness, remained significant, although weaker, at 6
months.

The addition of shared mHealth technology into the process of
managing chronic disease enabled frequent, timely, and
problem-focused information and communication. We posit
that these types of real-time, bidirectional shared data potentiate
a fundamental shift in the interaction between clinician and
patient—a shift from clinician as the expert delivering care to
arelatively passive patient, to clinician and patient contributing
to shared work in which the expertise of both is needed. Our
findings are consistent with the small number of mHesalth studies
specifically designed to facilitate patient-clinician collaboration
that also show early evidence of effectiveness [16,38] and, as
hypothesized, demonstrate that collaboration is associated with
sustained use [ 26]. For example, apilot study compared pediatric
patients with asthma receiving standard care versus access to a
portal that included symptom tracking, sharing of concernsand
goals, and symptom threshol d-based prompts[16]. In thisstudy,
more than half of the parents completed >80% of monthly
surveys, and they reported improved communication, fewer
asthma flares, and less missed work compared with standard
care. Orchestra achieved similar rates of engagement (80%
average weekly engagement) and sustained use (almost 60% of
participants engaged for =24 weeks). Our work extends these
results by demonstrating high rates of use in two other chronic
pediatric diseases. We were al so able to show that incorporating
processes to support patient-clinician collaboration and closed
feedback loops, including shared decision-making to establish
goalsfor technology use and reinforcement of PRO completion
through regular review and use of the data, is feasible to
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implement in a busy clinical setting. The benefits of focusing
on mHealth users’ goals and their commitment to these goals
were also underscored in alongitudinal study of mHealth app
usage. This study showed that the key to successful use of
mHealth technology revolved around persisting at goals while
using the right system that fits users’ needs [23].

A key strength of our approach was that we focused not only
on user-centered technol ogy but also on the processesto support
integration into workflow, closed feedback loops, and
patient-clinician collaboration. This attention to helping our end
users (ie, patients and clinicians) understand the value of
between-visit dataand feel comfortablewith using it wascritical
tothetool’s acceptability and sustained use. Although mHealth
apps alone often function as sophisticated data collection and
delivery mechanisms, when well-integrated into care, they may
support patients and clinicians in moving beyond traditional
role expectations to learning to work together in new ways that
transform their interactions, health care, and outcomes [39,40].

Given that participants were delivered PROs to complete once
per day, the greater than 60% PRO completion rate seen in this
study means that participants recorded health data on average
about 4 days per week between clinic visits, resulting in a
significant amount (almost 20,000 completed PROs) of
previously untapped information that was available to inform
care. Although technology enables easy data collection, more
data are not always better, and it can easily overwhelm clinical
teams [9]. Giving clinicians the ability to set data alerts was
done asaway to help manage the volume of datain busy clinical
workflows by highlighting potentially actionable information.
Incorporating statistical process control methods to assist with
identifying meaningful changes from the patient's unique
baseline was a novel approach. Although aerts were only set
for about half of the patients, almost 40% of the alertsthat fired
led to documented action between clinic visits. Interestingly,
more alerts were acted upon in IBD versus CF. Several factors
may explain thisfinding, including more experience among our
IBD physiciansin selecting and using daily PROs; the complex,
multisystem nature of CF; and the sensitivity of the alert
threshold chosen by the physicians. Additional work is needed
to understand how to balance sensitivity to detect meaningful
changes in patient status with the volume of aerts generated.
We specul ate that the right balance will differ by condition and
by patient.

Our data suggested that participants who used Orchestra more
reported greater perceived impact on care. We found that the
higher a participant's PRO completion rate, the more they
reported that Orchestra had a positive impact on care quality,
visit collaboration, participant visit preparation, and treatment
plan quality. We hypothesize that PROs, PVP data, rea-time
visualizations, and alerts better enabled patients and clinicians
to work together between and during visits, leading to
improvements in short-term outcomes. Specifically, we posit
that by responding to daily or weekly PROs, participants had a
systematic way to learn, remember, and communicate with
cliniciansbetween visits. In turn, the data potentiated clinicians
being more informed during clinical contacts and better ableto
proactively address problems between visits. Another reason
participants who completed more PROs may have reported
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greater benefitsrelatesto the potential for closed feedback loops
that reinforce platform use. Use of shared decision-making at
the onset may have increased the likelihood that the data
collected had relevance to both the clinician’s and participant’s
goals, creating greater potentia for relevant, actionable data.
In turn, the potential for relevant, actionable data could have
increased the probability that participants entered it and that
clinicians reviewed it and talked about it at visits (reported in
83% of visitsat 3 months and in 71% of visitsat 6 months). As
clinicians used tracked data, we believe that participants' efforts
were reinforced, leading to sustained data collection and more
actionableresults. A stronger relationship between tool useand
careimpact was found at 3 months as compared with 6 months.
We hypothesize that this may be related to the length of the
intervening time between the goal for tool use being discussed
and PROs selected and the subsequent clinic visit. Patients and
clinicians determined how and why the tool would be used at
baseline only. It may be that 6 months later, the data are less
valuable dueto essential learning already occurring (perhaps at
aprior visit) and/or areas of concern changing. More frequent
recalibration between patients and clinicians (ie, every visit)
may be needed to sustain the relevance of mHealth tool usein
chronic care.

Our findings reveal several factors that may contribute to
improved engagement with mHealth technology. Involvement
of the clinical team in supporting participants’ platform use is
critical [26]. Differences in PRO completion rates across
physicians and atendency for participants’ weekly engagement
to vary by physician is consistent with observations that
clinicians varied in skill at helping patients identify goals for
tool use and integrating Orchestra data into follow-up visits.
Understanding how to help clinicians maximize patients
engagement and use of mHealth technology will be important
for futureinterventions. Not surprisingly, parents showed higher
levels of overall PRO completion and weekly app engagement
as compared with teens. However, teens completed over half
of the PROs they were sent. With realistic expectations for app
use, this type of mHealth technology could support adol escent
care transition. The finding that health status predicted weekly
engagement in IBD but not CF suggeststhat disease course may
lead to different patterns of app use. In IBD, participants in
continuous remission used the app less than those who were
not. Frequent PRO completion during periods of sustained
wellnessislikely alow-value behavior. In CF, acondition with
periods of exacerbation but no remission, app usewas not related
to health status, suggesting that PRO completion behavior may
be influenced by the interplay of disease course and current
functioning. Although these two conditions differ significantly
in required time for daily self-management, with CF typically
being more intensive, average app use across the diseases did
not differ, suggesting feasibility even in the context of high
disease self-management demands.

Limitations

This study had some limitations. Our evaluation of app use and
impact isbased on participants' perspectives only. We attempted
to collect clinician dataon tool use and impact following clinical
encounters but were unsuccessful in getting clinicians to
complete surveys in a timely manner. Rather than asking
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physicians to complete the surveys immediately after the visit,
we allowed them to answer them later by email. In future work,
wewill gather the data as soon asthe physician leavestheclinic
room or consider obtaining clinicians perspectives via
qualitativeinterviews. Asthis study focused on proof of concept,
we did not include a contemporaneous control group, so it is
unclear how those receiving standard care felt about their visits
and ability to communicate with their providers in between
visits or whether self-efficacy would have gradually improved
over time even without the use of Orchestra. It is not possible
to rule out that either natural history led to the clinical impact
observed or that selection bias led to those who were most
interested in technology and collaboration choosing to
participate, stay in the study, and show benefit. By using limited
exclusion criteria, a pragmatic approach that utilized existing
clinic visits (rather than research study visits), and studying
more than one chronic disease, we attempted to lessen theimpact
on these potential threats to validity. Although our participants
spanned the economic spectrum, one-third of the families
included in this study had incomes above US $100,000.
Although convenience sampling made sensein this early work,
in future studies, using sampling techniques to ensure
appropriate representation across the economic spectrum is
critical. It will also be important to ensure that this type of
technology and intervention does not increase health disparities.
Some measures were developed for this study because of the
lack of validated instruments to evaluate visit engagement and
the impact of the mHealth tool on care. These measures had
face validity and were tested for understandability, but we did
not conduct psychometric testing to examine factor structure,
reliability, or validity. As this was designed as a pragmatic
study, we only attempted to collect follow-up data from
participants if they had a clinical visit during the follow-up
window. Asaresult, we do not havethe follow-up questionnaire
data on the full sample at either time point. For example, at 6
months, approximately two-third of the participants (42 of 67)
who remained in the study had a clinic visit. There could have
been systematic differences between participants who returned
to the clinic more and less often. However, given that the intent
of the study was as a proof of concept, identifying a tool that
may have had a meaningful impact for even a fraction of the
patients who used it is beneficial learning.

L essons Learned

Thelessonslearned in this process areimportant for future work
on mHealth toolsfor chronicillness. First, the value of working
iteratively and in concert with patient and clinician end users
cannot be overstated. Through collaborative devel opment, they
showed ustheir pain points and thus the necessary functionality
to sustain engagement. Second, the one-click, single sign-on
with the el ectronic medical record wascritical for our clinicians
to sustain use. Although for a short time they were excited by
the novelty of a new platform, its use was not sustainable in
their workflow if it was not reachable from the electronic
medical record. Third, the automated data signals were critical
in facilitating clinician comfort with between-visit data
collection and thus having multiple patients on the platform.
Fourth, both clinicians and patients needed time to learn the
value of between-visit data. Structuring workflow to encourage
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using the data facilitated the learning and was key. Finaly,
reliable and low-friction technology is necessary, but not
sufficient, to support engagement over time. Rather,
understanding patients’ and clinicians heedsand goalsand then
using technology to support achieving them is essential for
impacting health care and outcomes.

Conclusions

Opipari-Arrigan et al

and shows promise as astrategy for improving pediatric chronic
illness management. These encouraging early results reinforce
the potential of mHealth technology to support collaboration
and real-time data sharing. Although the start-up company that
developed Orchestra is no longer supporting the platform, this
proof-of-concept study identifies key components necessary in
any mHealth platform designed to support continuous data and

patient-clinician collaboration, important processes necessary
to include in clinician and patient workflows to facilitate
technology use, and lessons for future studies.

We have shown that the use of an mHealth technol ogy designed
to facilitate the Chronic Care Model’svision of closed feedback
loops and patient-clinician partnershipsisfeasible, acceptable,
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Abstract

Background: Type 2 diabetes mellitus (T2DM) is a chronic disease in which health outcomes are related to decision making
by patients and health care professionals.

Objective: This study aims to assess the effectiveness of internet-based multicomponent interventions to support decision
making of all actorsinvolved in the care of patients with T2DM in primary care.

Methods: The INDICA study is an open, community-based, multicenter trial with random allocation to usual care or the
intervention for patients, the intervention for health care professionals in primary care, or the combined intervention for both. In
the intervention for patients, participants received an educational group program and were monitored and supported by logs, a
web-based platform, and automated SMS. Those in the intervention for professionals also received an educational program, a
decision support tool embedded in the electronic clinical record, and periodic feedback about patients’ results. A total of 2334
peoplewith T2DM, regardless of glycated hemoglobin (HbA ;) levelsand without diabetes-rel ated complications, wereincluded.

The primary end point was change in HbA ;. level. The main analysis was performed using multilevel mixed models.

Results: For the overall sample, the intervention for patients attained a significant mean reduction in HbA ;. levelsof 0.27 (95%

Cl 0.45t0 0.10) at month 3and 0.26 (95% Cl 0.44to 0.08) at month 6 compared with usual care, which remained marginally
significant at month 12. A clinically relevant reduction in HbA . level was observed in 35.6% (191/537) of patients in the

intervention for patients and 26.0% (152/586) of those in usual care at month 12 (P=.006). In the combined intervention, HbA ;.
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reduction was significant until month 18 (181/557, 32.6% vs 140/586, 23.9%; P=.009). Considering the subgroup of patients
uncontrolled at baseline, all interventions produced significant reductions in HbA ;. levels across the entire study period: 0.49
(95% CI 0.70to 0.27) for the intervention for patients, 0.35 (95% ClI 0.59 to 0.14) for the intervention for professionals, and
0.35 (95% CI 0.57 to 0.13) for the combined intervention. Differences in HbA . for the area under the curve considering the
entire period were significant for the intervention for patients and the combined intervention compared with usual care (P=.03
for both). Compared with usual care, theintervention for professional s and the combined intervention had significant longer-term
reductionsin systolic and diastolic blood pressure.

Conclusions:  In uncontrolled patients, the intervention for patients at baseline provided clinically relevant and significant
longer-term reductions of HbA . levels. The intervention for professionals and combined intervention also improved the

cardiovascular risk profile of patients.
Trial Registration:

Clinical Trials.gov NCT01657227; https://clinicaltrials.gov/ct2/show/NCT01657227

(JMIR Mhealth Uhealth 2020;8(11):€18922) doi:10.2196/18922
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Introduction

Background

Type 2 diabetesmellitus (T2DM) isachronic conditioninwhich
long-term health outcomes are related to patients’ adherenceto
lifestyle modifications and pharmacologic treatments. Other
stakeholders, such as relatives and primary hedth care
professionals, are also involved in guiding patients' decisions.

Although the prevalence of T2DM in the Canary Idands is
dlightly higher than the average in Spain [1], the incidence of
chronic diabetes-related complications [2,3] and mortality [4]
is much greater. This occurs despite a continuous increase in
diabetes-related public expenditure [5].

Regardless of the widespread availability of evidence-based
clinical practice guidelines (CPGs) to carefor T2DM, patients
access to effective educational interventions [6] and adherence
to self-management activities remains limited internationally

[71.

To address these unmet needs, many publications have reported
on the effectiveness of using information and communications
technology (ICT) applications to support decision making by
patients and professionals[8-12], reporting favorable short-term
effects on blood glucose control [11,12]. The effectiveness of
other biological, cognitive, behavioral, or emotional outcome
measures remains controversial [11]. Few large randomized
controlled trials (RCTs) have assessed the long-term
effectiveness of multicomponent |CT-based interventions, not
only for patients but also for al stakeholders involved in
diabetes management.

Objectives
The INDICA study is acluster RCT conducted in the Canary
Islands that assesses the eff ectiveness and cost-eff ectiveness of

multicomponent interventions to support decision making for
the main actorsinvolved in the management of T2DM (patients,

https://mhealth.jmir.org/2020/11/€18922

relatives, and primary health care professionals) in a large
number of primary health care practices (PHCPs) [13]. We
hypothesized that combining conventional educational activities
with different | CT-based decision support toolswould efficiently
improve health outcomes in patients with T2DM. The main
purpose of this study is to evaluate the long-term clinical
effectiveness (24 months) of these multicomponent interventions
compared with usual care on glycated hemoglobin (HbA ;).

Methods

Study Design

The INDICA study is an open, community-based pragmatic,
multicenter, clinical controlled trial with random allocation by
clustersto usual care or to one of the following 3 interventions
of knowledge transfer and behavior modification:

«  Group 1 included interventions for patients and a family
member (intervention for patients)

«  Group 2 included interventionsfor health care professionals
(physicians and nurses) at primary care (intervention for
professionals)

- Group 3 combined the interventions for patients and
professional's (combined intervention)

In the usual care or control group, neither patients or families
nor physicians or nurses received any additional educational or
supporting activities beyond the usual activities provided by
the PHCP. The full study protocol has been reported elsewhere
[13].

Study Participants

ThelNDICA study included patientswith T2DM aged between
18 and 65 years, diagnosed at least 1 year before study
enrollment, without diabetes-related complications, and who
regularly used a mobile phone (Textbox 1 provides more
details).
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Textbox 1. Patients’ inclusion and exclusion criteria.

Ramallo-Farifia et al

Patient inclusion criteria:

«  Aged between 18 and 65 years
«  Forma consent to participate in the study

«  Regular usage of mobile phone

Patient exclusion criteria

to the New York Heart Association

.  Diabetic foot with ulcers = 2 according to the Wagner scale

o Livercirrhosis

«  Cancer, unless disease free 5 years after diagnosis

o Other terminal illnesses

« Intellectual retardation, dementia, and psychotic diseases

« Active substance abuse, alcohol, or drugs (must be sober for 1 year)
o  Pregnancy

« Insufficient (Spanish) language skills

«  Patientswith type 2 diabetes mellitus diagnosed at least 1 year before study enrollment

«  Chronickidney disease> stage 3b, asdefined by the National Kidney Foundation’s Kidney Disease Outcomes and Quality Improvement Initiative,
urinary albumin to creatinine ratio = 300 mg/g, or urinary protein excretion = 300 mg/24 hours

« Acute coronary syndrome (documented angina or myocardial infarction) or stroke in the last 6 months or class 11 or IV heart failure, according

«  Proliferative diabetic retinopathy or clinically significant diabetic macular edema requiring previous treatment with retinal photocoagulation,
vitrectomy, or intravitreal injections of antivascular endothelial growth factor or triamcinolone acetonide 6 months before study inclusion

« Uncorrected severe hearing or visual impairment or corrected visua acuity < 20/40 by any cause

«  Physical disability limiting participation in group education activities

«  Concurrent participation in another clinical trial or any other investigational study

Thefamily care unit (FCU) in each PHCP, comprising afamily
physician and a nurse responsible for the same set of patients,
was the unit of recruitment. FCUs either planning or awaiting
placement changes among PHCP in the first 6 months after
project initiation were excluded.

All PHCPs included had to have at least eight FCUs and the
availability of appropriate places to provide educational group
sessions.

Setting and Recruitment

PHCPs were recruited in 4 Canary Islands (Tenerife, Gran
Canaria, Lanzarote, and La Palma). FCUs were randomly
selected from all consenting FCUs at each PHCP. The electronic
clinical records (ECRs) of al potentially eligible patientsin all
selected FCUs were screened to verify inclusion and exclusion
criteria. Finally, eligible patients were randomly selected per
FCU.

Random Assignment

Randomization was performed at different levels. First, 3
different stratawere created according to the geographical areas
in the more populated islands (Tenerife and Gran Canaria).
Second, 4 PHCP (clusters) were randomly allocated to every
geographical stratum, and block permutation was used to assign
PHCPs to the study arms (in total 12 PHCPs for each island),
with PHCP as the sampling unit. LaPalma and Lanzarote (less

https://mhealth.jmir.org/2020/11/€18922

populated islands) were geographically divided into 4 zones
with only 1 eligible PHCP available in each zone, which was
randomly assigned to one of the study arms. On every island,
all arms were equally distributed. A total of 6 FCUs were
randomly selected from all those consenting to participate in
each PHCP. Furthermore, 15 patients were randomly selected
from al patientsfulfilling the inclusion criteria and consenting
to participate in each FCU. Exceptionally, more than 6 FCUs
or more than 15 patients per FCU were selected to recruit 90
patients at every PHCP.

FCU and patient randomizations were performed by simple
generation from alist of random numbers.

Cluster all ocation avoi ds contamination biasamong participants,
also facilitating logistics in group interventions.

Interventions

Patient I nterventions

Patients recruited to the intervention for patients and combined
intervention groups received a complex intervention of
knowledge transfer and behavior modification, informed by
conceptual frameworks of behavioral change [14]. Key
determinants of behavior change suggested by Michieet a [14]
were considered for intervention design and implementation,
including socia and professional role and identity, knowledge,
skills, beliefs about capabilities, beliefs about consequences,

JMIR Mhealth Uhealth 2020 | vol. 8| iss. 11 [18922 | p.205
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

motivation and goals, memory, attention and decision processes,
environmental context and resources, social influences, emotion,
and action planning. Linked to these construct domains,
interventionsincluded all techniquesjudged as effective by the
same authors [14], combining (1) a conventional group
educational program with a set of 8 quarterly 3-hour group
sessions; (2) monitoring of physical activity, diet, drug
adherence, mood, blood pressure, and blood glucose readings
by daily usage of paper workbooks, complemented by weekly
access to a website to download paper workbook data
(Multimedia Appendix 1); and (3) continuous personalized
feedback by semiautomated mobile phone messages based on
the results from the website.

I nterventions for Primary Care Professionals

Primary care professionals recruited to the intervention for
professionals and combined intervention groups received a
complex intervention of knowledge transfer and decision
support, partially addressing the determinants of behavior
change suggested by Michie et a [14] for its design and

Figurel. Arm’sintervention timeline and follow-up points.
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implementation, including only techniques to improve skills,
environmental changes, prompts and cues by means of electronic
clinical guidelineslinked to the ECR, processesfor encouraging
and supporting doctors and nurses, persuasive communication,
and periodic feedback on outcomes compared with other
colleagues. The interventions combined (1) an educational and
interactive group program of 2 sessions to update clinical
management and promote patient-centered care; (2) an
automated decision aid tool based on a CPG for T2DM,
embedded into the ECR (Multimedia Appendix 2); and (3)
monthly computerized graphic feedback, displaying a set of
processes and outcome indicators for all patients with T2DM
of the corresponding FCU.

To maintain the fidelity of interventions, a manua was
devel oped for each intervention. Furthermore, all group ons
were recorded and reviewed.

Bothinterventionswere applied during the 2 years of follow-up
(Figure 1).
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Duration of Fieldwork

Fieldwork took place between February 2013 and October 2016.
The first year was devoted to the recruitment of patients and
health care providers and the following 2years to the
intervention and follow-up. As interventions were maintained
over time, the intervention and foll ow-up periods overlapped.

https://mhealth.jmir.org/2020/11/€18922
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Outcomes

Primary End Point

The primary outcome was the mean change in HbA,; levels
from baseline to 24 months of follow-up. HbA ;. was also
measured at 3, 6, 12, and 18 months. We considered a change
in HbA . of 0.4% asclinically significant [15], just between the

threshol ds of 0.3% reported by National Institute for Health and
Care Excellence [16] and 0.5% by the United Kingdom
Prospective Diabetes Study [17].
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Secondary End Points

BMI, weight, waist circumference, waist-to-hip ratio, systolic
blood pressure (SBP), and diastolic blood pressure (DBP) were
also assessed at baseline and after 3, 6, 12, 18, and 24 months.
Total, high-density lipoprotein (HDL), and low-density
lipoprotein (LDL) cholesteral, triglycerides, and fasting serum
glucose were assessed at baseline and after 6, 12, and 24 months.
Serum creatinine and glomerular filtration rate were measured
at baseline and at 12 and 24 months. Demographic data and
disease history were recorded at baseline. Health status and
current medications were also recorded at each follow-up.

Statistical Analysis

The main analysis for primary and secondary end points were
multilevel mixed models including the baseline value of the
dependent variable and the time elapsed since diagnosis (in
years) as covariates. The null hypothesis for each end point is
that the mean change with regard to the usual care arm and the
interactions between each arm and time (follow-up) are the
same across arms and equal to zero. The aternative hypothesis
is that the changes are not equal to zero. First-level variables
are those corresponding to each measurement along follow-up
(repeated time measurements), the second level includes
patients variables, and third-level variables correspond to
PHCPs. The mean change was estimated at the observation
level. The effect that identifies the intervention arm was
considered fixed for the PHCPs, whereas the intercept was
considered random. The model aso included an interaction term
between arm and month, allowing for differences in the
intervention effect between follow-up assessments [18]. In
addition, to summarize the global treatment effect throughout
thewhole study period, differenceswere also calculated for the
area under the curve (AUC) of HbA;. and other continuous
variables between the different interventions and the usual care
group. Furthermore, we examined whether the most intensive
intervention, the combined intervention group (intervention for
patients plusintervention for professionals), was better than the
intervention for patients and intervention for professionals
groups on their own.

The adjusted estimated mean was calculated for each moment
of follow-up compared with baseline, and its significance was
calculated using the model already set out.

A post hoc analysis was performed for the primary end point,
HbA ,, considering the patient subsample with baseline HbA ;;

higher than 7%.

https://mhealth.jmir.org/2020/11/€18922
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To accommodate missing values in the effect analyses, the
multiple imputation procedure in Stata 15.0 software (Stata
Corporation) was used [19], with results based on 100 imputed
data sets. This procedure saves cases for the analysis and can
be considered an intention-to-treat analysis. Analysis under
multipleimputationisvalid for randomly missed data[20]. The
model of imputation used and further details on data analysis
are outlined in Multimedia Appendix 3. A threshold of .05 was
used to define the statistical significance of those tests.

Sample Size Calculation

We estimated the sample size requirement of 448 patients per
study arm to detect an absolute difference in HbA . of 0.4%,
assuming a common standard deviation of 1.4% [15], a
two-tailed power of 90%, an alpha of .05, and an adjustment
for clustering of patients within the FCU by the design effect
[21], 15 patients per FCU, and an intraclass correlation
coefficient (ICC) of 0.01 (interquartile range 0-0.032) [22]. The
intraclass correlation within PHCPs was insignificant as they
areformed of several FCUs sharing administrative management
and some additional services whose potential effects were
already controlled by means of the stratification. Despite this
consideration, the sample size was increased by an additional
30% to accommodate for expected losses to follow-up and to
warrant the presence of each study arm in al islands. Hence,
we aimed to obtain atotal sample size of 2330.

Ethics Approval and Consent to Participate

All participants provided written informed consent. The
scientific and ethics committees of both the University Hospital
of Canarias and the University Hospital Nuestra Sefiora de la
Candelaria approved the study protocol. The study was
performed in accordance with Good Clinical Practice standards,
applicable local regulatory requirements, and the
recommendations of the Declaration of Helsinki.

Results

Study Participants

A total of 32 PHCPs with amean of 6.6 (SD 0.9) FCUs were
included (211 professionals), with 8 PHCPs allocated to each
of the 4 study arms. Every PHCP enrolled a mean of 72.9 (SD
14.1) patients (12 patients per FCU), totaling 2334 patients.
Figure 2 shows the flowchart for the patients taking part.
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Figure2. CONSORT (Consolidated Standards of Reporting Trials) flow diagram.
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Table 1 shows the patients’ baseline characteristics according
to the intervention assignment. The mean age of the whole
population was 55.7 (SD 7.1) years, with 51.9% (1212/2334)
being women. The mean basal HbA ;. valuewas 7.3% (SD 1.5).

Overall, 53.4% (1246/2334) of patientshad HbA ;. levelswithin
the accepted therapeutic goal (<7%). Therewere no statistically
significant differences among the groups in terms of their
baseline characteristics.
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Table 1. Baseline characteristics of patients.

Charecteristics PTI2 (n=537) PFIP (n=654) CBIC (n=557) ucd (n=586)
Age (years), mean (SD) 55.9 (7.0) 56.2 (7.0) 55.5 (7.1) 55.2 (7.3)
Gender (male), n (%) 284 (52.9) 288 (44.0) 264 (47.4) 286 (48.8)
Smoking status, n (%)
Current smokers 114 (21.2) 156 (23.9) 109 (19.6) 145 (24.7)
Former smokers 223 (41.5) 280 (42.8) 225 (40.4) 240 (41.0)
Nonsmoker 200 (37.2) 218(33.3) 223 (40.0) 201 (34.3)
Education, n (%)
Primary or less 323(60.2) 409 (62.5) 347 (62.3) 379 (64.7)
High school 159 (29.6) 176 (26.9) 147 (26.4) 157 (26.8)
Bachelor’s degree or higher 55(10.2) 69 (10.6) 63 (11.3) 50 (8.5)
Income per person in the household per month, n (%)
<€250 (US $325) 118 (21.9) 139 (21.2) 121 (21.7) 146 (24.9)
£€250-€499 (US $325-$649) 229 (42.7) 323 (49.4) 272 (48.8) 264 (45.1)
£500-€649 (US $650-$844) 86 (16.0) 99 (15.2) 122 (14.2) 96 (16.3)
>£750 (US $975) 104 (19.4) 93 (14.2) 64 (15.3) 80 (13.7)

BMI categories, n (%)

Normal or underweight (<25) 52 (9.7) 58 (8.9) 45(8.1) 44 (7.5)
Preobese (<30) 164 (30.5) 183 (28.0) 181 (32.5) 197 (33.6)
Obese class 1 (<35) 200 (37.2) 227 (34.7) 175 (31.4) 195 (33.3)
Obese class 2 (<40) 77 (14.3) 122 (18.7) 103 (18.5) 99 (16.9)
Obese class 3 or 4 (240) 44(8.2) 64 (9.8) 53 (9.5) 51(8.7)
BMI (kg/m?), mean (SD) 31.6(5.7) 32.4(6.0) 32.1(5.8) 32.1(6.0)
Duration of diabetes (years), mean (SD) 8.4 (6.8) 8.2(6.1) 8.9(6.3) 8.6 (6.8)

Diabetestreatment, n (%)

Only lifestyle 40 (7.5) 60 (9.2) 26 (4.7) 53(9.0)
ord 394 (73.4) 445 (68.0) 413 (74.1) 395 (67.4)
Injectable (insulin or GLP-15) 12(22) 17(2.6) 17(3.) 25(4.3)
Oral+injectable 85(15.8) 114 (17.4) 98 (17.6) 98 (16.7)
Do not know/not answered 6(1.1) 18(2.8) 3(0.5) 15(2.6)

HbAlcf categories, n (%)

<% 258 (48.0) 351 (53.7) 241 (43.3) 304 (51.9)
7.0%-8.0% 146 (27.2) 165 (25.2) 165 (29.6) 141 (24.1)
8.1%-9.0% 66 (12.3) 75 (11.5) 82 (14.7) 67 (11.4)
>9.0% 67 (12.5) 63 (9.6) 69 (12.4) 74 (12.6)

HbA 1 (%), mean (SD) 7.3(15) 7.2(1.4) 7.4(15) 73(15)

Comorbidities, n (%)

Hypertension 323(60.3) 434 (66.4) 363 (65.2) 382(67.1)

Hypercholesterolemia 353 (65.7) 448 (68.0) 349 (62.7) 367 (64.0)

Coronary artery disease 32(6.0) 39 (6.0) 26 (4.67) 27(3.9)

Ictus 12(2.2) 5(0.8) 13(2.3) 14(2.1)

Thyroid gland disorders 68 (12.7) 76 (11.6) 57(9.7) 57 (11.8)
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3PTI: intervention only for patients and family members.

bPF: intervention only for health care professionals at primary care.
°CBI: combined intervention for patients and professionals.

duC: usual care or control group.

€GLP-1: glucagon-like peptide-1.

"HbA 1: glycated hemoglobin.

The rate of attendance at educational sessionsisalso shownin
Figure 2. The mean number of sessions attended by patientsin
the intervention for patients and combined intervention groups
was4.3(SD 2.7) and 4.2 (SD 2.8), respectively. Overall, 87.5%
(470/537) of the patients assigned to theintervention for patients
group attended the first of the 8 educational sessions, which
decreased to 59.2% (318/537) in the second session and to
45.8% (246/537) in the last session. Inthe combined intervention
group, attendance rateswere 73.4% (409/557), 57.8% (322/557),
and 47.2% (263/557), respectively. All patients in the
intervention groups received SMS during the 2 years of
follow-up and had access to the web platform that contained
the video recordings of all group sessions in addition to other
educational materials. The average number of web-based
questionnaires filled in by each patient was 16.3 (SD 29.4) in
the intervention for patients group and 9.9 (SD 23.1) in the
combined intervention group. These differences were
statistically significant (P<.001) at the 2-year follow-up.

Primary End Point: HbA1lc

Multimedia Appendix 4 shows the adjusted differences in the
mean HbA .. levels at each follow-up eval uation and the adjusted
differencesin AUCs of HbA . throughout the whole study for
each intervention group, in comparison with the usual care
group. Compared with usua care, intervention for patients
achieved a significant mean HbA ;. reduction of 0.27 (95% ClI
0.45to 0.10) at month 3and 0.26 (95% CI 0.44to 0.08) at
month 6. Differences between intervention for patients and usual
care groups were marginally significant at 12 months (P=.07).
Therewere no statistically significant differencesin mean HbA ;.
levels in the intervention for professionals and combined
intervention groups, when compared with the usual care group.
With regard to the AUC of HbA ,, the effect of intervention for
patients was marginaly significant compared with usual care
(P=.06), considering al the follow-up sessions.

The mean levels of HbA . across the study and their adjusted
differences with regard to baseline values are shown in
Multimedia Appendix 5 by the study arm. Mean HbA ;. levels
of the intervention for patients group significantly improved
during the first 12 months of follow-up, showing a maximal
reduction at month 3 (0.35; 95% CI 0.48 to 0.22). The
differences gradualy diminished over time until they
disappeared at months 18 and 24.

At month 3, a clinicaly relevant reduction in HbA . (at least
0.4%) was observed in 38.6% (207/537) of participantsin the
intervention for patients group and only in 20.3% (119/586) of
patients with usual care (P<.001; Multimedia Appendix 6).
Differences between both groups in the proportion of subjects
with a clinicaly significant decrease in HbA,. remained
statistically significant until month 12 (191/537, 35.6% vs
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152/586, 26.0%; P=.006) and marginally significant until month
18. The percentage of patientswith clinically relevant decrease
in HbA,. was aso significantly greater in the combined
intervention group than in the usual care group a months 3, 6,
and 18.

The results of the interventions were also analyzed in the
relevant subgroup of uncontrolled patientswith baseline HbA ;.
>7%. As shown in Multimedia Appendix 7, for this subgroup,
thedifferencesin the HbA ;. reduction between theintervention
for patients and usual care groupswere statistically significant,
favoring the intervention for patients group from months 3 to
12. The differences in HbA,;. AUC between the intervention
groups and the usual care group considering the entire period
were statistically significant for the intervention for patients
and combined intervention: 0.26 (95% CI 0.48 to 0.04) and
0.25 (95% CI 0.47to 0.03), respectively. For the intervention
for professionals group, the differences were marginaly
statistically significant (P=.09).

All interventionsled to asignificant reduction in HbA ;. among
subjectswith baseline HbA ;. levels>7% acrossthe entire study
period (Multimedia Appendix 8). The differences at 24 months
were 0.49 (95% CI 0.70to 0.27) for intervention for patients,
0.35(95% ClI 0.59to 0.14) for intervention for professionals,
and 0.35 (95% CI 0.57 to 0.13) for combined intervention
(Multimedia Appendix 8). Patients with usual care showed
significant decreasesin HbA ;. at months 12, 18, and 24.

Finaly, in the subgroup with baseline HbA . levels >7%, the
proportion of subjects with clinically significant reductionsin
HDbA ;. (=0.4%) was greater in theintervention for patients group
than in the usual care group until month 12 (140/263, 53.1% vs
116/269, 43.2%; P=.049). Thedifferences between the combined
intervention and the usual care groupswere significant at month
3 (Multimedia Appendix 6).

Secondary End Points

Compared with usua care, the intervention for professionals
group had significantly lower SBP at months 3 and 18 and the
combined intervention group had significantly lower SBP at
month 24 (Multimedia Appendix 4). Compared with their
respective baseline values, mean SBP fell significantly in all
study groups, but the difference was greatest for the combined
intervention group at 24 months ( 7.5 mm Hg; 95% ClI 9.8 to
5.2; Multimedia Appendix 5). For DBP, compared with usual
care, we found significant reductions at months 3 and 24 for
intervention for professionals and at months 12 and 24 for
combined intervention (Multimedia Appendix 4). When
compared with baseline, al groups improved; the maximum
reduction was at 24 monthsfor the combined intervention group,
with a fall of 6.7 mm Hg (95% CI 8.2 to 5.3; Multimedia
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Appendix 5). The intervention for patients did not lead to a
significant decreasein blood pressure compared with usual care
(Multimedia Appendix 4).

Comparisonsin BMI between the intervention for patients and
usual care groups only attained statistically significant
differences at month 3. None of the other interventions achieved
greater BMI reductions than those observed for usual care
(Multimedia Appendix 4). Compared with the baseline values,
the mean values of BMI decreased in the intervention for
professional s group throughout the follow-up and in the usual
care group at months 3 and 24. The intervention for patients
group experienced the greatest improvement and showed a

statistically significant reduction at month 24: 0.78 kg/m? (95%
Cl 1.0to 0.6; Multimedia Appendix 5).

Multimedia Appendices 4 and 5 contain detailed biochemical,
clinical, and anthropometric data for the whole sample.
Multimedia Appendices 7 and 8 contain these data for the
subgroup with basal HbA ;. >7%.

All 4 groups showed statistically significant improvements in
total and LDL cholesterol levels at the end of follow-up. The
differences between theintervention and usual care groupswere
not statistically significant. HDL cholesterol and triglyceride
levels did not reveal clinically relevant changes.

We did not detect statistically significant differences in the
comparison of intervention for patients and intervention for
professionals groups in relation to the most intensive
intervention in the combined intervention group regarding the
primary or secondary outcomes in the AUC over the follow-up
period, except for BMI, which had adifferencein areaof —0.29

(95% CI -0.57 to 0.01) kg/m2 in favor of the intervention for
patients group.

For most clinical results, ICC values were low in every PHCP,
Variance homogeneity was verified and thus reflected a very
small effect associated with PHCP for intervention and control
groups (similar clinical results among PHCP in every study
arm). The ICC at the patient level was broad, accounting for
considerable variations among individuals. Considering both
ICC values, the results from the INDICA study appear to have
good external validity.

Discussion

Principal Findings

The INDICA study assessed the effectiveness of
multicomponent interventions to support decision making for
the main actorsinvolved in the management of T2DM (patients,
relatives, and primary health care professionals) in many PHCPs
[13]. We hypothesi zed that combining conventional educational
activitieswith different | CT-based decision support toolswould
improve HbA ;. a long term (24 months) compared with usual
care.

This study revealed that the intervention for patients group
achieved a significant but temporary reduction of HbA,,

compared with the usual care group, which lasted for 6 months,
with agradual dilution effect from then onward. Interventions
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focused on health care professionals and on both patients and
health care professionals did not trandate into a significant
lowering of HbA., in comparison with usual care, when
evaluated in the whole study population. Even so, more than
30% of the participants bel onging to the intervention for patients
and combined intervention groups attained statistically and
clinically relevant reductions in HbA,. (>0.4%). These
percentages were significantly greater than those observed in
the control group at 12 months (for the intervention for patients
group) and 18 months (for the combined intervention group).

It must be noted that, with the intention of assessing the
effectiveness of the intervention for al patients with T2DM,
the INDICA study did not limit inclusion of participants by
their HbA . level. Therefore, the study’s power to find clinically
relevant differences for the main outcome measures could have
been insufficient, according to Jackson et al [23], asonly 50.6%
(1180/2334) of dl participants had baseline HbA;.
concentrations >7% (mean 7.3%, SD 1.5). Nonetheless, the
study’s sample size provided statistical power to examine the
results of patients with worse metabolic control, allowing the
comparison with other studiesthat limited recruitment to patients
with poor metabolic control.

As expected, the magnitude and duration of the intervention
effect was greater among patients with baseline HbA ;. >7%,
mainly for the intervention for patients group, which showed a
statistically significant reduction in HbA ., in comparison with
usua care, although the difference disappeared at 18 months.
Moreover, considering the differences in the AUC values of
HDbA ., our results provide evidence of effectiveness for both
the intervention for patients and the combined intervention
throughout the study period. These results support previous
findings reporting greater effects for interventions on patients
with higher baseline HbA ;. levels [24,25]. Similarly, the
effectiveness of quality improvement strategies exclusively
focused on health care providers seems to be beneficial only
among patients with HbA ;. levels >8% [26].

The Mobile Diabetes Intervention Study (MDIS) published by
Quinn et al [27] a so reported a higher reduction in HbA ;; over
1 year among patientswith T2DM (with baseline HbA ;;=9.1%)
by means of a multicomponent behavioral intervention
exclusively for patients, without detecting effects on other
relevant outcomes such as blood pressure or lipid levels.

Although MDIS provided evidence of sustained 12-month
treatment difference in HbA,, rather than regression to the
mean, the INDICA results, for the whole sample, show a
progressive effect reduction close to the baseline HbA ;. values.
Similar to MDIS, the observed reduction in HbA;. in the
INDICA subgroup with baseline HbA,.>7% remained stable
over the long term. However, evidence of long-term
effectiveness of these complex interventionsis not well stated
yet because of the reduced number of studies providing results
at 12 months of follow-up and beyond [28,29].

Several systematic reviews found that interventions based on
ICTs led to significant improvements of 4% to 5% in HbA
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compared with usual care[12,28,30,31], with effect differences
according to the type of ICT used (internet, automated SMS,
and apps) [11,12,32]. In contrast, smaller effects than those
reported in our study for the intervention for patients and
combined intervention groups were published for individual
and group education among patients with HbA . levels >8%

[33,34].

Beyond the reported effects on HbA,,, we aso found an
improvement in blood pressure monitoring for patientsincluded
inthe 2 groupswith intervening health professionals. Long-term
reductions compared with the baseline were observed in SBP
and DBP, with statistically significant differencesin relation to
usual care. These combined effects on HbA,., SBP, and DBPR,
together with the improvement observed for BMI, might
contribute to enhanced cardiovascular risk [35,36], suggesting
the overal value of these comprehensive approach strategies
addressing multiple components and actors involved in T2DM
management [37]. Although some outcomes, such as the
improvement of blood pressure, might require the involvement
of health care providers, others, such asthereductionin HbA .,
will depend largely on the patients' intervention. Thus, our
findings provide long-term evidence on the effectiveness of
multicomponent interventionsto empower patients and support
clinical decision making to improve T2DM outcomes beyond
that published by Taylor et a [29] in their systematic review
for self-management interventions for patients with chronic
conditions. The potential expected clinical benefits, associated
with the overall metabolic and cardiovascular risk improvement
provided by INDICA over 2 years, could be estimated in the
longer-term follow-up on both microvascular and macrovascular
complications and mortality [38].

Conceptual Frameworks

The assessed interventions were informed by conceptual
frameworks of behavioral change [14] and applied to a large
and heterogeneous sample of patients, caregivers, and
professionals. The INDICA intervention characteristics were
planned to increase the validity of the obtained data and the
transferability of the interventions assessed. The key
determinants of behavior change suggested by Michieet al [14]
were considered for the INDICA interventions, with a higher
degree of adherence in their design and implementation in the
case of interventions for patients than for professionals, which
could help explain the magnitude of the effect observed for
HbA,. among intervention groups. Furthermore, time
congtraints, staff turnover, and self-perception of work overload
among health professionals limited the possibility of going
deeper into the following dimensions: professional role,
motivation and goals, social and professional influences,
emotions, and action planning. A detailed description of the
complex behavior change interventions applied was reported
elsewhere [13] to promote replication at other sites. Other
potential explanations for the unexpected differences between
the intervention for patients and combined intervention groups
were the higher attendance rate of patient and family members
inthe educational group sessionsand asignificantly higher rate
of web questionnaire completion observed in the intervention
for patients group. Thishigher rate of questionnaire completion
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was key to adjusting the individualized components of SMS
messages, providing an extended exposure to web-based
educational material. The high turnover among health care
professionals in most PHCPs included in the study, as occurs
inthe real world, could also account for the lesser effect of the
intervention for professionals and the combined intervention.

To maximize effectiveness, the INDICA interventions
incorporated all the components of a technology-enabled
self-management feedback cycle, connecting patients and the
research team by using bidirectional communication, analyzing
patient-provided behavior and health data, tailoring education,
and personalizing feedback according to the eHealth Enhanced
Chronic Care Model [24,39,40].

Strengthsand Limitations

This study has some limitations. First, it was difficult to obtain
afull data set because of the high number of control visits and
the duration of follow-up for many patients. Robust imputation
techniques [19] were used to minimize the impact of missing
data. Second, as previously mentioned, the high turnover among
primary care professionalsincluded in the study could explain
the smaller than expected impact of the intervention for
professionals and the combined intervention. Third, the fact
that around 49.4% (1154/2334) of the whol e patient sample had
baseline HbA ;. <7% and only around 23.0% (536/2334) had
basal HbA ;. levels=8% clearly limitsthe ability of interventions
to reduce HbA .. Fortunately, the available sample size was
sufficient to find valid evidence. Fourth, similar to other reported
findings [23,26,41], our usual care group was not a proper
control group; it was subject to repetitive and intensive
follow-up activities, including 6 different follow-up visits over
the study to apply all prespecified questionnaires, in addition
to clinical and laboratory tests. This intense follow-up activity
could act asan intervention in itself, as patients might focus on
important topics on which they had to pay attention. Fifth,
INDICA interventions were not fully theory-based, making it
more difficult to understand as to what works across contexts,
populations, and behaviors. Finally, the INDICA study was not
designed to test the efficacy of every component of the complex
interventions assessed.

The strengths of the INDICA study include the pragmatic
character of the trial and its wide sample size; the random
assignment by clusters; the engagement, as research subjects,
of al actors involved in management decisions; and the
follow-up duration. Moreover, all educational group sessions
and coaching activities by SMS were recorded to monitor and
assess homogeneity, educator fidelity to interventions, and
quality delivery. Educational workshops and periodic feedback
to health care professionals were equally delivered to all
participants in the intervention for professionals and the
combined intervention.

The INDICA findings highlight the importance of conducting
trialswith long follow-up periods and sufficient statistical power
to assess interventions of limited expected effect sizes but of
high potential efficiency. |CT-supported interventions enable
its extended and continuous usage by thousands of people in
need to complement and spread interventions beyond the limited
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capacity of the health care systems to deliver usual care. We
should be careful, however, to generalize the findings of
INDICA. Interventions took place through PHCPs and were
largely implemented through el ectronic communications. Health
and digital literacy levels of the assessed population might vary
with regard to other settings. Moreover, health care professionals
were subject to differences in workload, interest and training
in ICT used to support patients, access to CPG, and specialist
support.

The potential effects of all these factors on the different study
arms were minimized by randomization.

Future Research

Future research on the effectiveness of these complex
interventions should be complemented by the anaysis of
patients  self-reported outcomes and  intervention
cost-effectiveness to fully inform clinical and health policy
decision making. The effectiveness of theseinterventions should
also be assessed after longer follow-up periods to alow the
measurement of relevant clinical (micro and macrovascular)
outcomes, together with the assessment of potential longer-term
reinforcement of the most cost-effective interventions in the
short term. The use of real-world data will efficiently help to
provide this vauable information. Effectiveness and
cost-effectiveness assessment according to patients' clinical
risk and hedth literacy levelsare also highly relevant. Additional
evidence on cost-effectiveness and budget impact analysis is

Ramallo-Farifia et al

needed to support health policy decision making in cases of
limited funding to support all assessed interventions.

Theory-based research on complex interventions to promote
behavior change is also needed, rather than theory-inspired
research, if we are to achieve a sound scientific basis for the
development and reporting of such interventions. Comparative
effectiveness assessment among components of complex
interventions is also of interest, although it will require
additional funding.

Finally, qualitative research is also needed to better understand
the relationships between patient and professiona
characteristics, their engagement, and the observed results.

Conclusions

We found that INDICA interventions improved long-term
metabolic control in patients with T2DM with uncontrolled
basal HbA . values compared with the usual care group. We
also found moderate but clinically and statistically significant
effects on blood pressure reduction, contributing to reduced
overall cardiovascular risk. Theincreasing accessto computers,
internet, and mobile phones, together with improvements in
digital literacy, regardless of social status, sex, and age, make
these complex interventions appropriate instrumentsto improve
patient empowerment in the continuous management of their
chronic diseases by tailoring interventions to individual needs
and extending patient support beyond the limited capacities of

conventional office-based care.
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Abbreviations

AUC: areaunder the curve

CPG: clinical practice guideline

DBP: diastolic blood pressure

ECR: electronic clinical record

FCU: family care unit

HbA1c: glycated hemoglobin

HDL: high-density lipoprotein

I CC: intraclass correlation coefficient

I CT: information and communications technology
LDL: low-density lipoprotein

MDIS: Mobile Diabetes Intervention Study
PHCP: primary health care practice

RCT: randomized controlled trial

SBP: systolic blood pressure

T2DM: type 2 diabetes mellitus
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Abstract

Background: End-of-day symptom diaries are recommended by drug regulatory authorities to assess treatment response in
patients with irritable bowel syndrome. We devel oped a smartphone app to measure treatment response.

Objective: Because the employment of an app to measure treatment response in irritable bowel syndrome isrelatively new, we
aimed to explore patients' adherence to diary use and characteristics associated with adherence.

Methods: A smartphone app was developed to serve as a symptom diary. Patients with irritable bowel syndrome (based on
Rome 1V criteria) were instructed to fill out end-of-day diary questionnaires during an 8-week treatment. Additional online
guestionnaires assessed demographics, irritable bowel syndrome symptom severity, and psychosocial comorbidities. Adherence
rate to the diary was defined as the percentage of days completed out of total days. Adherence to the additional web-based
guestionnaires was al so assessed.

Results. Overdl, 189 patients were included (age: mean 34.0 years, SD 13.3 years, femae: 147/189, 77.8%; male: 42/189,
22.2%). The mean adherence rate was 87.9% (SD 9.4%). However, adherence to the diary decreased over time (P<.001). No
significant association was found between adherence and gender (P=.84), age (P=.22), or education level (lower education level:
P=.58, middle education level: P=.46, versus high education level), while higher anxiety scores were associated with lower
adherence (P=.03). Adherence to the online questionnaires was also high (>99%). Missing data due to technical issues were
limited.

Conclusions: The use of a smartphone app as a symptom diary to assess treatment response resulted in high patient adherence.
The data-collection framework described led to standardized data collection with excellent completeness and can be used for
future randomized controlled trials. Due to the slight decrease in adherence to diary use throughout the study, this method might
be less suitable for longer trials.

(JMIR Mhealth Uhealth 2020;8(11):€19696) doi:10.2196/19696
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Introduction

Irritable bowel syndrome (IBS) is a highly prevalent chronic
disorder of brain-gut interaction characterized by recurrent
abdominal pain and altered bowel habits[1]. Sincewell-defined
organic causes and validated biomarkers for IBS are lacking,
patient-reported outcome measures are crucial in assessing
treatment response. Accordingly, drug regulatory authorities
currently recommend using end-of-day symptom scoresin IBS
trials to measure drug efficacy [2,3]. Diaries are generaly
considered to be suitable to measure end-of -day gastrointestinal
symptom scores and have the ability to capture symptom
variability over time [4]. The validity and reliability of paper
diaries, however, may be impeded by fake adherence [5] (ie,
falsifying or backfilling written answers outside of the proposed
time window [6]). The gap between reported and actua
adherenceto paper diaries has been shown to be aslarge as 80%
in some studies[7]. Because backfilling introduces considerable
recall and ecological bias [8], using paper diaries can distort
trial results, which can ultimately lead to incorrect conclusions
about treatments. Efficacy endpoints in clinical trials should,
therefore, preferably not be assessed by paper diaries.

Recent technological advancements and the widespread
availability of smartphones have given rise to numerous
health-related apps and electronic diaries in the last decade
[9-12], both in clinical and research settings. Digitalized data
collection provides several advantages over a paper-based data
collection as it results in higher data entry quality and more
efficient data handling [13]. For example, responses can be
verified automatically by built-in response requirements, routing,
and data validation, and manual data transcription can be
omitted. More importantly, data entry for previous days can be
prevented, and all entries can be given a date- and time-stamp,
generating more valid (momentary) results and allowing
assessment of actual adherence to the diary. Studies that have
implemented electronic diaries have reported excellent
adherence, ranging from 76%-100% [5,14,15].

These advantages encouraged our group to implement adigital
data-collection framework and develop a smartphone app that
can be used as adigital symptom diary. This diary was used to
collect Food and Drug Administration (FDA) recommended
efficacy outcomesin our randomized placebo-controlled clinical
trial on the efficacy of peppermint oil in IBS called the
PERSUADE study [16]. This observational study describesthe
devel opment and evaluates the performance of the overall digital
framework used for data collection in that clinical trial. Within
the realm of IBS trials, the use of adigital symptom diariesis
relatively new; most previous studies have not reported
adherence for the assessment method used, and data on
adherence in other populations cannot necessarily be
extrapolated to IBS. Therefore, our primary aim wasto evaluate
the performance of a custom-made digital symptom diary in
patientswith IBS, in particular by assessing patients' adherence.
Since patient characteristics can impact adherence [17,18], our

https://mhealth.jmir.org/2020/11/€19696

secondary aim was to identify sociodemographic and clinical
patient characteristics associated with adherence.

Methods

Overview

The study was based on data from the PERSUADE study [16].
This was a randomized double-blind placebo-controlled trial
(clinicaltrials.gov; NCT02716285) conducted in 4 hospitals
located throughout the Netherlands (Multimedia Appendix 1;
Figure S1). The study protocol was approved by the Maastricht
University Medical Center+ Ethics Committee. All study
procedures were performed in compliance with Good Clinical
Practice Guidelines and according to the revised Declaration of
Helsinki [19]. All participants gave written informed consent
prior to participation.

The study design of the PERSUADE has been described in
detail elsewhere [16]. In brief, the primary aim was to
investigate the efficacy of peppermint oil—a conventional
small-intestinal release formulation and a novel ileocolonic
release formulation—in patientswith IBS. To thisend, patients
between 18-75 years of age, who fulfilled the RomeV criteria
for IBS and had a mean worst abdominal pain score of at least
3 on an 11-point rating scale (0, no pain; 10, worst possible
pain) during a 14-day pretreatment period were included.
Participants were randomized to placebo, small-intestina release
peppermint oil, or ileocolonic release peppermint oil for an
8-week treatment period.

Data were collected using a customized framework for digital
datacollection, specifically designed and devel oped for thetrial,
consisting of (1) adigital symptom diary (smartphone app); (2)
an electronic case report file (eCRF, Castor EDC); (3)
web-based patient questionnaires (Castor EDC); and (4) a
planning tool (Ldot). During the 14-day pretreatment and the
8-week treatment period, patients were instructed to register
symptoms daily in the digital symptom diary. Study visits and
telephone follow-up telephone interviews were documented in
the eCRF. Patients were asked to complete several web-based
guestionnaires at different time-pointswithin the study duration.
The complete list of inclusion criteriaand study overview with
timing of the questionnaires is given in the Multimedia
Appendix 1. Primary efficacy results of the PERSUADE study
have been described elsewhere [16].

Digital Symptom Diary: Smartphone App

For the digital symptom diary, an electronic smartphone app
was developed by the Center for Data and Information
Management at Maastricht University (MEMIC), in close
collaboration with the investigators. The app was programmed
using Xamarin, a framework to develop cross-platform apps
using C sharp programming. The PERSUADE app supports
Android and iOS devices. A Maastricht University industrial
designer designed the visual content. A MEMIC team of data
managers and researchers of the Maastricht University Medical
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Center+ Neurogastroenterology group tested the app and
provided feedback throughout several phases of development.
Additionally, a patient was asked to use the diary and provide
feedback regarding its user friendliness. Patient inclusion
commenced once a version was reached that all agreed on.

The app’s home screen consisted of 3 main elements: the daily
end-of-day symptom questionnaire, a medication list, and the
Bristol stool chart questionnaire (Figure 1). The end-of-day
symptom questionnaire included one main question to assess
the primary outcome (in accordance with FDA guidelines):
“How would you rate your abdominal pain today? Think about
the worst abdominal pain today” (11-point numerical rating
scale) (Figure 2). The dailly symptom questionnaire was
accessible between 6 PM and 12 PM and was unavailable
outside thistimewindow, to avoid premature completion. Other
daily questionswererelated to “need of rescue medication” and
“adverse events experienced.” If a patient had not completed
the daily entry before 10 PM of that particular day, one push

Figure 1. Home screen of the smartphone app.
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notification was sent. At the end of each week, the end-of-day
questionnaire consisted of additional questions regarding
abdominal discomfort, abdominal bloating, abdominal cramping,
belching, nausea, and urgency during the last week (11-point
scale numerical rating scale). It was not possible to enter data
for previous days, and participants could not review prior entries.
Automated routing, response requirements, and real-time data
verification were built in to increase data quality and
completeness.

The medication list was used once to register all regular
medications. Patients were asked to keep their concomitant
medication use as stable as possible. However, if alterations
were needed, they were ableto delete, add, or change the dosage
of nongastrointestinal drugs.

The Bristol stool form scale was used to register al bowel
movements (Figure 3). There was no minimum or maximum
number of registrations per day.
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Figure 2. Primary outcome measure.
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All patients received extensive verbal and written instructions
during the screening visits on how to use the app and were
encouraged to contact the researchers if the app crashed or
otherwise did not function properly. A personalized username
and password were provided for accessto the app. Patientswere
instructed to enable automatic updates of the app to ensure the
most recent version was used. If a patient did not own a
smartphone or tablet, a device was provided. During the
complete pretreatment and treatment periods, an aert system
in the planning tool notified the investigators when a patient
had failed to submit 3 or more daily entries. In addition, the
development team received automated notifications of app
crashes.
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Web-Based Patient Questionnaires

At randomization, at 2, 4, 6, and 8 weeks of treatment, and at
3 and 6 months of follow-up after trestment ended, patients
were asked to fill out web-based questionnaires. We chose not
to implement these into the digital diary because of the large
number of questions. Included were a questionnaire regarding
demographics and lifestyle and validated questionnaires
regarding symptom severity (IBS Symptom Severity System),
quality of life (IBS Quality of Life, EuroQoL EQ-5D-5L),
comorbid symptoms of anxiety and depression (General Anxiety
Disorder 7, Patient Health Questionnaire 9), and health care
utilization and productivity loss (Medical Consumption
Questionnaire, Productivity Cost Questionnaire). Patients
received invitations viaemail containing an HTML-link to the
electronic environment. If a patient had not completed the
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guestionnaire within 2 days, 2 automatic reminders were sent
via email. Automated routing, response requirements, and
real-time data verification were built in to increase data-quality
and completeness.

eCRF

During the study visits and telephone follow-up cals,
investigators documented all findings in a cloud-based eCRF.
The eCRF forms were built by the first author with input from
the other authors and contained items regarding demographics,
Rome IV diagnostic criteria for IBS, history and physical
examination, adverse events, and genera wellbeing.
Investigators were given unique usernames and passwords to
view and add data for their respective inclusion centers. To
achieve registration uniformity, the investigators were trained
on how to enter data, and additional step-by-step instructions
were given in a standard operating procedure document.
Real-time automated data verification and corresponding pop-up
notifications were built in to prevent typing errors or other
erroneous entries. Automated routing of questionsand response
requirements ensured that correct items were displayed and
filled in. An audit trail enabled tracking of all data changes.

Ldot Planning Tool

Ldot is aweb-based tool developed by the Center for Data and
Information Management at M aastricht University and was used
to monitor study logistics. All personal patient datawere entered
into Ldot, and the app supported the study workflow by
indicating when each study event (eg, randomization, follow-up
call, etc) needed to take place for each patient. Ldot was able
to communicate with the digital diary and the web-based
guestionnaires. For example, all email invitations for the
guestionnaires were sent automatically via Ldot. Patients
adherence to the diary and web-based questionnaires could be
monitored within Ldot and investigatorswere notified if patients
failed to complete 3 consecutive daysin the diary. Investigators
were also notified if patients failed to complete a web-based
guestionnaire after a reminder was given. To guarantee the
anonymity and quality of research data, no research data could
be entered into Ldot. Investigators could view and add personal
data for their respective inclusion centers. There was no
possibility of viewing data from other inclusion centers, except
for the coordinating investigator (first author) who had access
to all data. An audit layer of the app tracked and stored
information of all changes.

Storage, Servers, and Privacy

All software and data storage complied with international
1SO27001, 1SO9001, good clinical practice guidelines, and
Dutch NEN7510 gquidelines. Electronic diary data,
web-based-questionnaire data, eCRF data, and sensitive personal
data (Ldot) were all stored on different (nonconnected) servers.
Several back-upswere made per day. Accessto the serverswas
and will be restricted, with 24-hour on-site surveillance. Data
will be stored for 15 years after study completion.

https://mhealth.jmir.org/2020/11/€19696
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Outcome M easures

The primary outcome of the current study was patients
adherence to the digital symptom diary, defined as the mean
percentage of entries and calculated by dividing the number of
completed entries by the number of minimal requested entries
(total number of days in study). Patients were instructed to
completeadiary entry on all consecutive days during the 14-day
pretreatment and 56-day treatment period, or al days until
discontinuation with the study.

Secondary outcomes were change in mean adherence per week
over time, sociodemographic characteristics, clinical patient
characteristics associated with adherence, time of diary
completion, and difference in adherence between patients who
were defined as responders to treatment versus nonresponders.
Potential datalossand critical eval uation pointswere considered
to explore the overall feasibility of a smartphone app as a
primary data-collection tool in a randomized controlled trial.
Other secondary outcomes were patients' adherence to and
completeness of the additional web-based questionnaires and
investigators' adherence to and compl eteness of the eCRF.

Statistical Analysis

Statistical analyses were carried out using SPSS statistical
software (version 25.0 for Macintosh; IBM Corp). Data are
expressed as mean and standard deviation or as number and
percentage. Multivariable linear regression analysis was used
to investigate the association between baseline patient
characteristics and adherence to the digital diary, adjusting for
minimization variables (age, gender, IBS subtype, inclusion
center, and treatment group). A repeated measures analysis of
variance was performed to assess the influence of time (weeks)
on adherence. If the Mauchly test indicated that the sphericity
assumption was not met, Greenhouse-Geisser corrected results
were reported. A P<.05 (2-sided) was considered statistically
significant.

Results

General

Overdl, 190 patients were randomized. One patient was
randomized erroneoudly (ie, without fulfilling al inclusion
criteria). Therefore, 189 patients (age: mean 34.0, SD 13.3 years,
female: 147/189, 77.8%; male: 42/189, 22.2%) were analyzed
(n=64 in the placebo group, n=62 in the small intestinal release
peppermint group, n=63 in the ileocolonic release peppermint
oil group). Of the 189 patients, 95.8% (181) were Caucasian
and 4.2% (8) were of mixed descent. Most patients (109/189,
57.7%) were recruited from a primary care setting. Eleven
patients withdrew from the study during the treatment period
(data until discontinuation were included in the analyses).
Basdline characteristics are presented in Table 1. During
recruitment, only a single patient stated the digital data
collection as areason not to participate.
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Table 1. Summary of patient demographic and baseline characteristics.

Weerts et al

Characteristic (N=189) Value
Age (years)

Mean (SD) 34.0(13.3)

Range 18-70
Gender, n (%)

Male 42 (22.2)

Female 147 (77.8)
Education level, n (%)

No education 1(0.5)

Low 15 (7.9)

Moderate 80 (42.3)

High 93 (49.2)
Setting, n (%)

Primary care 109 (57.7)

Secondary care 41 (21.7)

Combined secondary & tertiary care 39 (20.6)
IBS2-subtype®, n (%)

Diarrhea 83 (43.9)

Constipation 42 (22.2)

Mixed 40 (21.2)

Undefined 24 (12.7)
IBS severity®

Score, mean (SD) 276.5 (71.9)

Mild, n (%) 15(7.9)

Moderate, n (%) 100 (52.9)

Severe, n (%) 74 (39.2)
IBS Quality of Life score?, mean (SD) 730(15.)
EQ-5D-5L utility score®, mean (SD) 0.7(0.2)
Psychological comorbiditiesf, mean (SD)

Anxiety 5.4 (4.3

Depression 6.8 (4.5)

4BS: irritable bowel syndrome.
bDetermined in aface-to-face interview (according to Rome |V criteria).

®The Irritable Bowel Syndrome (IBS) Symptom Severity System consists of 5 items with a maximum score of 100, higher scores indicate more severe
symptoms.

%TheIBS Quiality of Life questionnaire consists of 34 items with a 5-point Likert scale (1=good, 5=worse).

®The EuroQol-5D-5L measures 5 dimensions of quality of life. Raw scores are transformed to utility scores [20], which vary from 1 (perfect health) to
0 (death).

The General Anxiety Disorder—7 consists of 7 itemswith a4-point response scale (O=not at al, 3=almost every day). The Patient Health Questionnaire-9
consists of 9 items with a 4-point response scale (O=not at all, 3=almost every day).

. , _ . during the entire study period, reflected by a mean completion
Patients’ Adherenceto the Digital Symptom Diary 4 ot 57.99% (SD 9.4%), 91.5% (SD 9.2%), and 86.9% (SD

Most patients used their own smartphones, but 4 out of 189  10.8%), during all 70 days of study duration, the 14-day
patients needed a device provided by the investigators. Patient  pretreatment period, and the 8-week treatment period,
adherence to the daily digital symptom diary was excellent  respectively. Adherence during the treatment period did not
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differ significantly for treatment groups compared to that of the
placebo (placebo: mean 87.2%; small-intestinal release: 88.3%;
P=.67), and for the ileocolonic release peppermint oil (mean
87.2%; P=.33). Adherence did not differ between patients that
were clinical responders to treatment (mean 88.0%) versus
patients who were nonresponders (mean 86.2%). Over the

Figure4. Adherence.
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complete study period of 70 days, asignificant decreasein mean
weekly patient adherence to the end-of-day questionnaire was
found (Fsg 11140=15.5, P<.001) (Figure 4). Nevertheless,
adherence was still good at the end of the study (mean 79.6%,
SD 26.6%) (Figure 4).
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When exploring independent baseline predictorsfor adherence,
the combined regression model that included all minimization
variables (age, gender, | BS subtype, inclusion center), treatment
group, baseline IBS symptom severity, anxiety and depression
scores, and education level showed that 1 of the 4 inclusion
centers (center C; Multimedia Appendix 1, Figure S2),
(regression coefficient B —10.04, 95% ClI —19.51 to —0.56,
P=.04) and anxiety scores at baseline (B —0.59, 95% CI -1.12
to —0.06, P=.03) were negatively associated with adherence
throughout the study. Indeed, when comparing adherence
between the different inclusion centers, adherence in center C
waslowest (mean 82.3%, SD 12.5%), compared with adherence
incenters A (mean 88.3%, SD 9.2%), B (mean 84.7, SD 14.0%),
and D (mean 91.4%, SD 7.7%). There was no statistically
significant effect of gender (P=.84), age (P=.22), or education
level (lower education level: P=.58, middle education level:
P=.46, versus high education level) on adherence. Mean time

https://mhealth.jmir.org/2020/11/€19696

of completing the end-of-day symptom diary was 9:46 PM (ie,
14 minutes before receiving the push notification).

Feasibility of a Smartphone App asPrimary
Data-Coallection Method

Severa technical issues were noted by the investigators or
reported by patients. In most cases, the cause was found, and
the issue was resolved by the app development team without
data loss. Encountered hurdles included difficulties installing
the app during the screening visit due to connectivity failure,
not receiving reminder notifications, inaccurate visual scaling
of questionnaires on smaller smartphone screens, updates of
Android or iOS operating systems that interfered with prior
processes, and connectivity failure due to server maintenance.
All  documented technical issues and their short-term
consequences are presented in Table 2.
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Table 2. Technical difficulties and consequences with regard to the digital symptom diary.

Description of technical issue

Patients affected, n

Consequence and solution, if applicable

Low internet connectivity hindered installa-
tion of the app during the screening visit

Not receiving push-natifications as are-
minder to complete the end-of-day question-
naires

15

12

Incomplete views of the questionsduetoa 8

too large scaling on smaller smartphone
screens.

iOSor Android updatesthat interfered with
prior settings of the app

Maintenance of the hosting server

0

21

In most cases, the problem was solved by moving to alocation with better in-
ternet connectivity or by postponing the installation to alater time.

In many cases, patientswould complete the questionnaire regardless of receiving
the notification. However, the exact effect is unknown, and it may have nega-
tively impacted adherence during days that no notification was received. In

most cases, the problem could be resolved by changing the tel ephone settings
(eg by ignoring battery optimizations). In 2 cases in which the issue could not
be resolved, reminders were given during the study period by setting the dlarm
of the device at 10 PM. In the short period during which it was unknown how
many devices were affected, additional text messages were sent as reminders.

The issue was resolved by adjusting the scaling in the app during updates.
Because only afew letters were not depicted correctly and because al partici-
pants had received amanual that included the actual questions asked, the neg-
ative effect of short-term scaling issues was estimated to be negligible.

Theissuedid not lead to missing data because the small bugs did not shut down
the app. The development team provided updates that resolved the issues as
soon as possible.

Theissue led to missing data of one complete day (ie, the day on which the
maintenance took place) in all but 2 patients who wereincluded at the time of

the maintenance.

Web-Based Questionnaires. Patients Adherence and
Completeness

Adherence to the web-based questionnaires was also excellent.
One patient did not complete the questionnaires at the end of
the treatment period; all others completed all questionnaires
until the end of the study or until discontinuation (n=11
discontinued the study). Halfway through the study duration,
however, arouting error in one questionnaire became apparent.
Although this mistake was corrected immediately, the error had
already led to missing data for that particular question in
23.3%-54.0% of al patients, depending on measurement
moment (Table S1 in Multimedia Appendix 1). No missing
items were found in other questionnaire items.

Investigators Adherenceto the eCRF

Adherence of the investigators to the eCRF was excellent with
a completion rate of more than 99%. In total, there were 27
patients with at least 1 missing variable in the case report file,
11 of whom discontinued the study during the treatment period
(the missing values comprehend follow-up calls that were not
conducted). The remaining 17 cases with missing data were
because of missed follow-up calls(in 11 cases, 1 follow-up (out
of 3) was missed), not registering if additional information about
the 6-month follow-up period was given, not registering the
date of the last menstruation, not registering if the general
practitioner was informed about participation in the study, or
not registering the number of capsules that were reported not
to be taken during one of the follow-up calls.

Discussion

The results of this study demonstrate that patients' adherence
to the end-of-day questionnaire in the digital symptom diary
was excellent, with a mean completion rate of 87.9% over 70
daysof study duration. Thetotal proportion of missing dataand

https://mhealth.jmir.org/2020/11/€19696

dataloss dueto technical issues of the app was small, indicating
that it is safe and redlistic to use the app as a primary
data-collection method. Furthermore, patients' adherenceto the
web-based questionnaires and investigators' adherence to the
eCRF were also outstanding with compl etion rates of morethan
99%.

Intermsof electronic diary usagein clinicd trials, the adherence
rate found in this IBS study is at |east comparable to or higher
than previoudly reported rates [5,14,15]. Most people (90.3%)
in the Netherlands own amobile phone[21]. Only afew patients
(n=4) needed a device from the investigator team to participate
in the study, and only a single patient stated digital data
collection as areason not to participate. Mean adherence to the
digital symptom diary decreased by 11% from the first week
of the pretreatment period to the last week of the 8-week
treatment period (Figure 4). A dlight decrease in adherence to
the diary during a study period (ie, logging fatigability) is not
uncommon and has also been observed in other studies
investigating digital diaries[5,22]. Regarding the usage of digita
diaries in randomized controlled trials to assess treatment
response (according to FDA-recommended definitions) in IBS
patients specifically, we are aware of one recent IBS study [23]
that applied an electronic diary to assess treatment effect.
However, adirect comparison with this study was not possible,
as details on the type of device, app, or adherence to the diary
were not provided.

With regard to sociodemographic and clinica patient
characteristics associated with completing the daily entriesin
the diary, we found no evidence of a statistically significant
effect of gender (P=.84), age (P=.22), or education level (lower
education level: P=.58, middle education level: P=.46, versus
high education level) on adherence. Thisdiffersfrom theresults
of some prior studies and meta-analysis [15,17] that observed,
for example, a statistically significant positive effect of age on
adherence. Our interpretation is that this may be caused by the
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relatively young patient population in the current study. We
observed that patients with higher anxiety scores had lower
adherence to the digital symptom diary. These dataarein line
with those of Aaron et al [24], showing that participants with
higher stress levels may have lower completion rates.
Interestingly, a negative association was found between one
inclusion center and adherence. All 4 inclusion centers were
located in urban areas but with a wide geographical spread
throughout the Netherlands as shown in Multimedia A ppendix
1 (Figure S2). The center with the negative association (center
C) was in the most urban and populated area (ie, the
Amsterdam-The Hague-Rotterdam-Utrecht urban
agglomeration). No obvious demographic or baseline differences
were observed between study populationsin different inclusion
centers. No association was found between the lower adherence
and the investigator by whom the instructions were given.
Although the reason for lower adherence of patients included
in this center is unclear, religious and cultural backgrounds of
inhabitants of this agglomeration may have differed from those
of the inhabitants of other geographical areas [25-27].
Nevertheless, overall adherence during the treatment period in
thisinclusion center was still good (mean 82.3%, SD 12.5%).

Intermsof technical issuesarising during the study, minor bugs
occurring as a consequence of ever evolving smartphones and
operating systems are practically inevitable. It isour experience,
therefore, that continuous maintenance and software updating
by adevelopment teamiscrucial to avoid datalossand potential
agitation of the study participant due to app malfunctioning.
Consequently, the feasibility of using a smartphone app as a
primary data-collection method depends to a large extent on
skills and availability of development team staff, and research
groups should check if appropriate support is available before
opting for such methods.

Many high-quality IBS trials have used interactive voice
response systems asthe primary data collection method [28-31].
In spite of this frequent use, the interactive voice response
systems used in IBS trials have not been described in detail,
thereby hampering replication and implementation of the
methodology in other trials. For comparison with our
methodology, we therefore depended on what is known about
interactive voice response systemsin general. Akin to adigital
symptom diary, the interactive voice response systems method
allows control of time-windows in which surveys should be
completed, provides automated time-stamps to answers,
performs data verification and validation, follows a predefined
routing schema, enables automatic reminders, collectsand stores
data in real time, and leads to an overall consistent survey
administration. In addition, both methods equally depend on
telephone- or internet-service and require staff to program and
maintain the software. A potential advantage of interactive voice
response systems over those of digital diariesisthat it does not
depend on literacy skillsof the participant. An interactive voice
response systems may also need fewer software updates than
what is required by smartphone apps due to the high pace of
smartphone operating system updates. Potential disadvantages
of theinteractive voice response systems compared with digital
symptom diaries are (1) the inability to get clarification during
the survey, whereas a digital symptom diary can have built-in

https://mhealth.jmir.org/2020/11/€19696
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optional clarification of questions; (2) not all interactive voice
response systems are equipped with speech recognition;
open-ended questions then require transcription by a data
manager; (3) the quality of open-ended question recordings
depends on enunciation, background noise, and connection; and
(4) usage of the interactive voice response systems requires
extensive participant training and could be less user friendly
[32]. Asfor patient adherence to the interactive voice response
systems, this was reported by only one recent IBS tria [30];
they reported a mean adherence rate of 71% and 73% in the 2
groups examined, when adherence was defined as completing
at least 80% of the scheduled calls to the interactive voice
response systems. Adherence to the interactive voice response
systemsin that study [30] wasthus notably lower than adherence
to the digital symptom diary found in this study.

This study described the overall framework for digitalized data
collection used in the PERSUADE study. In addition to the
digital symptom diary, the electronic framework used in this
drug trial consisted of web-based patient questionnaires and an
electronic CRF to collect additional secondary outcomes. A
troublesome issue that occurred was a routing error in one of
the questionnaires that was discovered too late and had already
led to ahigh proportion of missing data (Table S1in Multimedia
Appendix 1). Thisapplied to only asingle question, but routing
errors can have potentially disastrous consequences. As such,
investigators and data managers should take appropriate care
and time when testing questionnaires. Data exports should,
furthermore, be examined in an early testing phase and
preferably by more than one investigator and data manager.
Similar to the diary, the web-based questionnaires and the eCRF
featured built-in routing of questions, data validation, and
response requirements to encourage data quality and
completeness. Overall, these steps allowed for guaranteed
standardized data collection with completeness of more than
99% for the web-based questionnaire and eCRF items.

Additional advantages of the combined framework for
digitalized data-collection are (1) the ability to monitor patients
and their adherence; (2) areduction in paperwork and physical
archiving (eg, in this study the paperwork was reduced to one
singleinformed consent file); (3) manual datatranscription can
be omitted as research data enter the database immediately; (4)
the possibility to adjust and individualize the smartphone app,
eCRF, and web-based questionnaires according to the needs of
each particular study, and (5) more accurate and standardized
data reporting since no error-prone re-entry is necessary. The
described framework for digital data collection can, therefore,
be employed in different studiesinvestigating different disease
entities.

Our findings should be interpreted in light of some potential
limitations. First, the study was not primarily designed for the
analysis of adherence to the digital symptom diary but for
measuring the main clinical outcome [16]. However, since
amost 200 patients were included, the sample size was
sufficiently large to estimate adherence with enough precision.
Second, adherence rate was not assessed within a controlled
trial with a more traditional method of data collection (ie,
paper-and-pencil diaries, interactive voice response systems)
as a comparison. However, the rapid diffusion toward digital
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approaches in health care and clinical research renders such
comparisons less meaningful from a practical point of view as
the use of digital techniques become inevitably ubiquitous. In
addition, it isunlikely that these traditional approachesto data
collection would result in higher adherence than those observed
here. Another limitation was that patient satisfaction with the
digital diary or web-based questionnaires was not quantified by
means of a questionnaire. In this study, the feasibility of the
used framework was eval uated primarily on the basis of patients
and investigators' adherence and the proportion of complete
data, whereas quantified patient satisfaction was not taken into
account. However, alow patient satisfaction would have likely
led to a lower adherence, and thereby, a higher proportion of
missing data. Therefore, although helpful, it is unlikely that
applying such a questionnaire would have altered our main
findings.

Weerts et al

highly feasible and resulted in high quality data collection with
excellent patient adherence of more than 86% during the
complete study period. The combination of the digital diary
with the eCRF, planning tool, and web-based questionnaires
led to overall standardized state-of-the art data collection with
excellent completeness and can be used as a framework for
future randomized controlled trials. Due to the slight decrease
in patient adherence to the digital diary throughout the study,
caution is needed when using such methodsin long-term studies.
Although this framework was designed for IBS clinical trials,
the results reported here are of added value to a far broader
range of disorders for which the collection of patient-reported
outcome measuresisrequired. Future studies should preferably
include a control group, for example, a group using the
interactive voice response system or a group using the app
without receiving reminder notifications, to compare adherence

In this IBS drug trial, the use of a smartphone app as a digital and to ascertain specific factors driving high adherence.

symptom diary to assess treatment response was found to be
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Abstract

Background: Mobile devices such as smartphones and tablets have surged in popularity in recent years, generating numerous
possibilities for their use in health care as mobile health (mHealth) tools. One advantage of mHealth is that it can be provided
asynchronously, signifying that health care providers and patients are not communicating in real time. The integration of
asynchronous mHealth into daily clinical practice might therefore help to make health care more efficient for patients with
rheumatoid arthritis (RA). The benefits have been reviewed in various medical conditions, such as diabetes and asthma, with
promising results. However, to date, it is unclear what evidence exists for the use of asynchronous mHealth in the field of RA.

Objective: The objective of this study was to map the different asynchronous mHealth interventions tested in clinical trialsin
patients with RA and to summarize the effects of the interventions.

Methods: A systematic search of Pubmed, Scopus, Cochrane, and PsycINFO was performed following the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis (PRISMA) guidelines. Studies were initially screened and later assessed by
two independent researchers. Disagreements on inclusion or exclusion of studies were resolved by discussion.

Results. Theliterature search yielded 1752 abstracts. After deduplication and screening, 10 controlled intervention studies were
included. All studies were assessed to be at risk for biasin at least one domain of the Cochrane risk-of-biastool. In the 10 selected
studies, 4 different types of mHealth interventions were used: SMS reminders (to increase medication adherence or physical
activity; n=3), web apps (for disease monitoring and/or to provide medical information; n=5), smartphone apps (for disease
monitoring; n=1), and pedometers (to increase and track steps, n=1). Measured outcomes varied widely between studies;
improvements were seen in terms of medication compliance (SMS reminders), reaching rapid remission (web app), various
domainsof physical activity (pedometer, SM S reminders, and web apps), pati ent-physician interaction (web apps), and self-efficacy
(smartphone app).

Conclusions: SMS reminders, web apps, smartphone apps, and pedometers have been evaluated in intervention studies in
patients with RA. These interventions have been used to monitor patients or to support them in their health behavior. The use of
asynchronous mHealth led to desirable outcomesin nearly al studies. However, since all studieswere at risk of bias and methods
used were very heterogeneous, high-quality research is warranted to corroborate these promising results.

(JMIR Mhealth Uhealth 2020;8(11):€19260) doi:10.2196/19260
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Introduction

Background

An increase in the prevalence of rheumatoid arthritis (RA), as
well as a general shortage of rheumatologists to treat patients
with RA, has been described [1,2]. In combination with rising
health care costs, this makes structural changes in the Dutch
health care system seem inevitable [3]. The challenge set is
difficult, as solutions for the increasing health care costs, the
rising prevalence of RA, and the subsequent demand on our
outpatient clinics will need to follow the treat-to-target
guidelines [4]. Integrating mobile health (mHealth) into daily
clinical practice may help overcome the challenges the Dutch
health care system isfacing in the care of patientswith RA and
other chronic diseases [5-7]. Especially for patients with RA,
the anticipated benefits of mHealth use should be evaluated, as
adaption of mHealth might be challenging for older patients
with RA or patients impeded by hurting joints [8,9].

The World Health Organization defines mHealth as “medical
and public health practice supported by mobile devices such as
mobile phones, tablets(...)" [7]. Appsfor gait analysis, activity
tracking, and video consultations and devices for handgrip
strength monitoring have been devel oped and tested in patients
with RA [10-13]. Two types of mHealth interventions can be
distinguished: synchronousinterventions, such astele- and video
consultation (where health care provider and patient arein direct
real-time contact), and asynchronous interventions (no direct
real-time contact), such as electronic consultations and remote
disease activity monitoring through web or smartphone apps
[14,15]. Asynchronous mHeal th interventions have not received
the same degree of attention as synchronous mHealth in RA
[16,17], despite the anticipated benefits such as shorter wait
times, lower health care usage, and consultations tailored to
need [18-21]. So far, it remains unclear what evidence exists
for the use of asynchronous mHealth interventions in patients
with RA.

Objective

The objective of this scoping review was to map the different
asynchronous mHealth interventions tested in clinical trialsin
patients with RA and to summarize the effects of the

interventions. Ultimately, this should help to identify promising
implementations and future research opportunities.

Methods

Study Design

We conducted a scoping review of the literature. This type of
review is suitable to map the available evidence in new and
developing fields. The vaue of scoping reviews to
evidence-based health care and practice liesin the examination
of a broader area to identify gaps in the research knowledge
base, clarify key concepts, and report on the types of evidence
that address and inform practicein thefield [22].

http://mhealth.jmir.org/2020/11/€19260/

Search M ethods

A review protocol was developed based on the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis
(PRISMA) statement [23]. Consequently, a comprehensive
search of the bibliographic databases PubMed, Embase.com,
Ebsco/PsycINFO, Wiley/Cochrane Library, and Scopus was
performed by amedical librarian. Databaseswere searched from
inception to November 20, 2019. The following terms were
used as index terms or free-text words (including synonyms
and closely related words): smartphones, internet, eHealth,
mHealth, wearable, apps, rheumatoid arthritis, and
tele-rheumatol ogy.

The search was performed without date, language, or publication
status restrictions. Duplicate studies were excluded. The full
search strategies for all databases can be found in Multimedia
Appendix 1.

Inclusion and Exclusion Criteria

The following inclusion criteria were used: (1) the study
population comprised only patientswith RA, or the majority of
the study population consisted of patients with RA, for whom
the data were reported separately, (2) the study evaluated an
asynchronous mHealth intervention (ie, the health care provider
and patient were not in direct synchronous contact), (3) the
study type was randomized controlled trial (RCT), randomized
controlled crossover trial, or quasi-experimental clinical trial,
(4) the study reported outcomes in relation to the mHealth
intervention, and (5) the study was published in English as a
full-length paper and an original report.

Studiesthat reported only qualitative outcomes (eg, from focus
groups, semistructured interviews, etc) were excluded from the
review. References of retrieved studies were screened for
additional relevant studies. Interventions that used a web app
were taken into account, as these are easily accessible through
mobile devices (smartphone and/or tablet) and therefore
regarded as mHealth in this review.

Selection of Studies

Initially, the title and abstract were screened independently for
eligibility criteriaand blinded to each other with the online tool
Rayyan [24]. Full-text papers were retrieved for all abstracts
that met the inclusion criteria. Disagreements on the inclusion
or exclusion of studies were resolved by discussion.

Data Extraction and Categorization

Data were extracted by one reviewer using a standardized
template and verified by a second reviewer. Thefollowing data
were extracted from each included study: the year of the study,
the number of participants, patient characteristics, type of study,
type of intervention, duration of study and follow-up, outcome
measures, univariate outcomes, and statistical significance.
Disagreements or discrepanciesin dataextraction wereresolved
by discussion.
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Quality Assessment of the mHealth I ntervention
Studies

The quality of each study was independently evaluated using
the Cochrane Collaboration’s tool—a 7-domain tool for
assessing risk of biasinwhich study characteristicsare classified
as having high, low, or unclear risk of bias[25]. For each study,
all itemswere rated by the same reviewers and substantiated in
a Microsoft Excel file (version 2013; Microsoft Corporation).
The results were compared and disagreements in results were
resolved by discussion and, when necessary, by consultation
with athird reviewer.

Figure 1. Study selection. mHealth: mobile health.

Seppen et a

Results

Study Selection and Inclusion

The search yielded 1752 abstracts (Pubmed: n=286; Embase:
n=1088; Psyclnfo: n=9; Cochrane library: n=81; and Scopus:
n=288). One additional abstract was added &fter
cross-referencing. After deduplication, 1261 abstractsremained,
of which 1245 did not meet the inclusion criteria. The main
reasons to exclude abstracts were that they were not mHealth
studies, the population was not patients with RA, they were
conference abstracts, or they were the wrong study type (ie,
review or not an intervention study). A total of 17 full-text
studies were reviewed and ultimately 10 studies were included
(Figurel). All studieswere RCTSs, with the exception of astudy
by Mollard and Michaud [8], which was a nonrandomized
controlled study.

1752 abstracts (Pubmed n=286, Embase
n=1088, Psycinfo n=9, Cochrane library n=81,
Scopus n=288)

491 abstracts removed following

A

A 4

deduplication

1261 abstracts

A 4

L 4

1245 abstracts did not meet inclusion

criteria

1 additional abstract

Yy

identified by cross-

17 abstracts

Inadequate patient population (n=2)

Y

> Not mHealth tool (n=2)
No quantitative results (n=1)

Study not available online (n=1)

10 abstracts

Synchronous intervention (n=1)

Study Results

A description of the quantitative evidence for the mHealth
interventions reported in the included studies is presented in
Table 1. In the 10 intervention studies, four different types of
interventions were used: SMS reminders (for adherence to
medication and physical activity plans) [26-28], web apps (for

http://mhealth.jmir.org/2020/11/€19260/
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information and disease monitoring) [13,29-32], smartphone
apps (for disease monitoring) [8], and pedometers (for activity
tracking) [33]. Measured outcomes and study methods varied
among the trials, depending on the aim of the mHealth
intervention. All of the studies included between-group
comparisons.
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Table 1. Evidence for effectiveness of mobile health trials in patients with RA.
Ref®  prd Study duration  Intervention Outcome measure Resultsd
with (+ follow-up)
RAS, n
Intervention, mean Control, mean P value
(SD) (SD)
[8] 63 6 mths® LiveWith Arthritis Self-efficacy: P- P-SEMS: 2.80h; PAM: P-SEMS: 1.66h; P-SEMS: .04;
smartphone app with  genvsf- pam9 h . h PAM: .46
optical imaging 6.37 PAM: 2.30
[13] 160 12 mths Physical activity inter-  Participantsthat meet g mthd: 38: 12 mthd: 6 mths: 22: 12 .04; .12
vention (web app) Dutch public health 26 the- 15
physical activity recom- mths:
mendation (%)
[26] 96 6 mths SMS reminders CQR-9i 3.32 (5.66) -0.14 (7.56) .02
[27] 20 16 wks* Motivational coun- Daily sitting time —0.30 (1.90) 0.15 (1.43) |
selling and SMSre- (hours/day)
minders
[28] 150 16 wks Motivational coun- Daily sitting time —-1.61 (Cl -1.97 to 0.59 (Cl 0.24to <.001
selling and SMSre- (hours/day) -1.25) 0.95)
minders
[29] 157 2mths+ 2 Accessto different sec- Physical activity (B)™, Physical activity, group N/ Physical activi-
mths tionsof aweb app: (1) (minutes); health care ~ 4: B=3.39°; health care ty, group 4: .02;
socid support, (2) gam- e (B), (number of vis-  use, group 2: p=-0.41, health care use,
ing, (3) information, (4) its); medication overuse  roun 4P: B=-0.33 group 2: .01,
1and 2, and (5) control POMI)™© group 4% ’ group 4: .02
group (8), (POMI)
[30] 320 12 mths Sanoia (web app) Patient-physicianinter- 0.6 (5.52) —0.91 (6.08) .01
action (PEPPI-5)
[31] 44 12 mths Telemonitoring with Patientswith CDAISre- 381 25 <.01
RETE-MARCHE (Web  missonand comprehen-
app) sive disease control af-
ter 1 year (%)
[32] 108 10 wks+9 EdL_lcationa_d modules_ Self-efficacy (ASES)Y  PIV: 83.9 (19.0); 9 mths Pl: 68.5(23.8);9 PI:<.00L;9
mths for improving self-effi- Pl: 84.1(16.3) mths Pl 68.6 mths PI: <.001
cacy in self-manage- (23.3)
ment of RA (web app)t
[33] 96 21 wks Activity trackingwith  Physical activity Steps/day w: 1656 Steps/day: —747 Steps/day: .003;
pedometer w" or wo* (steps/day); Fatigue (2161), wo: 1441 (3064); Fatigue: Fatigue: .21
step targets (PROM|S-fatigue) (2829); Fatiguew: 4.8 -1.6 (8.1)
(7.7), wo: =3.2(7.2)
8Ref: reference.
bprs; patients.

°RA: rheumatoid arthritis.
9in the results col umn, between-group differences are presented.
€mths: months.
P-SEMS: Patient-Reported Outcomes M easurement |nformation System Self-Efficacy Managing Symptoms.

9PAM: Patient Activation Measure.

"SD unknown.
iIntention-to-treat anal ysis.
jCQR—Q: 9-item Compliance Questionnaire-Rheumatol ogy.
Kwks: weeks.

—: not available.

MUnstandardized beta-coefficient (B) of multilevel linear model, including time exposed to intervention; no univariate results presented.
"POMI: Prescription Opioid Misuse Index.

ONo significant differences were found in medication overuse.
PNo significant differencesin the other groups.
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IN/A: not applicable.

"PEPPI-5: 5-item Perceived Efficacy in Patient-Physician Interactions.
SCDAI: Clinical Disease Activity Index.

'No primary outcome was defined.

UASES: Arthritis Self-Efficacy Scale.

VPI: postintervention.

YWw: with,

*wo: without.

YPROMIS: Patient-Reported Outcomes M easurement | nformation System.

SM S Reminders

Three RCTsinvestigated the use of SMSreminders. Mary et a
[26] evaluated theimpact of weekly text messages on medication
adherencein patientstaking methotrexatefor RA. Study patients
who received reminder text messages on the day they had to
take their methotrexate had a greater increase in medication
adherence, as assessed using the 9-item Compliance
Questionnaire-Rheumatol ogy (CQR-9), compared with acontrol
group and agroup receiving a15-minute pharmacist counselling
on [26].

Two other RCTs[27,28] evaluated the effect of threeindividual
motivational counselling sessionsand individually tailored text
message reminders on reducing daily sitting time. Initially, the
pilot study [27] showed feasibility of the study design and
acceptability of the intervention; a second study [28] evaluated
the effect of the intervention on a larger population. In the
intervention group of both studies, individually tailored text
messages were sent to each participant to remind them of their
behavioral goal(s). Participants could indicate their desired
frequency of reminders (between 1 and 5 per week) [27,28].
Ultimately, patientsin theintervention group reduced their daily
sitting time by 1.61 hours per day [28].

Web Apps

Five RCTsinvestigated the use of an online platform [13,29-32].
Theonline platformswere used asinformative toolsfor patients
and offered away to self-monitor disease activity. The platforms
demonstrated statistically significant effects in terms of
self-management skills, patient empowerment, patient-physician
interaction, and physical activity [13,29,30,32].

Allam et al [29] evauated the effect of different sections of a
web app on physical activity, health care utilization, and
medication overuse. In the 4 intervention arms of the trial,
patients received access to (1) the information section of the
web app aone, (2) the information section combined with the
socia support section of the app, (3) the gaming section of the
app, or (4) both the social support section and the gaming
section. The intervention arms were compared with a control
group that received no access to the web app. Patients that had
access to the social support sections on the website decreased
health care utilization and medication overuse, and patientswith
access to gamification features alone or combined with social
support increased physical activity and decreased health care
utilization [29].

Shigaki et a [32] evaluated the use of an online platform to
improve self-efficacy, quality of life, health status, and pain.
The platform combined individual and community features.

http://mhealth.jmir.org/2020/11/€19260/
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Individual features included educational modules encouraging
positive coping strategies for enhancing self-efficacy. In addition
to online features, each member was provided with one-on-one
leader support through weekly phone contact, typically lasting
between 15 and 30 minutes. The platform improved self-efficacy
and quality of life in the intervention group: no statistically
significant improvements were seen in terms of health status or
pain in the intervention group. Data collected through
self-monitoring with patient-reported outcomes (PROs) were
used for clinical decision making in one study [31]. In the study,
PROs were remotely collected to evaluate disease activity by
making use of aweb app. A total of 44 patients were randomly
allocated into 2 groups: the telemonitoring intensive strategy
(T1S) group or the conventional strategy (control) group. Inthe
TIS group, patients were monitored intensively and treated
according to strict protocols. More patients in the TIS group
achieved Clinical Disease Activity Index (CDAI) remission
versus patients in the control group (38.1% versus 25% at 1
year; P<.01). Moreover, remission was achieved more rapidly,
with a median of 20 weeks versus a median of over 36 weeks
(P<.001)) [31].

Smartphone App

A smartphone app was used in one study [8]. In the study, the
use and feasibility of optical imaging through the smartphone
weretested to monitor the progression of RA inflammation and
deformity in patients’ hands. Inflammation and deformity were
recorded by taking photos using the smartphone's camera with
a standardized procedure. The app aso supported
self-management behaviors with features to monitor symptoms
and record lifestyle and environmental data (eg, diet, activity,
and weather). After 6 months of app use, therewas astatistically
significant improvement in Patient-Reported Outcomes
Measurement Information System (PROMIS) Self-Efficacy
Managing Symptoms (P-SEMS) [8]. Results of the accuracy of
the use of optical imaging for diagnosing flares of arthritiswere
not presented [8].

Activity Tracking

A pedometer was used in one study [33], as atool to monitor
and improve physical activity. The overarching aim of the study
was to reduce fatigue, measured with the 7-item
PROM I S-fatigue questionnaire. Patientswererandomly assigned
into one of three parallel arms: (1) physical activity education
only, (2) a pedometer plus step-monitoring diary, or (3) a
pedometer that visualized step counts combined with goal
setting. In both pedometer groups, the number of stepsincreased
significantly, and changes differed significantly with the
education-only group. Within-group changesin PROMI S-fatigue
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scoresin both intervention groups were statistically significant
(pedometer plus diary group, P=.02, and pedometer plus goal
setting group, P<.001) [33]. However, the between-group
differencein fatigue scores over time between the intervention
and control groups were not statistically significant (P=.21)
[33].

Seppen et a

Risk-of-Bias Assessment

At least one domain of the risk-of-bias tool was scored as “at
risk for bias in al studies” Blinding participants was not
performed in 9 out of 10 studies. No studies were classified as
at highrisk for selective reporting. The magjority of studies (6/10,
60%) were at risk for bias on multiple domains, and in 70%
(7/10) of studies, there was an unclear risk for bias on at least
one domain. Results are presented in Figure 2.

Figure 2. Assessment of risk of bias with the Cochrane Collaboration’s tool. Green=low risk of bias, red=high risk of bias, and orange=unclear risk

of bias.
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Other sources of bias

Discussion

Summary

With this review, we provide an overview of the effects of
mHealth interventions tested in clinical trias in patients with
RA. We identified 10 studies that examined 4 different types
of mHealth tools [8,13,26-33]. Web apps were the most tested
mHealth intervention [13,29,30,32]. In 9 studies, significant
desirable effectswere reported on five main outcome measures:
medication compliance (SM Sreminders) [31], variousdomains
of physical activity (pedometer, SM S reminders, and web apps)
[13,27-29,33], percentage of patientsthat reach remission after
1 year (web app) [31], patient-physician interaction (web app)
[30], and self-efficacy (smartphone and web apps) [8,32].
However, al studieswereat risk for biason at |east one domain.
Dueto the heterogeneity in study outcomes and methods used,
and the risk of bias in al studies, the promising effect of
asynchronous mHealth on al the aforementioned outcomes
needs to be corroborated in future studies.

Principal Results

The results of the studies in this review show that it is possible
with mHealth interventions to effectively monitor patients to
achieve remission sooner [31]. Also, by sending reminders,
mHealth tools can motivate patients to improve medication
compliance [26], as well as to be more physically active
[13,28,33]. Furthermore, mHealth can improve the self-efficacy
of patientswith RA [8,30,32]. If these results are corroborated,
mHealth may contribute to better overall health [34,35], less
health care usage, and possibly lower health care costs. In
addition, we hypothesize that the value of patient-physician
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consultations that do happen can be increased, as several
reviewed studies reported higher self-efficacy scoresand better
patient-physician communication. However, outcomes and study
methods used in the mHealth studies were very heterogeneous,
and studies were often at risk of methodological biases, which
was also found in other mHealth reviews[15,36]. Heterogeneity
wasfound in thewide range of interventions (smartphone apps,
web apps, pedometers, SMS reminders) and chosen outcome
measures. For instance, several different outcomes were
measured (eg, self-efficacy, physical activity, and time to reach
remission) and several different measures of self-efficacy were
used (eg, Arthritis Self-Efficacy Scale, Patient Activation
Measure, and P-SEMS) [8,32]. Furthermore, bias could have
been introduced into most of the study results, as blinding of
patientsto their intervention was rarely achieved. Even though
practical limitations often impede blinding in mHealth studies,
it is recommended to ensure comparable experiences between
control and intervention participants [37]. The study of Allam
et a [29] illustrates that this can be achieved by utilizing a
factorial study design; other options include an
early-versus-delayed study design or partial blinding [37].

Expectations

Based on the limited evidence available from mHealth
intervention studies, we will cautiously discuss some potentially
promising implementations and expectations. We distinguished
two main implementations of asynchronous mHealth: (1)
monitoring of patients, which can be subdivided into active and
passive monitoring, and (2) supporting patients in their health
behavior (Figure 3). With the help of remote monitoring through
mHealth, unnecessary consultations might be prevented. In
inflammatory bowel disease, amonitoring mHealth intervention
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has shown to reduce health care visits (33%) and hospital
admissions, without increasing disease activity or decreasing
patient satisfaction [19]. We expect that monitoring mHealth
tools could also be very useful to patientswith astable, chronic
rheumatic disease. Often, the value of a consultation islow, as
75% of patientswith RA in routine clinical follow-up have low
disease activity or are in remission [38]. With monitoring
mHealth tools, these consultations could be avoided, which
could in turn decrease health care costs. Fewer consultations,
however, may also delay biological tapering or treatment when
necessary. The safety and cost-effectiveness of this form of
monitoring mHealth is currently investigated in two RCTs
[20,39]. We anticipate that the use of monitoring mHealth
interventions (telemonitoring) will increase based on the
increasing number of studies performed with mHealth and the
increasing use of smartphones in the population. For patients
with RA and their health care providers, objective parameters
of disease activity that do not require patient effort (ie, filling
in a questionnaire) but are automatically collected would be
ideal. That is because passive, remote monitoring eliminates
the need for active sharing of disease outcomes and would
therefore (partly) surpass adherence issues. Ultimately, this
would lead to less missing data and lower the burden for
patients. Devices can aready collect and share these data
without any participation of the patient, and uses in

Seppen et al

rheumatology are being explored [10,11,40,41] (Figure 3).
mHealth that supports patients in their health behavior
(supporting mHealth) can help patients adhere better to healthy
lifestyles and medication, and can play a significant role in
helping patients to cope with their disease by means of social
support, education, and improving self-efficacy [13,26-30,32].
In this review, studies used supportive mHealth to get patients
more physically active, improvetheir self-efficacy, and increase
their medication adherence [13,26-30,32]. In other medical
fields, similar results were found with positive effectsin terms
of lifestyle and medication adherence [42-44]. This indicates
that supportive mHealth may play an important role in
preventive (health behavior change) medicine. However, one
important gap in our knowledge here is that it is unclear how
long the effects of these interventions last. No study in this
review had afollow-up of longer than 1 year, and effects often
decreased over time. This is likely due to the decrease in
adherence to the intervention, which impedes the long-term
impact. To increase adherence, some studies have reported on
the use of persuasive elementsin mHealth tools, such asthe use
of gamification or persuasive principles in text reminders
[29,45]. We expect this to be an important line of research to
increase adherence to mHealth tools and to ultimately optimize
the impact of mHealth interventions.

Figure 3. Identification of asynchronous mobile health (mHealth) usesin rheumatoid arthritis. PROs: patient-reported outcomes.
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Strengths and Limitations

This review was broad in scope and did not focus on one type
of mHealthintervention, allowing it to provide aclear overview
of the current position of all mHealth tools tested in clinical
trialsin patients with RA. To maintain a broad scope, the study
regarded web apps as mHeal th tool s because web apps are easily
accessible through mobile phones. However, it is possible, that
the adoption of, or adherence to, web apps is different on
computers and mobile phones. This might lead to other

http://mhealth.jmir.org/2020/11/€19260/

outcomes of theinterventions, which should be further examined
in future research. Lastly, it is possible that due to biased
preference, only studies with positive results are published,
which could have led to an overrepresentation of positive effects
in this review. However, there is little evidence that this
occurred, aswe examined trial registries (clinicaltrials.gov and
isrctn.com) and encountered only one trial that was completed
more than 2 years ago, which had not published its resuilts.
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Conclusion beneficial resultsof SM Sreminders, web apps, and smartphone
apps on several outcomes. However, study methods varied
widely, al studies were at risk of bias, and follow-up length
was often short. Therefore, the results of the review indicate
that al reviewed types of mHealth interventions show some
promise, but also that these results need to be corroborated in
future studies.

There is a limited number of studies assessing the effect of
asynchronous mHealth interventions in patients with RA. The
available studies show that asynchronous mHealth interventions
have been used to monitor patients or to support them in their
health behavior. The reviewed studies reported significant
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Abstract

Background: Patient support apps have risen in popularity and provide novel opportunities for self-management of diabetes.
Such apps offer patientsto play an active rolein monitoring their condition, thereby increasing their own treatment responsibility.
Although many health apps require active user engagement to be effective, there is little evidence exploring engagement with
mobile health (mHealth).

Objective:  This study aims to analyze the extent to which users engage with mHealth for diabetes and identify patient
characteristics that are associated with engagement.

Methods: Theanalysisisbased on real-world data obtained by Novo Nordisk’s Cornerstones4Care Powered by Glooko diabetes
support app. User engagement was assessed as the number of active days and using measures expressing the persistence, longevity,
and regularity of interaction within the first 180 days of use. Beta regressions were estimated to assess the associations between
user characteristics and engagement outcomes for each module of the app.

Results: A total of 9051 individualsinitiated use after registration and could be observed for 180 days. Among these, 55.39%
(5013/9051) used the app for one specific purpose. The average user activity ratio varied from 0.05 (medication and food) to 0.55
(continuous glucose monitoring), depending on the module of the app. Average user engagement was lower if modules required
manual data entries, although theinitial uptake was higher for these modules. Regression analyses further revealed that although
more women used the app (2075/3649, 56.86%), they engaged significantly lesswith it. Older people and userswho wererecently
diagnosed tended to use the app more actively.

Conclusions. Strategiesto increase or sustain the use of appsand availability of health datamay target the mode of data collection
and content design and should take into account privacy concerns of the users at the sametime. Users' engagement was determined
by various user characteristics, indicating that particular patient groups should be targeted or assisted when integrating apps into
the self-management of their disease.

(JMIR Mhealth Uhealth 2020;8(11):€22212) doi:10.2196/22212
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Introduction

Background and Aims

Diabetes causes el evated blood glucose (BG) because the body
isnot able to produce any or sufficient amounts of insulin or is
not capable of processing it effectively. Patients have an
increased risk of developing life-threatening complications
caused by prolonged elevated glucose levels [1]. Although for
people with early stage type 2 diabetes (T2D), a healthy diet,
exercise, and weight loss may be sufficient to maintain near
norma BG, people with type 1 diabetes (T1D) or progressed
T2D require insulin therapy and more intensive glucose
monitoring [2]. Thus, if treated adequately, complications can
be avoided or delayed, but this requires thorough self-care and
adherence to treatment [3].

The ongoing digital revolution combined with the increasing
preval ence of diabetes hasled to an abundance of mobile health
(mHealth) apps promising novel opportunities for
self-monitoring and treatment guidance for diabetes patients
[4]. Functions such as providing health information, medication
reminders, remote monitoring, and mobile anaytics may
increase the users' health literacy, support patients to play a
more active role in managing their disease, and promote
adherence to treatment [4,5]. In addition, mHealth may enable
sharing of data between patients and health care professionals
(HCPs), which could support an improved patient-HCP dialogue
[6]. Thus, if utilized optimally, mHealth may be an opportunity
to increase quality of care while at the same time offering the
potential to reduce costs for health care systems [7-9].

On the other hand, factors such as low digital competence or
limited availability of technology could reduce the use and
cost-effectiveness of mHealth. In addition, data privacy can be
aconcern for patients and may lead users to omit use or enter
artificial information [10,11]. Furthermore, it is inherently
difficult for patients and HCPs to select the most appropriate
app for the individual patient, as there are over 300,000 health
apps with different key features available on the market [12].

Although the variety and popularity of mHealth for diabetes
patientsisincreasing, thereislimited evidence about who uses
the apps, the users’ engagement, and the apps effectiveness
[11]. Surveys from the United States and Germany reveal that
users of health apps were younger individuals, more often
female; had an advanced education, higher income, and better
health literacy [13-16]. However, these studies analyzed health
apps in general and ignored disease-specific characteristics of
use. Similarly, studies exploring user engagement often focused
on other disease areas than diabetes [17-20]. A systematic
review anayzing the pattern of user engagement of
technology-based interventions for T2D patients emphasized

http://mhealth.jmir.org/2020/11/€22212/
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the need for studies reporting on engagement, examining
associations between user characteristics and engagement, and
standardizing how user engagement is reported [21].

Objectives

Thisstudy exploresreal-world data obtained by Novo Nordisk’s
Cornerstones4Care (C4C) patient support app (the app) for
diabetes. The aim of this study wasto study the use of mHealth
among diabetes patients, here represented by the users of the
app. In particular, the study aims to analyze how intensively
users engage with the app and to identify patient characteristics
that are associated with engagement with the app. Addressing
these aims will help to understand how mHealth apps can be
used effectively and what areas could be optimized.

Methods

General Overview of the App

C4C is a US patient support program for diabetes patients,
funded by Novo Nordisk A/S. It includes the option to use the
Cornerstones4Care Powered by Glooko mHealth app. The app
has been available since June 2017, and approximately 30,000
users have instaled the app by October 2019 and provided
consent to use the data for research purposes. Installation does
not require prescription by an HCP. The patient support program
and the app provide information materials and tools to monitor
nutrition, fitness, medication, and glucose level s (the modules).
The app allows users to synchronize data from BG meters,
continuous glucose monitoring (CGM) devices, insulin pumps,
and external fitness and health devices. In addition, the user can
view historic data and trend graphs, set reminders for testing
their BG or taking medication, and add custom notes. Thus, it
brings together different diabetes data relevant for effective
disease management. In addition to this, the app allows sharing
of data between the patient and the HCP.

Study Outcomes

A magjor challenge when assessing how users engage with
mHealth is the lack of consensus on how to assess user
engagement [22]. Therefore, we based our choice of engagement
metrics on a theoretical framework defining user engagement
of technology as a progress comprising 4 distinct stages: point
of engagement, period of sustained engagement, disengagement,
and reengagement [23]. We established 6 metrics capturing
different aspects of user engagement. Table 1 summarizes the
application of the conceptual framework in our study.

To account for censoring, that is, shorter observation periods
for users who have downloaded the app more recently, we
restricted our sample to users who had started using the app
before April 26, 2019, and assessed user activity during thefirst
180 days after initiation.
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Table 1. Conceptual framework underlying user engagement metrics based on the study by O’ Brien and Toms, 2013.

Conceptual framework and metric names Definition

Point of engagement
Activity delay
Period of engagement

User activity ratio
Longevity
Recency
Regularity

Discontinuation

Days from consent date to first active day

Number of active days divided by number of potentialy active days (here 180)
Days from first until last active day (maximum=180)
Average number of days between entries

Coefficient of variation of number of days between entries

Persistence Days until 28 days discontinuation
Dropouts Illustrated in Figure 1
Reengagement

Engagement pattern

Ilustrated in Figure 2

The core metric is the user activity ratio (UAR). It counts the
number of active days (ie, days with at least one entry) of user
i in module m, divided by the number of potentially active days

(here 180 days):
E

In addition to this, we investigated the activity delay, which
reflects the number of days between the consent date and first
active use. Moreover, as proposed by Rahman et a [18],
longevity captures the time from the initial use until the final
entry (maximum 180 days). Persistence was expressed as the
number of days until the first discontinuation of usewithin 180
days, where discontinuation was defined as a gap of >28
concurrent inactive days. The size of the permissible gap was
based on the 0.9 percentile of all average user gaps. If usersdid
not discontinue use, persistence was set to 180. In accordance
with Taki et al [20] and Peterson and Carrabis [24], we also
assessed the recency, which was defined as the average time
between active days for each user. To quantify the regularity
of activity, we additionally cal cul ated the coefficient of variation
of the time between active days, that is, the standard deviation
of the time between active days divided by the recency. This
number allows a direct comparison between the modules.

Finally, we calculated alternative versions of the UAR with the
number of potentially active days as the (1) longevity or (2)
persistence.

In addition to engagement, the metrics reflect the period and
amount of data collection and, therefore, the availability of rich
health information. Kendall correlationsfor nonlinear datawere
calculated to assess the redundancy of the metrics. All metrics
were calculated for each of the 5 modules and for the overall

app.
C4C Data

The CAC data set includes al app entries (manua and
automated) collected during the period from app launch (June
28, 2017) to October 21, 2019. The data set is structured
according to the 5 main modules of the app, namely, food intake,

http://mhealth.jmir.org/2020/11/€22212/

exercise, medication intake, BG, and CGM. In addition, it
contains basic user information. The app contains no personally
identifiable data, and users have provided their consent for data
sharing. The data were aggregated for analysis.

User Information

Basic user information covers consent information (eg, date of
consent), sociodemographic data (age and gender), diabetes
type, bodyweight measures (latest height and weight), and a
medication profile (medication type, medication name, and time
at which the user indicated treatment initiation). Self-reported
ageisthe only mandatory information to be shared when using
the app. If information on height and weight was available, we
calculated the user's BMI.

On the basis of the medication profile, we further extracted if
auser had registered insulin (yes=1 and no=0), other injectables
(yes=1 and no=0), orals (yes=1 and no=0), the total number of
registered medications, and the exact number of oral substances.
On the basis of the medication name, we also extracted if auser
registered fast-acting bolus insulin (yes=1 and no=0) because
they represent patients with T1D and progressed T2D, thus
patients who may require more intensive monitoring. The
resulting treatment regimen information served as a proxy for
disease severity.

Furthermore, we combined the information on diabetes type
and medication profile to determine if a user was newly
diagnosed. T1D patientswere considered asrecently diagnosed
if treatment with insulin started within 180 days before the
consent date. T2D patients were considered as recently
diagnosed if (1) medication was limited to metformin, which
isthe typical first-line treatment for people with T2D, and (2)
treatment started within 180 days before the date of consent.

Food I ntake

Data on food intake include information on registered carbs,
fat, protein, and calories. The user can either enter the meal
manually, select a meal from a list, or scan the barcode of
groceries. The data set stores the time the user indicated that
thefood was consumed and atimestamp marking the dataentry.
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Exercise

Exercise data provide a daily summary of the user’s activity,
including the duration, distance, burned calories, steps, floors,
and elevation. The user can either enter an activity manually,
pick onefrom alist, or synchronize with an external health app
(as the app must be opened to sync, our engagement metrics
can serve as a proxy for user activity in [partly] automated
modules). The data set covers the day of the daily summary of
the user’s activity aswell asatimestamp of the datarecord, that
is, the day of manual entry by the user or synchronization from
an external app.

Medication | ntake

Data about medication intake contain information on the
registered medication, including the name, type (ora, insulin,
and other injectables), and dosage. The user can pick the
medication from a predefined list or make amanual entry. The
data cover the time at which the user indicated the medication
was taken and atimestamp marking the data entry by the user.

BG Values

The app allows the storage of BG values (mg/dL) obtained by
BG meters. A BG meter isamedical device used to determine
the concentration of glucosein the blood. It detectsthe level of
sugar in capillary blood taken from afinger prick. The data set
containsinformation on the time of BG measurement and adata
entry timestamp (manual entry by the user or synchronized from
a BG device via Bluetooth; this function is only available in
few BG meters). In addition, users can add tags indicating if a
reading occurs during fasting or is taken postprandially. Meal
tags can aso be synched from the BG meter. If available, we
used this information to assess if the user’s baseline BG, that
is, their first preprandia glucose measurement or their first
value after nighttime (5:00 AM until 9:00 AM), was well
controlled (yes=1 and no=0). The threshold of 80-130 mg/dL
was adopted from official recommendation by the American
Diabetes Association (ADA) [25].

CGM Data

In contrast to BG meters, which only capture BG at a certain
point in time when a user performs the relevant actions, CGM
devices typically generate 5-min interval data. An electrodeis
placed under the skin, while the transmitter sends data to a
separate receiver, and the data are then sent to the app via
Bluetooth. The data set covers the glucose values (mg/dL) as
well as a trend arrow representing the visual change in the
glucosetrend. It containsinformation on the measurement time
and a timestamp of the phone transmission (similar to the
exercise module, the engagement metrics can serve as a proxy
for user activity in [partly] automated modul es because the app
needs to be opened to sync). In this study, baseline glycemic
control was assessed based on recommended target ranges
established by an international expert panel in 2019 [26]. We
determined that users were in good glycemic control if they
exceeded the recommended 70% of timeinrange (TIR; 70-180
mg/dL) within the first 14 days of observations in which
sufficient data were available.
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Statistical Analysis

Exploratory Data Analysis

Descriptive statistics of user characteristics and study outcomes
are presented as means, standard deviations, and ranges for
continuous variables and as counts and percentages for
categorical variables. If the values of self-reported data were
implausible, observations were treated as unknown.

Uptake and discontinuation of use for each module are
visualized as graphs. Survival curves were created to show the
proportion of users who were still active (on that day or on a
later day) over time. Event diagrams, moreover, visually
summarize the pattern of user activity.

Regression Analysis

Multivariate regression models were used to examine the
associ ations between user characteristics and engagement (UAR)
for each module. Specifically, we estimated general linear
models with a beta distribution (for each module, the link
function was chosen based on the smallest Akaike information
criterion and Bayesian information criterion for model
selection). By doing so, we account for the fact that engagement
is double bounded by the values zero and one (100% user
activity). If a user's UAR was equal to 1, it was set to 0.99.
Missing data, which is a major concern in self-reported data
sets, were treated as a separate category (unknown) for all
variablesto retain the full number of observations. The equation
of interest can be described as follows:

@

where gender represents the sex of the users, age group is a
factor variable grouping users according to their age, bmi group
representsthe user’sBMI according to the official classification
by the World Health Organization (WHO), diagnosis reflects
the user’s diabetes type, recent is a proxy indicating if a user
was recently diagnosed with diabetes, insulin is an indicator
specifying if a user istreated with insulin (and therefore more
severely ill), bg control indicates if the user’s fasting BG at
basdlineiswell controlled, and modul esreflects the total number
of actively used modules per user. For a meaningful
interpretation, the margins were calcul ated for each parameter.
P values less than .10 were considered statistically significant
in our analysis.

Sensitivity Analysis

Given that thereis no consensus on what constitutes an adequate
amount of user engagement, the calculation of activity metrics
was repeated based on active weeks rather than active days to
confirm the robustness of our findings. In addition, we
confirmed the robustness of our findings by applying gamma
and logged ordinary least squares regression as aternative
regression specifications.
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Results

Descriptive Results

User Characteristics

Among the 29,643 userswho gavetheir consent after downl oad,
12,685 initiated usage of the app. Table 2 summarizes user
characteristics for the 9051 users meeting our inclusion criteria
(ie, they initiated use and could be observed for 180 days);
63.50% (5747/9051) of the users reported being diagnosed with
T2D and 13.48% (1220/9051) with T1D. Among users who
shared information about their gender, 56.86% (2075/3649)
reported to be female. It should be noted that only 40.32%
(3649/9051) of al users provided information on their gender.
More than half of the users were aged 50 years or older, and
the average age of userswas 50.4 years. The average BMI was
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34.8, that is, in the obesity range according to the official
classification by the WHO. However, the number was based on
asubset of 36.69% (3321/9051) of userswho shared information
about their height and weight.

A total of 76.28% (6904/9051) of users set up a medication
profile, with an average of 1.9 registered medications. Among
these, 63.33% (4372/6904) registered oral medications and
56.34% (3890/6904) registered insulin.

Within users sharing information about their BG, a subset of
90.73% (4550/5015) provided sufficient data to assess their
fasting BG, resulting in 34.48% (1569/4550) of well controlled
users. Similarly, 86.76% (485/559) of CGM users provided
sufficient data to assess their TIR. Among these, 38.14%
(185/485) satisfied the recommended 70% of TIR, indicating
good glycemic control.
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Table 2. Descriptive statistics of user characteristics (N=9051).

Characteristics Participants Minimum value of user Maximum val ue of user Total unknown?
characteristics characteristics

Sociodemogr aphics

Gender, n (%) 5402
Femae 2075 (56.86) 0 1
Male 1574 (43.14) 0 1
Age® (n=8880), mean (SD) 5039(1348) 16 o it
<30 years, n (%) 719 (8.10) 0 1
30-40 years, n (%) 1184 (13.33) 0 1
40-50 years, n (%) 2103 (23.68) 0 1
50-60 years, n (%) 2541 (28.61) 0 1
60-70 years, n (%) 1737 (19.56) 0 1
>70 years, n (%) 596 (6.71) 0 1

Body measures

Height® (n=3646), mean (SD) 169.70 (10.57)  142.20 205.70 5405
Weightd (n=3507), mean (SD) 100.38 (29.24)  45.36 300.00 5544
BM € (n=3321), mean (SD) 34.83(9.79) 15.82 106.83 5730
Underweight, n (%) 21(0.63) 0 1
Normal weight, n (%) 354 (10.66) 0 1
Overweight, n (%) 716 (21.56) 0 1
Obesel, n (%) 851 (25.62) 0 1
Obese 1, n (%) 612 (18.43) 0 1
Obese 11, n (%) 767 (23.10) 0 1
Diagnosis
Type, n (%) 894
Type 1 diabetes 1220 (14.96) 0 1
Type 2 diabetes 5747 (70.45) 0 1
Prediabetes 715 (8.77) 0 1
Other 475 (5.82) 0 1
Duration, n (%) 2562
Newly diagnosed 1780 (27.43) 0 1
Treatment regimen 2147
Number of registered medications (=1) 1.86 (0.97) 1 11
(n=6904), mean (SD)
Registered insulin, n (%) 3890 (56.34) 0 1
Registered bolusinsulin, n (%) 2334 (33.81) 0 1
Registered other injectables, n (%) 1160 (16.80) 0 1
Registered orals, n (%) 4372 (63.33) 0 1
Number of oral substances (=1) (n=4372), 1.38(0.64) 1 6
mean (SD)

Control of disease, n (%) of well-controlled users

On the basis of baseline BG' 1569 (34.48) 0 1 4501
On the basis of basdline CGMY 185 (38.14) 0 1 8566
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Characteristics Participants Minimum value of user Maximum value of user Total unknown®
characteristics characteristics
Demanded app modules, n (%) 0
Ever used medication tracker 3933 (43.45) 0 1
Ever used exercise 1579 (17.45) 0 1
Ever used food 3821 (42.22) 0 1
Ever used BG 5015 (55.41) 0 1
Ever used CGM 559 (6.18) 0 1
User scope 0
Number of modules used (>0) (n=9051) mean 1.65 (0.83) 0 5
(SD)
Used 1 module, n (%) 5013 (55.39) 0 1
Used 2 modules, n (%) 2465 (27.23) 0 1
Used 3 modules, n (%) 1349 (14.90) 0 1
Used 4 modules, n (%) 203 (2.24) 0 1
Used 5 modules, n (%) 21 (0.23) 0 1

#Total unknown reflects the number of users who did not share their information for each user characteristic.

bAge in years (between 16 and 100 years).
CHeight in cm (between 140 and 220 cm).
Weight in kg (between 45 and 300 k).

®BMI groups according to the definition of the World Health Organization: underweight=BMI<18.5, norma weight=25>BMI1218.5,
overweight=30>BMI225, obese |=35>BM 1230, obese |1=40>BM =35, obese |11=BM1240.

BG: blood glucose.
9CGM: continuous glucose monitoring.

User Engagement

In addition to the user characteristics, Table 2 summarizes the
use of the different modules of the app. Most initiated use of
the BG module (5015/9051, 55.41%), medication module
(3933/9051, 43.45%), and food module (3821/9051, 42.22%).
A total of 17.45% (1579/9051) of all users applied the exercise
module and 6.18% (559/9051) used the CGM module. It is
noteworthy that more than 50% (5013 of 9051) of the
individuals used the app for one single purpose, whereas only
atotal of 21 userstook advantage of the entire app.

Table 3 presentsthe means and standard deviations of our study
outcomes, that is, the 6 different user engagement metrics.
Although most initiated use of the BG, medication, and food
modules, the UAR was the lowest among the 3 modules (BG
0.07, medication 0.05, and food 0.05). In contrast, the UAR
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was highest for CGM (0.55) and exercise (0.37), both modules
whoseinitial uptake remained rather low. Accordingly, activity
delay was shortest for the medication and food modules (15 and
13 days, respectively), but low persistence (15 and 13 days,
respectively) and longevity (23 and 20 days, respectively)
showed that a high share of users stopped their engagement
with the modul es soon after initiation. In contrast, activity delay
was longest for the CGM module (83 days), but once initiated,
users remained active for an average of 133 days. A similarly
high longevity (114 days) was observed for the exercise module.
The recency of use was|owest for the exercise module (6 days)
and highest for the BG module (18 days). Finally, it should be
noted that the UAR turns from lowest to highest for the food
module and for the medication module, if the denominator was
defined as longevity or persistence, that is, if only the users
active periods were considered.
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Table 3. Descriptive statistics of user engagement metrics for each module.

Activity metrics Medication Food (n=3821), Exercise (n=1579), BG2readi ngs cemP (n=559), Any (N=9051),
(n=3933), mean mean (SD) mean (SD) (n=5015), mean mean (SD) mean (SD)
(SD) (SD)
User activity ratio
Denominator speci-  0.05 (0.15) 0.05 (0.14) 0.37 (0.35) 0.07 (0.15) 0.55 (0.41) 0.14 (0.27)
fied as 180 days
Denominator speci-  0.79 (0.33) 0.82 (0.31) 0.61 (0.32) 0.51 (0.41) 0.72 (0.34) 0.65 (0.39)
fied asthelongevi-
ty
Denominator speci-  0.84 (0.28) 0.86 (0.26) 0.66 (0.29) 0.64 (0.37) 0.83 (0.26) 0.73(0.33)
fied asthe persis-
tence
Activity delay 14.98 (60.06) 12.73 (54.33) 19.22 (78.10) 20.47 (64.77) 82.55 (149.70) 14.14 (58.96)
Longevity 23.25 (46.95) 19.68 (42.56) 113.7 (78.50) 57.97 (65.32) 133.00 (66.50) 58.56 (71.90)
Persistence 15.20 (36.71) 13.14 (32.45) 100.30 (81.85) 31.11 (49.75) 105.60 (77.49) 40.00 (63.49)
Recency 9.06(18.83) 6.83 (16.76) 5.53 (11.85) 17.87 (26.79) 7.68 (22.47) 12.11 (22.78)
Regularity 0.96 (0.75) 0.92 (0.80) 0.90 (0.54) 0.97 (0.59) 0.96 (1.06) 0.98 (0.71)

3BG: blood glucose.
bCGM: continuous glucose monitoring.

Figures 1 and 2 support the findings in Table 3. Figure 1
emphasizes that dropout occurred faster for the modules in
which use wasinitiated most often (food, medication, and BG).
A large fraction of users dropped out already within the first
week, and in the following weeks, the dropout continues to be
higher than that for the other 2 modules. In contrast, more than
half of the users remained active in the CGM and the exercise
modules during the entire 180 days period.

Figure 2 shows the event diagrams visualizing the engagement
patterns. Each dotted horizontal line represents a user's
interaction with the respective app module. The density of the
graph consequently reflects all users' activity within amodule.

http://mhealth.jmir.org/2020/11/€22212/
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This means that the darker the area under the curve, the more
users engaged with the module. Again, the CGM and the
exercise modules appear to be used most persistently, whereas
the usage of the other 3 modules was often discontinued, as
reflected by the white spaces.

Finally, Figure 3 adds information by showing module uptake
over time. The general upward trends of the curvesindicate that
more individuals initiate use than drop out over time, which
may indicate an increasing demand for mHeath and
self-management of diabetes, for example, through successful
marketing activities or other reasons for increasing awareness.
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Figure 1. Surviva curves visualizing the relative dropout of users per module. Active users are defined as active on that day or on alater day. Day 1
marks the day of initial interaction with each module. BG: blood glucose; CGM: continuous glucose monitoring.
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Figure 2. Event diagrams expressing the user activity patterns over time for the 5 modules. A dotted horizontal line represents a user’s interaction with
the app, and each dot represents an active day. Dots from multiple users and days may be overlapping; however, the density of points shows a pattern
of intensity. BG: blood glucose; CGM: continuous glucose monitoring.
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Figure 3. Number of active users per month. Theincreasing trend over time shows that more users are enrolling than dropping out. BG: blood glucose;

CGM: continuous glucose monitoring.
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Regression Analysis

Tables4 and 5 summarize the results of the regression analysis,
linking user characteristics and user engagement (UAR). Each
column represents one module. For easier interpretation, margins
arereported for each parameter and trand ated into active days.

Although more women used the app (2075/3649, 56.86%), the
regression results indicate that they engaged significantly less
with the app in 4 of the 5 modules. Only the exercise module
was used significantly more by femal e users. Regression results
further show that older users engaged significantly more with
the app in all modules except the CGM module. In addition,
there is a small tendency that individuals with a more recent
first diabetes diagnosis used the app moreintensively. Thetotal

http://mhealth.jmir.org/2020/11/€22212/
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number of actively used modul eswas positively associated with
the interaction in a single module. Finally, body measure and
glycemic control at baseline did not correlate significantly with
user intensity in any module. Findings relating to diabetestype
and severity of the disease do not point to a clear direction in
our analysis.

To confirm robustness, the analysis was repeated with an UAR
based on active weeks rather than active days. The results
supported the abovementioned findings. When comparing the
average number of active days and weeks in each module, it
can be concluded that users do not engage with the app on
concurrent days but instead interact after breaks of several days.

Applying aternative regression specifications also confirmed
the robustness of our findings.
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Table 4. Betaregressions estimating the effect of user characteristics on user engagement (user activity ratio) for nonautomated modules.

User characteristics

App module

Medication (n=3933; average UAR®=9 days)

Food (n=3821; average UAR=9 days)

MEP P value Days ME P value Days
Sociodemographic
Gender (reference=male)
Female -0.019 <.001 -3.42 -0.014 <.001 -2.52
Unknown -0.020 <.001 -3.60 -0.015 <.001 -2.70
Age (reference=30-40 year s)
<30 years 0.000 .99 0.00 0.000 .59 0.00
40-50 years 0.003 .23 0.54 0.003 .06 0.54
50-60 years 0.007 .004 1.26 0.007 <.001 1.26
60-70 years 0.009 .003 1.62 0.010 <.001 1.80
>70 years 0.008 .098 1.44 0.009 .03 1.62
Unknown —-0.003 69 -0.54 0.008 42 1.44
BMI ( reference=normal)
Underweight (BM1<18.5)  —0.007 73 -1.26 -0.020 .007 -3.60
Overweight (25<BMI1<30)  0.010 12 1.80 0.009 A9 1.62
Obese (30<BMI) 0.003 .50 0.54 -0.001 .81 -0.18
Unknown 0.000 .99 0.00 -0.003 .50 -0.54
Diagnosis
Type (reference=type 1 diabetes)
Type 2 diabetes 0.004 .095 0.72 0.000 .89 0.00
Prediabetes 0.016 .097 2.88 0.007 10 1.26
Other 0.018 .05 324 0.003 48 0.54
Unknown 0.038 <.001 6.84 0.014 .01 2.52
Recently diagnosed (reference=no)
Yes 0.002 .16 0.36 0.003 .09 0.54
Unknown -0.012 .16 -2.16 -0.003 .46 -0.54
Disease status
Treatment (reference=noninsulin)
Insulin treatment 0.002 17 0.36 -0.004 .02 -0.72
Unknown 0.014 12 2.52 0.007 .02 1.26
Blood glucose in control (reference=no)
Yes —-0.005 20 -0.90 0.000 .97 0.00
Unknown -0.015 <.001 -2.70 -0.012 <.001 -2.16
Usage
Number of modules used 0.015 <.001 2.70 0.009 <.001 1.62

3UAR: user activity ratio.

bME: marginal effect reflecting the change in the outcome as the continuous variable changes by one unit (from O to 1 for categorical variables).
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Table 5. Betaregressions estimating the effect of user characteristics on user engagement (user activity ratio) for (partly) automated modules.

User characteristics App module
Exercise (n=1579; average UAR?=67 BGP readi ngs (n=5015; average CGM°C (n=559; average UAR=99 days)
days) UAR=13 days)
MmEed P value Days ME P value Days ME P value Days

Sociodemographic

Gender (reference=male)

Female 0.059 .003 10.62 -0.019 <.001 -3.42 -0.082 .02 -14.76
Unknown 0.006 .80 10.80 -0.024 <.001 -4.32 —-0.058 15 -10.44
Age (reference=30-40 year s)

Below 30 years -0.067 .009 -12.06 0.002 54 0.36 -0.026 .58 -4.68
40-50 years -0.008 .68 -1.44 0.007 .004 1.26 0.035 .39 6.30
50-60 years 0.004 .85 0.72 0.015 <.001 2.70 0.022 .57 3.96
60-70 years 0.040 .09 7.20 0.018 <.001 324 0.008 .87 1.44
Above 70 years 0.032 .39 5.76 0.033 <.001 5.94 0.090 14 16.20
Unknown -0.078 37 -14.04 0.002 a7 0.36 0.068 15 12.24

BMI (reference=normal)

Underweight 0.180 .64 324 -0.021 .30 -3.78 0.081 .54 14.58

(BMI<18.5)

Overweight 0.019 .63 3.42 -0.002 72 -0.36 0.039 40 7.02

(25<BM1<30)

Obese (30<BMI) 0.003 .93 054 -0.004 .53 -0.72 0.007 .88 1.26

Unknown -0.002 .94 -0.36 -0.008 .20 -144 0.050 .29 9.00
Diagnosis

Type (reference=type 1 diabetes)

Type 2 diabetes —0.006 .80 -1.08 0.003 .28 0.54 -0.024 .55 -4.32
Prediabetes -0.033 .36 -5.94 -0.003 .61 -0.54 -0.216 A2 -38.88
Other -0.038 31 -6.84 0.006 27 1.08 -0.071 .63 -12.78
Unknown 0.022 .55 3.96 0.046 <.001 8.28 0.058 .62 10.44

Recently diagnosed (reference=no)
Yes -0.021 22 -3.78 0.005 .006 0.90 0.059 .045 11.34
Unknown 0.013 75 2.34 0.005 42 0.90 0.204 17 36.72
Disease status

Treatment (reference=noninsulin)

Insulin treat- -0.005 .76 -0.90 -0.006 .002 -1.08 0.100 A3 18.00
ment
Unknown -0.035 27 -6.30 0.000 .98 0.00 -0.167 A4 -30.06

BG in control (reference=no)

Yes -0.014 49 -2.52 0.001 43 0.18 -0.029 .61 -5.22
Unknown -0.045 .02 -8.10 -0.031 <.001 -5.58 —-0.036 31 -6.48
Usage
N;r;ﬂber of modules 0.029 <.001 522 0.015 <.001 2.70 —-0.002 .88 -0.36
u

3UAR: user activity ratio.
bBG: blood glucose.
€CGM: continuous glucose monitoring.
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IME:; marginal effect reflecting the change in the outcome as the continuous variable changes by one unit (from O to 1 for categorical variables).

Discussion

Principal Findings

Theaimsof thisstudy weretoinvestigate how intensively users
engage with mHealth for diabetes and to identify patient
characteristics that are associated with user engagement. Our
study revealed that 42.79% (12,685/29,643) of individualswho
gave consent initiated use, thus reflecting effective transition
from download to use. This could reflect a superficia
exploration of several apps or a general insecurity on whether
and how to best integrate mHeadth apps into disease
self-management. The superficial explorationislikely reinforced
by the large availability of different apps in the diabetes field.
Furthermore, the use may be impacted by the price of the app
(the app used in this study is free of charge), and if the app is
selected in collaboration with an HCP [27,28]. A survey among
patients with diabetes in China revealed that only 19% of the
appswere recommended by HCPs, whereas most users selected
their app randomly or as recommended by other patients [28].
Finally, users may be reluctant to share information due to
privacy concerns. It was found that a large proportion of users
did not fill out optional fields in the self-reported user profiles
or entered implausible values.

In contrast to the National Diabetes Statistics Report 2020,
according to which men had a higher prevalence of diagnosed
diabetes, 56.86% (2075/3649) of users reported to be female
[29]. This could either indicate that women are more likely to
use the app or that women are more willing to shareinformation
on their gender. A total of 13.48% (1220/9051) of the users
were diagnosed with T1D. Estimates from the ADA suggest
that only about 5% of people with diabetes are diagnosed with
T1D [30]. Explanations for the high share of userswith T1D in
our study may either be their higher need for constant
self-monitoring (and thus demand for the app) or their usually
younger age of disease onset.

For the users who initiated use, the activity delay was much
higher on average for the CGM module than for the other
modules. This could be explained by theincreasing availability
of CGM technology during the period when data for this study
were collected. Therefore, some users may have gained access
to a CGM device months after they consented to the app. In
addition, effort and difficulty of use have been identified asthe
main reasons for dissatisfaction among mHealth users in a
previous study [31]. Hence, the activity delay may reflect the
burden of initiating the use of the CGM module, for example,
dueto the necessity to connect the app with an external medical
device.

The average 180 days UAR varied between 0.05 and 0.55,
depending on the module of the app. Comparing these numbers
with existing studies is difficult because engagement metrics
and reporting remain heterogeneous in the literature. However,
a discrepancy between initial uptake and long-term use was
found among the modules: we ohserved either a fast and high
uptake with a lower long-term use or alower and later uptake
and use that ismore continuous. L ow or decreasing engagement

http://mhealth.jmir.org/2020/11/€22212/

has also been reported in previous studies among patients with
diabetes (it should be noted that high churn rates have also been
observed for apps in other categories and are not health or
disease-specific) [13,17,19,20,32-37]. A recent study using an
in-app embedded questionnaire reveal ed that the most satisfying
user experiencestook place within thefirst week of engagement
and were related to visual el ements and thefeasibility of health
monitoring [31]. Thus, it isawell-known challenge to keep the
user engaged over time.

One reason for the dropouts in this study may be suboptimal
service matching, that is, the users engage with the app but
experience that the app may not fit their exact needs[38]. The
CA4C app offers modules targeting different aspects of diabetes
treatment. The app could thus demonstrate to patients how
dosing along with exercise and diet affects their diabetes.
However, most users only take advantage of one specific
module, which may suggest that user needs are not the same
and that most users may not need the full set of functionalities.
Moreover, the UAR was highest for the CGM module, that is,
a new technology with potentially fewer app suppliers (ie,
alternative products) on the market.

Another cause for low long-term use may be that the app is not
used optimally and may therefore result in a suboptimal user
experience, for example, due to missing awareness about the
importance of (true) entries for effective disease management.
Therefore, a rewarding experience may be crucial to keep the
userswho arelessaware of theimportance of disease monitoring
engaged in the long term [31]. In contrast, it may as well be
possiblethat apatient isreassured about his disease management
after having used the app for a while and does not need it
anymore.

In this study, the discrepancy between high uptake and fast
discontinuation was particularly noticeable in the BG module,
in the medication module, and in the food module. In this
context, it should be emphasized that the mode of data collection
varies between modules. The exercise and CGM modules
automatically collect data once the app is connected to an
external fitness app or the CGM device. Therefore, exploiting
the module does not require any further activity from the users
than opening the app. The passive data collection may thus
explain the high UAR for these modules. In contrast, users must
actively make entriesin the medication, food, and BG modules
(the number of tabs can vary depending on the exact way they
choose), that is, moduleswith lower engagement. Accordingly,
the median number of seconds to perform an entry was lowest
in the CGM module (0 seconds) and in the exercise module (0
seconds, if from a connected app), followed by the BG module
(58 seconds), the medication module (117 seconds), and the
food module (156 seconds; Multimedia Appendix 1). Therefore,
the mode of data collection may be an important driver for
engagement with the app. This finding is in accordance with
the existing literature based on surveys. The studies revealed
that the dataentry burden isthe main reason for discontinuation
of use, and the authors suggest that enabling features with
automatically transmitted data would increase the users
compliance [27,28]. However, it should be pointed out that it
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remains unclear how actively users ultimately interact with the
app when data have been transmitted automatically. Asthe app
needs to be opened to sync, the engagement metrics can (at
least) serve as a proxy for user engagement. Furthermore,
besides engagement, the metrics inform about the amount of
data collected and reflect the availability of rich health
information. Previous studies showed that both patients and
diabetologists thought that diaries and doctor-patient
communication based on collected datawere the most important
features of apps for diabetes [28,39]. On the other hand, we
found that the medication, food, and BG modules had a higher
proportion of usersthan the other modules, potentially because
the manual data entry mode makes it possible for any person
with diabetes to register data (for the BG module, a BG meter
is necessary, but these are very common for people with
diabetes). In contrast, the CGM and exercise modul es are meant
for synchronization with devices or apps, which the user may
not have or which pose an additional burden and complexity to
initiate use.

Our regression results indicate that the optimal approach to
increase user engagement may be patient specific and depend
on their individual characteristics. In line with the findings of
Rahman et al [18], we concluded that although most users of
the app were femal e, male users were significantly more likely
to be engaged in the app. Only the exercise module was used
significantly more by female users. This result could be
explained by a higher body consciousness, which is in
accordance with existing literature revealing that women
reported higher exercise levels than men [40]. Another
explanation may be that exercise data are often passively
collected and would require active disconnection from the
external app. Furthermore, we showed that older users engaged
significantly more with the app. Compared with previous
studies, this finding is rather novel. On the basis of the
interviews with patients aged 50 years or older, Scheibe et al
[41] revealed a lack of acceptance and a low use of diabetes
apps among the elderly, mainly due to a lack of additional
benefits and ease of operation. Similarly, using survey data,
Zhang et a [28] showed that the use of diabetes apps decreased
with patient age. One explanation for our finding may be that
if older individuals overcome a potential lack of knowledgein
app use, they may be motivated to apply their newly obtained
skills. In contrast, younger mobile device owners might consider
their phone as a spare time activity and have a lower burden
downloading and trying different apps [42]. Moreover,
considering that diabetes is a chronic condition, the older may
be more severely ill, and therefore, they require more (self-)
monitoring compared with younger patientsin earlier stages of
the disease.

In addition, our analysis reveals that there is a tendency that
individuals with amore recent first diabetes diagnosis used the
app more intensively. So far, the existing literature could not
find a correlation between disease duration and app use [28].
However, it is possible that new patients have considered their
mobile phone as a helpful tool when establishing their initial
individual self-management strategy. The great potential of
patient support apps is increasingly emphasized by official
institutions, such asthe ADA or the WHO [11,43]. In contrast,
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long-term patients may not consider adjusting their predevel oped
disease management habits. A usability study with older adults
showed that participantswere already satisfied with their current
management system and that they would need to find a reason
why apps are superior to their current medication management
system [44]. However, it should be noted that our observation
is only based on an approximate measure for the time of
diagnosis, and more research is needed to confirm this finding.

The total number of actively used modules was positively
associated with the interaction in a single module. This could
indicate synergy effects among the modules, if the app was
integrated in managing more aspects of auser’sdisease or could
reflect a higher discipline of users who take advantage of
multiple modules.

Limitations

Our study has several limitations. First, missing data is a
common problem when analyzing self-reported real-world data,
ranging from 9.88% (894/9051) of users who did not share
information about their diabetes type to 63.31% (5730/9051)
of users who did not share information about their height or
weight. We addressed this by categorizing missing data as
unknown. In the context of this study, the amount of missing
data can be viewed as an important result in itself. It is
noteworthy that many unknown categoriesare highly significant.
This may indicate that there are factors associated with user
engagement that could not be observed in the given data set.
Second, in a broader sense, data limitations constrained our
ability to investigate other important factorsthat may influence
user engagement, such as education or patient-doctor
interactions. Wherever possible, we generated proxies
substituting unobserved variables of interest. Finally, the data
set did not cover information about the log-in times. Instead,
our study was solely based on data inputs. Although we
emphasized the relevance of automated data collection in our
discussion, it remains unclear how actively engaged the users
actually are, because collecting data is not the same as using
data. In this context, it should be the ultimate goa of future
research to assess how engagement with mHealth affects health
outcomes and which module is most important from the health
perspective.

Conclusions

There is no consensus on how to assess user engagement with
mHealth solutions, but it is needed. This paper proposes a set
of theoretically founded user engagement metricsthat were used
to assess user engagement in thisstudy. After providing consent,
42.79% (12,685/29,643) of the users initiated use. Most users
took advantage of one specific module of the app, indicating
that the needs of patientswith diabetes are highly heterogeneous.
User engagement and amount of collected data were higher for
automated modules, although initial uptake remained lower for
these modules. Therefore, to increase the use of apps, providers
of mHealth should consider the mode of data gathering and
content design and take into account the privacy concerns of
the users at the sametime. Users' engagement was determined
by various patient characteristics. Although most users reported
to be female, male users engaged significantly more with the
app. Older people and userswho were recently diagnosed tended
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to usethe app more actively. Thisindicatesthat particular patient  integrating apps into the self-management of their disease.
groups should be specificaly targeted or assisted when
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Abstract

Background: Daily home-based spirometry in idiopathic pulmonary fibrosis (IPF) has been shown to be feasible and clinically
informative. The patientMpower app facilitates home-based spirometry along with home-based monitoring of |PF-related
symptoms. The patientM power app can be downloaded to the user’s mobile phone or tablet device, enabling the recording of
objective and subjective data.

Objective: The aim of this paper isto report on the 1-year experience of using patientM power with home-based spirometry by
36 participants with self-reported pulmonary fibrosis (PF) treated with usual care.

Methods. Self-selecting participants enrolled in this community-based participatory research program through a patient advocacy
group in their country: Irish Lung Fibrosis Association in Ireland and PF Warriors in the United States. Disease severity was
comparable with a baseline mean predicted forced vital capacity (FVC) of 64% and 62% in the Irish and US participants,
respectively. Both groups of participants were allocated to identical, in-country, open-label, single-group observational studies
and were provided with a Bluetooth-active Spirobank Smart spirometer integrated directly with patientM power. Data collected
via patientM power included seated FVC (daily), breathlessness grade (modified Medical Research Council scale score), step
count, medication adherence, and symptoms and impact of | PF on daily life, which were measured by a patient-reported outcome
measure (PROM) scale that was specifically developed for IPF. Longitudinal patient-reported data on oximetry and oxygen
consumption were also collected.

Results: A large majority of the 36 participants reported that their experience using patientM power was positive, and they
wanted to continueits use after theinitial 6-week observation. Out of 36 participants, 21 (58%) recorded home-based spirometry
without prompting for =180 days, and 9 (25%) participants continued with recording home-based spirometry for 2360 days.

Conclusions: The patientM power app with associated Bluetooth-connected devices (eg, spirometer and pulse oximeter) offers
an acceptable and accessible approach to collecting patient-reported objective and subjective datain fibrotic lung conditions.

(JMIR Mhealth Uhealth 2020;8(11):€16158) doi:10.2196/16158
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Introduction

Pulmonary fibrosis (PF) isanirreversiblelung disease that |eads
to progressive breathlessness and deterioration of pulmonary
function; it is associated with significant limitation of physical
activities and worsening quality of life [1]. The majority of PF
cases are idiopathic, and there is no cure. The advent of
disease-modifying/antifibrotic pharmacotherapies in the last
decade has slowed the progression of PF, with registry data
reporting an increase in median survival from 3 to 4.5 years.
The progression of PF is highly variable. Acute exacerbations
resulting in further impairment of lung function are a major
cause of morbidity and mortality in idiopathic pulmonary
fibrosis (IPF), reducing median survival to <21 months where
hospitalization is needed [2].

Adjunctive symptom-based management is integral to disease
management given the high symptom burden [3]. Objective
assessments of lung function and symptom experience (including
breathlessness and fatigue) are important in the monitoring of
patients with 1PF to inform both their self-management and
hospital-based care plan, particularly initiation and adjustment
of oxygen therapy, pulmonary rehabilitation, palliative care,
and psychological therapies [4]. Traditional monitoring of IPF
has typically involved spirometric measurement of forced vital
capacity (FVC) along with the assessment of |PF-related
symptoms at 6- and 12-month intervals in outpatient clinical
Settings.

Digital platforms which directly record patients symptom
experiences and impacts of those symptoms on patients' daily
lives alongside objective clinical measurements (eg, blood
pressure) have been developed for chronic medical conditions
to support patients in managing their health. There was a lack
of digital platforms created specifically for patients with 1PF,
and there were few disease-specific instruments to assess
health-related quality of life with |PF. The | PF patient-reported
outcome measure (IPF-PROM) captures symptom experience
and impact of IPF on patients’ daily lives[5]. The collection of
serial IPF-PROM data provides valuable information on
longitudinal trends at individua and population levels.
Furthermore, home-based monitoring of FV C by patientsusing
small handheld spirometers is feasible, clinically informative,
and more accurate in estimating lung function in patients with
I PF than intermittent spirometry performed at clinic visits, and
it may be of value as a primary endpoint in short
proof-of-concept studiesin IPF [6-8].

The patientM power app was devel oped to facilitate home-based
spirometry and symptom monitoring in PF. Users download
patientM power to their mobile phones or tabl et devices, enabling
them to record both objective data (eg, FVC) and subjective
data (eg, impact on quality of life) simultaneously. There are
few published data on longitudinal trends in patient-measured
FV C and patient-reported outcome measures (PROMs) in IPF.
Patient-reported data may predict important health outcomes
(eg, exacerbations). We have previoudly reported on 6-week
feasibility studies of patientMpower in patients with PF [9,10]
These studies were codesigned in collaboration with patient
advocacy groups (in Europe and the United States). Here, we
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present the 1-year follow-up of these studies designed to test
the acceptability and utility of patientM power.

Methods

We conducted 2 parallel studies of the same design and
methodology in 2 distinct populations (in the United States and
Ireland). The studies were codesigned and conducted in
collaboration with 2 advocacy groups for patients with PF: PF
Warriors, Texas, United States, and Irish Lung Fibrosis
Association (ILFA), Dublin, Ireland. Our approach was not
prescriptive, as we aimed to observe the real-world experience
of theintegration of patientM power into the daily lives of people
with fibrotic lung conditions.

The patient advocacy groups collaborated with us from the
outset of this study, informing, reviewing, and approving the
study concept and design and leading on the patient information
documents prior to theinitiation of the study. The study protocol
evolved iteratively, informed by the stakeholder and participant
discussions and by peer review by health care professionals.
Our approach was not that of conventional science and was
rather founded in an implementation science approach, working
“with” participants instead of “on” them. Participatory action
research seeksto empower participantsto tailor an intervention
to suit their own contexts [11]. We were keen to ensure that
patientM power fitted into the context of an individual’s life.
When using such approaches, the area between
engagement/consultation and research is gray. Given that this
work was led by patient advocacy groups and was focused on
increasing experiential knowledge and obtaining results within
a timeframe to determine how to scale up the use and
sustainability of patientMpower, we were informally advised
that approval from an institutional review board was not
required. Nonetheless, in line with principles of good clinical
practice, all participants provided written informed consent
prior to accessing patientMpower and participating in any
study-specific procedures. Entry criteria included a diagnosis
of PF, ownership of a smartphone or tablet device, an email
address, access to the internet at home, and willingness to
provide written informed consent.

Each study was an open-label, single group, observational study
in patients with PF treated with usual care. After obtaining
consent, participants were invited to download the
patientM power app and use it daily for =6 weeks (the active
observational study period). All participantswere provided with
aSpirobank Smart spirometer (Medical International Research),
which integrates directly via Bluetooth with patientM power to
capture spirometry data. FVC data were displayed to each
participant on their mobile device. Video-based training on the
correct use of patientMpower and home-based spirometry was
provided on a dedicated YouTube channel [12]. Participants
were asked to record the following data via the app: FVC (one
forced expiratory maneuver per day, seated), breathlessness
(using the modified Medical Research Council [MMRC] score,
once aday), step count, medication adherence, symptoms, and
impact of IPF on daily life (using PROM scores) [5]. The
IPF-PROM consisted of an overall quality of life question and
12 questions covering 4 domains. physical impacts of
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breathlessness, psychological impacts of breathlessness,
psychological well-being, and fatigue. There were no prompts
to record spirometry or breathlessness; however, participants
were prompted to record a PROM once per week for the first 6
weeks.

Participants in the United States could record pulse oximetry
on patientMpower using a Nonin 3230 Bluetooth-linked pulse
oximeter (Nonin Medical Inc) and oxygen flow rates. The
protocol did not specify the frequency or conditions for
recording pulse oximetry, and the pulse oximeter was not
supplied by the study sponsor.

At the end of theinitial 6-week observation, participants were
asked to complete a questionnaire to assess the utility and
acceptability of patientMpower (Multimedia Appendix 1).
Thereafter, participantswere freeto use patientM power and the
spirometer if they chose.

The sample sizesfor each study were determined by estimating
the number of participants that could be recruited by the
advocacy groups over a 2-month period. We expected 50
participants to be enrolled by the PF Warriors and 30
participants from the ILFA.

Table 1. Baseline demographic data.

Edwards et d

Theresultsaretabulated and discussed in the following section.
Anonymized demographic dataare displayed for all participants
who gave informed consent. All other displayed data are for
participants who used patientM power and recorded spirometry
at least once.

The data sets used or analyzed in this study are available from
the corresponding author on reasonable request.

Results

Study Population

In the United States, 27 participants enrolled in the study; 24
used patientM power and recorded spirometry at least once. In
Ireland, 13 participants enrolled in the study, all used
patientMpower, and 12 recorded spirometry at least once.
Baseline demographics were comparablein both groups (Table
1). Most US study participants (25/27, 93%) reported a
confirmed diagnosis of PF; this information was not reported
by Irish study participants. Most US participants (23/27, 85%)
and some Irish participants (4/13, 31%) reported use of
antifibrotic therapy at baseline.

Characteristics

US study participants (N=27) Ireland study participants (N=13)

Gender, n (%)
Male
Female
Not stated
Ethnicity, n (%)
White
Other
Not stated
Age (years), mean (range)
FVC®P (L), mean (range)
FvcP (% predicted), mean (range)
Diagnosis confirmed by clinical expert® n (%)
Yes
No
Not stated

On antifibrotic therapy® n (%)
Yes
No
Not stated

12 (44) 7 (54)

13 (48) 6 (46)
2(7) 0(0)

24 (89) 13 (100)
1(4) 0(0)

2(7) 0(0)

62 (31-79) 66 (37-81)
2.28° (0.6-4.72) 2.49° (0.7- 3.9)
62 (36-108) 64 (33-91)
25 (93) 0(0)

0(9 0(0)

2(7) 13 (100)
23(85) 4(31)
0(0) 0(0)

4 (15) 9 (61)

3V C: forced vital capacity.
BHome-based spirometry data.

®Mean of first 7 daysin 23 US participants. A total of 24 US participants provided home-based spirometry data; however, 1 participant did not provide

spirometry datain thefirst 7 days.

dMean of first 7 daysin 12 Irish participants who provided home-based spirometry data.

€Self-reported data.
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User-Reported Experience at 6 Weeks

At 6 weeks, 75% (18/24) of the US participants and 92% (11/12)
of the Irish participants completed a questionnaire. Analysis of
the 29 completed responses indicated that a large majority of
respondents liked using patientM power (28/29, 96%) and found
it easy to use (26/29, 90%). A majority reported that
patientM power hel ped them take the correct dose of medication
at the prescribed time and achieve persona exercise goals
(19/29, 66%). Most reported that the effect of using
patientM power on their well-being and daily life was positive
(27/29, 93%) and that it was useful to be able to record the
impact of lung fibrosis on their well-being and daily life (25/29,
86%). Most participants stated they would recommend
patientM power to others and wanted to continue using it after
theinitial 6 weeks (27/29, 93%).

Edwards et al

Frequency of Home-Based Spirometry Recording

A total of 24 US participants and 12 Irish participants recorded
home-based spirometry, and most (28/36, 78%) continued
home-based spirometry after the initial 6-week observation
(Figure 1). Out of 36 participants, 21 (58%) recorded
home-based spirometry at |east once after 180 days, and 9 (25%)
recorded it at least once after 360 days. There was variation in
the frequency and duration of recording of home-based
spirometry, with some participants recording spirometry daily
and others recording intermittently but over along duration of
follow-up (data not shown). A tota of 39% (14/36) of
participants recorded home-based spirometry at least once a
week on =50% of weeks over 1 year.

Figure 1. The proportion of participantsfrom the Ireland and US studies recording home-based spirometry at least once against the duration of follow-up.
Proportion of participants providing home-based spirometry data at each follow-up duration calculated relative to total numbers of participants who

provided any spirometry datain that population. US: United States.
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Recording Health Outcomes

A total of 22 US and 13 Irish participants completed at least 1
IPF-PROM. There was a trend toward a greater number of
|PF-PROM s reported by US participants compared with Irish
participants (mean 12/person vs 7/person, respectively). More
US participants (13/22, 59%) provided | PF-PROMs after 180
days compared to Irish participants (3/13, 23%).

Breathl essness data (using MM RC score) were provided by 15
US participants and 11 Irish participants. Most participants
reported breathlessness at baseline (median mMRC score for
Irish participants=1; US participants=3) with only afew (2/11
inthelrish study and 2/15 in the US study) reportingan mMRC
score of O (ie, dyspneaonly with strenuous exercise). A greater

http://mhealth.jmir.org/2020/11/€16158/
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number of breathlessness data reports were recorded by US
participants compared to Irish participants (mean 28/person in
the US study vs 12/person in the Ireland study). A similar
proportion of participantsin the Irish and US study populations
recorded a breathlessness score at least once after 180 days
(6/15 US participants, 40%, vs 5/11 Irish participants, 45%).
There were no reports of exacerbation of 1PF or death in the
study populations.

Pulse Oximetry

Pulse oximetry datawere not available for the Irish population,
as Bluetooth integration of the pulse oximeter with
patientM power had not been implemented at that time. In the
US study, 20 participants recorded pulse oximetry. The mean
number of recordings was 58/person over a duration ranging
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from 1to 409 days. A total of 10 participants recorded oximetry
for =180 days.

Figure 2 shows an example of multiple datarecorded by asingle
US participant over approximately 400 days. This participant's
self-recorded baseline FVC was 65% predicted, and they

Edwards et d

reported antifibrotic therapy (nintedanib 150 mg twice daily).
This participant reported breathlessness (MM RC score 1 or 2)
with aregular use of oxygen (flow rate 3 or 4 L/min) throughout.
They described their overall quality of life in the PROM as
“good” throughout the follow-up.

Figure2. Patient-recorded spirometry, oximetry, and PROM in asingle participant over 1 year in 4 domains (A) psychological impact of breathlessness,
(B) psychological well-being, (C) physical impact of breathlessness, and (D) fatigue. FVC: forced vital capacity; PROM: patient-reported outcome
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Figure 2 displays all patient-recorded values of FVC and pulse
oximetry with no exclusion of outliers. Data on breathlessness
(usingmM RC scores) and oxygen flow rateswere a so collected
(however, these are not shown in Figure 2). Therewere 4 grades
of severity of asymptom or an impact of a symptom on quality
of life for each question in the PROM. A score of 1 indicates
lowest severity or impact (ie, the patient experienced the
symptom/impact “none of the time” in the previous week). A
score of 2 implies that the symptom/impact was experienced
“some of the time” and a score of 3 implies that the
symptom/impact was experienced “most of the time.” A score
of 4 indicates highest severity or impact (ie, the symptom/impact

http://mhealth.jmir.org/2020/11/€16158/
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was experienced “al of the time” in the previous week). The
scores for the 3 questions were averaged for each domain
(psychological impact of breathlessness in panel A,
psychological well-being in panel B, physical impact of
breathlessnessin panel C, and fatiguein panel D).

Discussion

Patients with chronic conditions (including PF) may be
interested in using electronic tools to help them monitor and
manage their health. The results we observed are consistent
with those reported in a study in the Netherlands [13] in which
asample of patientswith | PF were asked if they would welcome
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aweb-based platform to track their health; 67 (82%) responded
“yes” The Dutch web-based platform was evaluated in a study
[14] with 27 patients with IPF who recorded medication use
and PROM at baseline and after 14 days. A large majority of
these patientswere “very satisfied” with their experience of this
platform. This research team [14] went on to develop a
home-based monitoring program using the MIR Spirobank
Smart spirometer (the same device used in our studies);
however, the FV C datawere displayed on the patient’s personal
computer rather than on their mobile device. The FVC data
were evaluated in 10 patients with IPF who recorded daily
home-based spirometry and symptomsfor 4 weeks. Adherence
over 4 weeks was very high (99%), with good correlation
between home-based and clinic spirometry records. All patients
reported that home-based spirometry was useful for them; we
replicate these findings here in larger numbers.

Patient-reported spirometry in patients with IPF has been
evaluated and found to be feasible in other studies and, in
general, it showed good correlation with clinic-measured
spirometry [6,7]. In one study [6], correlation was observed
between clinic spirometry at 3, 6, and 12 months, and the rate
of decline of patient-recorded FVC was predictive of clinical
outcome.

In another study, weekly home-based spirometry was eval uated
in 25 patients with IPF using the best of 3 forced expiratory
maneuverswith datacaptured directly by the spirometer (rather
thanin apaper diary) [7]. Mean adherence to weekly spirometry
was 90.5% over the 24-week observation period, decreasing
thereafter. The study [ 7] a so reported good correl ation between
patient-measured and clinic spirometry data. The authors
hypothesized that use of home-based patient-recorded
spirometry data could improve the analytical efficiency of
clinical trials and reduce the sample size required (vs clinic
spirometry). This has proven to be of particular importancein
the eraof COVID-19.

The patientM power app with integrated home-based spirometry
hasbeen used in clinical studiesin patientswith interstitial lung
disease. In the first pilot-scale clinica study (n=7) of
patientMpower for patients with IPF (recruited through a
specialist interstitial lung disease clinic), there was a good
correlation between home-based and clinical FVC recordings
at 8 weeks[15]. At 8 months after the conclusion of that study,
3 of the 6 participantswere still using patientM power regularly.
Other clinical studiesin populationswithintertitial lung disease
reported good adherence to use of the patientM power app with
home-based spirometry [16,17].

There are several limitationsto our study. The sample size was
chosen arbitrarily (based on estimates of expected recruitment),
and actual recruitment was lower than anticipated. Participants
self-reported their diagnosis of PF, medication history, and other
demographic data without clinical confirmation of these data.
The participants were recruited through patient advocacy groups
and were likely to represent highly engaged patients with a
strong interest in monitoring and managing their health. The
level of engagement demonstrated by the participants may not
be typical of the genera population of patients with PF. The
guestionnaire used to assess participants opinions was
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developed de novo by the study sponsor and has not been tested
in other populations.

A possible future research use of patientM power would be the
assessment of long-term patient-recorded spirometry and quality
of lifeto better understand the correl ation between lung function
and subjective outcomes in chronic respiratory conditions.
Inclusion of occasional formal clinic assessment of lung function
and exercise capability (eg, 6-minute walking distance) would
enhance the interpretation of study data (although in-clinic
assessments are now much more difficult to access during the
COVID-19 pandemic). The patientM power app can be adapted
so that clinical centers can view their patients' recorded datain
real time to create a remote patient-monitoring approach. The
patientM power app with remote monitoring of pulse oximetry
has already been implemented in lung transplantation centers
and in anational program to support early discharge of patients
diagnosed with COVID-19 from in-hospital care[18].

The age profiles of the patients in all of these studies were
typical of IPF, implying that age per se is not a barrier to the
use of home-based spirometry or electronic platforms to track
health outcomes. To the best of our knowledge, our studies
[9,10,15,17] are thefirst to report use of a specific mobile app
by patients with 1PF to capture and view their health data
directly within a single platform. Patients with |PF appear to
be motivated to record home-based spirometry regularly, even
when not prompted.

Recruiting volunteers through patient support groups to
participate in observational studies is feasible. Our work has