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Abstract

Background: The persistence of cannabis use disorder (CUD) in young adults with first-episode psychosis (FEP) is associated
with poor clinical and functional outcomes. Face-to-face psychological interventions are effective in treating CUD. However,
their use in early intervention services (EISs) for psychosis is inconsistent because of barriers, including high workload and
heterogeneity in training of clinicians and lack of motivation for treatment among patients. Tailoring new technol ogy-based
psychologica interventions (TBPIs) to overcome these barriersis necessary to ensure their optimal acceptability.

Objective: The aim of this study is twofold: to explore psychological intervention practices and intervention targets that are
relevant for treating CUD in individualswith early psychosis and to explore factors related to the devel opment and implementation
of atechnology-assisted psychological intervention.

Methods: A tota of 10 patients undergoing treatment for FEP and CUD in EISs participated in a focus group in June 2019.
Semistructured individual interviewswere conducted with 10 cliniciansworking in first-episode clinicsin the province of Québec,
Canada. A hybrid inductive-deductive approach was used to analyze data. For the deductive analysis, we used categories of
promoting strategiesfound in the literature shown to increase adherence to web-based interventions for substance use (ie, tailoring,
reminders, delivery strategies, socia support, and incentives). For the inductive analysis, we identified new themes through an
iterative process of reviewing the data multiple times by two independent reviewers.

Results: Data were synthesized into five categories of factors that emerged from data collection, and a narrative synthesis of
commonalities and differences between patient and clinician perspectives was produced. The categories included attitudes and
beliefs related to psychological interventions (eg, behavioral stage of change), strategies for psychological interventions (eg,
motivational interviewing, cognitive behavioral therapy, psychoeducation, stress management), incentives (eg, contingency
management), general interest in TBPIs (eg, facilitators and barriers of TBPIs), and tailoring of TBPIs (eg, application needs and
preferences, outcome measures of interest for clinicians).

Conclusions: This study provides a comprehensive portrait of the multifaceted needs and preferences of patients and clinicians
related to TBPIs. Our results can inform the development of smartphone- or web-based psychological interventions for CUD in
young adults with early psychosis.
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Introduction

Background

Cannabis is one of the most commonly used substances
worldwide, with an estimated annual use of 2.5% in the global
population [1]. In Canada, cannabis was legalized for
recreational usein 2018, and apopulation survey inthe province
of Québec one year after legalization showed that cannabis use
in the previous 12 months was highest among individual s aged
18 to 24 years (38%), approximately 50% of whom had
moderate or high risk of developing problematic cannabis use,
especially among those reporting psychologica distress [2].
Mental health isakey modulator of therisk of harmsassociated
with this substance, as illustrated by the high prevalence of
cannabis use disorder (CUD) in young adults with first-episode
psychosis (FEP; 42%-53%) [3,4]. In this population, persistent
cannabis misuseisassociated with alonger duration of untreated
psychosis [4], increased severity of psychotic and affective
symptoms [3,5,6], higher rates of psychotic relapses and
hospitalizations [3,7-9], poor psychosocia functioning [3,5,6],
lower medication adherence [8,10,11], and lower housing
stahility [3].

Face-to-face psychological interventionsthat employ cognitive
behavioral therapy (CBT) and motivational enhancement therapy
(MET) are effective in decreasing the frequency of cannabis
use and severity of dependence in individuals with CUD [12].
A survey of Canadian early intervention services (EISs) for
psychosis showed that only 12% offered formal services to
address cannabis misuse. This study also highlighted many
barriers to adequate implementation of face-to-face
psychologica interventions for cannabis addiction, including
low motivation of patients to change their cannabis use,
heterogeneity in staff training and treatment goals (eg, harm
reduction [HR] vs lower cannabis consumption), and limited
access to treatment because of transportation barriers and
restricted clinic hours [13].

Using internet-based psychological interventions can circumvent
some of these barriers and pave the way toward more
homogenous cannabis misuse-focused programs that can be
accessed viaElSs. Intheir systematic review and meta-analysis,
which included 2963 participants without psychosis, Olmos et
al [14] found that internet-based psychological interventions
comprising CBT and motivational interviewing (MI) were
effective in decreasing the frequency of cannabis consumption.
To improve their efficacy in treating CUD, the design of
web-based interventions (eg, type of psychotherapeutic
techniques used, number of modules, intervention length) must
be optimized and solutionsto address low engagement of users
(eg, high attrition, small number of logins) must beimplemented
[15-18]. A systematic review of technol ogy-based psychological
interventions (TBPIs) to address problematic cannabis use in

https://formative.jmir.org/2021/4/e26562

people with psychosis found that none of the included studies
used internet-based psychological interventionsfor these patients
and that CBT was not incorporated in any of the TBPIs [19],
despite existing evidence at the time the review was conducted
that CBT was effective in decreasing the quantity of cannabis
used in this population [20]. Nevertheless, the review
highlighted that using qualitative methodologiesto dlicit patient
and clinician trestment preferences could help improve the
content of psychoeducational videos, engagement in the
interventions, and cannabis use—related outcomes [19].

The available body of evidence underlines the importance of
promptly addressing cannabis misusein peoplewith psychosis,
the potential of TBPIs (eg, internet-based technologies, text
messages) in decreasing cannabis use in this population, and
the paucity of studies investigating barriers and facilitators of
TBPIs for decreasing cannabis consumption in EISs for
psychosis.

Objectives

The objectives of this study are to explore the perspectives of
clinicians and patients on (1) psychologica intervention
practices and intervention targets that are relevant for treating

CUD inindividualswith early psychosisand (2) factorsrelated
to the development and implementation of a TBPI for CUD.

Methods

Study Design

We used a qualitative study design and qualitative description
methodology to collect, analyze, synthesize, and interpret data
[21,22]. This study was approved by the Research Ethical
Committee of the Centre hospitalier del'Université de Montréal
(University of Montreal Health Centre, CHUM; 19.067).

Participants and Study Setting

We explored the perspectives of 2 distinct groups of participants:
10 patients and 10 clinicians. For patients, we used purposeful
homogenous sampling [23] and used the following eligibility
criteria: (1) age range of 18 to 35 years; (2) diagnosed with
psychotic disorders and CUD based on the Diagnostic and
Statisticalk Manual of Mental DisordersV criteria; (3)
willingness to access interventions to stop or reduce cannabis
use; (4) receiving treatment at CHUM's EIS for psychosis (the
jeune adultes souffrant de psychose [JAP] clinic); (5) able to
consent to participate in the study; and (6) fluent in French.
Clinicians working in first-episode clinics in Québec were
eligible to participate. The JAP clinic, located in downtown
Montreal with a catchment area of approximately 230,000
inhabitants, offers arange of biopsychosocial interventions for
psychosis, including pharmacotherapy, family interventions,
psychoeducation, CBT, and interventions for comorbid
substance use disorders (SUDs), both in individual and group
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formats. Theclinic followsthe provincia guidelinesfor Québec
ElSfor psychosis[24]. Currently, TBPIsare not offered as part
of ElSsfor psychosisin Québec.

To recruit clinicians, we used a hybrid purposeful sampling
strategy to account for similarities (ie, al clinicianswere active
in clinicsin Québec offering ElSsfor psychosis, including the
JAPclinic) and variations pertaining to speciaty (eg, physicians,
nurses, social workers) and location of the clinic (ie,
metropolitan or urban), as these factors result in different
challengesin offering services [23].

Study Procedure and Data Collection

Cliniciansat the JAP clinic identified eligible patients and made
the first approach to seek their interest in participating in the
study. Then, a research assistant (VL), who was not involved
in clinical care, contacted interested patients, explained the
study, obtained their written consent, and invited them to the
focus group (June 2019). For patients, we used the focus group
method that facilitates the collection of rich data by enabling a
dynamic exchange of opinions between participantswith similar
lived experiences. The research project was presented to
clinicians working at the JAP clinic, and the research assistant
scheduled face-to-face interviews and provided additional
information about the study. We collected data from clinicians
using individual interviews because of the heterogeneity of
these participants in terms of professional background (eg,
physicians, social workers), experience, and responsibilitiesin
ElSsfor psychosis. Theclinicians signed a consent form on the
day of the interview. Selected clinicians from the Québec
Programs Association for First Psychotic Episodeswere invited
by email, and the research assistant contacted those interested
in participating over phone and provided consent electronically.

Patients and clinicians completed an anonymous
sociodemographic questionnaire at the beginning of the focus
group or interviews. A moderator (NA) with a background in
anthropology and extensive experience in qualitative research
in the field of mental health and addiction facilitated the focus
group using a semistructured interview guide with open-ended
guestions developed apriori by the authors based on their review
of the literature and consultations with experts (Multimedia
Appendix 1). To minimize possible bias during data collection,
we invited a moderator affiliated with another institution. The
moderator was not involved in participant recruitment and did
not know the participants. The focus group was held in French
and audio recorded. Participants' opinions were summarized
by the research assistant, presented back to participants by the
moderator, and validated by the participants at the end of the
focus group. We assessed participants’ involvement in thefocus
group discussions and concluded that we had sufficient datato
answer our research question.

From July to September 2019, semistructured individual
interviews were conducted with clinicians by the focus group
moderator and were audio recorded. | nterviewswere conducted
in person with clinicians at the JAP clinic and via Skype
videoconferencing with clinicians in other locations. The
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recruitment of clinicians was discontinued once the amount of
new information collected during the interviews decreased
significantly, indicating data saturation. An interview guidewas
developed a priori by the authors (Multimedia Appendix 2).

Datawere collected in French, audio recorded, and transcribed
by a speciaized transcription firm, and quotations from
transcripts used to substantiate results were trandated into
English by a professional translator. The transcripts were
reviewed for accuracy by the research team before dataanalysis.
Patients were compensated Can $50 (US $38) in the form of
supermarket gift cards and clinicians were compensated Can
$100 (US $76) for their time and participation in the study.

Data Analysis

We used a hybrid deductive-inductive approach to analyze data
[25,26]. For the deductive analysis, we developed an analytic
framework that combinesthe main topics of theinterview guides
with the categories of promoting strategies (ie, tailoring,
reminders, delivery strategies, social support, and incentives),
which were identified by Milward et a [27] in their systematic
review as the most important strategies for increasing
participation in web-based interventions for substance use. For
theinductive analysis, we generated new themes and subthemes
through an iterative process that involved multiple reviews of
qualitative data. We used a sequential approach for dataanalysis:
in phase 1, we organized the patient focus group data into
themes and subthemes. In phase 2, the results of the first phase
were used to inform the deductive analysis of the semistructured
individual interviews with clinicians and new themes were
created inductively. In phase 3, we integrated the results of the
first 2 phasesinto acommon thematic structure and synthesized
and interpreted data by comparing the opinions of patients and
clinicians. Trustworthiness, rigor, and verification of the data
were established through intercoder agreement. Researchers
with different backgrounds (family medicine [OT], psychiatry
[CT], and nursing [VM]) and a patient partner (CA)
independently coded the raw data, and discrepancies were
resolved through discussions between coders. OT wasinvolved
in coding al the data with additional contributions from CT,
VM, and CA. Theresults of each phase were validated by senior
researchers (DJ, AA, and NK). The use of NVivo software
(V.11; QSR International) facilitated data management and
analysis. Relevant patient (P) and clinician (C) quotes are
provided.

Results

Overview

A total of 11 patients and 10 clinicians were invited to
participate in the study; all, except one patient, agreed to
participate and signed the consent form. The duration of the
focus group was 75 minutes, and the mean duration of the
individual interviews was 37.2 (SD 6.8) minutes (range 25-51
min). The participants characteristics are presented in Tables
1 and 2. Thematic analysis yielded five main themes (Figure
1).
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Table 1. Sociodemographic characteristics of patients (n=10).
Category Value, n (%)

Age group (years)

20-29 8(80)

30-39 2(20)
Born in Canada

Yes 8(80)

No 2(20)
Yearslived in Canada

Lessthan 10 0(0)

More than 10 10 (200)
Biological sex

Male 7 (70)

Female 3(30)
Gender

Man 6 (60)

Woman 2(20)

Transgender man 2 (20)

Race or ethnicity

White 7(70)
Asian 1(10
Metis 1(10)
Black 1(10)
Marital status
Single 9(90)
Stable relationship 1(10)
Educational attainment
Primary school 1(10)
Secondary school—not graduated 3(30)
Secondary school diploma 4 (40)
Professional school 1(10)
University undergraduate 1(10)

Employment status

Full time 2(20)
Part time 1(10)
Student 3(30)
Sick leave or invaidity 2(20)
Other 2(20)
Income per year, Can $ (US$)
<10,000 (<7692) 2(20)
10,000-20,000 (7692-15385) 4(40)
Do not know 3(30)
Prefer not to answer 1(10)
https.//formative,jmir.org/2021/4/626562 JIMIR Form Res 2021 | vol. 5 | iss. 4 [e26562 | p.7
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Table 2. Sociodemographic and professional characteristics of clinicians (n=10).

Category Value, n (%)

Clinic location

Metropolitan 6 (60)

Urban 4 (40)
Agegroup (years)

20-29 1(10)

30-39 4 (40)

40-49 5 (50)
Gender

Man 2(20)

Woman 8(80)

Professional occupation

Nurse 2(20)
Case manager (sexologist) 1(10)
Case manager (occupational therapist) 3(30)
Case manager (socia worker) 1(10)
Psychiatrist 3(30)
Clinical experience (years)
45 2(20)
6-10 4(40)
11-20 3(30)
>20 1(10)

Clinical experiencein treating psychosis and CUD? (years)

<5 2(20)

6-10 5 (50)

11-20 3(30)
New patientswith psychosisand CUD per month

1t05 9(90)

60 10 1(10)
Total patientswith psychosisand CUD per month

1-5 1(10)

6-10 2(20)

11-20 6(60)

21-30 1(10)

8CUD: cannabis use disorder.
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Figure 1. Integration of patient and clinician perspectivesrelated to technol ogy-based psychological interventions. TBPIs: technol ogy-based psychological
interventions.

Patients often don’t take in the information and then

Attltud%.md Beliefs Related to Psychological they can't correctly identify the factors of relapse,
Interventions you know, and among other things because of the
Challenges and Facilitators of Psychological damn cognitive issues.... [C7]

I nterventions Although patientsfelt that psychological interventions provided

. o asimulation instead of an accurate reflection of real life:
Cognitive Functioning
Clinicians considered cognitive impairment as an important
determinant of the efficacy of psychological interventions. In
patients opinion, new skills acquired during psychological
interventions facilitate long-lasting effects of the intervention
on cannabis consumption. Meanwhile, clinicianswere concerned
about patients’ ability to use new acquired skills:

Why do | think psychotherapy doesn’t really work the
way it should? Because it doesn't reproduce theright
environment like..what the person is naturally
confronted with, like in their daily life. Like, it tries
to create a simulation. [P7]
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clinicians surmised that these impressions may be attributed to
patients limited ability to process information. Clinicians
acknowledged that poor and fluctuating cognitive functioning
represented an important barrier to psychological interventions
by limiting patients capacity to engage in introspection,
understand information, plan activities, and attend scheduled
therapy sessions. In addition, reduced verbal communication
abilities in patients represented a challenge for psychological
interventions:

Me, | think that the patients have a hard time
expressing their emotions. They strugglewith putting
their thoughts into words. They still have problems
associated with schizophrenia...with mental health.
(C3]
Asaresult, to achieve optimal effects, the length and intensity
of treatment often needed to be increased, which added a
significant financial burden associated with treatment.

Patient Engagement in Psychological Interventions

Achieving optimal control of psychotic symptoms with
antipsychotics was considered by clinicians an essential part of
treatment. They stated that prompt psychotherapeutic
interventions were needed if patients desire to consume
cannabis increased as their psychotic symptoms became less
intense. Clinicians believed that peer pressure to use
cannabis—combined with patients’ diminished self-awareness
related to the effects of cannabis on their mental
health—represented a significant challenge for psychological
interventions, especially in the more permissive social context
related to cannabis use postlegalization in Canada:

Ever since pot was legalized, I've noticed a
phenomenon for different individuals. It's that the
patients tend to play down how cannabis use can
impact their lives. [C3]
Certain drug use patterns were a barrier to psychological
interventions because arriving intoxicated at clinical visits
impeded patient-clinician communication, whereas concurrent
drug use (eg, using cannabis to antagonize the effects of speed)
required a reassessment of psychological intervention targets.
Patients viewed engagement in the treatment as an important
determinant of achieving optimal results:

...you know, you can also cheat in psychotherapy.
You can.. | mean there's.. if you're really
determined, you can do it. [P1]

Patients' precarious socioeconomic situations (eg, homel essness)
had a negative impact on their engagement in psychological
interventions:

W, it also depends on Maslow’s pyramid...what |
mean is that they' re homeless... um...they don’t have
any income, what | mean isthat, even though you will
work on your use...they may not be there yet, you
know? [C2]

Clinicianswere confident that psychol ogical interventions could
interrupt the vicious cycle where cannabis misuse contributed
to unemployment, low educational attainment, low income, and
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poor social interactions, al of which could in turn contribute
to increased cannabis consumption.

Clinicians Skillsand Experience With Psychological
I nterventions

Depending on clinicians' training background, skills, and
experience, thetype and intensity of face-to-face psychological
interventionsvaried. In clinicianswho attended only short-term
(1 to 2 days) formal training in psychological interventions,
engagement and competency in using psychotherapeutic
interventions (eg, CBT, motivational interviewing [MI]) was
facilitated by working with highly skilled cliniciansin EISsfor
psychosis. An understanding of and a compassionate attitude
toward cannabis consumption habits facilitated a strong
therapeutic bond that was viewed as essentia in improving
cannabis use outcomes. Psychological interventions for CUD
were viewed as a component of the comprehensive treatment
approach needed by young adults with FEP:

We try to talk about cannabis as well, but we are not
there to treat cannabis based on our plans. | think
that it's an integrated approach. [C3]

Clinicians used CBT, MI, HR, or psychoeducation as single
therapies or in combination and as individual or group therapy,
for example, life balance group therapy.

Patients received varying intensity of psychological
interventions for CUD, depending on the treatment priorities
of the clinician and clinic:

But | don't doit systematically - because| don’t think
about it in a systematic way - and not every time
either. But | think that | might do it more than I
think...but without even realizing it. [C2]

We are, of coursg, in a clinic, where the priority, at
first, is still to make sure that we are treating acute
psychotic symptoms. [C10]

Clinicians who had experience with treatment protocols for
SUDs acknowledged the value of these protocolsin providing
guidance and facilitating discussions with patients about
cannabis consumption. Some barriersto implementing treatment
protocols included low patient adherence to treatment and
insufficient tailoring of the protocol to individual needs. Good
communication within and between intervention teams related
to treatment goals was considered of key importance for
improving cannabis-related outcomes:

WEll, there's a team (community-based) that does
what they want. And then someone else will say,
“well, you can use but be careful of thisand that” It
makes it so that the teenager never talks about their
useissueswith their psychiatric teambecausethey're
afraid. [C3]

Clinicians frequently lacked the time to deliver well-structured
psychotherapeutic interventions. In addition, staff turnover
interrupted the continuity of interventions. In clinicians opinion,
an interdisciplinary approach that included specialists in
addiction psychiatry and psychologists could overcome some
of these barriers.
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Behavioral Stage of Change

Patients stated that adequate motivation to change cannabis
consumption was a prerequisite for optimal engagement in
interventions and achieving cannabis abstinence:

...it could never, even with traditional psychotherapy,
it could never do the whole job, and it's up to you...
it'salways like 80/20. You have to put in the majority
of the effort and that’s it. [P1]

Because for me, they always asked me to stop, stop,

stop. But it wasn’t coming from me. So, | don’t stop.

[P3]
To identify patients’ personal treatment goals, it was important
to proactively assess their behavioral stage of change that
reflected their motivation to decrease cannabis use:

It's rarely them that will come and ask for help

saying, “ hey, I’'m here because | have a problem so

big that | have to make drastic changes to my life”

[C3]
For example, both clinicians and patients explained cannabis
abstinence relapse when coercive measures (eg, court order)
were implemented by patients’ lack of motivation to change
their cannabis use.

Interestingly, clinicians and patients experience with
motivational group therapy shows that patients who are in
precontemplation (ie, do not want to change their cannabis
consumption) could benefit from low-intensity motivational
interventions to help them progress toward more advanced
stages of change:

Whereas otherwise, one week, two weeks can go by,
and | won't think about it at all. And then, having to
go every week, it's like... | have more and more now
when | smoke outside, | think about it. [P6]

Clinicians considered patientswho progressed to more advanced
stages of behavioral change, including contemplation (ie,
ambivalent), preparation, or action stages, as good candidates
for higher intensity M1 and/or CBT (ie, more frequent and
regular sessions). Notably, clinicians agreed that the greatest
barrier to psychological interventionswas patient unwillingness
to decrease cannabis use.

Strategiesfor Psychological I nterventions

Cognitive Behavioral Therapy

CBT was considered an appropriate psychotherapeutic approach
for patients with a relatively high functional status (ie, with a
full-time job and stable housing) and for those who devel oped
some degree of motivation for changing their cannabis use:

Yes, it's because they are in precontemplation and
when you come up with a CBT approach... it makes
um... they look at you... and it's asif they don’t hear
you. [C9]
By modifying cognitions (ie, thoughts), clinicians stated that
CBT could enable patients to make better decisions about
cannabis consumption and to improve their social interactions:
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What they enjoy most in lifeischilling out. They don’t
have any other interests, and my job is to help
encourage themto try other things. [C9]

This view was echoed by patients who expected psychological
interventions to teach them techniques useful for replacing the
rewarding effects of cannabis with other activities and for
facilitating positive thinking:

I think that we're just looking for the effect of the
substance. That effect would have to be reproduced
by something less dangerous or something like that.
Because | think if... we're always looking for the
effect. It's the effect of the drug that a user looks for
and that’s why they use. [P5]

If you are addicted to it, then, of course, you see the
negative in everything all the time, so, of course, you
want to smoke all the time, and then you will relapse,
you know? [P10]

Useful behavioral distraction strategies included encouraging
patientsto discover interests and passions, engaging in activities
(eg, talking to friends, watching movies, playing games, or
listening to music), and congratul ating them on being persi stent
in their choice. Patients were aware of the importance of
engaging in occupations that divert their attention away from
consuming cannabisto achieve personal cannabisuse goalsand
better manage cravings:

There's like playing sports um... like when you want
to use, well you watch a TV show or a movieinstead.
You occupy yoursdlf... you fill your head with other
things. [P8]

Ml and HR

Clinicians used MI to encourage patients to examine their
thoughts and feelings and increase their awareness of problems
triggered by cannabis abuse, for example, anxiety. They
considered M| effective in lowering patients mental health
stigma and increasing their acceptance of and adherence to
specialized treatments. Patients stated that psychological
interventions hel ped them conceptualize the effects of cannabis
on their mental and functional status, identify personal reasons
for reducing cannabis use, and understand their consumption
habits:

The more | use, the less creative and focused |
become. And | did it a lot when | was making music.
Sothen, | wasjust like... it’s one more reason to stop.
[P3]
For me, like you said, playing sports um... because
for meit's... Me too, when | actually quit smoking,
because it's like cyclic. It seems like sometimes |
smoke and sometimes | just can't help myself from
smoking. [P9]
Although clinicians perceived Ml to be less effective in
addressing CUD in patients unwilling to change their cannabis
use (ie, lack of motivation), they continued with low-intensity
M1 until the patient became more receptive to change. Typical
MI questions were centered around the influence of cannabis
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on patients' functional status and increasing their perception of
self-efficacy corresponding to their short-term achievements:

...how does it impact your studies, your social
relationships, in what way? Do you notice a difference
in how you feel when you' re using versuswhen you're
not using? Are you satisfied with that? [C2]

What are your achievements? What were you proud
of this week? What did you accomplish? [C2]

In patients who achieved abstinence, clinicians avoided
questions related to cannabis use and focused instead on
long-term objectives (eg, employment or school).

For patients who did not want to decrease their cannabis
consumption, some clinicians considered that the right approach
isto start with HR interventions (eg, buying cannabis with low
tetrahydrocannabinol [THC] content or purchasing from legal
sources). HR interventions can help severely functionally
impaired patients control their cannabis use, which is essential
for securing basic life necessities (eg, housing) and avoiding
coercive measures (court orders) that were considered less
effective and last-resort measures. Encouraging patients to
smoke later in the day and after school or work could increase
their satisfaction with life, self-confidence, and self-efficacy
related to controlling cannabis use:

And they redefine themselves differently than just as
a user, it makes them say, “I’m also a worker, that's
what | do in life’ [C2]

The HR approach was acceptable for patients because of its
emphasis on controlling cannabis use rather than achieving
abstinence:

W, | think that in life you always have to find a
balance. It can't be all black. It can't be all white.
There'salways a little bit of one in the other, kind of
likeyin and yang. [P2]

Psychoeducation

Easy accessto information rel ated to avail able cannabis products
was valued by patients:

... | wasreally looking forward to pot being legalized
so that I'd have more information. Since it was
legalized, I’ ve started smoking pot that’s a lot lower
in THC. And | have less... | don't have as many
psychotic symptoms as before. [P9]

Clinicians stated that psychoeducation (eg, information about
the effects of THC and cannabidiol [CBD]) could act
synergistically with HR toward achieving cannabis consumption
goals. They reported that providing information about the effects
of cannabis on mental and physical health facilitated patient
reflections about cannabis-related lived experiences and hel ped
devel op their motivation for treatment. Emphasizing the clinical
benefits of cannabis abstinence was considered important asiit
prepared patients to better deal with more permissive social
norms related to cannabis use postlegalization:

And also considering that it's legal now, there's a
trivialization—even before and after cannabis was
legalized—that’s very present socially in Quebec. It
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means that we have to talk about the effects of the
substance. [C7]

Clinicians stated that psychoeducation delivered in both
individual and group therapy could have complementary effects
and that information should cover abroad range of health-related
aspects associated with cannabis use without assuming that
patients have basic knowledge.

Stress Management

Patients expected psychol ogical interventionsto help them gain
control of their cannabis use by acquiring skills (eg, mindfulness
meditation) to deal with general life stressors and cannabis
use—related stress (eg, cravings):

That would be one of my goals, in psychotherapy, to

deal with the stress | would normally take away with

... by smoking a joint. [P3]
Clinicians believed that integrating stress management
approaches in the long-term treatment plan could help patients
reduce the amount of cannabis used and maintain therapeutic
gains:

...once there is a reduction, | make sure that it is
always anchored in factors of stress and how to
manage them - before starting the next step - you
know, we take it step by step. [C6]

Addressing Concomitant Substance Use

Clinicians stated that in their experience, the most prevalent
substances used by young adults with psychosis are cannabis
and tobacco, followed by a cohol and amphetamines. Clinicians
addressed multidrug use differently: some preferred a global
approach to addiction (ie, not drug specific), whereas others
used drug-specific psychological interventions and prioritized
the most problematic substance for the patient:

Of course, we always ask the person: what's your
biggest issue? Because often trying to work on
everything... it scaresthem. If we say “ well, you know
what, we will work on your addiction in general”
They're going to say, “well, hang on then”... you
know? So that's it, you have to work with them. [C8]

Therewas ambivalence among cliniciansregarding interventions
simultaneously targeting cannabisand tobacco abuse. Motivated
by thefragile mental status of some patients, cliniciansgeneraly
recommended a sequential approach that startswith addressing
cannabis misuse; in their opinion, patients could be
overwhelmed by simultaneously reflecting about 2 substances
and handling distinct objectives related to substance misuse.
Despite acknowledging the negative long-term health
consequences of tobacco smoking, clinicians did not view
tobacco use disorder as a treatment priority because patients
often request support for quitting smoking after achieving
treatment milestones related to cannabis use and significantly
improve functionally.

Addressing Psychosocial Determinants and Global
Functioning

Clinicians described the unfavorable psychosocia context of
many young adults with FEP: disruption of normal life
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trajectories, difficulties in social interactions, unmet basic life
needs, and inability to pursue personal goals. Consequently,
clinicians adopted a holistic treatment approach and
simultaneously addressed CUD and patients' poor functional
status:

But... becausel, I...I just can’t separate quitting from
what he doesin life. [C2]

They felt that a multidisciplinary intervention strategy could
help patients slowly regain control of their lives and increase
their adherence and confidence in long-term CUD treatment.

Incentives

Promoting Engagement With Peers and Sense of
Achievement

With regard to internet-based psychological interventions,
patients suggested that an incentive algorithm contingent on
participation in the intervention (eg, completing modules,
participating in group discussions) could act as a catalyst for
patient engagement in treatment. A reward system could help
patients get recognition from their peers and satisfy their
personal need for achievement:

..because there are people like me, the
“completionist” . As soon as “ achievements’ come
into play, | have no choice but to reach them. [P1]

Contingency Management

Clinicians valued contingency management (CM), as it
facilitated patient reflections about cannabis use habits and
allowed them to eventually develop motivation to engage in
behavioral change. Some clinicians offered rewards contingent
on participating in treatment sessions (eg, group therapies) to
patientswho initialy lacked motivation to change their cannabis
use. These clinicians reported that some of these patients
changed from precontemplation to contemplation:

In our balance group, well we still do it, you know,
they're in precontemplation and don’t have a desire
to change, and the worst thing is that they come just
to eat pizza... but they're there for an hour and we
talk about use. It makesit so... in the end, they don’t
only come for that. [C9]

In contrast, for patients who were motivated but had not yet
stopped using cannabis, clinicians advocated against using CM:

And then there are some patients that don’t need it.
For the type of peoplethat are already self-motivated.
| find that giving them money to come and reflect, it
puts them into the position of a patient that needsthe
clinic to function, you know? [C3]

In cannabis-abstinent patients, providing grocery coupons
contingent on cannabis-free urine samples was considered
effective in maintaining abstinence. A major barrier toward
including CM in standard services offered in ElSsfor psychosis
isthe absence of funding dedicated to such intervention; in this
context, offering financial incentivesfrom patients’ own budget
(applies to a subgroup of vulnerable patients that benefit from
budget management at the clinic) contingent on cannabis
abstinence was considered a viable aternative to achieve
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long-lasting treatment benefits because it actively stimulates
them to change their cannabis use behavior:

But | think what'simportant isthat the personisable

to satisfy themselves, on their own, so that they can

develop that confidence: “ OK, | will allow myself to

go to the movies’ for example, or “go out with

friends’, you know, it's finding the right way to

reward themselves. [C2]
Notwithstanding its putative efficacy in increasing patient
adherence to scheduled psychological intervention visits or
maintaining abstinence, clinicians advised against using CM
over long periods to enable patients to develop independence
in managing their cannabis consumption before they graduate
from the 3-year intensive follow-up program offered in EISs
for psychosis.

General Interest in TBPIs

Facilitators of and Barriersto TBPIs

Clinicians mentioned that TBPIs could be considered by patients
as less formal than face-to-face interventions, facilitate shared
decision making around the therapeutic plan, decrease the
probability of confrontational situations triggered by patients
reluctance to disclose their cannabis use patterns, and offer
patients more time to reflect on their cannabis use. Clinicians
believed that TBPIs would enable patients' rapid access to
support when in urgent need, for example, when craving
cannabis. Although using TBPIs could circumvent some
patient-clinician communication barriers (eg, commuting time
for appointments), clinicians were concerned that in patients
with pronounced avoidant behavior, the use of TBPIs could
exacerbate their isolation and social anxiety. Clinicians feared
that in some patients, TBPIs could weaken the clinician-patient
therapeutic bond that was an important determinant of adherence
to treatment:

S0, | would explain to themthat the possibility exists,
but again, it doesn't take away the meetings, the
importance of the meetings and that we will continue
to put in the work. But that we could use thistool that
could help make things easier to access. | would
present it to them kind of like that. [C10]

Moreover, both clinicians and patients mentioned that TBPIs
could more easily lead to cheating on the treatment plan when
patient engagement was low; therefore, maintaining human
contact was viewed as important to ensure treatment success:

Yes, face-to-face human contact may not bea priority
- but there has to be some form of human contact and
that someone, somewhere, sees progress. [C6]

Patients mentioned that their engagement in using TBPIs could
be influenced by the level of social support for treatment (eg,
family, friends) and subjective norms (ie, opinion of peers that
could regard TBPIs as less reliable than face-to-face
interventions):

W, | think they'd take me less serioudly than if it

was real therapy. [P8]
In the context of psychosis, patients' poor cognitive abilities
could impedetheir ability to use TBPIsand delusions (eg, being
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spied on via the internet) could decrease their willingness to
use TBPIs. Clinicians believed that TBPIs could increase access
to psychological interventionsin remote areasand in individuals
with subthreshold psychosis who misused cannabis and who
were not treated in specialized mental health services. Patients
described TBPIs as a comfortable and accessible alternative to
face-to-face psychological interventions but expressed concerns
about costs associated with using their personal data plan.

The acceptability of TBPIsfor clinicianswas dependent on their
readiness to integrate internet-based applications in the
traditional model of clinical work, their general skillsin using
technology, and their training in using new applications. Some
clinicianswho were familiar with telepsychiatry (eg, for patients
with anxiety or depression) saw thevalue of TBPIsin providing
visual interactionswith patients and considered them an option
for group therapies. Clinicians highlighted that developing an
application to address cannabis misuse in young adults with
psychosisistimely in the context of uncertainties related to the
long-term impact of legalization of cannabis consumption. They
mentioned that such an application could increase the intensity
of psychological interventions, decrease clinician workload,
and help less formally trained clinicians deliver psychological
interventions for cannabis misuse in a consistent way. To
achieve these goals, clinicians suggested that the application
should be tailored to patient treatment goals and be offered to
all patients. In addition, clinicians requested adequate training
on how to use the application and suggested the presence of a
clinician promoter of the application on site. To facilitate its
implementation into practice, they would use an informal,
nondirective approach in promoting the application, especially
in patients that are unmotivated to change their cannabis
consumption:

But we can say, listen, there's this new thing that we
can try together if that’s okay with you? You will see,
you know, if you likeit or not, it'sreally your choice.
This is just one more thing that we're offering you.
You don't forceit on themand explain it more clearly
by saying, “ | think that it could help.” [C2]

Other suggestions to facilitate a successful implementation
provided by cliniciansincluded walking the patient through the
functionalities of the application, providing assi stance as needed,
and using a demo version to advertise the application in the
waiting room.

Technology-Related Attitudes and Beliefs

Clinicians acknowledged the widespread use of technology (eg,
smartphones and apps) among young adults for whom it is an
integral part of their socia life:

And our patients will be less and less... | think
teenagers are becoming less and less able to express
themselves verbally. And more and more able to do
everything using technology - both their social skills
and their connections to each other or to others and
all that. [C3]

Clinicians highlighted that the poor socioeconomic status of
some patients explained their lack of familiarity with newest
technologies, use of outdated devices, and reliance on free
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wireless networksfor internet access and on free text messaging
services to communicate with peers. In their opinion,
inconsi stent access to technol ogy was sometimes a consequence
of pawning their devices to buy substances. Nevertheless,
clinicians considered it important to capitalize on the high rate
of technology use among young adults and implement TBPIs
for young people with psychosiswho abuse cannabis. For some
patients, barriersto using TBPIsincluded inadequate protection
of confidentiality and personal data over the internet, potential
health harms of technology (eg, cell phone radiation), and
preference for in-person interactions:

I'll tell you what, secure technology is impossible.
[P10]

I’m becoming a bit scared of new technology... | stay
away fromusing it. And | like to sleep far away from
my phone. [P3]

Um ... it would be if you weren’t talking to a robot. |
think that’s the most important thing. It's that you
have human contact ... that there's like human
interaction. [P8]

Clinicians aso questioned the confidentiality of personal data
when using internet-based applications and platformsand ethical
implications of using TBPIsin acutely distressed patients.

Tailoring of TBPIs

Outcome Measures of | nterest for Clinicians

Frequently, outcomes of interventions for SUDs were defined
and prioritized jointly by clinicians and patients and were
reassessed on a regular basis. Apart from outcome measures
directly related to cannabis use (ie, frequency of use, quantity,
abstinence, and relapse), clinicians were interested in patients
motivation (ie, stage of change), their confidence in achieving
and maintaining cannabis reduction goals, and their perception
of their own ability to resist the temptation to use. In addition
to cannabis, clinicians monitored the type, number, and
frequency of use of other substances, for example, alcohal,
amphetamines, and tobacco. They regularly assessed patients
compliance with the recommended daily occupational schedule
(eg, eating, working, studying, or sleeping), with the goal of
assisting them in achieving personal long-term life objectives,
for example, graduating from school or finding a permanent
job. Clinicianswere also interested in ng patients’ mental
health status, quality of life, and quality of relationships with
family and friends. Clinicians preferred that TBPIs collect data
about how often it helps patients resist the urge to consume
cannabis and the locations or contexts in which the application
is accessed (eg, at home or while being bored or stressed) to
better understand thetriggers of cannabisuse. Finally, they were
interested in patient satisfaction with the application, frequency
of application use, and patient rating of the helpfulness of the
application in increasing their reflection on cannabis use and
achieving consumption goals.

Strategies for Delivering TBPIs

Communication and Support

Patients and clinicians agreed that TBPIs must align with the
multifaceted support needs of young adults with psychosis and
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CUD. Oftenindividualswith early psychosis experience astate
of socia isolation, and their main pillar of support is their
therapist. Patients and clinicians emphasized the need to
facilitate interactions with family, friends who do not consume
cannabis, other patients with psychosis and CUD (eg, group
therapies), and community services for people with mental
health problems. For patientswith poor family support, working
in synchrony with intervention workers from community
organizations, including partners from supervised housing
facilities, shelters, and residential treatment facilities, was
considered critical:

PortageTSTM [a drug addiction rehabilitation

center], they really do wonders. They're more into

creating therapeutic communities where everyone

helps each other, and you can build yourself up as a

new person in a community that accepts you - unlike

communities on the street that aren’t as healthy - to

heal you. [C7]
Both patientsand clinicians suggested that TBPIs could broaden
patients support systems by providing information about
available community resources and integrating static
communication channels (eg, text based, where a significant
time lag exists between exchange of ideas) and live
communication channels (eg, text, audio, or audio video) that
enable rea-time exchange of information. Clinicians and
patients favored a  balanced human-technology
psychotherapeutic approach and highlighted that TBPIs should
not be limited to static content (eg, therapy modules) or
robot-like interactions (eg, automated answers) but also include
live interactions to enable immediate support from health
professionals and patients' social circles.

Format and Structure of the TBPIs

With regard to the format of TBPIs, patients suggested that
static information could be offered in text, audio (for situations
when reading is not convenient), or video format (eg,
motivational videos). They suggested a regular update of
infformation to maintain a high level of interest in the
intervention. Patientswoul d appreciate an interactive application
that allows discussions with their clinician and personalization
of the content (eg, based on individual answers to questions
during the intervention). Divergent opinions were expressed by
young adults with regard to accessing TBPI modules, as some
were against theidea of having free accessto all modules from
the beginning and others deferred to individual preference and
suggested having the option of selecting the frequency at which
the moduleswould be unlocked. In termsof the TBPI structure,
patients preferred to have the option of both individual and
group interactions. Some preferred to participate in a TBPI
about 2 times per week for approximately 10 minutes per
session. Reminders in the form of weekly notifications were
considered useful to maintain active participation in the
intervention; however, too frequent notifications were
considered intrusive by patients.

Clinicians highlighted the importance of tailoring the format,
content, and structure of the TBPI to patients motivation to
change cannabis use, to their cognitive difficulties, and to the
presence of psychotic symptoms. They recommended MI, CBT,

https://formative.jmir.org/2021/4/e26562

Tater et d

and psychoeducation modules to be delivered in a simple and
friendly language combined with graphics or imagesto facilitate
patients reflection of cannabis use. An example of
easy-to-understand content included testimonials of young
people about the lived experiences of psychosis and CUD. To
maintain an adequate intensity of the intervention, completion
of at least one module per week (not exceeding 30 min) was
recommended. Some clinicians were concerned that a TBPI
would not be effective in decreasing cannabis use for patients
in the precontemplation stage, independent of the intensity of
the intervention. For patients who are ambivalent, clinicians
estimated that TBPIs lasting 2 to 4 months would facilitate a
clinicaly significant reduction in cannabis use; if a patient’s
objective is abstinence, a longer duration (3-6 months) was
recommended. Clinicians emphasized that, at the end of TBPIs,
patients should be offered booster modules every 2 to 3 weeks
(to follow up on patients' objectives) for a minimum duration
of 3 months to maintain cannabis use therapeutic gains.
Throughout the TBPI period, clinicians recommended the use
of remindersto stimul ate patient reflections about cannabis use
and ensure adequate participation in theintervention and optimal
adherence to standard of care treatments. In their opinion,
patients with control of psychotic symptoms (eg, paranoia)
would benefit most from TBPIs. Some clinicians hesitated to
provide recommendationsfor the length of TBPIsand follow-up
because of variability in the efficacy of psychological
interventions among patients.

Application Needs and Preferences

Clinicians agreed with patients that the application hosting the
psychological intervention should offer a dedicated space for
accessing information about the different types of cannabis (eg,
Sativaor Indica), effects of consumption (eg, addiction potential
or impact on psychosis), or effects of THC and CBD:

...you know like the type of users, because you know,
sometimes the people that use Indica are not going
to be the same type of people that are going to use
Sativa. [P4]

Providing up-to-dateinformation could correct misconceptions
and facilitate patients' reflections about cannabisuse. Recording
the quantity of cannabis used was of interest to patients, as it
could help them monitor associated costs; however, some had
reservations about providing thisinformation daily or disclosing
it to clinicians. On the other hand, clinicians considered the data
recorded by the application to be more reliable than patients
estimates of cannabis use provided during face-to-face visits.
Patients preferred the application to be multifunctional beyond
simply hosting the psychological intervention modules:

You know that apps can do a lot now... like Amazon
it'snot just for buying stuff. There are so many other
things you can do. [P6§]

Additional functionalities suggested by patients included
monitoring physical exercise and budget, providing up-to-date
information about activities available in their area, and
suggesting stress relief methods (eg, meditation techniques).
Clinicians and patients suggested that the application could be
helpful in planning daily activities (eg, eating or sleeping) and
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achieving a balanced lifestyle, including improved control of
cannabis use;

But it's... maybeit has another use, that it makes you
more aware, there's something that you want to do
about it. And it goes beyond just stopping smoking
and it will improve your quality of life. [P6]

Technology Needs and Preferences

Aligned with their application needs, patients and clinicians
suggested the following technological solutions: internet links
to reliable sources of information about cannabis, informational
and moativational videos, and add-on applications and widgets
(eg, fitness, budget management, logbook for cannabis
consumption, network games, daily planner, and scoreboard
for reward points accumulated based on progress in the
intervention and goals achieved). Patients suggested that
customization and personaization features (eg, avatars,
guestionnaires about persona interests, and hobbies) could
increase their interest in using the application. Reminders (eg,
to participate in the intervention or to attend scheduled visits)
could take the form of alarms or text notifications. The
application could have various embedded communication tools,
such as simple text messaging, chat, forum, and video sharing.
Through the application, patients preferred to have rapid access
to contact detail s of key resources, such astheir therapist, mental
health and addiction facilities in the community, and public
services for nonurgent health issues (ie, Info Santé in Québec).
Finally, both categories of participants emphasized that using
a design that appeals to young people (eg, colors, images, or
interactivity) and ensuring flawless functionality on multiple
platforms (eg, iPhone or Android) are necessary to maintain
optimal application use and retention in the psychological
intervention.

Discussion

Principal Findings

Our findings advance the qualitative literature by exploring and
comparing the views of patients with early psychosis and
clinicians related to the use of psychologica intervention to
treat CUD and their needs and preferences for TBPIs in the
context of EIS for psychosis. Our results showed that the type
and intensity of face-to-face psychologica interventions for
CUD were variable and depended on clinicians training
background, skills, and experience. Similar to previous studies,
we found that structural factors (ie, lack of time and staff
turnover) represent barriers to psychological interventions
[13,28]. Clinicians viewed TBPIs as a useful addition to their
toolbox of interventions and as a way to circumvent some of
these barriers and increase the consistency of services offered
in FEP clinics.

We found that patients' motivation to change cannabis use was
a central psychological intervention target and an important
determinant of the type of psychologica intervention used.
Clinicians often relied on the Transtheoretical Model [29] asa
framework to assess patients motivation and jointly decide on
treatment goals, select the type of psychological intervention,
and monitor treatment efficacy. Similar to the results of a
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previous survey of Canadian EIS for psychosis[13], we found
that patients lack of motivation (ie, precontemplation)
represented a major barrier to psychological interventions for
CUD. Despite clinica evidence showing that brief MI
interventions are effective when used in synchrony with HR in
individualswith SUD [30], for patientsin the precontemplation
stage, clinicians preferred HR. In these patients, normal life was
disrupted (with serious implications on housing, finances, and
socia interactions) and improving their functional statuswas a
priority intervention target for clinicians. Clinicians combined
HR with psychoeducation (to correct misconceptions and
facilitate patients reflection about cannabis use) and
concentrated more on MI, once patients started building
self-motivation. As the theoretical underpinning of both
approaches is to engage individuals in discussion to activate
motivation for achieving long-term cannabis use—related goal s,
it may at first sight appear surprising that clinicians used mostly
HR aonein patientsin precontemplation. Possible explanations
include inconsistent use of standardized protocols in EISs for
psychosis, heterogeneity in staff psychological intervention
training, and other treatment priorities, for example, treating
acute psychotic symptoms.

The use of CM was restricted to patients in precontemplation
(contingent on attending scheduled group therapy) and
maintenance (contingent on providing cannabis-free urine
specimens) stages. Clinicians emphasized the importance of
developing and maintaining intrinsic motivation and patient
autonomy in controlling cannabis use to achieve long-lasting
cannabis consumption goals. Therefore, using CM only in
conjunction with other psychological interventions (eg, MlI,
CBT, or psychoeducation) was considered potentially beneficial
in achieving long-term reductionsin cannabisuse. Thisopinion
is empirically supported by recently published data from the
Contingency Intervention for Reduction of Cannabisin Early
Psychosis randomized controlled trial (RCT), which showed
that cannabis use and abstinence rates were not statistically
different between the CM and computer-based psychoeducation
intervention arms at 3- and 18-month follow-ups [28,31]. Our
results suggest that offering nonfinancial incentives as part of
the TBPIs could be considered a strategy to increase patient
engagement in the intervention, are social reinforcement
techniques (eg, certificatesfor achieving treatment milestones),
and are generally appreciated by individuals receiving
interventions for SUD [32,33].

We highlighted that social isolation among young adults with
psychosis could explain their perceived need for regular
communication with clinicians, family, friends, peers with
similar lived experiences, and community mental health services.
In their study, Fortuna et al [34] described social isolation as a
hallmark of people with serious mental health illness, with
approximately 60% reporting feeling lonely; the authors
identified addressing loneliness as the primary unmet need in
theseindividuals. In our study, patients and clinicians opted for
abalanced therapeutic approach that used both technol ogy-based
and face-to-face communication. Informed by Roger’s model
of diffusion of innovation adapted for eHealth interventions,
Eysenbach [35] highlighted that increased personal contact with
clinicians, receiving positive feedback from heath care
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professionals, and facilitating peer-to-peer communications
could decrease the nonusage attrition rate of TBPIs. Our results
align with those of Byrne et a [36], who reviewed qualitative
research studiesto explore prioritiesin treatment outcomes for
individuals with psychosis and highlighted the need to improve
social and functional abilities and satisfaction among these
patients. In our study, participants mentioned that smartphones
arefreguently used to engage in social communications, which
aligns with the findings of Schlosser et al [37,38], who used an
RCT and asmartphone-based intervention to improve motivation
and quality of life in people with recent onset schizophrenia
spectrum disorders. Intheir feasibility study, 75% of participants
owned a smartphone and 96% reported using a social media
platform [37]. Importantly, Schlosser et a [37,38] used
qualitative research methods to €elicit participant preferences
and tailored the intervention to their most important values: to
have a sense of control over their future and deepened
relationships with family and friends.

Our synthesis of clinicians’ and patients’ preferencesrelated to
thefunctionalitiesand design of aTBPI aligned with theresults
of other studies using qualitative and quantitative methods. In
their systematic review of studies using maobile application-based
interventionsin individuals aged 13 to 26 yearswith prodromal
and FEP, Camacho et al [39] showed that live communication
platforms (eg, chat or forum) were widely used and responded
to patients' need for rapid support by enabling the sharing of
lived experiences and information. In their survey of young
adultswith FEP related to their preferences of using technology
to deliver specialized psychiatric services conducted in Québec
before cannabis legalization, Lal et al [40] found that 91% of
young adults with psychosis would like to receive information
related to mental health, psychosis, and recovery in general.
Results of a population-based survey [2] conducted in Québec
postlegalization (2019) showed that approximately 25% of
adults aged 18 to 34 years considered regular cannabis
consumption to be minimaly related to health risks and
approximately 75% of the same age group believed that
recreational use of cannabis was acceptable. In this context,
providing accurate information about the effects of cannabison
mental health could prepare youth with psychosisto better cope
with permissive social norms. Consistent with our results, Bucci
et al [41] and Schlosser et al [37] highlighted the importance
of using a casual, friendly, and nonstigmatizing approach and
using an appealing design that could resemble a social media
application rather than a clinical tool. The authors highlighted
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the importance of personalizing the application with individual
therapy goals and features of interest (eg, communicating and
sharing photos with peers), minimizing repetition of content,
and adapting the frequency of reminders (ie, notifications) to
their preferences[37,41]. Taken together, these measures could
facilitate the assimilation of TBPI into patients' daily routines
and increase their participation in the intervention.

This study had several limitations. First, although we used a
purposeful sampling approach to maximize the representation
of the diversity of young patients with FEP, we recruited only
patients treated at the JAP clinic located in the large
metropolitan Montréa areaand their opinions could be different
from the opinions of patients followed up at clinics located in
semiurban or rural areas in Québec or other jurisdictions.
Second, because of the predominance of male patientsin EISs
for psychosis, we recruited more males and the voi ce of females
was underrepresented. Third, we did not capture the perspectives
of other personsthat play acrucia rolein the care of individuals
with early psychosis and CUD, such as family members and
community mental health workers. Finaly, from a reflexive
standpoint, we acknowledge the probabl e influence of our global
research aims on data collection and analysis, specifically our
goa of developing innovative interventions for the treatment
of CUD in young adults with psychosis.

Conclusions

As it stands, research on smartphone-based psychological
interventions for young adults with psychosis is limited but
increasing [39]. Research into the effects of internet-based
interventions on decreasing cannabis consumption in young
adultswith psychosisisinitsincipient stage[19] but isgaining
momentum [42,43], with increasing demand for eHealth
interventions and the number of jurisdictionsthat arelegalizing
the recreational use of cannabis. This qualitative study fills an
important research gap related to patients and clinicians
perceptions of psychological interventions and the use of
technology to includetheseinterventionsin the clinical toolbox
for patients with CUD and FEP. We synthesized and compared
patient and clinician views and experiences and provided
categories of factors that could guide the development of
internet-based psychological interventions tailored to their
preferences. Future research using quantitative methods to
evaluate patient preference with regard to TBPI for CUD in
youth with psychosisis heeded to validate our findings.
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Abstract

Background: The use of ecological momentary assessment (EMA) to study youth experiencing homel essness (Y EH) behaviors
isan emerging area of research. Despite high rates of participation and potential clinical utility, few studies have investigated the
acceptability and recommendations for EMA from the Y EH perspective.

Objective: This study aimed to describe the perceived benefits, usability, acceptability, and barriers to the use of EMA from
the homeless youth perspective.

Methods: YEH were recruited from alarger EMA study. Semistructured exit interviews were performed using an interview
guide that focused on the Y EH experience with the EMA app, and included perceived barriers and recommendations for future
studies. Data analyses used an inductive approach with thematic analysis to identify major themes and subthemes.

Results: A total of 18 Y EH aged 19-24 years participated in individual and group exit interviews. The EMA was highly acceptable
to Y EH and they found the app and EM A surveyseasy to navigate. Perceived benefitsincluded increased behavioral and emotional
awareness with some YEH reporting a decrease in their high-risk behaviors as a result of participation. Another significant
perceived benefit was the ability to use the phones for socia support and make connections to family, friends, and potential
employers. Barriers were primarily survey and technology related. Survey-related barriersincluded the redundancy of questions,
the lack of customizable responses, and the timing of survey prompts. Technology-related barriersincluded the “freezing” of the
app, battery charge, and connectivity issues. Recommendations for future studies included the need to provide real-time mental
health support for symptomatic youth, to createindividually customized questions, and to test the use of personalized motivational
messages that respond to the EMA datain real time.

Conclusions: YEH are highly receptive to the use of EMA in studies. Further studies are warranted to understand the impact
of EMA on YEH behaviors. Incorporating the YEH perspective into the design and implementation of EMA studies may help
minimize barriers, increase acceptability, and improve participation rates in this hard-to-reach, disconnected population.

(IMIR Form Res 2021;5(4):€21638) doi:10.2196/21638
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Introduction

Every year, an estimated 4.2 million youths and young adults
inthe United States experience someform of homelessness[1].
Black youth, unmarried parenting youth, and gay, leshian,
bisexual, transgender, and queer (LGBTQ) youth are at ahigher
risk for experiencing homel essness compared with other groups
[1-3]. Youth experiencing homelessness (YEH) have
disproportionately higher rates of negative health outcomes,
including disease, injury, substance use, and trauma[4-6]. They
are also at increased risk for victimization and incarceration
[7,8]. Consequently, mortality rates among Y EH are 10 times
higher than those of housed youth in the genera youth
population, with suicide and drug overdose being the leading
causes of death [9,10].

The transient and hidden nature of youth homelessness make
it challenging to conduct research with this marginalized
population [11]. Unlike stably housed youth, Y EH experience
barriers to accessing health and social services [12,13]. Even
when available, YEH are reluctant to engage with helpful
services over concernsfor loss of confidentiality and perceived
provider stigma, prejudice, and discrimination [14,15]. In-depth
interviews from the Voices of Youth Count initiative revealed
that the need for Y EH to protect their identity and their history
of stressed, often toxic relationships with parents and other
adults make them less inclined to interact with unfamiliar
resources and institutions [16]. For many Y EH, weighing out
the risks and benefits of engaging with others is paramount
because, from their perspective “nothing is for free” [16].

In recent years, the widespread availability of smartphones and
advancesin mobiletechnology have madeit feasible to conduct
ecological momentary assessment (EMA) studies among
hard-to-reach populationsincluding Y EH [17-19]. EMA collects
real-time data as individuals go about their daily lives. As a
result, some of the benefits of EMA include areductionin recall
and memory biases, an increase in ecological validity, and the
ability to capture intrasubject variability among factors that
contribute to behaviors[20-22]. EMA has been extensively used
in adult addiction research [23-25], pediatric and adult mental
health disorders [26,27], and nutrition and physical activity
studies [28,29].

Research shows that EMA is acceptable among stably housed
youth, yet the receptiveness of YEH to EMA is not well
understood. Although there are similaritiesin the experience of
EMA between the two groups, YEH face different challenges
that require unigque approaches[30]. To start, recommendations
for recruitment of stably housed youth emphasize using schools
as astarting point, a source that is not available for many YEH
studies [31]. Clinical studies in stably housed youth also rely
heavily on clinical institutions, such as primary care clinics, as
touchpoints throughout the study, but Y EH often face barriers
to accessing these institutions [ 32,33]. Although stably housed
youth have reported technology-related issues and
recommendations similar to YEH, the lack of availability of
outlets to charge a phone and disruptions in connectivity are
significant barriers not commonly reported in stably housed
youth studies [31,34]. Considering the higher incidence of
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victimization, trauma, and mental health issues among Y EH,
they may perceive EMA questions differently; thus, strategies
that balance a thorough assessment within the context of
potentially traumatic experiences need to be explored. Therisks
associated with maobile health technology in this vulnerable
group is also not well understood.

Thefew EMA studies conducted with Y EH demonstrated high
response rates and acceptability [6,18,35]. Compared to previous
cross-sectional methods used to understand the daily experiences
of thishighly mobile group, EMA alowsfor amore naturalistic
approach to studying YEH behavior and their environmental
circumstances [36]. Using longitudinal EMA data, Suchting et
al [37] expanded on our understanding of shelter use among
YEH by predicting patterns of sheltering behaviors. They
revealed that stress related to not having a place to stay and
experiencing discrimination to be among some of the strongest
predictorsfor Y EH not staying in shelters. SantaMariaet a [6]
used EMA to capture patterns of Y EH rates of drug use and to
identify modifiable risk factors for future interventions. In
another EMA study, sexua urge and drug use predicted
day-level sexual activity, and YEH primarily engaged in
condomless sex, increasing their risk for HIV and other sexually
transmitted infections [38].

Few studies have explored the usability and acceptability of
mobile phone assessments among YEH. Using focus group
interviews, Jennings et al [34] found that Y EH perceived maobile
phone health interventions as beneficia if they addressed their
health concerns, maintained their confidentiality, and allowed
them access to calling and texting features. YEH were also
receptive to EMA using SMS text messaging and had several
suggestions for the question format, including the ability to
explain answers instead of being limited to preset responses
[35]. These findings provide valuable recommendations for
YEH EMA studies but more studies are needed to further
explore EMA usein YEH and no studies have investigated the
perceived impact of EMA on YEH behavior [17,34,39]. We
conducted this study to address these gaps and to describe the
perceived benefits, usability, acceptability, and barriers to the
use of EMA from the Y EH perspective.

Methods

Parent Study

Participants in this study were recruited from a parent EMA
study examining real-time factors, such as urge, stress, sexua
behaviors, and substance use. Youths (N=71) from the parent
study were between 18 and 24 years of age, English speaking,
experiencing homelessness or unstable housing, and recruited
from shelters and drop-in centers serving YEH in 1 city in the
southern United States[6]. Youths participated in up to 21 days
of EMA that prompted them to complete abrief assessment that
asked about stress, affect, sexua activity, substance use, and
sheltering arrangements 5 timesaday. Moreinformation on the
parent study can be found in the original publications [6,40].

EMA Survey and Technology

Participantsreceived promptsto complete EMA surveysthrough
a Samsung Galaxy Light smartphone with an Android 4.2
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operating system (Google). The surveys took fewer than 5
minutesto complete, and youthswere cued visually and audibly
for 30 secondsfor each assessment. Daily assessmentsrequired
participantsto recall the past 24 hours, and random assessments
occurred 4 timesaday and focused on ng real-time affect
including feelings of anger, guilt, irritability, shame, and sadness
[6]. Urge to use drugs or engage in sex or high risk behaviors
including stealing were also assessed. Aside from the
assessments, the phones coul d be used to send and receive phone
calls and text messages and provided access to the internet and
social media. At the end of the 21-day study period, participants
met with the study team to return the study maobile phones and
receive grocery store gift cards valued up to US $95 depending
on the percentage of random and daily EMAs compl eted.

Recruitment

After completion of the EMA study, youths were asked if they
would like to participate in an exit interview individually or in

Figure 1. Recruitment. EMA: ecological momentary assessment.

Acordaet al

a small group of peers. Interviews were conducted using a
semistructured, conversational guide that inquired about their
experience with the EMA app, what they liked and did not like
about the app, and how they thought it impacted them. The
interview guide was designed to address predetermined themes
related to app acceptability and usability with open-ended
guestionsto allow for emerging concepts. Finally, youths were
asked if they would use the app again or recommend it to a
friend and what they would change about the app or the study
to make it better for others. Sessions were audio-recorded and
transcribed verbatim. Ultimately, 14 interviewswere conducted
in total, including 2 group interviews (total of 6 participants)
and 12 individua interviews (Figure 1). On average, both
individual and group interviews lasted approximately 20
minutes.

Parent EMA study
(N=71)

Interviewed
(n=18)

Not interviewed
(n=53)

Individual interviews
(n=12)

Group interviews
(n=6)

Analysis

An inductive approach guided the data analysis for this study.
A team of 2 doctoral-trained investigators performed the
analyses. First cycle coding included descriptive, attributive, in
vivo, process and val ues coding [41]. Codes were then clustered
into categories and patterns to generate an initial codebook.
Second cycle coding focused on thematic analysis to identify
themes and subthemes. The final codebook was refined and
included definitions, exemplars, contrast quotes, and number
of discussionsidentified for each theme. ATLAS.ti (version 7)
was used to organize and code the data. Credibility and
confirmability of the analysis was established through peer
debriefing for each coding cycle, use of thick descriptionsfrom
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theinterview transcripts, and analytic memosduring theanalysis
phase.

Results

Participant Characteristics

A total of 18 youths participated in this study (Table 1). Ages
ranged from 19-24 years with a mean age of 21 years. For
race/ethnicity, 11 out of 18 (66%) participants identified as
male, 10 out of 18 (56%) identified as non-Hispanic Black or
African American, 5 out of 18 identified as multiracial (28%),
1 identified as American Indian or Native Alaskan, and 1
participant reported “something else”. Most of the youths
identified as heterosexual (14/18, 78%).
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Table 1. Characteristics of youth experiencing homelessness (Y EH) participants.

Youth Age (years) Gender Sexual Orientation Race

1 24 Male Gay Non-Hispanic Black or African American
2 21 Female Heterosexual Non-Hispanic Black or African American
3 19 Male Heterosexua Non-Hispanic White

4 22 Female Heterosexual Non-Hispanic Black or African American
5 20 Mae Heterosexual Multiracial

6 20 Male Heterosexual Non-Hispanic Black or African American
7 24 Male Gay Non-Hispanic Black or African American
8 21 Male Heterosexual Multiracial

9 20 Female Bisexual Non-Hispanic Black or African American
10 21 Female Heterosexual Multiracial

11 20 Male Heterosexua Non-Hispanic Black or African American
12 24 Female Heterosexual Something else

13 19 Female Leshian Multiracial

14 24 Male Heterosexual Multiracial

15 21 Male Heterosexua Non-Hispanic Black or African American
16 19 Male Heterosexual American Indian or Alaska Native

17 19 Female Heterosexua Non-Hispanic Black or African American
18 22 Male Heterosexual Non-Hispanic Black or African American

Per ceived I mpacts of EMA

Increased Awareness of High Risk Behaviors

The majority of youths reported that the EMA increased their
awareness of their high risk behaviors. The daily questions
asking about their smoking habits, drug use, and sexual activity
served asreminders of the frequency of their behaviors: “ It kept
me informed of how many drugs | use” (Y 14). Another youth
reported, “I would notice how many cigarettes | would smoke
when | first started this survey, so that really made me like,
okay, | really need to stop smoking those” (Y 10). This youth
further described how the repetition of questionsled to increased
behavioral and emotional awareness:

Yeah, it made me step back and look at everything
because like | said, sinceit’s so redundant, it makes
you hatice your habits as well because you sit there,
and you answer, and you start noticing I’ manswering
this question so many times this answer or this
answer, and you start noticing. Then that makes you
think to yourself, maybe | need to try and fix this
becausethat’ Il help me change my mood or whatever.
[Y10]

Four youths reported changing their behavior as aresult of the
EMA surveys. They described decreasing their substance use
and taking precautions prior to engaging in any sexual activity:
“It just make you think about certain things like you about to
get ready to do something or it just makes you think or take
precautions about what you're doing” (Y 7). One youth described
decreasing his use of marijuana as aresult of the survey:

https://formative.jmir.org/2021/4/e21638

| noticed that, you know, the marijuana really wasn't
helping. | till didn’t stop completely at that moment,
but you know, down the line, | wean myself off of it.
I'm still weaning myself off of it. | haven't really
smoked in like 2 weeks. So that’s good. [Y 17]

Youths reported making changesin their sexual behaviorswith
some ensuring they had a condom available at all times:

With the sex, it kind of helped me slow down a little.
We were having sex—me and my girlfriend—and it
did kind of slow us down a little bit because | noticed
we were just having sex recklessly. [Y 10]

I ncreased Awareness of Emotional State

Six youths conveyed that the EMA surveys helped them be
aware of their emotional state. Youths reported that the words
in the questions allowed them to recognize and name their
emotions:

It was like the way that they ask the questions, it
helped me kind of put it in words because | would
sometimes fed like fidgety or irritated. I'mlike, I'm
not really sure why. But then the way they would ask
I was like “ Ok, that's probably why” Maybe that's
the word |’ m supposed to use. [Y 3]

Another youth described the survey as a way of coping with
their emotions:

It help me be more aware of how | was feeling,
because it was like you asked the right questions at
theright time. So, it's more like self-coping. Therapy
in a way. Like, basically you're being able to
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acknowledge how you arefeeling, like what is causing
that emotion that’s holding you down. [Y 8]

Youths described the benefits of acknowledging their stressand
identifying emotional triggers: “It bringsto your own attention
that okay, well, alot of the stressthat I'm having is sometimes
due to me or it's sometimes due to things around me” (Y15).
Another youth reported, “Most of my stress came from not just
everyday life but mostly from how | put myself through life’
(Y10). One youth described the impact of the survey on her
stress and coping skills:

| mean, when it's brought to your attention every day
or when you basically put it in your own face every
day because that's what the survey's doing. It's
basically letting you note to yourself. It brings it to
your own attention that a lot of the stressI’m having
is sometimes due to me or sometimes the things
around me, so it helps you take a step back and see
how you can attack each situation instead of just
running into it blind. [ 10]

Provided Social Support and Connection

For many youths, participating in the survey made them feel
heard and supported:

Emationally, | felt like there was actually somebody
who cared or wanted to know how | felt. | like that.
[Y18]

They reported that the ability to not only express themselves
but a so the knowledge that someone was reading their responses
was comforting. One youth described how the survey helped
her cope with loneliness:

...it was kind of helpful to me because sometimes |
had no oneto talk to and then | befeeling like| can't
express, but when | takethe survey and it ask like how
you feeling or are you depressed. It make it seemlike
someone actually going to look at this and say, well,
she's feeling this type of way. Somebody actually sit
down and cares about your feglings. That's what |
liked about the survey. [Y17]

Seven youths explained that the ability to connect with friends
and family through phone calls, text, and social mediawas most
beneficial. One youth used the phone to reconnect with her
family whom she had not spoken to for sometime: “...haven't
talked tomy mominalongtime. | finally gave her acall” (Y 1).

Acceptability of EMA

Provided a Distraction From Homelessness
In general, YEH were receptive to the EMA surveys. Some
reported that the surveys distracted them from homel essness:

| be like trying to get my mind off things, like focus
on something else. I'll be like “ Okay, well I'll take
my mind off this and focus on the surveys!” [Y 18]

Several reported it helped them avoid risky behaviors:

If I'm bored, | get adventurous. If I’'m on the phone,
| just be till stuck on the phone just watching movies
or videos, anything, for hours. [Y12]
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YEH aso expressed appreciation for being able to use the
phones for other purposes including phone calls and social
media
You didn't just give them a phone and oh, here are
those surveys. Even though we are young kids, we
have access to Facebook, we have access to things
we actually do. They can entertain themselves, and
they're on the streets, so they can charge the phone
and be on the phone all night, something for themto
do. It's not just doing surveys on this phone and still
sitting outside bored. [Y 15]

Perception of Being Watched

Youths described instances in which they felt that the prompts
came asaresponseto their real-time behavior. They mentioned
feeling “watched over” or being monitored especially when the
survey questions applied to their real-life situation: “ Sometimes
| felt like it wasthe signs; it was kind of weird becauseit would
pop up only when I’ m about to do something” (Y 17). Oneyouth
described his experience after a police encounter:

One time | actually thought the phone knew what |
was doing because 2 minutes later, | had got into it
with the lawman and right after | finished talking to
the lawman, the survey came up and itsfirst question
was “Did you encounter a lawman or a police
officer?” | waslike, “ really, bro?” [Y12]

Barriersto Acceptability and Engagement

Redundancy of questionswas afrequently mentioned issue. As
a result, youths described being able to predict the questions
and answering without much thought to their responses:
“Because | would get bored because it’s just like now, | know
exactly what it's going to say, and it's like click, click, click”
(Y 13). One pregnant youth described that the lack of customized
guestions was a problem: “Only one time did | get something
that asked if | was pregnant, and | was like yeah, and then it
asked me the same exact questions it would ask me even if |
wasn’'t pregnant” (Y 15). Some youths reported that the lack of
responseto their answerswas dissatisfying. One youth described
the following:

Let's say, by the third time, | say I'm extremely
stressed, maybe that could send y' all ared alert like,
“ Hey this person’s stressed. They might need someone
totalkto” Then you could send them a message like,
“Are you okay? Want someone to talk to? Need
anything?” | feel that would make certainindividuals
feel a little bit more looked after, a little more cared
for. And it's not just like, oh, it's a survey...if you
really need somebody, thisisfor usto find out. [Y 13]

Usability of EMA

Easy to Use but With Glitches

Youths reported that the surveys were easy to navigate but that
the questionswere often predictable: “...it got to the point where
my boyfriend, he knew every question, so he could just type”
(Y15). Most youths found the redundancy of questions to be
boring and not applicable to their specific situations. Although
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they did not mind the number of surveys administered daily,
some of the youths found the timing of the surveys to be
challenging: “If you're not on it [phone] or not around it, it'll
go off and you hear it...and then you missed it” (Y 2). A few of
theyouthsreported “glitches’ occurring whiletaking the surveys
describing that the surveyswould turn off midway leaving some
guestions unanswered: “...like it would pop up—sometimes a
survey wouldn’t pop up; it would just go off, so that’swhy some
of them weren’t answered” (Y 15).

Connection and Other Technology-Related | ssues

Technology-related issues were common. Some described not
being able to make phone calls: “...when | try to call out, it'll
say only numbers that can be diaded or numbers that are
programmed” (Y 12). Othersreported i ssueswith internet access:
“When | first got the phone, it was going really fast; and then
like two days after that, everything started slowing down...it
got redlly, redly dow” (Y 11). Some stated that the low internet
access aso slowed down their ability to send the completed
surveys. Battery issueswere commonly reported by youthswho
often struggle to find a place to charge their phones. “ The app
was good, just the phone was bull crap because it only worked
for like 2 days, and then after that it just went down” (Y 12).

YEH Recommendations for Future EMA Studies

The majority of youths recommended that the survey questions
should be customized to each participant to avoid redundancy:
“1 don't think each survey should say the same thing; | think
you should switch it up” (Y15). YEH aso expressed that
although the questions about mental states and substance use
were important, they would also like to be asked everyday life
guestions such as “How are you feeling today?’ or “Are you
hungry?’ or “Did you work out today?’ They also reported that
there needed to be more questions and that questions should
“gomoredeepintoit [topics]” (Y9). Two youths expressed that
they would have liked questions about their plansfor the future
and where they saw themselvesin 5 years. Some of the youths
recommended that the ability to typein their responses instead
of choosing from preset answers would be preferable:

Yeah, type in your answer. “ | feel upset because ...
| just fed likethey shouldn’t be* sometimes;” “ often,”
“agree; “ disagree” . Have distinct answer. [Y 15]

Youths expressed that additional supports should be provided
through the EMA surveys. However, they recommended that
support should be personalized so that the participants feel
“more cared for”. Describing this type of support, one youth
stated the following:

Don't read them a script. Literally sit there and ask
them, why do you feel like this? Don't suggest that
they go to a mental hospital. Give them encouraging
words, and talk to them for a minute, ask them do
they fed safe at this moment, and if they don’t feel
safe, then “ Can you call the police for me?” “ Can
you call the ambulance?” And then take that step.
[Y15]

Three youths recommended that allowing customization of the
phone ring tones may help with survey compliance. Others
stated that allowing participants to go back and change their
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answers and to retroactively complete missed surveys would
be helpful since surveys may come when they are too busy to
respond, or they respond incorrectly:

| also think you should make it to where you can be
able to go back and redo your answer. | think that is
abigpart of it because | just— really likeit. | really
liked this. It's a good thing to me. [Y 15]

To prevent phones from being stolen, several youths
recommended that participants should be screened carefully
prior to receiving their phones: “You just haveto be pretty strict
on who gets them...because people see that it's just a regular
phone and not something you have to do a duty on” (Y 10).
Many of the youths expressed that allowing the youth to keep
the phone after the study would help with keeping them
connected to social mediaand provide them accessto resources.

Some youths found the timing of the surveys challenging and
suggested set times for the survey to increase compliance. One
youth indicated the following:

...what would be a little bit better isif the timeswere
consistent because the onethat | missed, | wason the
internet looking up the bus route for something, and
it came up, and I'mlike in the middle of trying to find
the bus route, and then my dad started calling, and
then my phonejust froze. | waslike, if | knew it come
at 10:30 and 12:15, | would know, okay, have my
phone charged. And | think—and that's why my
boyfriend missed so many because he never knew
when they were coming, but he never brought his
charger. He was like, “ Man, if | knew what time it
was coming, I'd at least make sure my phone was
charged for that time...” [Y13]

Discussion

Principal Findings

The findings in this study suggest that EMA is acceptable to
YEH and may have perceived behavioral benefits. Increased
self-awareness as a result of receiving daily questions about
their behaviors and emotions |ed some youths to decrease their
substance use and increase condom use before sexual
intercourse. Others expressed that the questions helped them
recoghize stressorsthat |ed to negative emotions, and asaresult,
youths intentionally avoided these emotional triggers in the
future. Researchers have previously noted the impacts of
frequent assessments on behavior and emotional awareness
irrespective of interventions [42,43]. This effect, known as
assessment reactivity, results from participants constant
reflection during repetitive behavior evaluations, leading to
change [44]. EMA questions may serve as cues to action by
providing information and reminders that trigger
health-promoting behaviors [42]. However, previous EMA
reactivity studies in alcohol abuse, smoking cessation, and
medication adherence have found mixed results [44-47]. A
randomized control trial evaluating EMA reactivity in smoking
cessation discovered that although increased assessments did
not promote abstinence, researchers observed small reactivity
effects on anxiety, hunger, positive affect, and post-quit

JMIR Form Res 2021 | vol. 5 | iss. 4 |€21638 | p.26
(page number not for citation purposes)


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

JMIR FORMATIVE RESEARCH

confidence [47]. To date, no studies have explored this concept
inY EH, and it isunclear whether youths sustained their behavior
change postintervention. Researchers should consider the effects
of assessment reactivity in the design of future EMA studiesto
anticipate potential confounders in youths subjective
experiences and to assess for weaning effects over time.

Youths felt high levels of perceived support through their
interactions with the EMA surveys. Although the surveys were
pregenerated, administered at set times during the day, and
unidirectional in nature, being asked about their day made
youths feel heard and looked after. Tyler and Schmitz [48]
observed similar findings in their SMS study with YEH,
reporting “perceptions of care and concern” as one of the
perceived benefits of participation. These discoveries highlight
the degree of loneliness many YEH experience; interactions,
even in survey form, appear to alleviate feelings of isolation
and depression commonin Y EH [49]. Inthisregard, EMA may
have unintended therapeutic effects on YEH's mental
well-being, particularly those with low social supports.

Youths unanimously reported that the most beneficial aspect
of the EMA study wasthe ability to connect with friends, family,
and other socia support through the mobile phone. Access to
the internet allowed youths to communicate with their peers
through social media and to access multimedia platforms that
helped alleviate boredom. Some of the youths used the phones
for directions to clinics and grocery stores; one youth reported
afriend getting ajob interview through the phone. Many of the
youths recommended that participants be allowed to keep the
phones after the study. Thisisnot surprising, as previous studies
observed that mobile phones serve aslifelinesfor youth [11,39].
Aside from communicating with peers, they used phones to
access resources and other forms of support [34]. However,
mobile access can have adverse effects with youths expressing
concerns for loss of anonymity and misuse of their personal
information [34,39]. In this study, YEH did not report these
concerns; however, several described feeling watched over and
believed that the surveys occurred as a response to their
real-time behavior and situation. Future EMA studies should
consider the potential for harmful effects of mobile connectivity
on YEH privacy; clearly outlining the plans for data
management and measures to ensure confidentiality may help
to alleviate these fears.

EMA was highly acceptable to Y EH. Youths reported that the
guestions were easy to understand and that the frequency and
length of the surveys were manageable. Some of the youths
recommended that questions should “go deeper” and that
participants should be allowed to provide contextual answers
instead of preset responses. Youths also recommended that
surveys should be customized to each individual and that
redundancy of questions should be avoided. Several youths
reported that redundancy led them to answer mindlessly after
taking the same survey multipletimes. Thesefindingsare similar
to recommendations from other studies with YEH reporting
that the authenticity of questions and the ability to explain their
answers were most important [17,34]. YEH emphasized that
authenticity may only be realized when they are directly
involved in content development [34]. A collaborative approach

https://formative.jmir.org/2021/4/e21638

Acordaet al

to EMA study designs may improve participation and provide
valuable insights into the Y EH experience.

Although Y EH reported that the surveys were easy to navigate,
they encountered issues with connectivity, phone battery life,
and timing. The stalling of the EMA app resulted in incomplete
or missed surveys. Youths reported issues with the phone battery
life despite frequent charging and experienced dower
connectivity as the study progressed. Youths also described
instances when they did not receive notification or were unable
to complete the surveys on time. Other EMA studies have
reported similar issues. Mackesy-Amiti and Booram [50]
observed that notification issues (25%), stalling of the EMA
app (17%), and battery issues (5%) accounted for most of the
problems encountered in their study. A systematic review of
the use of EMA methods with youth found that software and
hardware malfunctions and connectivity issues were common
across many EMA studies [51]. As technical issues can
significantly impact data collection and ongoing participation,
efforts should be made to provide ongoing technical support to
help troubl eshoot software and hardware problems. Piloting the
phone and app prior to the start of the study may help mitigate
potential issues; however, lost phoneswere asignificant problem
in this study, and piloting may not always be feasible in this
popul ation.

Y EH had several recommendations for future EMA research.
They emphasized theimportance of providing real -time support
for themselves and their peers during hard times. For example,
youths identified during the EMA as having suicidal thoughts
or who are feeling severe depressive symptoms could be
connected to crisis personnel for help. Aside from additional
support, youths also wished for “normal” interactionsand more
goal-related questions. For instance, they wanted to be asked
how they were doing and about their plansfor the future. These
findings reflect the perceived stigma YEH experience; being
seen as difficult or different from other "normal" youth are
negative stereotypes [52]. Including questions unrelated to
mental health or high risk behaviors may help to minimize this
stigma and signal to YEH that they are valued as a whole
individual. Youths also expressed the desire to receive
motivational messages to help them through difficult times.
Previous studies observed that youths were particularly
interested in receiving motivational messages, tips on staying
cam, and advice on how to navigate relationships [17,39].
Integrating these preferences into the EMA may improve
acceptability and survey compliance.

This study aligns with current literature that EMA has high
acceptability and utility with YEH. Severa of the findings are
similar to those found in stably housed youth; however, the
unique challenges faced by YEH and the potential of EMA to
impact high risk behaviors are highlighted in this study.
Although findings suggest a positive perceived behavior impact,
more studies are needed to examine the direct relationship
between EMA and behavior change, the impact of assessment
reactivity on EMA data, and the sustainability of change
postintervention. This study adds to the literature by providing
recommendations for EMA research from the perspectives of
YEH. Future research is needed to identify strategies for
involving Y EH in EMA development and understanding barriers
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to participation and compliance. Future EMA studies would
benefit from incorporating just-in-time adaptive messages that
respond in real-timeto EMA dataand generate youth-devel oped
motivational, health-promoting messages. Additional trials
should be conducted to assess the behavioral impacts of EMA.

Limitations

This study has several limitations. Asthisisasingle-site study
with a relatively small sample size, the generalizability of
findingsto other populationsof Y EH islimited. The experiences
reported here may be unique to those who chose to participate
in exit interviews; these youths may have had more positive or
negative experiences, which may not be reflective of the
experience of al the youths who participated in the original
EMA study. There is also an underrepresentation of LGBTQ
youth in the sample; estimates suggest that up to half of the
general Y EH populationidentify asLGBTQ[53]. Asdatawere
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collected from both individual and group interviews, morevocal
participants might have disproportionately impacted specific
themes; however, all effortsto obtain exemplars from adiverse
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Conclusions

Findings from this study describe a positive perceived behavior
impact on youth high risk behaviors; however, more studiesare
needed to fully understand the direct effect of EMA on behavior
change among alarger and more diverse Y EH population. EMA
methods are highly acceptable to YEH, but technology and
connectivity issues serve as significant barriersto participation
and survey compliance. The development of future EMA studies
should involve Y EH to ensure the authenticity of surveys and
address their specific needs.
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Abstract

Background: Social media platforms have experienced unprecedented levels of growth and usage over the past decade, with
Facebook hosting 2.7 billion active users worldwide, including over 200 million usersin the United States. Facebook users have
been underutilized and understudied by the academic community as a resource for participant recruitment.

Objective:  We performed a pilot study to explore the efficacy and cost-effectiveness of Facebook advertisements for the
recruitment of an online agricultural health and safety survey.

Methods: We undertook a 1-week advertising campaign utilizing the integrated, targeted advertising platform of Facebook Ads
Manager with a target-spending limit of US $294. We created and posted three advertisements depicting varying levels of
agricultural safety adoption leading to a brief survey on farm demographics and safety attitudes. We targeted our advertisements
toward farm mothers aged 21-50 yearsin the United States and determined cost-effectiveness and potential biases. No participant
incentive was offered.

Results: We reached 40,024 users and gathered 318 advertisement clicks. Twenty-nine participants consented to the survey
with 24 completions. Including personnel costs, the cost per completed survey was US $17.42. Compared to the distribution of
female producers in the United States, our advertisements were unexpectedly overrepresented in the eastern United States and
were underrepresented in the western United States.

Conclusions: Facebook Ads Manager represents a potentially cost-effective and timely method to recruit participants for online
health and safety research when targeting a specific popul ation. However, social mediarecruitment mirrorstraditional recruitment
methodsin its limitations, exhibiting geographic, response, and self-sel ection biases that need to be addressed.

(IMIR Form Res 2021;5(4):€19022) doi:10.2196/19022

KEYWORDS
Facebook; recruitment; advertisement; agriculture; health; safety; survey; online

have shifted, researchers are increasingly looking to these

Introduction systemsfor potentia recruitment to address current challenges.

Researchers are facing a range of issues in recruiting Facebook is the largest social media platform with over 1.8

participants, including decreasing response rates and increased
difficulties in reaching participants through traditional modes
such as phone and paper [1-3]. In turn, these challenges are
associated with increased recruitment costs. Asthe presence of
social mediahasincreased and as our communication strategies

https://formative.jmir.org/2021/4/€19022

billion daily active users and 2.7 billion monthly active users
[4]. Of these, over 200 million usersare within the United States.
This high proportion of users allows Facebook advertising to
reach potential research participants in a short period of time.
Asof 2019, up to 90% of US adults use the internet, a number
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that has been steadily growing [5]. Additionally, although 24%
of Americans do not have an internet connection at home, 17%
of total US adults use a smartphone without home internet
access, thereby increasing the feasibility of internet-based
research [6].

One of thelargest barriersin recruitment is cost. Mailed survey
costs are relatively evenly distributed, ranging from US $6.51
to $30.24; however, this includes high personnel costs [7-9].
Telephone surveys have been observed to range from US $29
to $99 per participant, also requiring high personnel costs
[10,11]. Some online health and behavioral studies reported
costsaslow as US $0.64 per participant, whereas othersreported
costs up to US $33 per participant; however, the median cost
tends to be skewed toward the lower end of the scale [12-15].

Both telephone and mailed surveys require preexisting
information to reach atargeted popul ation, whereas Facebook’s
integrated Ads Manager utilizes its internal user data to
determine such demographics. However, this broad targeting
introduces further concerns over multiple biases [13,16].
Although moretraditional recruitment methods have been used
and evaluated for agricultural populations, often with mixed
results, our review of the literature indicates that there has been
little datareported on the use of Facebook or other social media
platformsfor recruitment [17-21]. Therefore, we undertook this
pilot study to investigate the effectiveness of targeted
advertisements on Facebook as atool to recruit participantsin
the agricultural sector, and to assess possible self-selection and
geographic biases in this sampling method.

Methods

To determinethefeasibility and cost-effectiveness of Facebook
advertisements for an agricultural health and safety survey, we
ran an advertising campaign consisting of three separate
advertisements, each with a different agricultural image. The
campaign was performed on Facebook from March 9, 2020 to
March 16, 2020 at a total cost of US $294, distributed evenly
among the three advertisements. Images were selected based
on the apparent safety adoption displayed to determine if
advertisement imagery affected performance. Thisincluded low
(overturned tractor), neutral (child feeding a calf), and high
(woman sweeping abarn infull personal protective equipment)
safety adoption (see Multimedia Appendicies 1-3 for examples
of advertising images). These advertisements were run
concurrently through the National Children’s Center for Rural
and Agricultural Health and Safety (NCCRAHS) Facebook
page. We investigated the cost per click, cost per participant,
and potential geographical biases that arose during this
campaign.

https://formative.jmir.org/2021/4/€19022
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We chose the following inclusion criteria to target our
advertisements: individual s currently living in the United States,
identified as female, within the ages of 21-50 years, and had a
“role,” asdefined by Facebook, in Farming, Fishing, or Forestry
(FFF; delineated by Facebook as Demographics > Work >
Industries > FFF). Facebook reported 170,000 eligible users
according to these criteria. This campaign directed users who
clicked on the advertisement to an online, REDCap-hosted
consent document outlining a novel open 10-item survey
ng farm family demographics, viewson child agricultura
safety, and open-ended feedback on the Facebook advertisement
they were shown [22,23]. This survey was devised in
anticipation of a research project assessing the impacts of
relevant news media on farm mothers' knowledge, attitudes,
and behavioral intentions toward childhood agricultural safety.
No financial incentive was provided for participation. The
survey instrument, consent form, and protocol for this study
were deemed exempt from review by the Marshfield Clinic
Research Institute Institutional Review Board.

We investigated the geographic distribution of advertisements
by comparing Facebook’s advertisement targeting system
performance to an expected distribution based on the number
of female producers at the state level [24]. We then mapped the
ratio of expected to observed reach of the advertisements.

Results

Over this 1-week period, the total reach of the advertising
campaign (measured by number of views) was 40,024 and 318
users clicked on one of the advertisements, representing aclick
rate of 0.79% (Table 1). Of these 318 visitors, 29 consented to
the survey, representing a participation rate of 9.1%, with 24
fully completing the survey for a completion rate of 83%. This
yields acompleted response rate of 0.06% out of thetotal reach
and 7.5% out of thetotal clicks. Thetotal cost per click for this
study was US $0.92, whereas the cost per participant was US
$10.14. With the 17% dropout rate (completed surveys vs
consenting participants) and a total personnel cost of US $31
per hour at 4 hours, the total cost per completed survey wasUS
$17.42.

The neutral advertisement depicting a child feeding a calf
generated the most clicks with 122 out of 318 total clicks
(38.4%). However, the image of a young woman sweeping the
barn had the highest click rate at 0.84% (Table 1).

Advertisements were posted more often than expected in eastern
states, whereas western states (excluding California, Nevada,
and Utah) tended to be overrepresented compared to the
distribution of female producers (Figure 1). There was no
observed differencein geographical distribution among thethree
advertising images.
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Table 1. Reach and click rate of advertisement images.

Burkeet d

Advertisement image Reach (N) Click rate, n (%)
Overturned tractor 14,240 102 (0.72)
Child feeding calf 14,652 122 (0.83)
Woman sweeping 11,132 94 (0.84)

Total 40,024 318 (0.79)

Figurel. Ratio of observed to expected geographical distribution of Facebook ads. Data obtained from the United States National Agricultural Statistics

Service 2017 Census of Agriculture.

Ratio of Observed to Expected Distribution
of Facebook Advertisements
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Discussion

Principal Findings

Thispilot project aimed to determineif Facebook AdsManager
could be a useful tool for recruiting samples of the agricultural
population for online health and safety surveys. The current
adoption of Facebook and other social media in the United
States, as well as increasing rates of internet access, show
promise for future research to be performed in part or entirely
online.

We reached over 40,000 Facebook users at a cost of US $294
and generated atotal cost per completed survey of US $17.42.
Thisiscomparableto other observed costs ranging between US
$0.64 and $33 for online health and behavioral studies; however,
we were unable to identify any published studies that utilized
Facebook AdsManager for recruiting an agricultural population

https:/formative.,jmir.org/2021/4/€19022

XSL-FO

RenderX

such asfarmers, ranchers, farm or ranch parents, or farmworkers
specifically [12-15]. It should be noted that as advertisements
approach the total sampling frame for a study, thereisthe risk
of reaching saturation among the target population, meaning
that individualswill be shown the same advertisement multiple
times. Further research is needed to determine what diminishing
returns, if any, exist when recruiting larger sample sizes and
showing a single advertisement multiple times to the same
people.

Limitations

This pilot study had several limitations. First, our study had a
remarkably small final response rate of 0.06% based on total
reached (N=40,024) and of 7.5% based on total clicks (N=318).
Facebook and other online methods of recruitment allow for
high scalability with relatively low cost. However, with this
low responserate, it ispossiblefor other, larger samplesto reach
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alevel of saturation among the target population, resulting in
advertisements being shown multiple times to potential
participants.

Additionally, this study exhibited a level of geographic bias
that was algorithmically determined by the Facebook Ads
Manager platform. Facebook users across multiple states were
shown the advertisement a disproportionately high or low
amount when compared to the expected target population
residing in those states. Although online studies allow for ease
in reaching national and international samples, the risk of bias
remains prominent, and appropriate measures should be taken
to adjust or account for these discrepancies (eg, dataweighting,
stratification, quota sampling).

We did not offer or disburse any financia incentive for
participation. Although we had 318 visits to the survey, only
29 visitors consented to participate and 24 fully completed the
survey. We were also unable to accurately measure response
rates and completion ratesfor each advertisement image. Future
studies should ensure that the survey infrastructure is set up to
measure and assess these potential differences. This campaign
was administered via the NCCRAHS Facebook Page, which
then appeared as the host organization ads, and may have
influenced which respondents engaged with the adverti sements,
inturn affecting click rates and completion rates. The provision
of compensation could help increase the participation and
completion rates; however, measures should be taken to control
for the additional self-selection bias such measures could
introduce.

It should be noted that we do not have full control over, or
knowledge of, Facebook’ s mechanismsfor targeted advertising.

Acknowledgments
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The woman sweeping advertisement had lower reach than the
other images, as determined by Facebook, but had the highest
click rate. Additionally, Facebook reported 170,000 women,
aged 21-50 years, who have a role in FFF. The National
Agricultural Statistics Service 2017 Census estimated over
500,000 female agricultural producers between the ages of 21
and 50 years in the United States; this does not include farm
hands or women whose spouse works in agriculture [24].

Future Work

We arguefor additional research to make use of theserelatively
underutilized resources alongside sufficient measuresto control
for geographic and response biases, aswell as misrepresentation
and datavalidity. Future research should include dataweighting,
verifying consistent responses across similar questions, and
“insider knowledge” questions [25,26]. More in-depth studies
and analyses could offer insight into additional methods for
applying these methods to online survey studies and how these
methods may differ for agricultural populations.

Conclusion

We were successful in using Facebook Ads Manager to recruit
asample of an agricultural population for an online health and
safety survey in a short time frame. We observed |ow response
rates, which were counteracted by alarge advertisement reach.
This method shares many limitations with traditional survey
recruitment methods and requires appropriate measuresto limit
potential biases. Future research is needed to determine the
effectiveness of Facebook Ads Manager on recruiting a large
agricultural population and if this method is sustainable.

The authorswould like to thank Dr. Florence Becot of the National Farm Medicine Center for her help in reviewing this manuscript.
Funding was provided through the National Farm Medicine Center, the Marshfield Clinic Research Institute, and the National
Children’s Center for Rural and Agricultural Health and Safety viathe CDC/NIOSH (grant number U540H009568-11-00).

Authors Contributions

All authors participated in the conception or design of the work; the acquisition, analysis, or interpretation of data for the work;
drafting thework and revisingit critically for important intellectual content; final approval of the version to be submitted/published;
and all agree to be accountable for all aspects of the work in ensuring that questions related to the accuracy or integrity of any
part of the work are appropriately investigated and resolved.

Conflictsof Interest
None declared.

Multimedia Appendix 1
Preview of low safety adoption advertisement.
[PNG File, 709 KB - formative v5i4e19022_ appl.png ]

Multimedia Appendix 2
Preview of neutral safety adoption advertisement.
[PNG File, 813 KB - formative v5i4€19022 app2.png ]

Multimedia Appendix 3

https://formative.jmir.org/2021/4/€19022 JMIR Form Res 2021 | vol. 5 | iss. 4 [€19022 | p.35

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=formative_v5i4e19022_app1.png&filename=a0961019eab653366a252004aff5fdeb.png
https://jmir.org/api/download?alt_name=formative_v5i4e19022_app1.png&filename=a0961019eab653366a252004aff5fdeb.png
https://jmir.org/api/download?alt_name=formative_v5i4e19022_app2.png&filename=fa560db8fde3983446fffbea824a33dd.png
https://jmir.org/api/download?alt_name=formative_v5i4e19022_app2.png&filename=fa560db8fde3983446fffbea824a33dd.png
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Burkeet a

Preview of high safety adoption advertisement.
[PNG File, 914 KB - formative v5i4€19022_app3.png |

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Kennedy C, Hartig H. Response rates in tel ephone surveys have resumed their decline. Pew Research Center. 2020. URL :
https.//www.pewresearch.org/fact-tank/2019/02/27/response-rates-in-tel ephone-surveys-have-resumed-their-decline/
[accessed 2020-12-08]

Stedman RC, Connelly NA, Heberlein TA, Decker DJ, Allred SB. The end of the (research) world as we know it?
Understanding and coping with declining response ratesto mail surveys. Soc Nat Resource 2019 Mar 29;32(10):1139-1154.
[doi: 10.1080/08941920.2019.1587127]

Czajka J, Beyler A. Declining response rates in federal surveys: trends and implications. Mathematica Policy Research
Reports. 2016 Jun 15. URL : https.//aspe.hhs.gov/system/fil es/pdf/255531/Decliningresponserates.pdf [accessed 2020-12-08]
Facebook 1Q Insightsto Go. Facebook for Business. 2020. URL : https.//www.facebook.com/ig/insights-to-go/ [accessed
2020-11-18]

10% of Americans don't use the internet. Pew Research Center Fact Tank. 2019. URL: https.//www.pewresearch.org/
fact-tank/2019/04/22/some-americans-dont-use-the-internet-who-are-they/ [accessed 2020-03-23]

Demographics of internet and home broadband usage in the United States. Pew Research Center Internet & Technology.
2019. URL.: https://www.pewresearch.org/internet/fact-sheet/internet-broadband/ [accessed 2020-03-23]

Sinclair M, O'Toole J, Malawaraarachchi M, Leder K. Comparison of response rates and cost-effectiveness for a
community-based survey: postal, internet and tel ephone modes with generic or personalised recruitment approaches. BMC
Med Res Methodol 2012 Aug 31;12:132 [FREE Full text] [doi: 10.1186/1471-2288-12-132] [Medline: 22938205]
Hardigan PC, Succar CT, Fleisher JM. An analysis of response rate and economic costs between mail and web-based
surveys among practicing dentists: arandomized trial. J Community Health 2012 Apr;37(2):383-394. [doi:
10.1007/s10900-011-9455-6] [Medline: 21858591]

Williams D, Edwards W, Giambo P, Kena G. Cost effective mail survey design. 2018 Mar Presented at: Federal Committee
on Statistical Methodology Research Conference; March 7-9, 2018; Washington DC URL: https.//nces.ed.gov/FCSM/pdf/
F4_Williams 2018FCSM.pdf

Potoglou D. Evidence on the comparison of telephone and internet surveys for respondent recruitment. Open Transport J
2012 Mar 22;6(1):11-22 [FREE Full text] [doi: 10.2174/1874447801206010011]

Duncan SC, Strycker LA, Duncan TE, Chaumeton NR. Telephone recruitment of arandom stratified youth sample for a
physical activity study. J Sport Exerc Psychol 2004 Aug 01;18(3):353-368 [FREE Full text] [doi:
10.1016/j.jaging.2004.03.001] [Medline: 19633736]

Ramo DE, Prochaska JJ. Broad reach and targeted recruitment using Facebook for an online survey of young adult substance
use. JMed Internet Res 2012 Feb 23;14(1):€28 [FREE Full text] [doi: 10.2196/jmir.1878] [Medline: 22360969]

Kosinski M, Matz SC, Gosling SD, Popov V, Stillwell D. Facebook as aresearch tool for the socia sciences: Opportunities,
challenges, ethical considerations, and practical guidelines. Am Psychol 2015 Sep; 70(6):543-556. [doi: 10.1037/a0039210]
[Medline: 26348336]

Greenlaw C, Brown-Welty S. A comparison of web-based and paper-based survey methods: testing assumptions of survey
mode and response cost. Eval Rev 2009 Oct;33(5):464-480. [doi: 10.1177/0193841X09340214] [Medline: 19605623]
LeeS, Torok M, Shand F, Chen N, McGillivray L, Burnett A, et a. Performance, cost-effectiveness, and representativeness
of Facebook recruitment to suicide prevention research: online survey study. IMIR Ment Health 2020 Oct 22;7(10):€18762
[FREE Full text] [doi: 10.2196/18762] [Medline: 33090115]

AdsManagement for Facebook. Facebook for Business. 2021. URL : https.//www.facebook.com/business/tool s/ads-manager
[accessed 2020-03-31]

Weigel C, Paul LA, Ferraro PJ, Messer KD. Challengesin recruiting U.S. farmers for policy - relevant economic field
experiments. Appl Econ Perspect Policy 2020 Sep 28:online ahead of print [FREE Full text] [doi: 10.1002/aepp.13066]
Glas ZE, Getson M, Gao Y, Singh AS, EanesFR, Esman LA, et al. Effect of monetary incentives on mail survey response
rates for midwestern farmers. Soc Nat Resource 2018 Nov 20;32(2):229-237. [doi: 10.1080/08941920.2018.1530815]
Wallander S, Ferraro P, Higgins N. Addressing participant inattention in federal programs: a field experiment with the
conservation reserve program. Am J Agric Econ 2017 Apr 19;99(4):914-931. [doi: 10.1093/ajae/aax023]

Buse RC. Increasing response rates in mailed questionnaires. Am J Agric Econ 1973 Aug;55(3):503-508. [doi:
10.2307/1239134]

Swenson A, Ploeckelman M, Salzwedel M, Weichelt B. Assessing Facebook advertising as arecruitment strategy for
in-person workshops. J Agromed 2020 Dec 06;25(3):261-262. [doi: 10.1080/1059924x.2020.1765614]

Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research electronic data capture (REDCap)--a
metadata-driven methodology and workflow process for providing transational research informatics support. J Biomed
Inform 2009 Apr;42(2):377-381 [FREE Full text] [doi: 10.1016/j.jbi.2008.08.010] [Medline: 18929686]

https://formative.jmir.org/2021/4/€19022 JMIR Form Res 2021 | vol. 5 | iss. 4 [€19022 | p.36

RenderX

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=formative_v5i4e19022_app3.png&filename=04b16f08cf932c7c58777d84f2a1716a.png
https://jmir.org/api/download?alt_name=formative_v5i4e19022_app3.png&filename=04b16f08cf932c7c58777d84f2a1716a.png
https://www.pewresearch.org/fact-tank/2019/02/27/response-rates-in-telephone-surveys-have-resumed-their-decline/
http://dx.doi.org/10.1080/08941920.2019.1587127
https://aspe.hhs.gov/system/files/pdf/255531/Decliningresponserates.pdf
https://www.facebook.com/iq/insights-to-go/
https://www.pewresearch.org/fact-tank/2019/04/22/some-americans-dont-use-the-internet-who-are-they/
https://www.pewresearch.org/fact-tank/2019/04/22/some-americans-dont-use-the-internet-who-are-they/
https://www.pewresearch.org/internet/fact-sheet/internet-broadband/
https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/1471-2288-12-132
http://dx.doi.org/10.1186/1471-2288-12-132
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22938205&dopt=Abstract
http://dx.doi.org/10.1007/s10900-011-9455-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21858591&dopt=Abstract
https://nces.ed.gov/FCSM/pdf/F4_Williams_2018FCSM.pdf
https://nces.ed.gov/FCSM/pdf/F4_Williams_2018FCSM.pdf
http://orca.cf.ac.uk/38107/1/11TOTJ.pdf
http://dx.doi.org/10.2174/1874447801206010011
http://europepmc.org/abstract/MED/19633736
http://dx.doi.org/10.1016/j.jaging.2004.03.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19633736&dopt=Abstract
https://www.jmir.org/2012/1/e28/
http://dx.doi.org/10.2196/jmir.1878
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22360969&dopt=Abstract
http://dx.doi.org/10.1037/a0039210
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26348336&dopt=Abstract
http://dx.doi.org/10.1177/0193841X09340214
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19605623&dopt=Abstract
https://mental.jmir.org/2020/10/e18762/
http://dx.doi.org/10.2196/18762
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33090115&dopt=Abstract
https://www.facebook.com/business/tools/ads-manager
https://onlinelibrary.wiley.com/doi/pdf/10.1002/aepp.13066
http://dx.doi.org/10.1002/aepp.13066
http://dx.doi.org/10.1080/08941920.2018.1530815
http://dx.doi.org/10.1093/ajae/aax023
http://dx.doi.org/10.2307/1239134
http://dx.doi.org/10.1080/1059924x.2020.1765614
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(08)00122-6
http://dx.doi.org/10.1016/j.jbi.2008.08.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18929686&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Burkeet a

23.

24,

25.

26.

HarrisPA, Taylor R, Minor BL, Elliott V, Fernandez M, O'Neal L, REDCap Consortium. The REDCap consortium: Building
an international community of software platform partners. J Biomed Inform 2019 Jul;95:103208 [FREE Full text] [doi:
10.1016/].jbi.2019.103208] [Medline: 31078660]

2017 Census of Agriculture. United States Department of Agriculture National Agricultural Statistics Service. 2017. URL:
https://www.nass.usda.gov/AgCensus [accessed 2020-03-27]

Kramer J, Rubin A, Coster W, Helmuth E, Hermos J, Rosenbloom D, et al. Strategiesto address participant misrepresentation
for eligibility in Web-based research. Int J Methods Psychiatr Res 2014 Mar;23(1):120-129 [FREE Full text] [doi:
10.1002/mpr.1415] [Medline: 24431134]

Pedersen ER, Kurz J. Using Facebook for health-related research study recruitment and program delivery. Curr Opin Psychol
2016 May;9:38-43 [FREE Full text] [doi: 10.1016/j.copsyc.2015.09.011] [Medline: 26726313]

Abbreviations

FFF: Farming, Fishing, and Forestry
NCCRAHS: National Children’s Center for Rural and Agricultural Health and Safety

Edited by G Eysenbach; submitted 01.04.20; peer-reviewed by MA Bahrami, E Da Slva, | Shubina, P Kanzow; comments to author
18.09.20; revised version received 11.12.20; accepted 17.01.21; published 07.04.21.

Please cite as:

Burke RR, Weichelt BP, Namkoong K

Facebook Ads Manager as a Recruitment Tool for a Health and Safety Survey of Farm Mothers: Pilot Sudy
JMIR Form Res 2021;5(4):€19022

URL: https://formative.jmir.org/2021/4/€19022

doi:10.2196/19022

PMID: 33825686

©Richard R Burke, Bryan P Weichelt, Kang Namkoong. Originaly published in JMIR Formative Research
(http://formative.,jmir.org), 07.04.2021. This is an open-access article distributed under the terms of the Creative Commons
Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in IMIR Formative Research, is properly cited. The complete
bibliographic information, a link to the original publication on http://formative,jmir.org, as well as this copyright and license
information must be included.

https:/formative.,jmir.org/2021/4/€19022 JMIR Form Res 2021 | vol. 5 | iss. 4 |€19022 | p.37

RenderX

(page number not for citation purposes)


https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(19)30126-1
http://dx.doi.org/10.1016/j.jbi.2019.103208
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31078660&dopt=Abstract
https://www.nass.usda.gov/AgCensus
http://europepmc.org/abstract/MED/24431134
http://dx.doi.org/10.1002/mpr.1415
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24431134&dopt=Abstract
http://europepmc.org/abstract/MED/26726313
http://dx.doi.org/10.1016/j.copsyc.2015.09.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26726313&dopt=Abstract
https://formative.jmir.org/2021/4/e19022
http://dx.doi.org/10.2196/19022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33825686&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Beerten et a

Original Paper

A Heart Rate Monitoring App (FibriCheck) for Atrial Fibrillation in
General Practice: Pilot Usability Study

Simon Gabriél Beerten*, MD, MSc; Tine Proesmans?, MSc; Bert Vaes!, MD, PhD

1Department of Public Health and Primary Care, KU Leuven, Leuven, Belgium
2Qompium, Hasselt, Belgium

Corresponding Author:

Simon Gabriél Beerten, MD, MSc

Department of Public Health and Primary Care
KU Leuven

Kapucijnenvoer 7 blok h - bus 7001

Leuven, 3000

Belgium

Phone: 32 16194050

Email: simon.beerten@kuleuven.be

Abstract

Background: Atrial fibrillation (AF) isamajor risk factor for stroke. The current opportunistic screening procedure consists
of pulse pal pation and an el ectrocardiogram when an irregular rhythm isfound. Smartphone appsthat measure heart rhythm could
be useful in increasing the detection of AF in aprimary care setting.

Objective: We conducted a pilot study with the smartphone app FibriCheck to assess whether the introduction of such an app
isfeasible.

Methods: Four general practices across Flanders provided patient data for the study. Inclusion criteria for participants were
aged 65 or older and a CHARGE-AF score of at least 10%. We excluded patients with known AF or a pacemaker. Participants
were asked to measure at |east twice a day with FibriCheck (for at least 14 days). They were provided the 36-1tem Short Form
Survey (SF-36) questionnaire both before and after the study, as well as different surveys concerning their user experience and
genera perception of technology.

Results: There were 92 participants (36 women and 56 men). The study population was relatively homogenous concerning risk
factors and medication use at baseline. During the study period, 5/86 (6%) participants were found to have AF (6 dropouts). The
average study period was 23 days and the average number of measurements per day was 2.1. Patient compliance was variable,
but high. On the whole, there were no appreciable changes in quality of life. The overall user experience and satisfaction were
very high.

Conclusions:  FibriCheck is a relatively easy-to-use smartphone app to complement AF screening in primary care. Its
implementation in this setting is certainly achievable, and one can expect high rates of patient compliance. Based on these results,
aplanned cluster randomized trial will be going ahead.

Trial Registration: Clinical Trials.gov NCT03509493; https://clinicaltrials.gov/ct2/show/NCT03509493

(IMIR Form Res 2021;5(4):e24461) doi:10.2196/24461

KEYWORDS
atrial fibrillation; smartphone app; FibriCheck; primary care

screening interventions seems useful [4]. Current best clinical
practice points to an opportunistic screening approach to detect
Atrial fibrillation (AF) has long been known asan independent AF: in which at-risk patients undergo routine pulse palpations
risk factor for stroke [1]. It is highly prevalent among older and electrocardiograms (ECGs) when an irregular rhythm has
patientsin primary care, and the incidence is seemingly on the Peen found [5,6]. Screening appears to be most cost-effective
rise[2,3]. Hospitalizations for stroke are an important financial ~ When done from age 65 [7]. Teking an ECG in routine general
burden to the society, so a strategy for early and cost-effective  Practice, however, isquitetime-consuming. Furthermore, given
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the sometimes paroxysmal nature of AF, it could be missed by
an opportunistic screening method during aroutine consultation
[8]. A significant proportion of these patients remain
undiagnosed [9]. Holter measurements and event recorders
could partialy remedy thisissue, but interpretationisagain very
time-consuming and unlikely to be very cost-effective [10].

Portable heart rate monitoring devices have recently been
introduced to provide an on-the-go way to check for arrhythmias
in general practice[11]. They could provide aconvenient add-on
to current opportunistic screening. Since the advent of
smartphones, efforts have been made to use the phone's built-in
camera to register heart rhythm via photoplethysmography
[11,12]. Today, various smartphone apps are available
[11,13,14], and they al perform well in terms of diagnhostic
accuracy and yield [15] and appear to be cost-effective [7].

In Belgium, the Hasselt-based firm Qompium has devel oped
one such smartphone app named FibriCheck. The diagnostic

Table 1. Overview of recruiting practices.

Beerten et a

accuracy of this app has already been studied previously [16].
An upcoming cluster randomized controlled trial will study its
efficacy as a diagnostic tool to facilitate screening. This pilot
study aimed to assessthe ease of use and implementation of the
FibriCheck app in a primary care setting.

Methods

Recruitment

Practices

This feasibility study ran from June to December 2017. Four
general practices across Flanders were recruited in this study
(Table 1). Every practice used different medical software to
code diagnoses and parameters: a deliberate choice to test the
ease with which data could be derived from each software
package. Each practice was asked to include around 20 patients.

Name of the practice Place Team Medical software
Huisartsencentrum Millegem Mol, Antwerp 4 GPs? MediDoc
Groepspraktijk Hoeilaart Hoeilaart, Flemish Brabant 6 GPs, 2 GP trainees CareConnect
Huisartsenpraktijk Keerbergen Keerbergen, Flemish Brabant 2 GPs, 1 GP trainees Windoc

Praktijk Gilissen Riemst, Limburg 2 GPs, 1 GP trainees Prodoc

8GP: general practitioner.

Participants

We opted to only include patients at high risk for AF to test the
suitability of the FibriCheck app. We only included the older
population, as AF ismore prevalent in thisgroup and they would
therefore benefit the most from thisintervention. There was no
control group. The 5-year risk of AF is commonly indicated
using the CHARGE-AF score [17]. This score was calculated
manually for each potential participant, by extracting the
necessary datafrom the patient file. Frailty score was calculated
according to Tocchi et a [18]. A score of 0 means no frailty, a
score of 1-3 meansincreased risk of frailty, and a score of 4 or
more indicates definite frailty.

We opted to exclude patients already on anticoagulants (the
mainstay of treatment for AF with higher cardiovascular risk),
as this screening intervention would probably not lead to any
relevant change in treatment for that population.

The inclusion criteria were (1) a CHARGE-AF score of 10%
or more and (2) aged 65 or older. Exclusion criteria were (1)
known or aready diagnosed AF (including known paroxysmal
AF), (2) patient has a pacemaker, (3) patient takes ora
anticoagulants, and (4) patient is unable to use a smartphone
app due to physical, visual, or cognitive impairment.

Upon selection, participants were asked to sign a consent form
to beincluded in the study.

Participants were given a unique coded account number, which
is linked to the specific FibriCheck app on their smartphone.

https://formative.jmir.org/2021/4/e24461

Smartphones were provided in case participants did not own
one themselves; othersjust had to install the app.

At recruitment and at the end of the study, an ECG and a
FibriCheck measurement were taken.

The time the physician spent to explain the study to the
participants and on educating them how to use the FibriCheck
app was registered.

In addition, physicians were asked to indicate what they would
have done if the FibriCheck app was not available (ie, if they
were not included in the study). There were 2 options: no action
(and wait for the patients to consult on their own) or advise a
follow-up consultation. Physicians could also indicate what
exactly they would have done without the availability of the
app, and how many consultations they normally anticipated
during a 1-year period.

Measurements

The FibriCheck app uses the smartphone's built-in camera to
measure the heart rate. The users are instructed to place their
finger on the cameraand wait for 60 seconds as a measurement
istaken, preferably in the seated position with the arm resting.

At the start of the study, participants were asked to measure at
least twice aday with the FibriCheck app and to indicateif they
experienced any symptoms preceding the measurement. The
minimum required measuring period was 2 weeks; theindividual
participant’s study period ended after a maximum of 4 weeks.
Patients were considered incompliant and excluded when there
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were no measurements for 2 weeks or more during the study
period, or if they were lost to follow-up.

After measuring, the FibriCheck app reviewed every
measurement immediately afterward, with 4 possible outcomes:
normal measurement (no tachycardia, no extrasystole, no
irregular rhythm; indicated in green), inadequate signal
(indicated in blue), measurement requiring urgent attention
(possible AF; not signaled to participantsin the context of this
pilot study), and warning (usually more than 4 extrasystoles, or
bradycardia or tachycardia: indicated in orange). Participants
were also able to indicate their stress levels with each
measurement. The score ranged from O (low stress) to 10
(highest stress) with step intervals of 2.5.

Quality of Life

Patients were asked to fill in the 36-Item Short Form Survey
(SF-36) questionnaire, to get an impression of their quality of
life at baseline. This survey contains 36 questions from various
health domains, such asphysical functioning or emotional health
[19]. It uses graded responses. answers corresponding to more
favorable health states receive higher scores (the minimum and
maximum being 0 and 100, respectively). The scores for the
guestions on a specific health domain are then averaged to
compileasubtotal score. Each participant was asked to complete
the questionnaire again at the end of the study period. The SF-36
guestionnaire has been validated for usein generd practice[20].
We used the Dutch trandlation in this study [21].

Technology Perception—App Usability

Participants were provided questionnaires at the beginning of
the study, concerning their perception and familiarity of current
technology. At the end of the study, a general questionnaire
about their use of the FibriCheck app was provided. Answers
were graded on a 5-step scale, ranging from “completely
disagree” to “fully agree” These questionnaires were created
by the authors and were not validated previously.

Statistical Analysis

A 2-proportion, 2-tailed Z test was used to analyze the difference
in risk factors and medication between male and femae
participants in the study. To compare the scores on the various
domains of the SF-36 questionnaire, we used a 2-tailed
Wilcoxon signed-rank test, as we did not assume normality.
The value for any missing item was imputed as the mean value
for nonmissing items.

We refrained from calculating the total average score of the
SF-36 questionnaire. This is often done to form an idea about
the general health of study participants. However, this supposes
a 50/50 equilibrium between the mental and physical aspects
of health, and this practiceis generally discouraged [22].

The minima clinicaly important difference for the
health-related SF-36 questionnaire was cal culated according to
earlier studies for similar populations [23,24]. We used a
distribution-based method, as an anchor-based method was not
feasible for this pilot study. A cut-off value of 1 standard error
of measurement (SEM) was used to define a meaningful
improvement or deterioration, inlinewith previous studies[24].

https://formative.jmir.org/2021/4/e24461
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The following formula was used to calculate the SEM, with ¢
being the SD of aparticular test and r the reliability coefficient
or Cronbach apha of the same test [23]:

oV(1-1)
Datafor thisformula, as applicable to the SF-36 questionnaire,
were gathered from the Medical Outcomes Study [25].

The answers to the questionnaires concerning technology
perception and usability of the FibriCheck app were weighted
according to importance: for instance, “completely agree” (or
asimilar answer) was assigned avalue of 2, “agree” avalue of
1, “completely disagree” avalue of —2, and so on.

For other data, we used descriptive statistics throughout.

Ethics Approval

This pilot study was approved by the Ethical Committee of
Hospital Zuid-Oost Limburg (Genk, Belgium) on June 6, 2017
(registration number B371201731704).

Results

Participants

A total of 92 participants were recruited from the 4 practices
listedin Table 1: (1) Huisartsencentrum Millegem (17 patients),
(2) Groepspraktijk Hoellaart (35 patients), (3) Huisartsenpraktijk
Keerbergen (20 patients), and (4) Praktijk Gilissen (20 patients).

There were 36 female and 56 male participants in the study
population. The mean age was 78 (SD 8.1; range 45-94 years).
Ultimately, we did include 4 patients under 65 who met the
other inclusion criteria. The rest of the population was 65 or

older. The mean BM| was 28.1 kg/m? (SD 4.6; range 17.3-42.7

kg/m?). In our study population, the mean frailty score was 2.6
with 21/92 participants (23%) having a score of 4 or more.

Before the study commenced, participants were asked whether
they had used a smartphone before or had the ability to use a
smartphone correctly. There was aresponse rate of 96% (88/92
participants). Intotal, 16% (14/88 participants) had asmartphone
and knew how it worked, 32% (28/88 participants) did not have
an idea of what to do with a smartphone, 13% (11/88
participants) had used a smartphone before and could manage,
while 40% (35/88 participants) had used a smartphone but found
they needed help.

At recruitment and at the end of the study, an ECG and a
FibriCheck measurement were taken. Before commencement,
93% of participants (86/92) were in sinus rhythm, 6% (5/92)
had ectopic beats, and 1% (1/92) had atrial flutter.

On average, physicians spent around 15 minutes to get
participants started with the smartphone and the app (range 5-40
minutes), and another 21 minutes to fill in the necessary
administrative paperwork (consent forms, patient education
leaflets, etc.; range 10-40 minutes).

The risk factors of the participants, as well as the different
medications they were taking at basdine, are listed in
Multimedia Appendix 1.

JMIR Form Res 2021 | vol. 5 | iss. 4 |€24461 | p.40
(page number not for citation purposes)


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

JMIR FORMATIVE RESEARCH

Physicians would have chosen the “wait and see” approach for
67/92 patients (73%), if the FibriCheck app would not have
been available. In this scenario, they anticipated on average
between 2 and 3 consultations over a 1-year period. The mean
CHARGE-AF score for participants in the “follow-up” group
was 20.89, whereasthat in the “wait and see” group was 18.60.

M easur ements

There were 24 consultations with 18/92 patients (20%) purely
because of aFibriCheck finding, aswell as 3 hospital admissions

Table 2. Rhythms detected during the study (N=86).2

Beerten et a

(3%) indirectly resulting from a finding on the app. All the
aberrant rhythms detected during and at the end of the study are
summarized in Table 2.

The average participant study period was 23 days. Participants
conducted an average of 49.5 measurements during that time,
which amounts to 2.1 measurements per day. Figure 1 shows
the average number of measurements for each participant as a
line. The “2 measurements per day” criterion is highlighted,
which gives an idea about participant compliance.

Heart rhythm Value, n (%)
Ectopic beats (SVESP/VES®) 10 (12)
Tachycardia 2(2

Atrid fibrillation 5(6)

85ix dropouts: 4 exclusions by patient request, 2 excluded due to incompliance.

bSVES: supraventricular extrasystoles.
SVES: ventricular extrasystoles.

Figure 1. Average number of measurements per day, per participant.

8

Measurements/day
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A total of 4489 validated measurements were taken for 90
participantsin total. Approximately 71% of participants (64/90)
had 2 or more measurements per day. A summary of the most
common symptoms accompanying the measurements is
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displayedin Figures 2 and 3. M ost measurements did not report
asymptom and for each measurement multiple symptomscould
be reported. There were atotal of 3313 measurements that had
astress level registered. The mean stress level was 2.29.
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Figure 2. Proportion of reported symptoms (N=4449); 40 measurements were not validated by the algorithm due to connection errors.
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Figure 3. Number of different FibriCheck measurements (N=4449); 40 measurements were not validated by the algorithm due to connection errors.
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Quality of Life

In total, 54 participants filled in the SF-36 questionnaire at the
start of the study. We excluded 4 patientsfrom thefinal analysis,
because they failed to complete the questionnaire at the end of
the study. Multimedia Appendix 2 shows the results for the 50
participants who completed the questionnaire.

Technology Perception and App Usability

Thedataon the technology perception, gathered at the beginning
of the study, and the data on the use of the FibriCheck app, are
summarized in Multimedia Appendix 3. The specific questions
belonging to each category, together with their weighting, can
be found in Multimedia Appendices 4 and 5. Results are
weighted according to the different response categories. more
positive or more negative responses are thus weighted
accordingly. For purposes of readability, we did not plot the
neutral answers. The response rates for the technology and
FibriCheck surveys were 89% (82/92 participants) and 77%
(71/92 participants), respectively.

Participants were most satisfied with the following aspects of
the app: simplicity (52/71, 73%), on-the-go heart rhythm
analysis (52/71, 73%), and the possibility to be followed
remotely (48/71, 68%).

https://formative.jmir.org/2021/4/e24461
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Discussion

Principal Findings

This pilot study concerned the ease of use and implementation
of the AF case-finding app FibriCheck in primary care. The
study population was rather homogenous, and smartphone
familiarity at baseline was relatively poor. We found a high
measurement compliance, with most participants finding the
app easy to use. AF was detected in 5/86 participants (6%).
Overall, the user experience was positive, and most participants
agreed the app gave them a feeling of reassurance and could
benefit their doctor—patient relationship.

Participants

This pilot study merely focused on the feasibility of the
introduction of an AF case-finding app in aprimary care setting.
As we were testing the app itself rather than its effect on the
detection rate of AF, wedid not add acontrol group and focused
only on those patients we thought would benefit the most from
such an app.

The study population of 92 participants was predominantly
male, but there were no differences between men and women
regarding risk factors and medication use at baseline. However,
the proportion of men with a history of thrombosis or peripheral
vascular disease was significantly greater (P=.02 for both). In
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addition, our study population was generally overweight, so it
might not be representative of the average genera practice
popul ation.

Smartphone familiarity was rather poor in our study. Use of
smartphones does tend to be lower in older populations, for
reasons such asalack of interest in current technol ogies, visual
impairments, or financial problems [26]. However, most
participantsin our study had no problems using the FibriCheck
app. Therewas some preliminary work involved in acquainting
participants with the app, which took around 15 extra minutes
in our study. Thisis not extraordinary, though quite significant
in the daily schedule of ageneral practitioner.

M easur ements

Animportant feature of this pilot study was patient compliance.
Asthiswasapreliminary study in anticipation of alarger cluster
randomized trial, we set the bar for noncompliance quite low:
only participants with no measuring activity for 2 weeks or
more were excluded from the study.

The 2-week mark proved easy to reach: the average study period
was 23 days. This timeframe was chosen deliberately, as 14
days seem to be a sufficient time to detect most AF cases[27].
The average number of measurements per day was 2.1, with a
large spread (Figure 1). Around 71% (64/90) of participants
measured twice aday or more. Methodologically similar studies
found compliance rates ranging from 75% to 95% [13,27],
whereas in another study the measurements were performed in
the presence of atrained personnel [14].

The proportion of participants with AF in this study was 6%
(5/86), higher than other comparable studies or the general
population [13,27,28], most likely because we only included
high-risk patients and possibly because of the effect of
screening. Another device study [14] differed in the study
design, which makes comparison difficult. The most indicated
symptomswhen conducting a FibriCheck measurement (if there
were any) were fatigue and palpitations, in line with findings
from asimilar study [13].

Quiality of Life

We asked participants to compl ete the SF-36 questionnaire both
before and after the study, to see if there were any appreciable
changesin quality of life. There were no changesin any of the
SF-36 health domains, except for Emotional Well-being, which
showed a significant decrease (P<.001). This could be due to
any number of factors: added stress dueto the enrollment inthe
study in general, or anxiety because of preoccupation with heart
disease in particular, possibly amplified by having to test the
heart rhythm at least twice a day. Patient anxiety could
potentially be diminished when the device does not give direct
feedback about the results, asin an ECG app [13].

Beerten et a

Technology Perception and App Usability

The participantsin our study were very accepting of the current
technology and very open to try the FibriCheck app, as most
could see its benefit if data protection was properly ensured.
Another study found that technology acceptance among the
elderly seemsto beincreasing, provided certain barriers (privacy
issues and design) are well taken care of [29]. The FibriCheck
app was found to be easy to use, and it gave most participants
a feeling of reassurance and safety. They aso believed it
improved their doctor—patient relationship.

Strengthsand Limitations

This was the first study to assess the feasibility of integrating
the FibriCheck app in a primary care setting. The study
population was sufficiently homogenous to be able to draw
some relevant conclusions. There was no control group, asthis
was merely afeasibility study. A comparison with routine care
was thus not possible.

Overdll, there were varying amounts of missing data, though
generaly not very much (up to 4.0% [26/644 data points] for
the demographic data) and at acceptable levelsfor the different
surveys. We decided to ignore missing data when reporting
descriptive statistics but opted for mean value imputation in the
surveys.

Conclusions and I mplications for Practice

Integrating a smartphone app such as FibriCheck in primary
care seemsto be an easy way to complement routine screening.
We found high rates of patient satisfaction, reassurance, and
compliance. Smartphone familiarity might still be an issue,
although most participants of this study had no problem using

the app.

The findings in this study pave the way for the routine use of
new technology in a genera practice setting. Given the
widespread use of smartphones, screening apps could be a
cost-efficient way of complementing routine care with smart
technology. Apps like FibriCheck could potentialy increase
AF detection in general practice, compared with traditional
screening, decreasing the burden of associated morbidity and
mortality. As technology acceptance among the elderly will
continue to increase, so will the relevance of screening apps.
Cost—benefit issues and potentia barriers to large-scae
implementation have yet to be identified.

A cluster randomized trial, to compare the diagnostic yield of
FibriCheck with usua care, is planned (ClinicalTrias.gov
NCT04545723). In short, the results of this pilot study indicate
that the implementation of a smartphone screening app in
genera practiceis easy and feasible, which could guide future
trials by shifting the focus away from practical issues, toward
the specifics of screening and diagnosis.
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Abstract

Background: Despite the rapid adoption of electronic health records (EHRS) resulting from the reimbursement program of the
US government, EHR adoption in behavioral hospitalsis still slow, and there remains a lack of evidence regarding barriers and
facilitators to the implementation of mental health care EHRs.

Objective: The aim of this study is to analyze the experience of mental health professionals to explore the perceived barriers,
facilitators, and critical ideas influencing the implementation and usability of a mental health care EHR.

Methods: In this phenomenological qualitative study, we interviewed physicians, nurses, pharmacists, mental health clinicians,
and administrative professional s separately at 4 behavioral hospitalsin the United States. We conducted semistructured interviews
(N=43) from behavioral hospitals involved in the adoption of the mental health care EHR. Purposeful sampling was used to
maximize the diversity. Transcripts were coded and analyzed for emergent domains. An exploratory data analysis was conducted.

Results: Content analyses revealed 7 barriers and 4 facilitators. The most important barriers to implementing the mental health
care EHR were the low levels of computer proficiency among nurses, complexity of the system, alert fatigue, and resistance
because of legacy systems. This led to poor usability, low acceptability, and distrust toward the system. The magjor facilitators to
implementing the mental health care EHR were well-executed training programs, improved productivity, better quality of care,
and the good usability of the mental health care EHR.

Conclusions: Health care professionals expected to enhance their work productivity and interprofessional collaboration by
introducing the mental health care EHR. Routine education for end users is an essential starting point for the successful
implementation of mental health care EHR €lectronic decision support. When adopting the mental health care EHR, managers
need to focus on common practicesin behavioral hospitals, such as documenting structured datain their organizations and adopting
a seamless workflow of mental health care into the system.

(JMIR Form Res 2021;5(4):€18764) doi:10.2196/18764
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Introduction

Background

Mental illnesses are common and costly for patients and their
families. It is estimated that in 2017, 970 million people
worldwide had a psychiatric or substance use disorder. The
largest number of people had an anxiety disorder, estimated at
approximately 4% of the population [1]. More than half of
Americanswill have had aclinically significant mental illness,
such as a psychotic disorder, a major depressive disorder, an
anxiety disorder, or a substance use disorder [2]. People with
mental illnesses also have higher rates of coexisting medical
diseases, lower life expectancies, and health care costs that are
2-3timesthose of peoplewithout mentdl illnesses[3]. If medical
information is shared and managed between medical ingtitutions,
this problem can be effectively managed by reducing duplicate
prescriptions and proactively detecting and intervening in
psychiatric problems. Prerequisitesfor the exchange of medical
information are the dissemination of electronic health records
(EHRS).

The Health Information Technology for Economic and Clinical
Health (HITECH) Act was prompted in 2009 by evidence that
the use of EHR can improve the quality of care delivered [4].
HITECH drove annual increasesin EHR adoption by 8% points
after implementation of the act’'s incentive program [5,6].
However, EHR use in mental health settings is still lagging
behind. Compared with general medicine and surgical hospitals
possessing certified EHRS, only 49% of psychiatric hospitals
have certified EHRs as of 2017. The number is lower than
rehabilitation (89%), children’s (87%), and acutelong-term care
(59%) hospitals[6,7].

Previous Studies

Previous studies have suggested that the use of EHRs has greatly
impacted the waysin which health care professional s document
and manage patient information [8-11]. Functions in mental
health care EHRs as well as their provision in hospitals are
important. In fact, previous studies revealed that 27.7% of
patients with bipolar disorder and 27.3% of patients with
depression lacked a diagnosis of their mental illness in their
primary care EHRs. Furthermore, data on mental health
patient-provider encounters occurring in nonprimary care
settings were often completely absent from the primary care
record [12]. A previous study suggested that 3 prominent
barriers to the adoption of mental health care EHRs should be
considered: complex privacy-related laws and regulations,
inadequate financial incentives, and assistance for psychiatric
providers[2]. Another study suggested that EHRS designed for
mental health care must satisfy the needs of clinicians for the
successful uptake of necessary information and improvement
in patient experience to disseminate them efficiently [13].
Although a number of studies have evaluated the effectiveness
of EHRs, there have been few studieson barriersand facilitators
to the adoption of mental health care EHRs from the perspective
of mental hedth clinicians, nurses, pharmacists, and
administrative professionals in mental hospitals.

https://formative.jmir.org/2021/4/€18764
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Aim

The objective of thisstudy isto analyze barriers and facilitators
to the adoption of mental health care EHR. To address them,
wethoroughly interviewed end userswith aqualitative research
method when they make transition from paper medical
documentsto EHRs.

Methods

Design

In this study, we used phenomenology. It is an approach to
qualitative study that focuses on the commonality of an
experience within a participating group. Through a
phenomenological approach, we aim to construct a universal
meaning of experience. By conducting a qualitative analysis
based on semistructured interviewswith mental health clinicians
and administrative professional's, we sought to explore barriers,
facilitators, and ideas regarding theimplementation and usability
of a mental health care EHR. This study followed the
Consolidated Criteria for Reporting Qualitative Research
Guidelines (Multimedia Appendix 1 [14]).

Setting and Participants

This study was conducted at 4 behavioral hospitals under the
same parent corporation. The hospitals provide both inpatient
and outpatient services for mental health and substance abuse
treatmentsin 2 states.

In 2017, corporate leaders decided to implement an EHR. Owing
to the lack of sophisticated behavior-oriented EHR systems,
they launched aproject to customize an advanced medical EHR
into a behavioral version by tailoring it to the workflow of
behavioral hospitals. The long-term goal was to adopt this
mental health care EHR, called BESTCare 2.0B, across all the
behavioral hospital branches after successfully implementing
a standardized mental health care EHR in the first hospital
[15-17].

The pilot project was initiated at a behavioral hospital in
Cadlifornia. The hospital was selected because it was the most
acute hospital with more complicated workflows than its sister
hospitals. A group of clinicians and business analysts from the
vendor underwent a 2-month on-site gap analysis. They then
worked with information technology engineersfor 6 monthsto
customize a general hospital’s EHR into a behavior-specific
version.

One of our researchers, DL, is a business anayst who
participated in developing a standardized version of the mental
health care EHR for the Aurora hospitals. In the pilot project,
he analyzed the paper-based workflow by determining
requirements, hel ped to design the To-Be process, and suggested
aternatives. He aso trained physicians, nurses, pharmacists,
mental health clinicians, and administrative professionals before
theimplementati on; supported the go-live process; and followed
up with modification requests from 2 hospitals located in
Cdlifornia. With his extensive experience in the mental health
care EHR implementation project and with the help of other
trainers, the study participants were selected through purposive
sampling. We concluded candidates to be suitable for the
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interview based on the following criteria: (1) must be an active
user of the mental health care EHR; (2) is identified as a
representative of their job group in having a profound
understanding and is responsible for knowledge management
inside the department; or (3) must be at a management level
and must be well acquainted with the electronic process with
the mental health care EHR. Then we contacted the CEO and
directorsto schedulethe interview with theidentified candidates.
However, as some of the candidates were unavailable during
the interview sessions, we asked the directors to recommend a
substitute who best matched the aforementioned criteria
Therefore, thisstudy had originally planned purposive sampling
but conducted snowball sampling to find the rest of the study
participants. As for the quota, we mainly focused on studying
users with a clinical background, such as physicians, nurses,
pharmacists, and mental health professionals. The study only
included afew administrative professionalswho best represented
their job group, as stated in the criteria. As many physicians
from hospital A submitted requirements, suggestions, and
feedback while developing the standardized version of the
mental health care EHR, the largest number of physicianswere
interviewed as they best understood the system and its
implementation. Hospital B was relatively smaller in size than
hospitalsA, C, and D and had fewer staff to interview. However,
because of fewer human resources, administrative departments
such as Health Information Management (HIM) were much
morein need of using and maximizing the benefits of the mental
health care EHR. They were recommended for the interview
by others as acknowledged to be thoroughly aware of how the
system works. Only one pharmacy director ran the inpatient
pharmacy in all 4 hospitals, and they were all interviewed. The
director of clinical services in hospital A had retired and was
unavailable.

Textbox 1. Semistructured interview questionnaire.

Jung et a

One of the criteria for purposefully selecting our research
participants was that the person had to be identified as a
representative of their job group in terms of having a profound
understanding and should be responsible for knowledge
management inside the department or had to be at a director
level and well acquainted with the electronic process. To identify
these participants, we collected opinions from mental health
care EHR trainers who also supported each department at the
time of go-live process. In addition, we had the director from
each department confirm that they are suitablefor theinterview
when asking to schedul e the time. However, in terms of gender
ratio, age distribution, and experience of EHRS, there were
apparent limitations because when considering these aspects,
not all participants fit into the aforementioned criteria. For
example, all physician participants who met the criteria were
male. Of the 20 nurses, 15 werefemale and 5 were male. More
than half of them were in the age group between 31 and 40
years. There was only one pharmacy director in each hospital,
and all werefemale. In addition, the 4 hospitals could not fully
represent mental health hospitals. They are located in only 2
states—2 in Californiaand 2 in Arizona. At a minimum, state
law, clinical practice, and work patterns can be different from
one state to another, requiring at least more than one hospital
in each state to represent mental health hospitals in the United
States.

Theinterview was conducted at 4 of the 5 behavioral hospitals
where the mental health care EHR was implemented. A
semistructured interview questionnaire was formed through
biweekly meetings until every researcher agreed on the contents
of the questionnaire (Textbox 1).

I nterview questions

«  What was your first impression of the mental health care electronic health record (mental health care EHR) implemented in this hospital ?
« Didyou have experience with other behavioral or general electronic health records before?

« How long didit take for you to get comfortable with the mental health care EHR?

«  Werethere any barriers to the implementation of the mental health care EHR?

«  What do you think would have helped to better implement the mental health care EHR?

«  What screens or functions do you use in the mental health care EHR and how do they impact your daily practice?

« Do you think the communication has gotten better or worse with the mental health care EHR?

«  How isthe navigation when using the mental health care EHR?

«  What do you think of the Clinical Decision Support System in the mental health care EHR?

«  What are your thoughts on using tablet PCs in the inpatient unit? How would you like to utilize tablet PCs on the floor?
«  Arethere any issues with the mental health care EHR that need to be resolved?

« Doyou think the mental health care EHR is well customized for the behavioral workflow? Is there anything missing?

«  What functions or features do you want to add to the mental health care EHR?

« Do you have any suggestions or recommendations for the mental health care EHR to improve your work experience?

« Isthere anything else you want to mention regarding the mental health care EHR?
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After athorough review of the databy 2 experienced qualitative
investigators, we created apreliminary codebook, with separate
codes for patient and physician transcripts. Using inductive
content analysis, the authors coded all transcriptswith additional
stepsto ensure validity. We addressed di screpancies and reached
a consensus in biweekly meetings. Throughout the coding
process, the team discussed and revised the codebook and
returned to the previously analyzed transcripts to ensure
consistency.

As the mental health care EHR was launched at the hospitals
in different time periods, the hospital’s length of experiencein
using the mental health care EHR varied at the time of the
interview, as presented in Table S1 of Multimedia Appendix 2.
Before the adoption of the mental health care EHR, 2 hospitals
located in California had been using paper, except for a
stand-alone electronic pharmacy management system for the
pharmacist to enter paper-signed medication orders. In contrast,
physicians, pharmacists, and nursesfrom 2 hospitalsin Arizona
had been using a legacy computerized physician order entry
(CPOE) system. The characteristics of participating hospitals
are presented in Table S1 of Multimedia Appendix 2.

The study participants were sel ected through purposive sampling
[18]. We aim to include participants from various professions
who had in-depth knowledge of the work process with the
mental health care EHR. Potential quotasfor purposive sampling
were more than 20 peoplefor doctors and nurses and more than
3 people each for administrative positions and pharmacists to
listen to the opinions of direct users of the mental health care
EHR and those of support positions.

Several participants were recommended by hospital
management. Most of them were generally acknowledged as
Superusers, whom their colleagues would look for if they
initially ran into an issue with the mental health care EHR,
implying that they had a good understanding of the operation
of the mental health care EHR in day-to-day tasks.

Data Collection

DL and KL conducted face-to-face, semistructured interviews.
DL, amaleresearcher with aBA degree who had been working
in the pilot project in developing the mental health care EHR
as a business analyst, led the interview. He had also trained
physicians, nurses, pharmacists, and mental health clinicians
before the implementation of the menta health care EHR in 2
Aurorahospitalslocated in California. The positive relationship
with the study participants in the 2 hospitals helped to create
an open atmosphere, thereby encouraging them to speak more
at ease about their experience. A femaleresearcher withan MS
degree, KL, who had no previous relationship with the study
participants, took notes during theinterviews. Both interviewers
received training for qualitative interviews. Interviews were
audio recorded in a closed office or conference room with a
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recording device and lasted from 20 to 60 minutes. Nobody was
present in addition to the participants and researchers. During
the sessions, DL followed a semistructured interview
guestionnaire that covered topics related to their experiences
and thoughts regarding the mental health care EHR. Although
most of the sessions were conducted one-on-one, 4 sessions
wereinterviewed in agroup of 2 and 1 session wasinterviewed
in agroup of 3 because of working shifts and time limitations.
The questions for the group interviews were identical to those
of the one-to-one interviews. The researchers adopted the
interview guidelines that were developed based on previous
research and approved by members of the eHealth research team
at Seoul National University Bundang Hospital (SNUBH).

Data Analysis

We used an explorative content analysis method to capture the
perspectives concerning the barriers and facilitators when
adopting an mental health care EHR. The recorded interviews
weretranscribed by an externa professional transcription service
and were further repeatedly reviewed and corrected by a
researcher (DL) to enhance the accuracy of the transcriptions.
All anonymized transcriptions were uploaded to Dedoose
software and coded for analysis. To ensure reliability, the
transcripts were independently read and coded by 2 individual
researchers (DL and KL). The initia codes were inductively
generated from the data. The codes were grouped into 3 major
themes: barriers, facilitators, and suggestions or ideas by each
profession. The identified barriers and facilitators relevant to
the study were discussed regularly until both researchers agreed
that they had reached saturation. All the researchers verified
theresultsuntil we reached aconsensus on the clarified themes.

Ethics

Before the interviews, the researchers explained the research
objectivesand purpose of the study. Consent formswere signed
by all participants voluntarily. None of the participants refused
the interviews. This study was approved by the Institutional
Review Board of Human Research of SNUBH, Republic of
Korea (Protocol No. B-1904-534-301).

Results

Participant Demographics

We conducted interviews between October 31, 2020, and
November 19, 2020. A total of 10 physicians, 20 nurses, 4
pharmacists, 5 mental health clinicians, and 4 administrative
professionals participated in the interviews. Many
management-level personnel such as medical directors, chief
nursing officers, directors of each department, and managers or
supervisors also participated. From a total of 43 participants,
the study included 19 directors, 10 managers or Supervisors,
and 14 end users, as presented in Table 1.
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Table 1. Demographic characteristics of participants (N=43).

Jung et a

Category and variables Value, n (%)
User group
Physicians 10(23)
Nurses 20 (47)
Pharmacists 4(9)
Mental health clinicians 5(12)
Administrative professionals 4(9
Gender
Male 18 (42)
Female 25 (58)
Age (years)
<30 1(2
31-40 18 (42)
41-50 8(19)
51-60 9(21)
61-70 6 (14)
=70 1(2)
Career (years)
<9 15 (35)
10-19 12 (28)
20-29 10(23)
30-39 4(9)
240 2(5)
Number of EHRs® used before
0 9(21)
1 7 (16)
2 11 (26)
>3 16 (37)
Management level
Director 19 (44)
Manager or supervisor 10 (23)
End user 14 (33)
Facility
Hospital A 13 (30)
Hospital B 9(21)
Hospital C 11 (26)
Hospital D 10(23)

3EHR: electronic health record.

A totd of 10 physiciansincluded 8 psychiatristsand 2 internists.
Nurses were working in various locations and roles, including
i npatient ward nurses, medication nurses, assessment and referral
nurses, education nurses, and utilization review nurses. Inall 4
hospitals, only 1 pharmacy director operated the inpatient
pharmacy during the day with one or more pharmacy
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technicians. Therefore, we interviewed al the 4 pharmacy
directors. Mental health cliniciansincluded licensed therapists,
counselors, and social workers. Administrative professionals
included HIM professional's, compliance officers, and business
development officers.
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Barriers
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Wefound 7 major barriersto benefitting from the mental health
care EHR (Figure 1).

Figure 1. Parties or elements requiring improvement to overcome the 7 barriers. EHR: electronic health record.

End user

Complexity
of the system

Alert fatigue

EHR

Computer Literacy

Theskill setsto handletaskswith an EHR varied by profession.
Nurses most frequently reported that their colleagues
encountered difficulties with computer proficiency. A number
of them were simply not exposed to computersin the past. The
lowest level of computer literacy was having trouble with
double-clicking the mouse. Although the mental health care
EHRs required single clicks most of the time, failing to
double-click disrupted nurses to proceed to the next step. The
next hurdle for nurses familiar with controlling the mouse and
keyboard was not being able to manipulate multiple screens
and functions according to their needs:

We have some nurses that aren't really used to
working on computers. They didn't have to before for
thisjob really. That wasthe biggest challenge. [B022,
Nurse]

Physicians mostly mentioned having trouble with slow typing,
because of the relatively lengthy psychiatric assessments and
narratives that summarize the patient’s diagnosis and condition.
Almost all of these participants self-referred themselves asbeing
old.

General Anxiety Toward EHRs Among Staff

Not only did the staff with inadequate computer skills physically
have trouble with the EHR but they aso had psychological
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pressure in the process. The spread of anxiety in using the
mental health care EHR had been affecting some of the older
staff to consider quitting when perceiving the system as too
modern for themselves:

The first day | came, | thought maybe I'm going to
put out my resignation letter. | didn't know wherethis
was leading me to. [B031, Nurse]

All physicians who were trying the mental health care EHR for
the first time reported that they did not have a good first
impression of the system. This became a mental barrier to
accepting the new technology:

It came across as very detailed, but complicated and
overwhelming. Especially for somebody like me who
isnot EHR experienced. | haven't had an EHR before.
No, | have no experience with other EHRs beforethis
one. [C001, Physician]

Complexity of Mental Health Care EHR

The layout of the user interface (Ul), including the alignment
of patient information, orders, medical records, assessments,
exam results, and a bird’s-eye view of the patient’s treatment
history, had often been reported to be complicated at first. The
majority of physicians who had not been using an EHR before
provided negative comments about the perceived complexity
and ease of use:

JMIR Form Res 2021 | vol. 5 | iss. 4 |e18764 | p.52
(page number not for citation purposes)


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

JMIR FORMATIVE RESEARCH

The first impression, honestly, was that it's going to

be too much work and that it's not that easy to use.

[C002, Physician]
Many nurses, if not overwhelmed by their low computer literacy,
have reported difficulty with the mental health care EHR in
finding specifics on many different screens. The mental health
care EHR had set its core features in each specialized screen
and allowed multiple ways to access them to accommodate
preferences of each user. That, in the beginning, confused the
nurses, asthey had the broadest range of accessto screensfrom
the nursing module, multidisciplinary care plans, and even
order-related screens:

For the nursing piece, there's quite a bit to navigate
through finding the medical care plans, finding the
“QOrder Entry” The navigating for nursing is by far
the hardest in the building and the most in-depth.
[BO26, Nurse]

Pharmacists generally thought that information displayed to
them was too detailed. They reported that it was not a problem
for them clinically, but the barrier was more related to the
pharmacy system being too big for its size and resources
available in asmall inpatient pharmacy:

If you're in a larger hospital where there's a lot of
staff, thisis appropriate. But where we don't have as
much staff, | think, and we're a smaller hospital, |
think all of the different features, it'sa little too much
and overwhelming for everyone. [B027, Pharmacist]

Steep Learning Curve

Among the mental health professions, the majority of the
inpatient nurses perceived that there was alot to understand to
get used to the routine tasks conducted in their stationsthrough
the mental health care EHR:

It's just that, to learn so many new things all at once
was the hard part, | think. [BO06, Nursg]

On the contrary, mental health clinicians and administrative
professionals mentioned far less difficulty in overcoming the
learning curve.

Alert Fatigue

Some pharmacists complained of the excessive number of alerts
from the Clinical Decision Support System (CDSS) when
verifying medication orders. Although these aerts were
categorized into multiple levels, which required different actions
such as selecting a reason for overriding if it was a high-level
alert and having to read and pass the informative message if it
was minor, some reported the fatigue to be accumulating
regardless:

What came up was “ high dose over recommended
max;" but there's so many alerts that | feel as if
everyone's going through decision fatigue, because
everyone's just like, “bypass, bypass’ [BO010,
Pharmacist]
Inpatient nurses had a similar issue with New order alert
notifications. This feature refers to nurses receiving alerts
regarding any new or updated orders from physiciansissued to
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patientsin their inpatient ward. Although this feature provided
optionsto control the frequency of aert notifications by oneself,
some nurses had turned this off because of aert fatigue:

They're constantly getting the [ New order] alertsand
sometimes the nurses will turn that feature off to not
have to keep getting those alerts. [B0O17, Nurse]

Knowing the circumstances, some nurse managers made
requests to modify the system by turning on the nurse’s alert
notification by default.

Organizational Facilitating Condition

The corporate central medical committee has been managing
the medical contents and regulatory compliance of the 4
hospitals. Notably, it played a vital role in the adoption of the
mental health care EHR by standardizing the electronic forms
and their contents. Although the participants appreciated the
overall facilitating condition, physicians mentioned that clinical
materials needed correction even after the implementation:

| think it definitely is a robust system. The thing is
that a lot of it is our own doing. | don't think the
[mental health care EHR] had anything to do with it.
Forms we asked are added as we told them, but some
of them need to change. For example, there is an
element called “ patient insight” All the choices are
related to poor insight, so you have to use “ Other”
and then write it. “ That patient has fairly good
insight” [COQ9, Physician]
In addition, some participants pointed out that there were
technical support and communication channelsto the corporate
committee. However, organizational decision making should
have been more agile after adoption:

And so the channel is there, but in the process when
we all launched this, the changes were very slow.
..the impression | got is that it was very slowly
implemented at the time. [C002, Physician]
The fact that the corporate committee did not follow up and
provide feedback for the modification requests swiftly as
expected by end users seemed to negatively impact even those
who were satisfied with the successful adoption of the mental
health care EHR:

| think theinitial implementation was very good. Very
good. The follow-up, not so much. As| go along and
it is very difficult to communicate, to who is the one
who is going to address it and what is the priority?
...| think we make a request to the hospital identified
person and we don't know then what happens. [ C009,
Physician]

Resistance Because of Experience With the Legacy
System

As mentioned earlier, unlike the hospitals in California, 2
hospitals in Arizona had been using a legacy CPOE system.
Experiences of pharmacists and nurses with the legacy system
had affected the perceived usability of the newly adopted mental
health care EHR. The resistance from a couple of pharmacists
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was because of the idea that one screen was sufficient for the
task, as compared with 3 separate screens full of information:

Our old system, everything was on one screen. The
doctorswere entering orders on one screen. We were
verifying on the same screen. It was all done on the
same screen. There's three screens now. Whereas
before, everything was just done on one screen. It
wasn't all of this information. [B020, Pharmacist]

They also previously performed the Closed-Loop Medication
Administration (CLMA) with abarcode scanner. CLMA, which
greatly reduces medication errors by checking the 5 rights, was
no longer available with the mental health care EHR. The

Jung et a

absence of a legacy system’s drug administration scanning
functionality caused medication nursesto feel ill at ease during
the administration process. While acknowledging other benefits
and strengths of the mental health care EHR, nurseswere asked
to add back the safety net that was in place:

We had the scanning features. e had the [ CLMA]
alerts. It's really just fine tuning so that they feel
comfortable with it. [B026, Nursg]

Facilitators

We found 4 significant facilitators to benefitting from mental
health care EHRs (Figure 2; Textbox 2).

Figure 2. Parties or elementsrelated to facilitators. EHR: electronic health record.
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Textbox 2. Facilitators to benefitting from the mental health care electronic health record.

Mental health—centered electronic health record (EHR)
. EHRtailored to behavioral workflow
o Support multidisciplinary documentations

«  Support regulatory compliance

Well-designed EHR system

«  Easy to use (perceived ease of use)
o  Improved productivity

«  Good usahility

o Flexibility of forms

Advantages of using an EHR
« Easy accessto patient information
« Improved patient safety and quality of care

«  Enhanced interprofessional communication

Implementation strategy
o Well-executed training
«  Sufficient implementation time

«  Implementation planning

Mental Health—Centered EHR

In terms of accommodating its unique workflow, physicians
who had experience with other EHR systems addressed the fact
that the system accomplished that minimum but crucial
requirement and showed gratitude for not being a workaround
within a general EHR:

This mental health care EHR is more comprehensive

and more relevant to psychiatry. With other EHRS,

relevance to psychiatry is not high. They have a little

bit of a section of psychiatry. Thisis more relevant,

and| find it comprehensive, easy to use, and navigate

it very well. [CO01, Physician]
Nurses and mental health clinicians echoed the same thoughts.
From nursesworking in theintake department who first assessed
and admitted the patient to the nurses working in the inpatient
unit, all had agreed that the work process was well integrated
into the mental health care EHR:

This mental health care EHR is drastically different.
| think it fits well for what we do, workflow wise. |
have no issues using it, training on it. [BOO1, Nursg]

Another element that differentiates mental health from other
speciaties is the multidisciplinary treatment team working
together to provide patient care. The team discussesthe patient's
problemsand collectively setsup treatment plans and documents
parts of the sections defined by thejob group. The mental health
care EHR supported multidisciplinary documentation, and this
was agreat relief to mental health professionals:
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All the clinical forms and everything that we need to
do, treatment plans, all that, it flows nicely. [B012,
Mental health clinician]

In addition, administrative professionals and directors felt that
the mental health care EHR contributed in ensuring that the
regulatory regquirements were in place. Regulatory compliance
had always been a delicate issue when working on paper.
However, it proved to beless of aburden when the mental health
care EHR managed to satisfy the surveyors with what was
mandated:

I'min charge of all the joint commission and Center
for Medicare and Medicaid surveys, and the mental
health care EHR has everything in there that a
surveyor would want to see. | got to give it to them,
they did a good job formwise, to make sure
everything was there. [BO13, Administrative
professional]

Well-Designed EHR System

In addition to developing an EHR to run in the behavioral
setting, it was equally crucial for the mental health care EHR
to deliver the advantages of using a thoroughly designed
electronic system. Despite having a high number of negative
firstimpressionsfrom all professions, many felt that the mental
health care EHR was easy to learn during the training sessions.
Most physicians found that this system was not difficult at all:

Ordering is pretty self-explanatory. Overall it's well
presented. | think presentation-wise, itisclear. | think
initially there were a | ot of tabs that made some sort
of concern on how many tabs there were, to kind of
get adjusted. But after the first training session it
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actually made sense and it felt organized in a
categorical way. [C004, Physician]
Although numerous nurses had to break out of their comfort

zone in trying out modern technology, they started to gain
confidence in a short time period:

And when | first started to seeiit, it became clear to

me that it was going to be pretty easy. So very user

friendly and easy to follow. | liked it. | made the

correlation between a smartphone with the apps. So,

my brain got it. [BOO1, Nurse]
Superusers shared their thoughts of the mental health care EHR
with their colleagueswhen training for go-live process. Positive
opinions on the perceived ease of use encouraged avast majority
of the nurses to see what they could take advantage of every

day:

| tell people this when I'm training them, if you can
use your smartphone, you can use the mental health
care EHR. It'sthat simple. | tell peopleit's one of the
easiest systems | have used. So that would make it in
itself one of the best systems. And | have had a few
nurses that have worked at other hospitals and they
too have said that this is one of the easiest systems
that they have used. Overall it's very easy to follow.
It's very easy to figure out and you can solve it on
your own. S0, yes, it's definitely efficient, effective,
and easy. [BOO1, Nurse]

To mental health clinicians who facilitated group sessions for
patients, using the mental health care EHR meant spending
much less mental and physical effort throughout the day:

After it launched, | was very excited. It was quick and
fast. Going from printing out over 200 documents a
day and using over 200 labels a day, running out of
pen ink, hand cramps. So | was excited that it was
el ectronic because things were done smoother. [B021,
Mental health clinician]

In addition, mental health clinicians highlighted efficiency, the
time-saving merit of the system, in completing electronic
attendance and daily documentation taskswithin thetime frame:

What we have now isefficient and it'scut alot of time
out because we used to haveto sign all the notesthen
go and put them all in the charts. That was terrible.
It just took forever. [BO33, Mental health clinician]

Participants also emphasized that the multitaskable Ul had
greatly helped to access additional information without
disruption of the main task in hand:

Navigation-wise it's good. | like that you can view
two screens at the same time, because that really
helps. If I'm talking to a patient about meds, | can
have my documentation open, but also looking at the
meds. We like that and a lot of the nurses like that.
Being able to close an item, open ancther item
quickly, rather than some EHRs, where you have to
document this and to move on, you have to document
here. WE're able to jump around and move. [B0O05,
Nurse]
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Another characteristic of the mental health care EHR is the
support of personalization options to accommodate end users
preference according to their work patterns. Many nurses and
mental health cliniciansindicated the customizable My Favorite
menu to be helpful in setting the tasks and documentation in a
certain order they can simply follow in sequence:

The favorite menu for me is my favorite. Because |
can really just save the documents that | regularly
use and search from there. The quick mental health
care EHR shortcuts. Those shortcuts make a huge,
huge difference. [B021, Menta health clinician]

This personalization feature was beneficia for nurses who had
trouble remembering whereto go for their routinework. Having
the favorites set up to all end users, especially to nursing staff,
before go-live process became apriority that ensured asmoother
transition:

All the nursing staff, wetried to help them set up their
favorites and all that so it would be ready to go.
[BO13, Administrative professional]

The flexibility of the mental health care EHR had also been
reported asarelief to the administrative professionals. Knowing
that the Form generator can add or edit documentation templates
in an instant made it easy for the staff to accept the new
electronic system:

Usually when we have a problem and you get it done
pretty quick, and no EHR is perfect. | know that. But
as long as when we need something changed, it's
fairly easy to changeit. | know I've asked (Corporate
coordinator) a couple times just to switch a couple
things around and he can do it himself, whichisnice.
[BO13, Administrative professional]

Advantages of Using an EHR

Participants were delighted to enjoy the universal benefits of
using an EHR. A common theme among participants was
improved access to patient information. With the help of the
mental health care EHR, the difficulty infinding physical patient
charts, which was delayed if occupied by another staff member,
and, therefore, not being able to access patient information
promptly had been resolved:

It actually makes my job so much easier because |
can access the information from whatever location
I'm at, as opposed to going to the units and pulling
out the charts. And it's easier for me to get the
information at the same time someone's looking into
the chart, because otherwise | have to wait to see
when it's available. [BO06, Nurseg]

Before, administrative professionals who did not even work in
inpatient or outpatient units had greater difficulty in locating
patients charts. Finally, they were able to access patient
information in time through the mental health care EHR:

This mental health care EHR has really helped me
because it used to be | could never get information.
I'd have to go pull the patient's chart, I'd have to go
to the unit, I'd haveto go to Medical Recordsand try.
So it wasn't until we got the mental health care EHR
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that | could even look this up. Before, we weren't
capturing that. It was captured on the paper chart,
but | couldn't find it easily at all. [BOO7,
Administrative professional]

Participants believed that the mental health care EHR had
improved patient safety and quality of care provided to the
patients. Physicians and nurses were pleased that the mental
health care EHR's CDSS alerts helped them to be less prone to
making medication errors compared with writing ordersin paper
and sending it to the pharmacy:

It [CDSS givesthat extra layer of protection for the
patient. [CO04, Physician]

Especially with the alerts just for medication alone.
Because before on paper, we'd have to wait anywhere
from 20 to maybe two, three hours when pharmacy
would get the information, enter it and realize, Oh,
that patient has an allergy or these two medications
are contraindicated. That system tells you right then
and there. So that's helpful. [BO01, Nurse]

They reported that any mistakes made were caught instantly by
other clinicians, not to mention that they did not have to decipher
handwriting anymore:

Medication errors are definitely going down. In this
way, everythingisin print. Everything is concrete so
that if it is a mistake, if the doctor's ordering in
different ways, the pharmacist and nurse can visualize
and then say, “Hey, this is the wrong way,
communi cate with the physi cian because they can see
the order very clearly. It definitely improves the
patient's safety. [C005, Physician]
Participants were very satisfied with the enhanced
interprofessional communication. As mental health involves
collaboration from various clinicians, participants felt that better
communication between the members of the treatment team
empowered to work together toward the established goals:

| think communication isbetter with the mental health

care EHR because there is continuity of care,

communication amongst the team, the different

disciplines. | think the mental health care EHR has

really put us to another level unlike before. | can see

if I'm working on that patient and the counselor is

working on that patient, I'mableto read the note what

the patient did in the group. So | think it's really

amazing. [B019, Nurse]
Mental health clinicians were also impressed that they began
to receive feedback from other clinicianswhen using the mental
health care EHR. They were positive toward the mental health
care EHR in creating a sense that they are actually working
collectively as a team, reflecting the work of their colleagues.
Thiswas less likely to be observed with paper charts:

As far as communication as a whole, | found that
we've had social workers come up to us in our
department, “ Wow, your notes are so detailed;,” and
“Oh, your notes are really descriptive with your
team,” and it's great that they're really reviewing the
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chart and taking time to read other's documentation.
[B021, Mental health clinician]

I mplementation Strategy

All participants considered training to be the most influential
factor in getting used to the mental health care EHR and ready
for transition. A couple of physicianswho were aged more than
70 years at the time of implementation stated that good training
sessions had changed their attitude positively toward the
adoption of mental health care EHR:

Thefirst training experience was actually very, very

good. | felt very comfortable using the system. [C004,

Physician]
Many nurses and mental health clinicians were also pleased
with the thorough training sessions and continuous support from
trainers. Training sessions were scheduled by each department
for amaximum of 15 usersin one session with 2 or 3 trainers.
Instructions were provided by their work patternswith real-life
scenarios set up in the training environment of the mental health
care EHR. All users had to pass the competency test at the end
of the training session for what they had learned. By observing
the users going through the competency test during the on,
trainers were able to easily identify the additional guide they
needed:

| thought that the rollout was really good. | think it
was very thorough in teaching all of us what we
needed to know. [B012, Mental health clinician]

Additional training was provided to staff who needed more help.
Thetraining room was open for practice to welcome those who
needed extra hours and one-on-one training:

| think the people that came out and trained us last
timewerereally helpful. | really liked them. | felt like
they were always there when we needed them. So the
training was for, in my opinion, really, really good.
| don't think that that could have been much better.
[BO32, Nurse]

The trainers not only guided them with well-prepared contents
and extra training sessions but also put much effort into
encouraging and boosting morality. Many end userswereknown
to have gained confidence in overcoming the mental barrier at
thistime:

When | attended the third time, | met one of the senior
trainers. So | called him, | said, “ You know what?
This, your (mental health care EHR) is going to send
me out of job” He started laughing. He said,
“[Name], | know you can do it” ...And he started
showing me. That was the end. The third time, | got
it. Thefirst time, | was totally lost. [B032, Nurse]

Another facilitator that was frequently mentioned by participants
was having enough time for accepting the mental health care
EHR. The implementation support team meticulously planned
the initia transition from paper to the mental health care EHR
during the go-live process and the implementation process,
keeping up with the project schedule. Users had a minimum of
2 months for preparation, even after the customization of the
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mental health care EHR. Even physicians mentioned that the
given time was sufficient:

I think they have been very kind and they have been
very patient. And that was very helpful. Compared to
the other hospitals where | work, we didn't have this
much support. And they have taken a good amount
of time for the implementation. [C005, Physician]

When asking the participants what would help the remaining
sister hospitalsin adopting the mental health care EHR, nurses
also stressed that giving time for transition and training is
critical:

| would have a recommendation, maybe some more
time, which they did give us. | think the trainers we
had really did a good job. They gave us time, they
weren't like hurrying us, no. So | would put emphasis
on that. [B019, Nurseg]

According to some participants, one of the most effective
implementation plans was to use the formsin the mental health
care EHR even before the go-live process. This way, everyone
was already well acquainted with the contents of what was to
come, and when using the electronic version, at least the forms
were the same and much easier. They felt that the benefits of
the mental health care EHR were easily recognized in this

aspect:

So it's almost exactly what we were doing on paper.
Just a computer form, quicker, better, nicer. [BOO1,
Nurse]

Ideas

Alertsto Addressthe Legal Status

In behavioral hospitals, psychiatric patients are often admitted
with an emergency hold in which the law permits the facility
to process an involuntary admission in certain circumstances.
Although the duration for hold varies by state, al states have
emergency hold laws, and mental health professionals need to
address the duration before the permitted hold ends. Nurses
werevery eager to have astronger level of alert, even hard stops,
to notify physicians and nurses for further action. In their
opinion, addressing hold was the top priority and simply
showing the current status and remaining hours was not enough
to draw attention:

Maybe by suspending some kind of function to where
it's not going to let you move forward until this is
addressed. A pop up screen that offers, “not
addressed” or “addressed” So, it can change the
legal status to show that the user has not taken care
of this order yet. If it was not addressed, let's say by
either discipline, doctor or nurse, hold ended one
minute ago, boom, a pop up should appear. Showing
it that the user needs to obtain legal status or order
needs to be written. It's day two now and it still says
pending, because somebody didn't addressiit. | think
that would be helpful. [B013, Administrative
professional]
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Autorecommendation of Laboratory Exams for
Antipsychotics

Some pharmacists suggested that the mental health care EHR
would be more helpful if the laboratory examswere paired with
antipsychoticsto be autorecommended when a physician issues
orders. As they pointed out, one of the main objectives of an
electronic system is to assist clinicians in removing burdens
and to reduce human errors. Although the mental health care
EHR was reported to be robust in handling complicated orders
and protocoals, they also wanted additional, automated support
and guidance:

So when you have certain medications that are
ordered, certain antipsychoatics, | would think it would
be helpful if ones would pop up and then the doctor
could select, “ Depakote, liver enzyme test” where
they don't have to actually remember it and it just
pops up, and then they just select which ones. [BO10,
Pharmacist]

Use of Tablet PCs

To most of the participants, awell-designed mental health care
EHR was satisfying in many ways. However, itslimitation was
clear. Users cannot carry it around and access it instantly.
Although hospitals had laptops throughout the facility in some
consultation rooms, medication rooms, and offices, many
reported that the use of tablet PCs would be much more
beneficial in certain areas. In 2 hospitals, nursesworking in the
intake department did not use laptops for assessment. They
reported that entering results into the mental health care EHR
viaacomputer after the assessment was quicker than the paper
process; however, they felt that tablet PCswould make it easier
to complete the intake assessment and receive electronic medical
consent in the consultation room. They did not mind entering
one long narrative later at the end:

| think tablets would be good in the Intake rooms
when we're doing all the consents for the meds,
because we have them just hand signing everything.
| think it actually would be great in the Intake. | think
that would speed things up and help out. Absolutely,
it would. 100%. [B029, Nurse]

Mental health clinicians shared the same thoughtsin using tablet
PCs to complete group notes during the group session. As of
now, they were jotting down notes on paper to later recall and
compl ete the notes on the computer:

If the tablet had (the bEHR) that | could go to them
for the assessment part, that would make it easier.
Becausethen | could tell them|'mjust going to do an
assessment real quick and check the boxes. [B033,
Mental health clinician]

Some nurses thought the round sheet was a perfect example of
making use of atablet PC. They believed forms that consisted
of simple markings, the selection of drop-down menus, and
only afew notes were good candidates:

Because every 15 minutes we have a sheet of paper
that hasa thousand check boxes and you check where
they were, what they were doing. Every 15 minutes.
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Someday if we can come up with a form and have it
all on atablet. [BO13, Administrative professional]

Physicians also mentioned the round sheet, based on the idea
that the few forms remaining in paper can switch to electronic
forms by using tablet PCs:

I think if we had a tablet and the mental health worker
doing the rounds does it, it's entered in the system
right away versusyou'rewriting it on paper and then
having to put it in later. So | think it's much more
efficient and less chance for errors to do it with a
tablet right there. [C006, Physician]

Discussion

Principal Findings

In this study, we found 7 major barriers and 4 major facilitators
when implementing a mental health care EHR in behavioral
hospitals. Of the 7 barriers, 3 arerelated to ease of use: computer
literacy, complexity of the system, and steep learning curve.
Other barriersinclude aert fatigue, poor organizational support,
and general anxiety about the new environment. Of the 4
facilitators, 2 are related to the system itself: mental
health—centered and well-designed mental health care EHR.
One of the main facilitators is related to expectations from
system use: improved communication, improved productivity,
and better patient care. Organizational support relevant to
implementation strategies is also an important facilitator. To
the best of our knowledge, thisis the first study to analyze the
barriers and facilitators that are important for the introduction
of mental health and EHR using qualitative methodol ogy.

Overlapping Characteristics of Barriersand
Facilitators

An interesting finding is that the barriers and facilitators share
overlapping characteristics. For example, some participants
were worried about organizational support. However, some of
them were satisfied with the support, such as good training and
well-executed implementation planning. This means that a
well-organized implementation plan and an educational support
of an institution is one of the crucial elements for successful
adoption of mental health care EHRS. The results also suggest
that not only group education but also individual education
programs that meet the needs of individual users areimportant.
Thisfinding is consistent with that of previous studies [19,20].

Differences by the Job Group

Opinions were divided by the job group on organizational
support for the introduction of the mental health care EHR.
Among the study participants, the executive level persons
thought that the institution had fully supported the introduction
of EHR, but end users did not. This is because the end user
needs to frequently use the mental health care EHR directly in
thefield.

Differences by Age Group

The average age of participants was not high. Of the total
participants, 61% (26/43) were aged between 30 and 50 years.
Only 16% (7/43) of the participants were aged above 60 years.
However, older age can interfere with the adaptation of the new
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system, combined with vague anxiety about the introduction of
the new system and concern about one's own computer
comprehension. The older staff had general anxiety because of
their physical ability to use computers and psychological
pressure. They even showed their thoughts by saying that they
“[considered] quitting when they saw the system for the first
time,” which is similar to a previous study showing that age is
associated with satisfaction with EHR use [21,22].

Facilitatorsand Barriers Relevant to the Unique
Wor kflow of Psychiatric Health Care

One of the essential features of amental health care EHR isthat
the system should accommodate its unique workflow. The
psychiatry department differs greatly from other departments
in terms of work processes. General tests, such as specimens
and imaging tests, are performed less frequently, and
guestionnaires and question-based tests are performed more
frequently. There are also more text-based records than other
departments. Asaresult, EHR ismorelikely to serve asagreater
barrier than other departmentsin retrieving and using psychiatric
records for care. In a systematic review of barriers to EHR
adoption, the author revealed that work process challenges are
one of the most frequently mentioned barriers [22].

Furthermore, psychiatry has more complex privacy-related
regulations than most other areas of medicine [2]. Study
participants placed great emphasis on the function. Exchange
and integration of medical information among psychiatric
hospitals is more likely to occur when integrating federal
regulations into a workflow through mental health care EHRs
[2]. In fact, participants were satisfied that mental health care
EHRs supported regulatory compliance. At the sametime, when
participants were asked to comment on how the system could
be improved, they suggested to improve their function.

Facilitatorsand Barriers Relevant to Training

Many participants stressed the importance of education. They
mentioned several times the importance of well-executed
training in implementation strategy, one of the facilitators. In
theintroduction of EHRS, the age of traineesisan uncorrectable
factor. However, general anxiety according to age or computer
literacy is an area that can be solved by personalized in-depth
training. Theinitial barriers caused by steep learning curves or
the complexity of the mental health care EHR can aso be
addressed with personalized training. Indeed, userswere highly
satisfied with scenario-based training that could occur in a
clinical setting. Therefore, practical, personalized training that
fits the needs of mental health care EHR users is important
[23,24]. Asamatter of fact, one of the participants emphasized
the importance of training:

Initially I had concern on how many tabs there were
to get adjusted, but after the first training session it
made sense and it felt organizedin a categorical way.

Barriers That Can Be Solved by the | mprovement of
Mental Health Care EHR
In terms of the complexity of the system, doctors, nurses, and

pharmacists had different levels of desired functions. In the case
of pharmacists, for example, small hospitals do not need the
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complex functions used in large hospital s because of the narrow
range of drugs they handle. The complex functions of EHRS,
developed for tertiary hospitals, can hinder the work of small
hospitals. This problem can be solved by using cloud-based
EHRs. Developed in a multitenancy structure, cloud-based
EHRs can provide customized services to select and use the
functions required by each medical ingtitution. Alert fatigueis
one of the issues that is always mentioned when implementing
the CDSS [25,26]. The problem is that first-time EHR users
can have anegative perception of the system and it can interrupt
the workflow, requiring continuous improvement of the CDSS
for psychiatric practice [27].

Ideas

Some pharmacists suggested a more advanced CDSS function
that pairs antipsychotics with recent laboratory values and
recommends appropriate medications when they issue orders.
The nurses were very eager to have a stronger level of aert
about legal status because it is more strict and mandatory for
psychiatric hospitals to follow governmental regulations than
other general hospitals. The CDSS for the mental health care
EHR can be different from the CDSS for other medical
departments because psychiatric patients normally have multiple
medications that should be modified based on |aboratory values
and heterogeneous text-based medical records that should be
managed in every psychiatric hospital they visit. Therefore, the
CDSSfor themental health care EHR isimportant and difficult
to develop and implement at the same time [28,29]; however,
the reason the psychiatric CDSSis crucial to improving mental
health and the eagerness of usersfor an advanced CDSS can be
promoters to disseminate mental health care EHR quickly and
effectively.

To usethefindings of this study to effectively introduce mental
health care EHRs, it is necessary to recognize that there are
genera difficulties in introducing EHRS, as in other medical
departments. Compuiter literacy, alert fatigue, and steep learning
curves are barriers to the introduction of any type of EHR and
can be overcome by user-centered repetitive training. It is

Jung et a

important to fully inform users about the purpose and
effectiveness of EHR adoption before the introduction of EHRs
and ensure that all users are well trained and use the system in
advance. In addition, a function or workflow specific to
psychiatry should be fully implemented in EHR.

Limitations and Future Research

Strengths of this study include the breadth of clinical disciplines
and experience possessed by the end users of the mental health
care EHR whom we interviewed; users of 4 hospitals who
actually introduced mental health care EHRs were interviewed
toinvestigatein detail the barriersand facilitatorsin introducing
EHRs. The interview methodology for the qualitative analyses
also provided agreater depth of understanding about the factors
that are important to end users of the mental health care EHR.

A limitation of thisstudy isthat participantswere recruited from
behavioral hospitals that use the same mental health care EHR
system. Therefore, what the interviewees mentioned in this
study may be applied only to the system. However, in this study,
we tried to obtain insights that can be generalized as much as
possible without being dependent on a specific system so that
we could draw lessons that can be applied to psychology and
EHR in general, regardless of the characteristics used by users.

Future research could collect various opinions from hospitals
using different mental health care EHRs and examine whether
the barriersand facilitators proposed in this study apply equally
to other hospitals using different EHRs.

Conclusions

EHRSs represent a key element of health care redesign. The
introduction of EHRs is also important in psychiatric hospitals
because it reduces drug-related errors and medical errors by
sharing medical information among medical staff and makesit
easier to apply regulatory rules to the workflow. Psychiatric
EHR developers and hospitals should strive to effectively
disseminate EHRs by accurately recognizing end users
perspectives on barriers and facilitators identified in this study.
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Abstract

Background: Tinnitus Talk is a nonprofit online self-help forum. Asking inactive users about their reasons for discontinued
usage of health-related online platforms such as Tinnitus Talk isimportant for quality assurance.

Objective: The aim of this study was to explore reasons for discontinued use of Tinnitus Talk, and their associations to the
perceptions of Tinnitus Talk and the age of users who ceased logging on to the platform.

Methods: Initially, 13,745 users that did not use Tinnitus Talk within the previous 2 months were contacted and the response
rate was 20.47% (n=2814). After dataset filtering, atotal of 2172 past members of Tinnitus Talk were included in the analyses.
Nine predefined reasons for discontinued usage of Tinnitus Talk were included in the survey as well as one open question.
Moreover, there were 14 predefined questions focusing on perception of Tinnitus Talk (usefulness, content, community, and
quality of members’ posts). Mixed methods analyses were performed. Frequencies and correlation coefficients were cal culated
for quantitative data, and grounded theory methodology was utilized for exploration of the qualitative data.

Results: Quantitative analysis revealed reasons for discontinued use of Tinnitus Talk as well as associations of these reasons
with perceptions of Tinnitus Talk and age. Among the eight predefined reasons for discontinued use of Tinnitus Talk, the most
frequently reported was not finding the information they werelooking for (451/2695, 16.7%). Overall, the highest rated perception
of Tinnitus Talk was content-related ease of understanding (mean 3.9, SD 0.64). A high number (nearly 40%) of participants
provided additional freetext explaining why they discontinued use. Qualitative analysesidentified atotal of 1654 specific reasons,
more than 93% of which (n=1544) could be inductively coded. The coding system consisted of 33 thematically labeled codes
clustered into 10 categories. The most frequent additional reason for discontinuing use was thinking that thereis no cure or help
for tinnitus symptoms (375/1544, 24.3%). Significant correlations (P<.001) were observed between reasons for discontinued
usage and perception of Tinnitus Talk. Several reasons for discontinued usage were associated with the examined dimensions of
perception of Tinnitus Talk (usefulness, content, community, as well as quality of members posts). Moreover, significant
correlations (P<.001) between age and reasons for discontinued use were found. Older age was associated with no longer using
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Tinnitus Talk because of not finding what they were looking for. In addition, older participants had a generaly less positive
perception of Tinnitus Talk than younger participants (P<.001).

Conclusions: This study contributes to understanding the reasons for discontinued usage of online self-help platforms, which
aretypically only reported according to the dropout rates. Furthermore, specific groups of userswho did not benefit from Tinnitus
Talk were identified, and several practical implications for improvement of the structure, content, and goals of Tinnitus Talk

were suggested.

(IMIR Form Res 2021;5(4):€21444) doi:10.2196/21444
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tinnitus; Tinnitus Talk; Internet forum; dropout; reasons for discontinuation

Introduction

Tinnitus is defined as the perception of sound without an
external source and shows considerable heterogeneity [1]. A
promising opportunity for the investigation of this heterogeneity
liesin using the internet to gather big data through the support
forum Tinnitus Talk, which has been continuously running since
March 2011; based on Google Analytics statistics, there were
about 2 million unique visitors to Tinnitus Talk from March
2019 to February 2020. The Tinnitus Talk support forum also
serves as a hub or signpost for patients with other hearing
diseases such as Méniére disease, hyperacusis, or hearing loss,
as Tinnitus Talk is encountered when searching the internet for
initial information relating to aready diagnosed problems or
new symptoms.

Tinnitus Talk isan internet platform for accessing, sharing, and
discussing information related to tinnitus and other hearing
diseases (see also Dandage et al [2]). Tinnitus Talk is free of
charge and the full content is available without any restrictions
for al internet users. However, registrationisrequired for active
participation such asfor adding comments and discussion posts,
aswell asfor receiving the Tinnitus Talk newdl etter and forum
notifications. User posts are supervised by Tinnitus Talk
administrators on an ad hoc basis and upon users' requests in
terms of good manners, to prohibit commercial activities, avoid
aggressive or abusive posting, and to maintain the logical
thematic structure of threads (ie, to supervise the correct
localization of discussion posts in appropriate threads).

In May 2018 (the time period of this study), the content of
Tinnitus Talk included information sorted into six main sections
providing visitors and users with general information about
tinnitus and similar hearing issues: Tinnitus (including Research
News, Support and Treatments), Pulsatile Tinnitus, Hyperacusis
& Ear Pain, Off-Topic, Knowledge Base (including Success
Stories and Awareness & Fundraising), and Tinnitus Talk (for
general announcements). An additiona section, Doctor’s Corner,
provides users with access to professional support.

Thus, Tinnitus Talk can best be described as a patient online
space enabling computer-mediated communication. Tanis [3]
identified two groups of users of health-related online fora
First, there are those who benefit from using the forum. These
are frequently users who can cope with their problematic
situation and encourage other patientsviatheir use of theforum.
The second group includes those whose health situation does
not get better by using the forum. These userstypically use the

https://formative.jmir.org/2021/4/€21444

fora primarily for discussion. As online resources take on a
more and more important role in health care, thereis an urgent
need to investigate their impact scientifically. As emphasized
by De Martino et a [4], the overal quality of online
health-related information is poor, and the control and regulation
of thisinformation are very difficult. However, unverified and
misleading information can influence patients opinion,
confidence of physicians, as well as their perceived quality of
care.

Thereisan enormouswealth of information from health-related
forathat can be scientifically investigated [5-7]; however, this
type of research is still at a very early stage. One important
approach is investigation of the dynamics of users' presence
and active participation in health-related fora. In this context,
it is of crucial importance to understand when and why a
member of a patient forum discontinues active participation.
Users who discontinue using Tinnitus Talk can be classified as
inactive users if they return to the forum after a certain period
of absence, or as dropouts if they never return to the platform.
Previous research on tinnitus self-help interventions showed
that the rate of dropout ranged from O to 66% [7]. Some very
recent studies explored the use of eHealth tools among tinnitus
patients (eg, [8-10]). A first attempt toward understanding the
characteristics of users who discontinued using Tinnitus Talk
was recently madein amaster’sthesis published by Hegde[11].
Outside the context of tinnitus, a qualitative study explored the
reasons for dropping out of psychotherapy, and found that
dissatisfaction with the quality of psychotherapy was the most
important factor for patients [12].

The aim of this study was to focus on the lapsed members of
Tinnitus Talk in more detail, and to analyze the reasons for
discontinued use. Discovering these reasons is necessary for
several purposes. First, thisfeedback could provide an important
source for development of the content and structure of
health-related fora. Second, identifying patients' reasons for
discontinuing use of Tinnitus Talk enablesrecognizing particular
groups of users for which further membership in the forum is
no longer beneficial, becomes counterproductive, or even
harmful. By analyzing users’ views on reasonsfor discontinuing
activity in the forum in this citizen science project, original
insight into the world of tinnitus sufferers could be obtained.
Furthermore, we were interested in determining the association
between reasons for discontinuing the use of Tinnitus Talk and
perception of the Tinnitus Talk forum. Intuitively, more negative
perceptions of Tinnitus Talk could be associated with a higher
probability of discontinuing use of the forum. Moreover, we
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were interested in potential associations between age and
perceptions of Tinnitus Talk and reasons for discontinuing use,
since older participants might have more problems with using
the internet than younger participants [8,9]. Accordingly, our
research questions were as follows: (1) What are the reasons
for discontinuing the use of Tinnitus Talk? (2) Are users
perceptions of the Tinnitus Talk forum related to discontinuing
the use of Tinnitus Talk? (3) Isagerelated to users’ perceptions
of Tinnitus Talk or reasonsfor discontinuing the use of Tinnitus
Talk?

Methods

Study Design

Tinnitus Hub, a UK -based nonprofit organization that operates
Tinnitus Talk, contacted 13,745 usersthat had not used Tinnitus
Talk within the previous 2 months. They were contacted via
email, and the study was also announced in newsletters and via
forum notifications. The response rate was 20.47% (n=2814).
Participants had to complete an English online survey
(SurveyMonkey) including questions about perceptions of

https://formative.jmir.org/2021/4/€21444
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Tinnitus Talk and reasons for discontinuing use of Tinnitus
Talk.

Participants

Participants of the survey included 2814 individuals who had
discontinued use of Tinnitus Talk for at least 2 months. Asthe
answers on the survey questions were not mandatory, the
number of answersfor each question differed. Participantswho
did not answer the question “Why did you stop using Tinnitus
Talk” were excluded from the analyzed dataset, resulting in a
final sample of 2172 participants. There were no significant
differences between excluded and included participantsin terms
of age, gender, status of tinnitus and hyperacusis, and onset of
tinnitus or hyperacusis (Table 1).

The sample included mostly male participants with amean age
of 55.70 years. Over 80% of the participants were from
English-speaking countries. United States, United Kingdom,
Canada, Australia, New Zealand, and Ireland. In general, over
60% of users reported using Tinnitus Talk monthly or even less
frequently prior to discontinuing use. Most participants had
chronic tinnitus, and the onset of tinnitus symptomswas at | east
1-2 years prior for over 91% of the respondents.
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Table 1. Comparison of characteristics of included and excluded participants.

Characteristic Included (n=2172)  Excluded (n=642)  Statistic for comparison P value
Age, mean (SD), n 55.70 (14.36), 2157 5555 (14.89), 497  tp5,=0.213, d=0.01 83
Gender, n (%) x%3=2.073, critical x?=7.815, Berr 96
prob=0.802, power (13 err
prob)=0.198
Male 1332 (61.33) 309 (48.13)
Female 794 (36.56) 190 (29.60)
Other 6 (0.28) 0(0)
Prefer not to say 15 (0.69) 2(0.31)
Diagnosis of tinnitus and/or hyperacusis, n X?1=0.844, critical x2=3.841, Berr 36
prob=0.849, power (13 err
prob)=0.151
Yes 2116 491
No 49 8
Time since onset of tinnitus (n=2659), n X%9=14.076, critical x2=16.919, perr 12
prob=0.253, power (1-f err
prob)=0.747
Not applicable 15 4
Up to 3 months 21 4
4-6 months 47 5
6-12 months 110 21
1-2 years 275 50
2-3 years 320 67
3-5years 400 77
5-10 years 338 99
10-20 years 307 78
More than 20 years 337 84
Time since onset of hyperacusis (n=2220), n x29=6.624, critical x2=16.919, B err .68
prob=0.625, power (13 err
prob)=0.375
Not applicable 1,301 285
<3 months 17 3
4-6 months 17 3
6-12 months 46 13
1-2 years 88 16
2-3years 95 15
3-5years 107 16
5-10 years 77 18
10-20 years 46 10
Instrument experiences of nonadherence to internet-delivered cognitive

The instrument was a cross-sectional online survey in the
English language. The final survey questions resulted from a
discussion among members of the research team and with the
Tinnitus Talk managers. The research team created questions
based on the information provided in a qualitative study on

https://formative.jmir.org/2021/4/€21444
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behavior therapy [13]. Specifically, one author (TP) developed
items based on the results reported by Johansson et a [13] to
investigate reasonsfor discontinued usage of self-help platforms.
TPthen discussed these itemswith the coauthors, adjusted them
as nheeded, and sent the final items as suggestionsto the Tinnitus
Talk manager team. The Tinnitus Talk team then decided which
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of these items/suggestions they wanted to add to the survey
itemsthat they had devel oped on their own (eg, users' perception
of the Tinnitus Talk forum). The Tinnitus Talk team then asked
previous Tinnitus Talk users (no use of the forum for at least 2
months) to complete the final survey instrument. The question
of the survey that served as the focus of this study refersto the
reasons for discontinued usage. Participants provided reasons
for the discontinued usage of Tinnitus Talk by choosing one or
more than one answer of a multiple-choice question with eight
suggested reasons and an additional open-ended option where
participants could list other reasons.

Moreover, we were interested in the relation between
discontinued usage and the user’s perception of the Tinnitus
Talk forum. Users' perception of Tinnitus Talk was estimated
on a 5-point Likert scale (1=strongly disagree, 2=disagree,
3=neither agree nor disagree, 4=agree, and 5=strongly agree),
and included items that measured usefulness, content,
community, and quality of forum members' posts. Three items
measured the usefulness (U1, U2, U3), three items measured
the content (CN1, CN2, CN3), four items measured the
community (CM1, CM2, CM3, CM4), and four items measured
the quality of forum members’ posts (Q1, Q2, Q3, Q4).

Analyses

Overview of Mixed Methods Approach

A mixed methods approach was employed. Quantitative analyses
were used to examine the reasonsfor discontinued usage; users
perception of Tinnitus Talk; and correlations between reasons
and perception, reasons and age, and perception and age. The
qualitative analysis was employed to explore users free-text
answers given to the open-ended option on other reasons for
discontinued usage of Tinnitus Talk. This type of design
prioritizes quantitative analysis followed by a qualitative
sequence, providing a complete answer to a research question
by including both quantitative and qualitative methods [14].

Quantitative Data Analysis
Quantitative data were analyzed in IBM SPSS Statistics for

Windows, Version 25.0. Statistical tests (t test and x? test) were
performed to evaluate differences between included and
excluded participants in terms of age, gender,
tinnitus/hyperacusis status, and time since symptom onset. Mean
(SD) values were calculated for responses to questions that
addressed users' perception of Tinnitus Talk, and data are
presented as frequencies (n, %) for responses to the questions
that described reasons for discontinued usage. Multiple-choice
answers were dummy-coded for the analyses, with 1 indicating
presence and O indicating absence of the specific reason.
Additionally, the Pearson correlation coefficients (r) between
age, reasons for discontinued usage, and users' perception of
Tinnitus Talk were calculated with the Bonferroni-corrected
adjusted P value. All statistical testswere performed two-tailed
and significance was judged at P<.05.

Qualitative Data Analysis

Quialitative dataanalysisfocused on the users’ free-text answers
given to the open question on other reasons for discontinuing
the use of Tinnitus Talk. This open question generated textual
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data. The number of characters was not limited. Among the
total number of participants (N=2172), almost half (n=1075)
utilized this option and provided free-text data for subsegquent
analysis. The average length of answers was 22 words.

Grounded theory methodology (GTM) [15] was utilized for
exploration of the qualitative dataset. GTM allowsfor generating
a theory through the informed and open-minded examination
of data. Furthermore, GTM provides a set of systematic coding
approachesthat supportsthe formation of atailor-made category
system, with the use of open coding and constant comparison
of developed codes [16,17]. GTM is based on the inductive
conceptualization of qualitative data. In this study, all of the
testimonies (N=1075) written in English and gathered via the
SurveyMonkey internet platform were manually coded in a
line-by-line manner in the Open Coding and List Coding modes
of ATLASLi 8.4.4.

The goal of the coding process was to understand and classify
the “other reasons’ for discontinuing active participation on
Tinnitus Talk, which were formulated by the participants as
free-text answers. Inductively developed codes were assigned
to words, phrases, or entire testimonies to identify the relevant
text parts and to label them as the particular answers to the
research question (ie, the conceptual framework for the coding
procedure was delimited by the research question). The codes
were generated to represent the meaning of each answer. The
meaning similarity, which was determined by the authors
subjective judgment, was the key to developing the coding
system. The process of establishing codes was gradual in terms
of GTM. In some cases, code labels were borrowed from the
participants’ own formulations. The partial overlap of free-text
answers with predefined reasons was not an issue, because this
question allowed for multiple-choice answers. After initial
coding of the first 200 testimonies, the coding system was
adjusted by two authors (MK and SB) to improve accuracy of
the codes and to eliminate subjective evaluation. After thisstep,
previously coded testimonies were revised. Subsequently, the
codes were clustered into categories to identify the structure of
the dataset.

Results

Reasonsfor Discontinued Usage of Tinnitus Talk

Overview of Reasons

Table 2 shows the overall frequencies of reasons selected for
discontinued usage, which refer to the percentage of the given
answers, as each participant could provide multiple reasons.
Themost frequently selected predefined reasonsfor discontinued
usage of Tinnitus Talk included not finding what users were
looking for (R1), not needing Tinnitus Talk after they found
what they were looking for (R2), or no longer needing Tinnitus
Talk because their condition improved (R4). A surprisingly
high number of discontinued users added free text for other
reasons (R9). In total, 1654 particular reasons were identified
in their answers, more than 93% of which (n=1544) were
inductively coded to investigate the research questions. The
remaining (6.65%, n=110) text included other reasonsthat could
not be meaningfully coded and were therefore excluded as
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miscellaneous. As shown in Table 2, the most frequent other  The coding system consisted of 33 thematically Iabeled codes
reason was thinking that there is no cure or help for tinnitus  clustered into 10 categories (Table 3). The description of each
symptoms (O6), followed by being busy (O3), avoidance (02), category follows, along with some illustrative quotes for each
having positive hope (04), till using Tinnitus Talk (O8), category.

acceptance/habituation (O1), content issues (O10), improvement

(O5), technical issues (09), and other health issues (O7).

Table 2. Users reasons for discontinuing the use of Tinnitus Talk.

Question Participants, n (%)

Multiple choice question: Why did you stop using Tinnitus Talk? (select all that apply) (N=2695)

R1: I could not find what | was looking for on Tinnitus Talk 451 (16.7)
R2: | found what | was looking for on Tinnitus Talk and did not need it any more 340 (12.6)
R3: | perceived negative effects from using Tinnitus Talk 190 (7.2)
R4: | did not need Tinnitus Talk anymore because | improved 297 (11.0)
R5: | prefer to share in aface-to-face manner 135 (5.0)
R6: Tinnitus Talk was too complicated 93(3.5)
R7: | preferred to use a different forum 45 (1.7)
R8: | preferred to use Facebook groups 69 (2.6)
R9: Other (please specify) 1075 (39.9)

Other (categories based on analyses of free-text answers) (N=1544)

O1: Acceptance/Habituation 140 (9.2)
0O2: Avoidance 178 (11.5)
O3: Busy 212 (13.7)
O4: Hope/Positive 160 (10.4)
O5: Improvement 92 (6.0)
06: No cure/help 375 (24.3)
QO7: Other health issues 49 (3.2)
08: Still using Tinnitus Talk 154 (10.0)
009: Technical issues 88 (5.7)
010: Content issues 96 (6.2)

Table 3. Categories and codes for other reasons (R9 in Table 2).

Category Codes

Acceptance/habituation Acceptance of tinnitus; Habituation with tinnitus

Avoidance Avoidance strategy; Reading about tinnitus makes it worse

Busy Busy, but like to be more active; I'm busy; Lack of time; Some other issues

Hope/positive Compliments to Tinnitus Talk; Hope expression; New information about tinnitus awaited

Improvement Improved via something else; Mild tinnitus only

No cure/help Depression expression; Long timewith tinnitus; Negativism of users; No cure, so what; No solution found here;
Nothing usable on Tinnitus Talk; Resignation; Tinnitus is back; Tinnitusis too individualized; Tinnitus Talk is
not helping

Other health issues Health issues other than tinnitus

Still using Tinnitus Talk Did not stop!; | accessit occasionally; I'm fine with emails; Not stopped, just paused; Visiting, not logging in

Technical issues | forgot; Technical issues

Content issues Vague/outdated info; What to do (advice)
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No Cure/Help

The most common other reason (375 of 1544 quotes, 24.3%)
for why participants discontinued the use of Tinnitus Talk was
related to the fact that they considered tinnitusto be an incurable
disease, and participants shared a conviction that no help is
availablefor their suffering. The most frequently occurring code
in this category was therefore labeled as “Resignation” (72
guotes).

Also the negative attitude of the majority of the
community isnot helping either, | don’t blame anyone,
tinnitus, and other diseases are sad, and it's
completely fine to be sad about it. | am sad about it,
everyone's sad about it, but promoting this sadness
won't help anyone, or at least it won't help me.

Busy

The second highest number of testimonies (212 of 1544 quotes,
13.7%) reflected a personal situation in that participants were
fully occupied with other activities such as work duties,
important life situations, or some other activities/issues. Under
these conditions, spending time on Tinnitus Talk—and
sometimes on the tinnitus itself—no longer was a priority, at
least for awhile.

Testimonies clustered in this category were either very short
(eg, “too busy” or “no time”) or provided detailed information
about particular activities that led the participants to refocus
their attention from suffering from tinnitus to other issues, with
the exception of serious health issues, which were sorted in a
separate category.

Avoidance

The third most common category (178 of 1544 quotes, 11.5%)
reflected that a strategy, sometimes reported as based on own
experiences of simply not dealing with tinnitus (including
avoiding the use of Tinnitus Talk), wasthe only way to achieve
partia relief from tinnitus symptoms. In other words,
discontinuing use of Tinnitus Tak was part of an overal
avoidance coping strategy:

I miss some of the people from Tinnitus Talk but |
decided it was best to avoid it for a while.

Hope/Positive

Thefourth most common category (160 of 1544 quotes, 10.4%)
clustered positive testimonies addressed to Tinnitus Talk (coded
as “ Compliments to Tinnitus Talk,” 97 quotes), expressions of
hope, and expectations of new positive information from the
field of research and possible treatment of tinnitusin the future
(63 quotes).

I’m now waiting on a scientific breakthrough, when
this happens, and a proper treatment is available |
will once again share my experiences and learnings.
What | have shared certainly has helped others and
given them a little hope.

Still Using Tinnitus Talk

Importantly, the fifth most frequent category (154 of 1544
guotes, 10.0%) showed that despite the fact that only userswho
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were recognized to have stopped their active participation on
Tinnitus Talk were invited to the study, they had actually
continued visiting the forum, typically as not logged-in visitors
of the website. Codes clustered in this category pointed to the
following participants: (i) those who were not aware as to why
they were recognized as discontinued users of Tinnitus Talk,
(it) those who reported that they had paused in using Tinnitus
Talk but are planning to come back, (iii) those who accessed
Tinnitus Talk only occasionaly, (iv) those who explicitly
reported that they visit Tinnitus Talk but without being logged
in, and (v) thosewho limited their participation to reading emails
from Tinnitus Talk.

Acceptance/Habituation

This sixth most frequent category (140 of 1544 quotes, 9.1%)
represented examples of participants who achieved a state of
habituation with tinnitus. In some cases, this achieved
habituation was associated with along duration of tinnitus. The
following quote indicated a typical reasoning for deciding to
discontinue the use of Tinnitus Talk in this group:

I’ ve become habituated to the noise and it no longer
bothers me to any extent and staying in a forum just
reinforcesit as a problem which I’ ve now accepted.

Furthermore, in some cases, habituation was characterized by
itstemporality and fragility, and some participants reported the
fluctuation of tinnitus symptoms.

Content I ssues

The seventh category (96 of 1544 quotes, 6.2%) mirrored the
weak points of Tinnitus Talk's content and operation but also
provided a wide scale of valuable recommendations for
particular improvements. Approximately half of thetestimonies
fromthis category commented on the poor quality of the content
of Tinnitus Talk. Information on Tinnitus Talk was considered
to be vague or too general, outdated, overwhelming,
regurgitated/repetitive,  conflicting,  untrustworthy,  not
authoritative, or anecdotal:

One of many shotgun approachesto fixing something
on a “ maybe this'll work” basis. I'm not willing to
do experiments. It's depressing enough having the
disease.

I mprovement

Surprisingly, the participants offered many potential
improvements of Tinnitus Talk, including asystem of evaluation
of postsin terms of their hel pfulness. The eighth most frequent
category (92 of 1544 quotes, 6.0%) comprised mainly individual
examples of improvements for tinnitus, and cases of present
mild states of tinnitus. A relatively wide scale of solutions for
reducing tinnitus symptoms were offered, including the use of
hearing aids, attending special tinnitus courses, biofeedback,
biomagnetic therapy, neurotin or neuromonics medication,
ketogenic diet, and special relaxation sounds on YouTube (eg,
rain on atent, waterfall). It should be kept in mind that these
are users opinions and are not evidence-based
recommendations.
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Technical | ssues

The ninth category (88 of 1544 quotes, 5.7%) consisted of two
almost equal parts. First, discontinued use based on technical
or formal issues (eg, limited internet access, forgotten password,
Tinnitus Talk emails in spam folder, or not being aware they
were previous users of Tinnitus Talk). Second, other participants
in this group simply articulated the reason of discontinued use
as*“l forgot.”

Other Health Issues

Thelast category (49 of 1544 quotes, 3.2%) explained that their
discontinued use of Tinnitus Talk is based on preoccupation
with other health disorders (eg, Méniére disease, cancer) either
for themselves or people close to them.

Users' Perception of Tinnitus Talk

We analyzed the users’ perceptions of Tinnitus Talk based on
itemsthat refer to usefulness (U), content (CN), communication
(CM), and quality of the member posts (Q), which were rated
on a5-point Likert scalewith 1 representing “ strongly disagree’
and 5 representing “strongly agree” (Table 4). Overal,

Budimir et d

usefulness was estimated as dightly above average, with
participants finding what they needed on Tinnitus Talk (U1).
However, they did not find better quality of information as
compared to other sources (U2), and the fact that Tinnitus Talk
provided information in English was not considered to be a
problem (U3). The highest-rated aspect of the users' perception
of Tinnitus Talk referred to the content, which was rated as
organized, clearly structured (CN1) and easy to understand
(CN2). Users dso reported not being generally negatively
overwhelmed with the amount of content (CN3). The users
perception of the Tinnitus Talk community was estimated on
the higher end of average for a connection to other members
(CM1), the attitude of most of the members (CM2), and feeling
welcomed (CM4). However, forming connections with positive
impact was not rated very highly (CM3). Estimation of the
quality of Tinnitus Talk members posts from the perspective
of discontinued users included perception of the hel pfulness of
the information provided by forum members (Q1). The content
was not estimated as negative (Q4). Although there was some
conflicting information (Q2), the participants also considered
that the provided information is factually correct (Q3).

Table4. Users perceptions of Tinnitus Talk scored on a 5-point Likert scale (1=strongly disagree and 5=strongly agree).

Question Mean (SD)
Usefulness (U): How useful was Tinnitus Talk to you as a source of help or information?
U1: | found what | needed on Tinnitus Talk 3.48 (0.86)
U2: | found better quality information from other sources 2.74 (0.90)
U3: | would have preferred help/information in alanguage other than English 1.87 (0.95)
Content (CN): What did you think of the content of Tinnitus Talk?
CN1: The content was well organized and clearly structured 3.76 (0.69)
CN2: The content was easy to understand 3.90 (0.64)
CN3: The forum has too much content for me 2.59 (0.88)
Community (CM): What did you think of the Tinnitus Talk community?
CM1: | found enough members to relate to or connect with 3.46 (0.82)
CM2: | appreciated the attitude of most members 3.72(0.75)
CM3: | made connections that positively impacted me 2.90 (0.89)
CM4: | felt welcome 3.65 (0.79)
Posts (Q): How did you find the quality of forum members' posts?
Q1: The advice/information provided by forum members was helpful 3.60 (0.76)
Q2: There was conflicting advice/information 3.08 (0.82)
Q3: The advice/information provided was factually correct 3.35 (0.66)
Q4: | felt the content was negative 2.43(0.84)

Correlations Between Predefined Reasons for
Discontinued Usage and Perception of Tinnitus Talk

As participants could choose multiple reasons for
discontinuation, we applied dummy coding for thisvariable; if
a reason was selected, it was coded as 1 and otherwise was

https://formative.jmir.org/2021/4/€21444

coded as 0. Significant correlations (Bonferroni-corrected
P<.001) werefound between several predefined reasons (R1-R8
in Table 2) for discontinued usage of Tinnitus Talk and users
perception of Tinnitus Talk among 135 correlations assessed
for the eight predefined reasons (Table 5).
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Table 5. Correlation between users’ perception of Tinnitus Talk and predefined reasons (N=2124-2157).

Variable R12 R2P R3° R4d R5® R6' R79 Rg" Age

Ul: | found what | needed on Tinnitus Talk
r -0.39 0.23 -0.06 0.22 -0.01 -0.11 -0.02 0.00 -0.18
P vaue <001 <.001 .006 <.001 71 <.001 .25 94 <.001

U2: | found better quality information from other sources

r 0.04 -0.05 0.10 -0.01 0.00 0.02 0.09 0.06 -0.07

P value .07 .04 <.001 .81 .96 37 <.001 .009 .002
U3: | would have preferred help/information in alanguage other than English

r -0.04 0.05 0.06 .04 0.03 -0.01 -0.01 -0.02 -0.17

P vaue .06 .02 .009 .06 19 .69 74 43 <.001
CNZ1: The content waswell organized and clearly structured

r -0.26 0.14 -0.08 0.14 -0.03 -0.20 -0.06 -0.01 -0.11

P value <.001 <.001 <.001 <.001 A1 <.001 .003 51 <.011
CN2: The content was easy to under stand

r -0.20 0.12 -0.07 0.12 -0.04 -0.22 -0.05 0.00 -0.11

P vaue <.001 <.001 .003 <.001 .09 <.001 .03 .97 <.001
CN3: The forum hastoo much content for me

r 0.12 -0.05 0.09 -0.07 0.03 0.15 0.05 0.03 0.01

P value <.001 .02 <.001 .001 17 <.001 .04 21 73
CM1: | found enough membersto relateto or connect with

r -0.30 0.15 -0.05 0.21 -0.05 -0.15 -0.03 0.01 -0.19

P value <.001 <.001 03 <.001 02 <.001 16 74 <.001

CM2: | appreciated the attitude of most members
r -0.17 0.13 -0.19 0.13 -0.03 -0.10 —0.06 -0.01 -0.08
P value <.001 <.001 <.001 <.001 a7 <.001 .007 .78 <.001

CM3: | made connectionsthat positively impacted me

r -0.26 0.12 -0.02 0.25 0.01 -0.11 -0.03 0.00 -0.20

P vaue <.001 <.001 31 <.001 a7 <.001 21 91 <.001
CM4: | felt welcome

r -0.25 0.13 -0.03 0.18 -0.03 -0.14 -0.03 0.01 -0.21

P value <.001 <.001 .25 <.001 .23 <.001 15 .61 <.001

Q1: Theadvice/information provided by forum members was helpful
r -0.30 0.18 -0.11 0.19 -0.03 -0.14 -0.05 -0.01 -0.16
P vaue <.001 <.001 <.001 <.011 .23 <.001 .02 72 <.001
Q2: Therewas conflicting advice/information
r 0.07 -0.01 0.19 0.01 0.00 0.08 0.00 -0.04 -0.10
P value .001 .66 <.001 .66 .94 <.001 .95 .08 <.001
Q3: Theadvice/information provided was factually correct
r -0.18 0.14 -0.14 0.08 0.00 -0.10 -0.05 0.03 -0.07
P vaue <.001 <.001 <.001 <.001 >.99 <.001 .03 15 .001
Q4: | felt the content was negative

r 0.10 -0.09 0.32 -0.04 -0.03 0.09 0.03 0.00 -0.02
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Varigble R12 R2P R3° R4d R5° R6' R79 Rg" Age
P value <.001 <.001 <.001 .05 15 <.001 13 87 42
Age
r 0.15 -0.14 -0.14 -0.28 0.00 0.04 0.05 0.02 _J
P vaue <.001 <.001 <.001 <.001 91 10 .02 .26 —

8R1: | could not find what | was looking for on Tinnitus Talk.

bR2: | found what | was looking for on Tinnitus Talk and did not need it anymore.

°R3: | perceived negative effects from using Tinnitus Talk.
dR4: | did not need Tinnitus Talk anymore because | improved.
®R5: | prefer to sharein aface-to-face manner.

fR6: Tinnitus Talk was too complicated.

9R7: | preferred to use a different forum.

hRS: | preferred to use Facebook groups.

IP<.001 refersto an adjusted P<.000370=.05/135 (15x9).
INot applicable.

Thereason for discontinued usage of not finding what they were
looking for on Tinnitus Talk (R1) was negatively correlated
with usefulness (U1). This indicated that the users’ reason for
discontinued usage was associated with the perception of the
usefulness of Tinnitus Talk, which included not being able to
find what they needed. The same reason was negatively
correlated with perception of Tinnitus Talk’s content, which
was not seen as well organized and clearly structured (CN1)
or easy to understand (CN2), and was positively correlated with
the aspect of the content that described the forum as having too
much content (CN3). One of the explanations of what the users
were looking for and could not find on Tinnitus Talk (R1) was
revealed by analyzing their perception of communication on
the forum (CM). They did not find enough members to relate
or to connect with (CM 1), did not appreciate the attitude of most
members (CM2), did not make connectionsthat made a positive
impact on them (CM3), and did not feel welcome (CM4). The
users also did not find the quality of the information they were
looking for. Thisincluded perception of the advice/information
provided by forum members as not helpful (Q1), factually not
correct information (Q3), and perception of the content as
negative (Q4).

On the other side, there was a group of discontinued users who
did find what they were looking for on Tinnitus Talk but
subsequently discontinued using the forum (R2). Their reason
for discontinued usage was positively correlated with usefulness
(U1), meaning that they did find what they needed on the forum.
They also found the content to be well organized and clearly
structured (CN1), and easy to understand (CN2). The perception
of the communication on Tinnitus Talk was generally positive,
including finding enough members to connect with (CM1),
appreciating the attitude of most members (CM2), making
connectionswith a positiveimpact (CM 3), and feeling welcome
(CM4). They perceived the quality of the information provided
by other members to be helpful (Q1), factually correct (Q3),
and they did not perceive the content as negative (Q4).

The correlations between the reason of perceiving negative
effects from using Tinnitus Talk (R3) and the perception of the

https://formative.jmir.org/2021/4/€21444

forum clarified their discontinuation of usage. They found better
quality of information fromother sources (U2), did not perceive
the forum’s content as well organized and clearly structured
(CN1), they perceived that it had too much content for them
(CN3), and they did not appreciate the attitude of most members
(CM2). Additionally, they did not find advice/information
provided by forum members to be helpful (Q1), perceived
information as conflicting (Q2) and not factually correct (Q3),
and felt that the content was negative (Q4).

Userswho discontinued using the Tinnitus Talk forum because
their condition had improved (R4) also found what they needed
(U1). Their perception of the content was positive. They
perceived the forum content as well organized and clearly
structured (CN1), and easy to understand (CN2). Their
perception of the communication between members was also
positive; namely, they found enough members to connect with
(CM1), appreciated the attitude of most members (CM2), made
connections with positive impact (CM3), and felt welcome
(CM4). The perceived quality also reflected the satisfaction of
these members, as they found the advice and information
provided by other members to be helpful (Q1) and factually
correct (Q3).

The reason for discontinued usage of the forum because the
users prefer to share in a face-to-face manner (R5) or they
prefer to use a Facebook group (R8) was not significantly
correlated with any of the 14 items related to perception of the
forum.

The correlation between perceptions of the Tinnitus Talk forum
by the users who discontinued because they found it to be too
complicated (R6) revealed more specific aspects they found to
be problematic. First, they could not find what they needed (U1).
Their perception of the forum’s content was negative because
of not being organized and clearly structured (CN1), not easy
to understand (CN2), and having too much content (CN3). They
did not find enough members to connect with (CM1), they did
not appreciate the attitude of most members (CM2), did not
make connections with a positive impact (CM3), and they did
not feel welcome (CM4). They also did not find the information
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provided by the forum's members to be helpful (Q1), advice
and information were perceived as conflicting (Q2) and not
factually correct (Q3), and they felt that the content was negative

(Q4).

The reason for discontinued usage of the Tinnitus Talk forum
because of a preference to use a different forum (R7) was
positively correlated with finding better quality of information
from other sources (U2).

CorrelationsBetween Other Reasonsfor Discontinued
Usage and Perception of Tinnitus Talk

Correlations were also calculated between the 10 qualitatively
coded “other” reasons (R9 in Table 2) for discontinued usage
and the users' perception of Tinnitus Talk with a total of 150
correlations assessed (Table 6).

Significant correlationswere only found between reasons|abeled
as “Busy” (O3), “Hope/Positive” (04), “No cure/help” (06),
“Still using Tinnitus Talk” (O8), and “Content issues’ (O10)
and users’ perception of Tinnitus Talk. There were no significant
correlations  between the reasons labeled as
“Acceptance/Habituation” (01), “Avoidance” (02),
“Improvement” (O5), “ Other healthissues’ (O7), and “ Technical
issues’ (09) with users' perspective of the Tinnitus Talk forum.

A negative correlation was found between the reason labeled
as“Busy” (O3) and the perception of the content was negative
(Q4), meaning that those who discontinued usage due to being
busy did not find the content to be negative. Users who had
positive hope (O4) thought that the content was well organized
and clearly structured (CN1) and that the advice/information
provided by forum members was helpful (Q1).

Thediscontinued userswho thought that thereisno cure or help
(06) could not find what they were looking for on Tinnitus Talk

https://formative.jmir.org/2021/4/€21444
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(U1). They also did not find the content to be well organized
and clearly structured (CN1) or easy to understand (CN2).
Regarding their perception of the other members, they did not
find enough members to relate to or connect with (CM1), did
not appreciate the attitude of other members (CM2), did not
make connections that positively impacted them (CM3), and
did not feel welcome (CM4). Additionally, the perception of
the quality of the forum was rated as lower in this group, with
not perceiving the advice provided by other members as hel pful
(Q1) or factually correct (Q3). In fact, they felt that the content
was negative (Q4).

The users that stated that they are in fact still using Tinnitus
Talk (O8) could find what they were looking for (U1). They
perceived the content as well-organized and with a clear
structure (CN1) and there was nottoo much content for them
(CN3). They found enough members to relate to (CM1),
appreciated the attitude of most members (CM2), made
connections that positively affected them (CM3), and felt
welcomed (CM4). This reason was also positively correlated
with perceiving the advice of forum members as helpful (Q1)
and the content was not considered to be negative (Q4).

The users who discontinued using Tinnitus Talk because of
content issues (010) could not find what they were looking for
(U1), and did not find that the content was well organized and
clearly structured (CN1) or easy to understand (CN2). They
also did not find enough members to relate to or connect with
(CM1), did not make connectionsthat positively impacted them
(CM3), and did not feel welcome (CM4). The advice/information
provided by forum members was not helpful (Q1), there was
conflicting advice/information (Q2), and factually not correct
information (Q3).
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Table 6. Correlations between users’ perception of Tinnitus Talk and other reasons (N=1436-1527).

Variable 012 o2° 03° o4¢ 05° o6f o79 og" o9 010

Ul: | found what | needed on Tinnitus Talk
r 0.07 0.05 0.05 0.08 -0.01 -0.17 0.01 0.16 -0.01 -0.14
P value .005 .04 .06 .003 73 <ootk 60 <.001 79 <.001

U2: | found better quality information from other sources

r -0.05 -0.02 0.02 -0.04 0.08 -0.01 -0.05 -0.03 0.04 0.04

P value .06 46 .53 .10 .002 72 .08 .25 10 .08
U3: | would have preferred help/information in alanguage other than English

r 0.00 0.06 -0.01 -0.03 0.03 0.00 -0.03 -0.03 0.00 -0.02

P vaue .88 .02 .58 .30 22 .87 19 .29 .99 .35
CNZ1: The content waswell organized and clearly structured

r 0.03 0.03 0.05 0.10 -0.03 -0.11 0.03 011 -0.05 -0.15

P value .26 .20 .05 <.001 24 <.001 24 <.001 .07 <.001
CN2: The content was easy to under stand

r 0.06 0.04 0.07 0.06 -0.05 -0.10 0.06 0.08 —0.06 -0.13

P vaue .03 .09 .01 .01 .05 <.001 .03 .004 .02 <.001
CN3: The forum hastoo much content for me

r -0.02 0.03 -0.03 -0.04 -0.01 0.09 -0.05 -0.11 0.00 0.07

P value .38 .20 21 12 71 <.001 .07 <.001 .86 .01
CM1: | found enough membersto relateto or connect with

r 0.05 0.04 0.03 0.07 0.00 -0.12 0.00 011 -0.01 _0.13

P vaue .08 .15 .32 .006 .93 <.001 91 <.001 .65 <.001
CM2: | appreciated the attitude of most members

r -0.01 0.04 0.04 0.07 -0.01 -0.11 0.04 0.11 -0.04 -0.07

P value 74 .16 12 .005 .80 <.001 A7 <.001 8 .006
CM3: | made connectionsthat positively impacted me

r 0.05 0.02 0.01 0.03 0.04 -0.14 0.00 0.10 0.04 -0.13

P vaue .08 54 .65 .19 .09 <.001 .86 <.001 A3 <.001
CM4: | felt welcome

r 0.04 0.03 0.01 0.06 0.03 -0.11 0.02 0.14 -0.05 -0.12

P value A1 .20 .58 .02 .23 <.001 47 <.001 .04 <.001
Q1: Theadvice/information provided by forum member s was helpful

r 0.09 0.06 0.08 0.10 -0.01 -0.20 0.02 011 -0.02 -0.19

P vaue .001 .02 .003 <.001 .68 <.001 .38 <.001 51 <.001
Q2: Therewas conflicting advice/information

r -0.06 0.04 -0.08 -0.02 0.04 0.07 -0.03 -0.05 -0.03 0.13

P value .03 13 .002 .56 .16 .007 .26 .06 21 <.001
Q3: The advice/information provided was factually correct

r 0.03 -0.01 0.05 0.05 -0.02 -0.11 0.02 0.05 0.02 -0.10

P vaue .29 72 .05 .06 40 <.001 45 .05 40 <.001
Q4: | felt the content was negative

r 0.00 0.08 -0.10 -0.01 0.00 0.13 -0.03 -0.11 -0.01 0.05
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Varigble 012 o2° 03° o9 05° o6f o79 og" od 010
P value 97 001 <001 64 98 <001 22 <001 .83 .06
Age
r 006 -015 008 006 001 0.04 0.06 001 005 0.03
P value 02 <001  .001 01 68 .09 .03 68 .05 33

801: acceptance/habituation.
b02: avoidance.

€03: busy.

dog: hope/positive.

€05: improvement.

f06: no cure/hel p.

907: other health issues.
hos: still usi ng Tinnitus Talk.
109: technical issues.

1010: content issues.
Kp<.001 refersto an adjusted P<.000333=.05/150 (15x10).

Correlationsbetween Reasonsfor Discontinued Usage
of Tinnitus Talk and Age

Correlations Between Predefined Reasons for
Discontinued Usage of Tinnitus Talk and Age

As summarized in Tables 5 and 6, older users discontinued
usage of Tinnitus Talk because they could not find what they
were looking for (R1, R2), whereas younger users were more
likely to discontinue usage of Tinnitus Talk because they
perceived negative effects (R3) or because they improved and
no longer needed Tinnitus Talk (R4).

Correlations Between Other Reasons for Discontinued
Usage of Tinnitus Talk and Age

The only significant correlation between age and other reasons
(R9 in Table 2; 10 qualitatively coded categories in Table 3)
was found between age and avoidance, with avoidance being
more prevalent among younger users (O2).

Correlations Between Users' Perception of Tinnitus Talk
and Age

Asshown in Table 5, older users did not find what they needed
on Tinnitus Talk (U1) and would not prefer information in other
languages (U3). Older users also did not perceive the content
as well organized and clearly structured (CN1) or easy to
understand (CN2). They also did not find enough members to
communicate with (CM1), did not appreciate the attitude of
most members (CM2), did not make connections with positive
impact (CM3), and did not feel welcomed (CM4). They did not
find infor mation provided by forum membersto be helpful (Q1)
but also did not perceive information as conflicting (Q2).

Discussion

Reasonsfor Discontinued Usage of Tinnitus Talk

This study assessed a wide range of reasons for why users
discontinued use of the health-related internet forum Tinnitus
Talk. Moreover, one of the aims of this study was to provide

https://formative.jmir.org/2021/4/€21444

explanation and understanding of these reasons. Previous
similarly oriented studies were mainly focused on the
measurement of dropout rates from various health-related
web-based platforms with very inconsistent findings [7].

We quantitatively analyzed eight predefined reasons for
discontinued usage and qualitatively coded the open option for
other reasons. The eight predefined reasons can be categorized
into three subgroups. Thefirst subgroup included characteristics
of theforum asareason for discontinued usage, such not finding
what one was looking for on Tinnitus Talk (R1), perceiving
negative effects from using Tinnitus Talk (R3), and perceiving
Tinnitus Talk as too complicated (R6), accounting for 27.2%
(listed as a reason 734 times among the total of 2695 reasons
listed) of the reasons for discontinued usage. The second
subgroup included reasons related to no longer needing the
forum, either because they already found what they werelooking
for on Tinnitus Talk (R2) or because their condition improved
(R4), accounting for 23.6% (637/2695) of the reasons listed.
The third group of reasons referred to the preference of other
sources of information, including sharing in a face-to-face
manner (R5), preference of adifferent forum (R7), or preference
of using Facebook groups (R8), accounting for only 9.2%
(249/2695) of the total reasons. The remaining reasonsfall into
the group “other” reasons (39.9%, 1075/2695), which were
additionally qualitatively analyzed. Based on these results, the
Tinnitus Talk forum could improve with respect to these specific
aspects that led to discontinuation.

Users' Perception of Tinnitus Talk

Additionally, the users' perception of the Tinnitus Talk forum
revedled that the aspects with the lowest scores were a
preferencefor help/information in alanguage other than English
and that the content was negative. The aspects with the highest
scores referred to perceiving the content as easy to understand
aswell as organized and clearly structured, and appreciation of
the attitude of most members. The calculated correlations
between the reasons for discontinued usage and the users
perception of Tinnitus Talk revealed associations that provide
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clearer insight into the relevant characteristic of the forum and
its discontinued usage.

Correlations Among Reasons, Perception of Tinnitus
Talk, and Age

The reasons from the first subgroup, that refer to aspects of
Tinnitus Talk such as not finding what they were looking for,
perceiving negative effects, and perceiving the forum as too
complicated, were significantly correlated with aspects of
usefulness such as not finding what they want, content aspects,
communication aspects, and some of the aspects of the quality
of members' posts. The perception of negative effects from
using Tinnitus Talk was significantly correlated with some
aspects of usefulness, content, communication, and quality.

The reasons from the second subgroup, those that refer to no
longer needing Tinnitus Talk either because of finding what
they needed or because their condition improved, perceived
positive aspects of usefulness, content, communication, and
quality.

The reasons from the third subgroup, referring to a preference
of other sources such as face-to-face sharing or Facebook
groups, did not have a significant correlation with almost any
aspect of users' perception of Tinnitus Talk, with the exception
of apositive correlation between preferring another forum and
finding better-quality information from other sources.

Additionally, older usersdid not perceive Tinnitus Tak asuseful
and well organized or easy to understand, and did not find there
to be good communication or good quality of other members’
posts. Older users were also more likely to stop using Tinnitus
Talk because they could not find what they were looking for,
whereas younger users discontinued because of perceiving more
negative effects from using Tinnitus Talk or because their
condition improved. These results imply that Tinnitus Talk
might not be the best suited platform for older users, possibly
due to alarger amount of online information as they might not
be used to that type of information processing.

Analyses of “other” additional reasons revealed that users who
discontinued using Tinnitus Talk because they were too busy
did not perceive the content as negative. In addition, users who
had positive hope perceived the content to be well organized
and clearly structured, and that the advice/information provided
by forum members was helpful.

The users who discontinued to use Tinnitus Talk because they
think that thereis no cure or help did not find what they needed
on the forum, and did not find that the content was organized
well and clearly structured or easy to understand. They also did
not find enough members with whom they could relate, did not
appreciate the attitude of most members, did not make
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connections that positively impacted them, and did not feel
welcomed. Moreover, they did not find the advice from other
forum membersto be helpful or factually correct, and they felt
that the content was overall negative.

The users who reported that they were still using the forum
found what they needed on Tinnitus Talk, thought that the
content iswell organized and clearly structured, and that there
was not too much content. In general, they found the
communication with forum members to be positive through
connection with other members, appreciated the attitude of most
members, made connections with positive impact, and felt
welcomed. They also found that the information provided by
forum members was helpful and that the content was not
negative.

The userswho discontinued using the forum because of content
issues did not find what they needed, and did not find that the
content was well organized and clearly structured or easy to
understand. These members showed dissatisfaction in terms of
communication with forum members, as they not find enough
members to relate to, did not make connections that positively
impacted them, and did not feel welcomed. They also did not
find the information provided by forum membersto be helpful,
and they perceived conflicting and factually incorrect
information.

The acceptance of a disease seemsto be of crucial importance
in the treatment of tinnitus and other chronic diseases[18]. The
ability to accept having tinnitus was also understood by some
participants as a condition in achieving a state of habituation.
To be ableto accept tinnitus could be achieved in different ways.
Another strategy of how to cope with tinnitus is the avoidance
of tinnitus-related themes and thoughts, as reported by
participants in this study. This strategy may be helpful in the
short-term, but can create problems in the long-term. The
avoidance strategy only temporarily helped many of the
participants to relieve their symptoms. Although some of them
achieved a state of habituation, they reported that thiswas only
for alimited time period (also see Figure 1).

Surprisingly, several valuable recommendations for
improvement of the Tinnitus Talk platform were found in
testimonies, including ideasto assist usersin finding, evaluating,
and summarizing the information on Tinnitus Talk, which was
recently elaborated by Dandage et a [2]. Some participants of
our study reported hel plessnessrel ated to the strong negativism
of several Tinnitus Talk users and their radical posts, which
attracted high attention of other users and frightened mainly
new users. To maintain and moderate the content is very
difficult, especially when the forum is operated on a nonprofit
basis.
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Figure 1. Process mode of participation on Tinnitus Talk (TT).
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Process Model of the Use of Tinnitus Talk

Based on the qualitative analysis, a process model of the use of
Tinnitus Talk may be suggested (Figure 1). In testimonies, some
participants explained their journey retrospectively from starting
as newcomers to Tinnitus Talk with recent onset of tinnitus
until becoming a well-informed user who gradually managed
to habituate.

The proposed process model tries to reconstruct the experience
of Tinnitus Talk users over time. At the beginning, Tinnitus
Talk is typically the first or one of the very first resources for
tinnitus-related information the user encounters. Gradualy, the
user’sown tinnitus experience is complemented by accumulated
knowledge from Tinnitus Talk. In the quantitative analysis, we
found that information saturation (ie, they found what they were
looking for but they did not need it anymore) was the second
most frequently reported reason for discontinuing the use of
Tinnitus Talk. Thus, this process model depicts how Tinnitus
Talk works in terms of information saturation among users.
Furthermore, it illustrates different pathways of using Tinnitus
Talk according to various situations of users. Asthis study was
cross-sectional and we did not assess the time at which a user
started using Tinnitus Talk, this model is rather vague. Thus,
future longitudinal research is necessary to evaluate thismodel,
which was constructed based on the free-text answers given by
only some Tinnitus Talk users.

Aswe specifically assessed perceptions from agroup of lapsed
Tinnitus Talk users, there may be many other reasons and
motivations to participate in Tinnitus Talk. Health-related fora
help a patient cope with their disease, find an important source
of social support, feel understood, and alow them to also offer
help to other sufferers. The fact that the participants were
recruited based on their 2-month absence from the Tinnitus Talk
forum is an important limitation of this study. Although this
allowed us to more precisely target the group of discontinued
users, the perceptions on Tinnitus Talk presented in this study
can at best only reflect this group, but cannot be considered as
representative for all users of the forum, which comprises
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approximately 2000 active members. On the other side, complete
sampling of lapsed members of Tinnitus Talk was performed
and the feedback rate was considerable for an analysis of agroup
that quit aforum. When interpreting the results, it should also
be kept in mind that users of Tinnitus Talk are not representative
of other individuals with tinnitus. Previous research has shown
differences between Tinnitus Talk users, users of the Track
Your Tinnitus smartphone app [19], and patients at an outpatient
tinnitus center [20]. According to the criteria applied for the
selection of participants, we still detected some users who in
fact did not discontinue the use of Tinnitus Talk but are rather
taking a break; in other words, they are lurking in more or less
a passive way for new information such as a breakthrough in
new possibilities of tinnitus treatment.

Another limitation of this study relates to the results of the
qualitative analysis, which cannot be generalized, but provide
uswith avariety of examplesthat are valuable for understanding
individual cases. Moreover, the insight based on participants
testimonies enables developing new hypotheses for future
research. In addition to contributing to understanding users
reasons for discontinuing the use of a health-related internet
forum, severa interesting questions for future research have
emerged, including (1) How strong is the contagion effect of
negativism on various health-related discussion forain various
groups of users? (2) Isthere any effect of using Tinnitus Talk
on the severity of tinnitus, which can be accessed with the
Tinnitus Handicap Inventory [21] (3) What is the accuracy of
the health-rel ated advice and recommendations posted by users
of Tinnitus Talk when evaluated by medical experts? (4) Does
the use of Tinnitus Talk induce some transformation of emations
in various groups of users?

There are a'so many challenges and callsfor qualitative studies
inthefield, including (1) determining the extent to which users
of Tinnitus Tak understand their disease, (2) how they
experience their active participation on Tinnitus Talk, or (3)
how they perceive the forum to induce or moderate their
health-related anxieties or hopes. For future research, it would
aso be stimulating to link the survey answers of this study to
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theusers activitiesin theforum (ie, behavior, posts, and overall
performance on Tinnitus Talk). Unfortunately, this was not
possible in this study, which directly targeted only the
(presumed) lapsed members. However, weinvestigated agroup
of usersthat are usually out of research scopein the health field.
This study revealed this particular group of lapsed users as a
very important resource of feedback for preventing dropouts,
for improvement of health-related internet fora, and for
identification of some weak points and potential risks of
health-related fora. The identification of these weaknesses and
risks could be utilized as a source of opportunities for
improvement.

This study brings forth a variety of practical implications.
Reasons that led users to discontinue their active participation
on Tinnitus Talk offers valuable feedback for providers of the
forum aswell asfor providers of other health-related forain the
following areas: (1) targeting of communication (eg, newd etters,
emails) to specific groups of users, with regard to whether they

Budimir et d

are newcomers or long-time users; (2) optimization of the
structure according to various groups of users (eg, content
navigation for newcomers, sections structured for people with
different degrees of severity and subtypes of diseases); and (3)
evaluation of users' posts by other forum members as well as
by doctors/physicians (eg, in terms of relevance, helpfulness,
or potential harm; see also Dandage et al [2]). Some proposals
for improvement would require a substantial amount of work
and sufficient financial resources on the side of Tinnitus Talk
nonprofit providers, namely with respect to continuous content
edits, preparing thematic summarizations, quick answering of
users questions, and in “ putting the records straight.” However,
this last suggestion seems to be particularly relevant for
health-related forain general, because the quality of discussion
posts dramatically fluctuates[22-24]. In addition to the potential
dissemination of mideading health-related information, the high
occurrence of negativism in users posts was considered by
some users asacall for areaction or intervention from the side
of Tinnitus Talk providers.
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Abstract

Background: New opportunities to create and evaluate population-based selective prevention programs for suicidal behavior
are emerging in health care settings. Standard depression severity measures recorded in el ectronic medical records (EMRS) can
be used to identify patients at risk for suicide and suicide attempt, and promising interventions for reducing the risk of suicide
attempt in at-risk populations can be adapted for web-based delivery in health care.

Objective: This study aims to evaluate a pilot of a psychoeducational program, focused on developing emotion regulation
techniques via a web-based dialectical behavior therapy (DBT) skills site, including four DBT skills, and supported by secure
message coaching, including elements of caring messages.

Methods: Patientswereeligible based on the EM R-documented responsesto the Patient Heal th Questionnaireindicating suicidal
thoughts. We measured feasibility viathe proportion of invitees who opened program invitations, visited the web-based consent
form page, and consented; acceptability via qualitative feedback from participants about the DBT program; and engagement via
the proportion of invitees who began DBT skills as well as the number of website visits for DBT skills and the degree of site
engagement.

Results: A total of 60 patients were invited to participate. Overall, 93% (56/60) of the patients opened the invitation and 43%
(26/60) consented to participate. DBT skillswebsite users visited the home page on an average of 5.3 times (SD 6.0). Procedures
resulted in no complaints and some participant feedback emphasizing the usefulness of DBT skills.

Conclusions: Thisstudy supportsthe potential of using responsesto patient health questionnairesin EMRsto identify ahigh-risk
population and offer key elements of caring messages and DBT adapted for a low-intensity intervention. A randomized trial
evaluating the effectiveness of this program is now underway (Clinical Trials.gov: NCT02326883).

(IMIR Form Res 2021;5(4):€21127) doi:10.2196/21127

KEYWORDS
suicide; suicide prevention; dialectical behavior therapy; caring message; web-based; NowM attersNow.org; prevention

: including systems changesinitiatives such as Zero Suicide and
Introduction new national patient care guidelines such as Recommended
Background Standard Care for People With Suicide Risk: Making Health

Care Suicide Safe [1-3]. However, there are significant
challenges that hamper major advancements in the field.
Although research support for clinical and tertiary treatments

Significant momentum supports the work of suicide prevention
in health care settings as well as the inclusion of people who
have personal experience with suicidal thoughts and behaviors,
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exists, these treatments are often intended for those who have
already made suicide attempts or have been hospitalized for
suicide-related reasons and they likely only have a minimal
effect on suicide rates of the overall population [4,5]. This may
be because of limited availability and postvention focus.
Intensive tertiary interventions for suicidal patients, such as
dialectical behavior therapy (DBT) and cognitive behavioral
therapy (CBT) for suicide prevention, require significant clinical
training for cliniciang[6,7]. For patients, they are often costly,
time intensive, and inaccessible. Empirically supported
interventions target individuals who have already engaged in a
suicide attempt [8]. Meanwhile, clinical responses to patients
who report suicidal ideation generally focus on acute crises and
risk management, such as safety planning, emergency room
care, and inpatient psychiatric care. Unfortunately, this
sometimes leads to coercive interactions because the onusison
the patient to prove that they are no longer suicidal or at risk to
leave the health care setting [9].

Selective prevention—otherwise known as secondary or
indicated prevention—focused on outreach, support, and skills
development would allow for a more collaborative approach.
Owing to several conceptual, methodological, logistical, and
ethical challenges, selective prevention for suicide remains to
be relatively unexplored. Effective selective prevention for
suicide requires three things: (1) accurate methods for
identifying those at risk before a suicide attempt, (2) effective
interventions suitable for large-scale delivery, and (3) acceptable
and efficient models for population-based delivery.

The Patient Health Questionnaire (PHQ) [10], a depression
guestionnaire commonly documented in electronic medical
records (EMRS), can be used to identify those greater short-term
(3% risk of suicide attempt in the following month) and
long-term (5-10 times greater risk for suicide and suicide attempt
over the following 2 years) risks[11,12]. Theserisk levels are
specific to PHQ item 9, which asks whether the patient, over
the past 2 weeks, has been bothered by “thoughtsthat you would
be better off dead or of hurting yourself in some way.”
Responses of “more than half the days’ or “nearly every day”
are linked to the elevated risk described, and the risk remains
to be significant when controlling for the total score of the
remaining PHQ items and demographic variables. Morerecently,
PHQ scores in combination with other EMR data have been
used to predict suicide attempts and suicide using empirically
derived risk scores[13].

A promising low-intensity intervention is caring messages,
comprising brief, nondemanding, unsolicited caring messages
sent by a health care provider over time. Although caring
messages studies are not without limitations, data suggest that
they may reduce the incidence of suicidein psychiatric patients
[14,15]. It has also been shown to reduce additional suicide
attempts [8,16-18]. Caring messages is among the few
interventions that have replicated such findings [2,14,19-21].
The Institute of Medicine and the National Action Alliance for
Suicide Prevention identify caring messagesasapromising and
recommended intervention [2,22], and it has been adapted for
email [23]. A possible mechanism of action for caring messages
isthat it may address alack of social connections[24].
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DBT, another intervention, is a high-intensity treatment
demonstrated to reduce suicidal behaviors by teaching
individuals how to effectively manage intense emotions and
tolerate distress[6]. Reductionsin suicidal behaviorshave been
replicated across at least four DBT randomized controlled trials
targeting suicidal individuals [19,25-28]. The key elements of
DBT can be adapted for brief interventions. In a component
analysisof DBT and asubsequent literature review, preliminary
analyses suggest that one element—skillstraining—is effective
in reducing suicidal behaviors [29,30]. Skills training has
subsequently been adapted for brief, population-based
interventions [31-34].

For the delivery of such interventions, the population-level
impact requires a model that is affordable and scalable.
Web-based interventions have the potential to reach large
numbers of high-risk individuals and have been shown to be
effectivefor support inside and outside medical settings[35-38].
Such interventions have demonstrated effects over usual care,
in some cases comparable with in-person treatment [39-43)].
Intervention websites, both with and without human support,
are scalable for population-based uses in ways that in-person
interventions are not [44]. Evidence supporting web-based
adaptations of high-intensity treatments such as CBT warrants
the development and testing of a web-based DBT skills
intervention. The advantages of intervention websites include
24-hour accessibility, greater perceived privacy, and flexibility
of location.

Meanwhile, EMR systems can be used not only to support the
delivery of web-based interventions but also to identify those
at risk and to support patient-provider secure messaging used
for intervention. EMRswith secure messaging have the potential
to significantly increase the efficiency and dissemination of
suicide prevention and suicide attempts. Secure messaging has
been successfully used to deliver low-intensity interventions
[45-47]. Secure messaging can be used to support the delivery
of web-based interventions traditionally delivered in person,
such as CBT and motivational interviewing.

Objectives

Thispilot study aimsto assessthe feasibility, acceptability, and
engagement of a brief suicide prevention intervention in
preparation for afull-scale randomized trial. We evaluated this
by measuring patient response to an invitation to a web-based,
population-based suicide attempt and suicide prevention
intervention, intended to be easily adapted into large health care
systems, which included elements of DBT and caring messages.

Methods

Overview

We evaluated the feasibility, acceptability, and engagement of
a brief web-based suicide prevention intervention using
gualitative and quantitative methods. Theintervention included
EMR-mediated secure messaging linked to a web-based DBT
skills platform. Participants included outpatients who were
receiving care within Kaiser Permanente Washington, a health
system serving approximately 700,000 people in Washington
State, which routinely administers the PHQ to all patients
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receiving care for mental health conditions [10,48]. Patients
were dligible if they were aged 18 years or older, had ID
verification for secure email messaging through the EMR, had
sent or read a secure message in the past year, and had
completed a PHQ depression severity questionnaire in the
previous week and responded “more than half the days’ or
“nearly every day” to item 9 (“Thoughts that you would be
better off dead or of hurting yourself in some way”). Previous
research in this setting indicates that this group would have an
expected risk of suicide attempt of approximately 4% over the
following year [11,12].

Over the course of 3.5 months, we used an automated EMR
data query program to pull 6 samples, identify 60 individuals,
and conduct outreach via secure messaging accessible on a
mobile app or website. We used this sample size, which could
be considered large for a pilot, to gain confidence in our
estimates for the feasibility of a large clinical trial. We sent
secure message invitations to the DBT skills program
approximately every other week to between 5 and 20 eligible
participants for each sample (starting at the top of the list) to
evaluateideal caseload management. Invitationswere sent 1to
2 weeks after thevisit, if an elevated PHQ item 9 was involved.
Patient care continued to be the responsibility of the behavioral
health and primary care providers in the Kaiser Permanente
Washington system who had administered the PHQ at the recent
visit. In addition, a suicide risk protocol involving follow-up
by study clinicians (author 1 or 3) for those who indicated
imminent risk over secure message was in place, although the
protocol was not triggered during the study. The study
procedures were approved by the organization’s institutional
review board, which included awaiver of research consent for
patient identification and intervention invitation; however, this
restricted the analysis of additional data (eg, descriptive data of
eligible participants). The waiver of consent for patient
identification and intervention invitation was granted because
this pilot and subsequent tria involved no more than minimal
risk and because the purpose of the pilot was to evaluate the
feasibility and acceptability of procedures planned for the
randomized trial of outreach. Evaluating only patients who
actively consented to receive intervention would have yielded
aresult of questionable validity and generalizahility.

The invitation messages, and the messages that followed, can
be conceptualized as having two elements; a caring message (a
brief and unsolicited expression of care) and support for a
web-based DBT skills intervention (Textbox 1). We do not
know whether the combination of these elements will be
effective, which isnot measured in this pilot. Thefooter of each
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message included the coach name and title and also included
the option to opt out of additional messages, noting that
messages were part of a research project and would be part of
the EMR, and included numbers to call in case of immediate
crisis. The secure message invitation included a link to a
web-based video consent form (Multimedia Appendix 1).
Patients who did not open the invitation received a telephone
call. Those who opened it but did not visit the consent received
a secure message reminder. Invitation messages were designed
based on patient feedback that they would be most drawn to an
intervention that made them feel cared for (eg, subject lines
expressing concern), that was personalized, that otherslikethem
had found helpful, and that included examples with real people
[49,50]. Once consent was confirmed, participants arrived at
the landing page of the DBT skills site.

The web-based DBT skills site included four DBT skills
(mindfulness, opposite action, mindfulness of current emotion,
and paced breathing). This content focused on training in
specific skillsto manage upsetting or painful emotionsthat can
precipitate suicidal thoughts and behavior. Content was based
on a brief DBT skills face-to-face intervention developed and
pilot-tested by the first author [33] and included a video-based
series of didactic and personal story demonstrations of DBT
skill use with ateam of collaborators with lived experience of
suicidal thoughts and behavior (Team Now MattersNow). DBT
experts, including the DBT developer Marsha Linehan, also
consulted on intervention development. The website landing
page included a brief orientation video describing the
intervention content and what to expect (Multimedia Appendix
2). Below the video on the landing page was a list of the four
DBT skills, with abrief description (eg, “Mindfulness - A way
to be present for what is most important in your life”; Textbox
2). Participants could also choose to learn more about Team
Now Matters Now or provide feedback about the program. The
DBT skills content was housed on aHealth Insurance Portability
and Accountability Act—compliant modular software platform
(DatStat). Each of the four DBT skills followed the same path
that included a 30-second overview or teaser, a 5- to 8-minute
didactic video describing the skill as it might in a traditional
DBT skills group, several 1- to 5-minute demonstration videos
with real people talking about how they used the DBT skill in
their own life, and a 1-page practice assignment similar to what
one might find in a DBT skills group. One could return to the
landing page to select another skill at any point in the pathway
of a particular skill. In addition to the other benefits of
web-based interventions outlined in the introduction, they also
provide aconsistent patient experience and are baked in fidelity
[51].
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Textbox 1. Secure message invitation.

Whiteside et &l

Dear [First Name]

specific coping skills, like mindfulness and paced breathing.

We care about you.

Sending care,

Sometimes alittle extra help can be just what someone needs to get through tough times.
A new web-based program called Now Matters Now was designed to give you that help when you need it. The program uses real people to teach

We invite you to try Now Matters Now today. Learn more at <Link to Intervention Website>

My job isto encourage you to use the program over the next three months and to practice the skillsyou arelearning. If you haven’t visited the program
inawhile, I'll send you a message to remind you. If you have visited, I'll check with you about what you find helpful.

I’ll communicate with you through messages, and in order to message you, | will access your medical record.

Textbox 2. Dialectical behavior therapy skills site landing page text.

« TEAM NOW MATTERS NOW—Introducing the real people who use these skills and helped develop this program

«  MINDFULNESS—A way to be present for what is most important in your life

« OPPOSITE ACTION—Living afull and healthy life, despite what negative or unhelpful emotions and thoughts are telling you to do

«  MINDFULNESS OF CURRENT EMOTION—Observing, honoring, and moving through strong emotions without being controlled by them

« PACED BREATHING—A different and scientific approach to the old saying “ Just Breathe”

« GIVE USFEEDBACK—Did you have technical problemswith this program? Do you want to give us feedback about the program, good or bad?

TheDBT skillsintervention was supported by an interventionist
or program coach for 3 months. In line with the stage model of
behavior therapies, the interventionist for this study was the
lead intervention developer (UW) [51-53]. Thisincluded caring
messages outreach and support for the use of the DBT skills
site. For 2 months, the coach delivered this support exclusively
via secure messaging, reaching out approximately once per
week for participants' engagement and less frequently for those
who had not responded to the most recent secure message. For
the third month, the patient could continue to engage in the
intervention or send the coach messages and the coach would
reply, but the coach would not actively outreach or prompt the
patient. The intervention coach did not provide psychotherapy

Textbox 3. Coach outreach/and support message example.

but instead provided caring messages aswell as outreach in the
form of reinforcement and contingency management
surrounding the use of the DBT skills site. Thiswould include
following up with patients who had not visited the sitein severa
weeks, suggesting specific skills they might find useful or
thanking the patient for visiting the site and include a tip or
point relevant tothe DBT skill they viewed (Textbox 3 provides
an example of this type of message). The research team met
weekly with the senior investigator (author GES) to ensure
safety monitoring and coach fidelity. The senior investigator
also had access to review the secure messages of the coach to
monitor secure message fidelity to the described approach.

Hi [First Name],

practice other skills.

If you try it, let me know how it goes.

To learn more, please click the link below:
[link to Consent “form” video]

Take care,

I’m writing to check-in from the Now Matters Now program. Do any of the skills look interesting to you to try?

Paced Breathing is a breathing technique that can calm the mind and body naturally. Some people like to use Paced Breathing when they’re feeling
nervous or anxious. It can aso be a helpful way to clear the mind if you're having a difficult time falling asleep.

The key to Paced Breathing is to have your exhae be longer than your inhale. It can be a good way to center yourself and makes it easier to then

Feasibility, Acceptability, and Engagement

We eval uated feasibility by measuring the proportion of invited
patients who opened the program invitation, the proportion of
patients who visited the consent page, and the proportion of
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patientswho consented. We qualitatively evaluated acceptability
by using secure message feedback that the coach received from
patients invited to participate and summarized relevant themes
[54]. We evaluated engagement by measuring the proportion
of participants who began using the DBT skills site and the
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number of site visits. We also measured visits to each of the
featured DBT skills in the program among a subset of the
sample, and the first 20 participants were invited. We did not
collect engagement data beyond thefirst 20 patientseligiblefor
this pilot study because the original purpose of these analyses
was to help confirm that the training website was working as
planned (to help evaluate the feasibility of a large randomized
trid).

Figure 1. Study flow.

Whiteside et &l

Results

Feasibility

In total, 60 patients were invited to participate (Figure 1). Of
these 60 patients, 17 (28%) patients did not open the invitation
within 1 week of delivery and received a telephone call (10
were |eft a voicemail and 7 were spoken to). Up to 2 secure
message reminders were sent to 35% (21/60) of patients.
Overdl, 3% (2/60) of patients refused to participate.
Furthermore, 93% (56/60) opened theinvitation (indicating that
these people did, asfar aswe know, read and receive the caring
message aspect of this contact), 65% (39/60) clicked the link
to the consent form, and 43% (26/60) consented to participate.

60 patients invited to program

/
¥

43 opened invite
(within 1 week, 2 refused study)

/ (via secure message) \\\

%
17 called to notify of invite
(1 refused study)

e

= 56 total opened invite <

21 reminded of invite

(via secure message)

39 visited program consent page

l

26 consented

24 visited program landing page
(average of 5.3 landing page visits)

Acceptability

The coach received no complaints from those invited to
participate in the program. The feedback the coach received via
secure messaging mainly included descriptions of how
participants had used the program, specifically their helpful
experiences practicing each of the four program skills and the
challengesthey experienced. One participant described a hel pful
experiencein trying mindfulness skills, which involved bringing
attention and awareness to their thoughts:

| did the first lesson last night— was able to use it
today when | started having negative thoughts that
wouldn’t stop. | cleared my mind and started looking
at the trees, buildings and other things around me

https://formative.jmir.org/2021/4/€21127
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and noticing the little details of things. It actually
calmed me down and gave me a sense of control.

Another participant described the experience of practicing paced
breathing:

I am doing my best to make the Paced Breathing a
daily practice. | forget sometimes until | am “ over
the edge” and amin deep panic/terror, but | can still
even then use the breathing to help get me feeling
more calm.

Another participant described a powerful experience using an
opposite action, which involved choosing to do the opposite of
ineffective emotional urges:
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Yesterday | began the module called “ Opposite
Action” and printed it out after | completed it. Doing
it was empowering but also very emational for me.

Finally, a participant described a plan to use mindfulness of
current emotion, which involved learning how to bring attention
and awareness to the bodily sensations of emotions:

| used [a DBT skill] about 5 times today when | was
out walking—it keeps my emotions under control, so
| don't start crying. I’m going to try [the]“ mindful
emotion” thing tomorrow. | appreciate [my health
careorganization] offering something likethis— like
having concrete tools | can use.
In terms of challenges, participants described difficulties in
using their skills effectively while experiencing intense
emotions. For example, one participant described:

One inescapable problem | have found is that once
the line that gets crossed where “ there is no hope”

Whiteside et &l

of being able to turn around the anxiety, | have little
ability to do anything constructive to stop the terror
fromescalating ... if | amnot too * far gone”’ the skills
do help to lower the physical and mental/emotional
distress.

Engagement

In total, 92% (24/26) of the participants that consented had
visited the landing page of DBT skills. These DBT skills site
users logged in on an average of 5.3 times to the home page
(SD 6.0, range 1-26). We examined a subsample of those
consentersto look at engagement in the specific DBT modules
(eg, opposite action). Among the first 20 participants enrolled,
19 (95%) read the invite. Of these 19 participants, 12 (63%)
visited the website and 8 (42%) agreed to participate. Of those
who consented, participant engagement in the different skills
ranged from 38% (3/8) for paced breathing to 88% (7/8) for
opposite action (Table 1).

Table 1. Diaectical behavior therapy skill engagement for subsample (N=8).

Program visits Opposite action Mindfulness Mindfulness of current emotion Paced breathing
Visited at least once, n (%) 7 (88) 4 (50) 6 (75) 3(38)

Average visit, range (min) 23 (1-54) 34 (2-65) 13 (1-57) 18 (3-30)
Visited at |east twice, n (%) 4 (50) 3(38) 1(13) 3(38)

Visited 3 times or more, n (%) 2(25) 3(398) 1(13) 1(13)

Discussion

Principal Findings

This pilot study demonstrated the feasibility, acceptability, and
engagement of apopulation-based intervention involving active
elements of caring messages and DBT. Specifically, we
demonstrated that by using an accurate method for identifying
those at risk for suicide and suicide attempt—in this case, PHQ
item 9—we can adapt existing interventions to be suitable for
delivery on alarge scale and that these models are promising
for intervention delivery.

The number of patients who received the initial message that
involved elements of caring messages was high (56/60, 93%).
This provides support for the delivery of caring messages
through this type of intervention (delivered over time through
secure messaging with the support of acoach or care manager).
The rate of patients who actually reached the DBT skills site
content (26/60, 43%) indicates a need for strategies to reduce
barriersto DBT skills site participation, such assimplifying the
invitation and consent process for patients. The steepest drops
were between viewing the message and visiting the consent
page (17/56, 30% of those remaining were lost), and between
visiting the consent page and consenting to the DBT skills
intervention (13/39, 33% of those remaining were lost; Figure
1). Although it isreasonable to hypothesi ze that those dropping
off were concerned about loss of autonomy or stigma [55,56],
participants digiblefor this study had already made asignificant
suicidal disclosure in endorsing suicidal thoughts at a recent
visit. Furthermore, while the consent video explicitly refersto
suicidal thoughts, theinvitation message did not. Indeed, patients
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did not know that was part of the reason they were approached
until they reached the consent video. Notably, all patientsin the
program had already received care in the health system. It is
certainly possible that some patients declined to participate
because they were aready satisfied with their care. Patientswho
gave consent to intervention participation appeared to engage,
and some gave positive feedback about the content of the
intervention.

Limitations

A limitation of our study was that the data analysiswas limited
to anonymized information regarding program participation.
Health records data to identify potential participants were used
under a waiver of informed consent, so we did not retain
demographic, diagnostic, or other clinical information, including
thetotal PHQ score. Although patientswereidentified aseligible
based on their high severity of suicidal thoughtsand all eligible
patients were enrolled in the study, it could be that there were
more and less severe patients within this group and that DBT
skillsintervention participation varied depending on the severity.
Furthermore, participation among those invited may have been
reduced by the need for aresearch consent process. We suspect
that engagement would have been higher without this step
between secure message invitation and the DBT skills site. In
addition, we do not yet know whether the combination of
elements of caring messageswith brief DBT skills support will
be effective, given that caring messages are intended to be
nondirective. Finally, it is possible that those who received the
invitation to the intervention felt singled out in some way,
having had a visit recently where they disclosed suicidal
thoughts. Indeed, qualitative research indicates that those who
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receive the PHQ-9 have significant concerns about how the
information regarding the ninth item and suicide will be used
[55,56]. Instead, the invitation might read, “As part of my job
| reach out to many people we think might benefit from this
program...” The key would be to not add too much text for
patients to read, while remaining mindful of potential patient
fears associated with suicide or mental health—related care (eg,
loss of autonomy and psychiatric hospitalizations) [56,57].
Furthermore, our sample of engagement datawas small (n=20).
It would have been helpful to collect engagement data for all
patients invited to participate in the intervention.

Asnoted by one participant, once one'semotionsreach acertain
threshold, the DBT skills become more difficult to access. One
limitation of thisinterventionisthat the DBT skills content was
not framed in terms of skills for day-to-day stressors versus
skills for acute crises. Future interventions may benefit from
tailoring additional skills to match the spectrum of emotional
stress/crises [58].

Conclusions

This project addresses a number of the most important
conceptual, methodological, logistical, and ethical challenges

Whiteside et &l

that hamper major advancement in the field of suicide
prevention. Qualitative and quantitative data from this study
were used to inform the design of afull-scale effectivenesstrial
(Clinical Trials.gov: NCT02326883). Thisresearch, led by four
health care systemswithin the Mental Health Research Network,
is underway to determine its effectiveness [59]. In that trial,
participants are randomly assigned to continued usual care, an
outreach-based care management intervention, or a
coach-supported, web-based DBT skillstraining program with
elements of caring messages, based on the intervention
developed and evaluated here.

Thevideosthat were devel oped as part of this project that make
up most of the DBT skills content are publicly available to both
the researchers and the public as one piece of
NowMattersNow.org [60]. Survey participants to this website
have described reductions in suicidal thoughts and negative
emotions while visiting the website [34]. Although brief
web-based interventions cannot replace intensive tertiary
interventions (eg, in-person DBT/CBT), they hold promise as
alow-intensity, population-based intervention by ensuring that
the right content is consistently delivered to individuals at high
risk of suicide and suicide attempt at the time it is needed.
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Abstract

Background: Thelink between chronic diseasesand the Big 6 lifestylerisk behaviors(ie, poor diet, physical inactivity, smoking,
alcohol use, sedentary recreational screen time, and poor sleep) is well established. It is critical to target these lifestyle risk
behaviors, as they often co-occur and emerge in adolescence. Smartphones have become an integral part of everyday life, and
many adolescents already use mobile apps to monitor their lifestyle behaviors and improve their health. Smartphones may be a
valuable platform for engaging adolescents with interventions to prevent key chronic disease risk behaviors.

Objective:  The aim of this paper is to describe the development, usability, and acceptability of the Health4Life app, a
self-monitoring smartphone app for adolescents that concurrently targets the Big 6 lifestyle behaviors.

Methods: The development of the Health4Life app was an iterative process conducted in collaboration with adolescents and
experts. The development process consisted of three stages: scoping the literature; end user consultations, which included a
web-based survey (N=815; mean age 13.89, SD 0.89 years) and afocus group (N=12) among adolescents; and app development
and beta testing. Following this development work, 232 adolescents were asked to rate the usability and acceptability of the app.

Results: The process resulted in a self-monitoring smartphone app that allows adolescent users to track and set goals for the
Big 6 health behaviors, using in-app rewards and notifications to enhance engagement. The overall adolescent feedback was
positive in terms of user-friendly design, content, relevance, and helpfulness. Commonly identified areas for improvement were
to increase interactive features and display recorded health behaviors differently to improve interpretability.

Conclusions. The Health4Life app is a co-designed, self-monitoring smartphone app for adolescents that concurrently targets
the Big 6 lifestyle behaviors. Adolescents rated the app as highly acceptable and usable. The app has the potential to efficiently
and effectively modify important risk factors for chronic disease among young people and is currently being evaluated in a
world-first trial of 6640 secondary school studentsin 71 schools across Australia.
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Introduction

Background

Chronic diseases are the leading cause of death globaly [1].
There are six key lifestyle risk behaviors linked to the
development of chronic disease that often emerge during
adolescence, highlighting adolescence as a potentially critical
opportunity to intervene before these health behaviors become
entrenched [2,3]. The key lifestyle behaviors are poor diet,
physical inactivity, smoking, alcohol use [1,4,5], sedentary
behavior (ie, sitting and recreational screentime) [6,7], and poor
deep (ie, long or short duration and poor quality) [8]. These
Big 6 risk behaviors have been found to commonly co-occur,
which presents opportunitiesto adopt amultiple health behavior
change approach [9]. Targeting multiple behavioral risk factors
together, rather than in isolation, allows skills and knowledge
learned in relation to one behavior to be transferred to other
behaviors [10], resulting in improvements across multiple
behaviors without additional effort [11]. To date, most chronic
disease prevention and treatment approaches have been
conducted among adults and have typically focused on changing
single behaviors only, presenting a significant opportunity for
the development of more effective and efficient prevention
programs in adolescence [12].

Smartphones have become anintegral part of everyday life, and
many adol escents use mobile appsto monitor and improvetheir
health [13,14]. In Australia, early adolescence and thetransition
from primary school to secondary school (which takes place
when students are aged approximately 12 years) is a turning
point for mobile phone ownership. Roughly 1 in 3 individuals
aged 11 years, compared with three-fourth of those aged 13
years, own a mobile phone in Australia. This then increasesto
91% for those aged 14 to 17 years, with 94% of those mobile
phones being smartphones [15]. Mobile phone-based
interventions have been shown to be effective in improving a
range of risk factors associated with chronic diseases among
adults, including physical inactivity, poor diet, sleep, overweight
and obesity, alcohol use, smoking, and mental health problems
[16-20], with similar evidence emerging among adolescents
[21-26]. In addition, through mobile devices, individuaized
interventions can be provided inexpensively to a large number
of people, including those who are geographically isolated, at
atimeand place when they areready to engage[27]. Therefore,
mobile phones may be an idea platform for engaging
adolescents with interventions to prevent key chronic disease
risk behaviors. However, to the best of our knowledge, no
mobile health (mHealth) tools that simultaneously target al of
the Big 6 risk behaviors among adol escents currently exist [28].

Recently, we devel oped the Health4L ife school -based program,
aweb-based program to concurrently addressthe Big 6 chronic
diseaserisk factorsamong Australian secondary school students.
The universal (ie, delivered to all students, regardless of risk)
prevention program is based on the successful Climate Schools

https://formative.jmir.org/2021/4/e25513

program [29-31], which usesinteractive cartoon storylines about
a group of teenagers and is based on the principles of social
influencetheory [32]. Thisincludesproviding accurate, relevant,
and developmentaly appropriate information; normative
content; and resistance skillstraining. The Health4L ife program
adopts amultiple health behavior change approach and provides
simultaneous education about the Big 6 via 6 web-based cartoon
modules delivered in schools to students aged between 12 and
13 years (grade 7 in Australian secondary schools). More
information about the devel opment of this school-based program
is given in a study by Champion et a [33]. Given that mobile
phone-based interventions have previousy demonstrated
effectiveness in improving some of the Big 6 risk behaviors
among adolescents [21-26,34], an accompanying smartphone
app, the Health4L ife app, was devel oped. The Health4Life app
aims to extend the reach and reinforce the content of the
school-based program as students progress from grades 7 to 9
and help engage and further encourage students to modify their
behaviors via goal setting and self-monitoring—2 key
evidence-based behavior change techniques (BCTs) [35-39].

The Health4Life app was based on our team’s previously
developed and evaluated multiple health behavior change
mobile-based tool named MyHealthPA [40]. MyHealthPA was
developed to help people improve 4 of the Big 6 lifestyle risk
behaviors (poor diet, physical inactivity, alcohol use, and
smoking). MyHealthPA uses self-monitoring, goal setting, and
provision of feedback via interactive progress graphs to help
users improve their health behaviors. The design and delivery
of MyHealthPA wasinformed by the Flat-Explicit Design Model
[41], a model designed to reduce the cognitive effort required
to effectively interact with digital health tools, increasing the
ease of use among people with mental health problems. For
example, the model recommends using aflat design, including
no morethan 2 levels past theinitial page or screen, descriptive
labels, and explicit instructions, rather than succinct and abstract
labels, with text written at alow reading level. The MyHealthPA
app was trialed among 28 young people aged between 19 and
25 years over an 8-week period [40]. Small improvements in
fruit and vegetable consumption, level of physical activity,
alcohol use, and mood were found between baseline,
immediately postintervention, and 1 month follow-up [40].
However, several opportunities for improvement were also
identified, including conversion to a native app format (as
opposed to a responsive website optimized for mobile phones)
[40].

The MyHealthPA tool provided the initial structure for the
Health4Life app, and additional design elementswereinformed
by the theoretical, design, and engagement framework of the
Health4Life and Climate Schools programs [29,30,33,42]. The
development was informed by the processes outlined later.
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Objectives
This paper aimsto describe the co-design process and usability
and acceptability testing of the Health4Life app.

Methods

Co-design

To assist with the conversion of the MyHealthPA tool to an app
appropriate for adolescents that also complemented the
Health4L ife school-based program, we undertook an iterative
development process. End users (adolescents) and experts
(academics and clinicianswith expertise in prevention, substance
use, physical activity, exercise physiology, sleep, dietetics,
mental health, eHealth interventions, and behavior change) were
engaged repeatedly at key points in the process. The
development process consisted of three key stages: stage 1,
scoping of the literature; stage 2, end user consultations; and
stage 3, app development and beta testing. Following this
development work, the Health4Life app was included as an
intervention component in the Health4L ifetrial (alarge cluster
randomized trial currently underway [43]), and we collected
and analyzed information regarding the app’s usability and
acceptability among 232 initial users.

Stage 1: Scoping of the Literature

We conducted a series of nonsystematic, structured literature
reviewsto identify key BCTsto improvethe Big 6 lifestylerisk
behaviors among adolescents and successfully engage them
with an mHealth app. The synthesized findings of each of these
searches are briefly discussed later. Where possible, we drew
findings from previously published systematic reviews.

Effective BCTs Among Adolescents

The key BCTs used within the MyHealthPA tool to improve
users health behaviors are self-monitoring and goal setting.
Strong evidence for the efficacy of these BCTs among adults,
including within maobile apps, exists[35-39]. To explore whether
this evidence extends to adol escent popul ations, we conducted
literature searches in PubMed. PubMed searches used terms,
including self-monitoring, goal setting, health behavior, and
adol escent or young people. Wethen explored whether evidence
for other key BCTs among adolescents exists via a literature
search using thefollowing terms; BCTsand adol escent or young
people.

Systematic reviews conducted by Rose et a [44], Brannon et
al [34], and Willmott et al [45] found both self-monitoring and
goa setting to be common components in behavior change
interventions designed for adolescents. In a review of digital
interventionsto improvediet quality and physical activity among
adolescents by Rose et al [44], they identified 11 studies that
used goal setting and 14 that used self-monitoring and, of these,
6 used both strategies to encourage behavior change. Almost
all theinterventionsthat included goal setting showed significant
improvements in adolescents' diets, physical activity, or both.
Their findings also suggested that self-monitoring and goal
setting are most effective when paired. Similarly, in their
systematic review of the pediatric literature on BCTs, Brannon
et a [34] found that self-monitoring and BCTs related to goal
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setting significantly predicted improvementsin physical activity
for adolescents.

Although goal setting has been shown to be an effective
technique for behavior change in adults, and increasingly in
adolescents, concerns remain regarding its feasibility and
effectiveness among adolescents [46]. Setting an appropriate
goal requires skills such as abstract reasoning, which only begins
to develop during adolescence. One solution is to preset goals
for adolescents participating in behavior change interventions.
Although there is evidence that goal-setting interventions can
significantly improve physical activity behavior, regardless of
who prescribes the goa [47], it has been suggested that
presetting adolescents’ goals may limit their autonomy and
decrease their commitment to that goal [46,48]. Instead, Shilts
et al [46] suggested adopting a guided goal-setting approach in
which adolescents select a broad goal area they would like to
work on from a predefined list and are then presented with
several minor related goals from which they can choose. This
type of goal setting ensures the selection of appropriate goals
in a way that empowers and respects adolescents autonomy.
Testing of this approach suggests that it is an effective method,
with between 87% and 89% of adolescents who set eating or
physical activity goalsin thisway, reporting that they made an
effort to reach their goals [46].

Our review of the literature identified several BCTs (beyond
goal setting and self-monitoring) that are commonly used in
behavior change interventions (including mobile-based ones)
designed for adolescents [19,49,50], including social support
[34,51], prompts or cues [52-55], modeling [34], providing
consequences for behavior [34,51], and feedback on behavior
[51]. However, few studies have investigated their efficacy in
actually changing health behaviors among adol escents.

Designing an Engaging Health App for Adolescents

A literature search in PubMed was conducted to identify the
best way to encourage adol escents to engage with health apps.
The search included the terms mobile app, smartphone, mobile
phone, mHealth, digital, engagement, adherence, and adol escent
or young people.

A total of 2 recent systematic reviews have investigated the
efficacy of different strategies and features used to engage
adolescents in digital health interventions [19,56]. Partridge
and Redfern [56] found that key strategies for effective
engagement included co-designing with adolescents,
personalization or tailoring of interventions, and just-in-time
adaptation allowing the provision of personalized support based
on an individual’s current context. A systematic review by
Schoeppe et a [19] found that higher quality apps, in terms of
functionality and user ratings, included more app features (such
as educational information, social networking options, and
gamification) and BCTs. However, this study aso highlighted
that more research is needed to discover which BCTs have a
greater effect on engagement among this population.

Similarly, a recent review by Torous et a [57] identified five
potential factors that contribute to low user engagement with
mental health apps: (1) poor usability because of excessive
burden of entering data, (2) lack of user-centric design because
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of poor involvement from the targeted population in
development, (3) concerns regarding privacy, (4) alack of trust
because of unsubstantiated claims and lack of evidence, and (5)
lack of easily accessible crisis support information.

Other potentialy useful strategies for encouraging greater
engagement with health apps among adolescents include
providing awards or badgesfor completing app tasks and streaks
(ie, completion of app tasksanumber of daysinarow) [58,59],
providing funny or inspirational quotes or memes [60], and
providing trigger or prompts to access the app. Many of these
techniques have already been used in commercial apps to
encourage engagement [57,61]. Although the actual efficacy of
these strategies among adolescents is yet to be systematically
tested, there are strong theoretical justifications for why their
inclusion could improve adolescents' engagement with ahealth

app.
Key Implications for App Development

Taken together, our scoping of the literature suggests that
self-monitoring and goal setting (employing a guided
goal-setting approach) are appropriate and effective BCTs for
use among adolescents. Of a number of other potentially
appropriate BCTs identified in a small body of literature
[34,51-55], providing prompts and cues and feedback on
behavior are likely the best suited for inclusion in a
mobile-based tool such asthe Health4L ife app. This study also
reinforces the appropriateness of employing an approach that
uses peers to model health behavior changes[33,34,62].

The importance of involving adolescents in the devel opment
of any health app has emerged as a key consideration for
promoting engagement with mHealth apps [56,57]. Similarly,
this study suggests that allowing individual customization of
apps and personalization of feedback [56], ensuring that the app
is easy to use [57], providing prompts or reminders [52-55],
providing rewards [19], providing inspirational quotes [60],
employing multiple engagement and behavior change strategies
[19], providing easy access to additional support [57], being
evidence based [57], and providing transparency regarding
privacy issues [57], all may be important for improving
engagement with health apps among adol escents.

Stage 2: End User Consultations

To understand mobile phone usage among the target age groups
and inform the devel opment of a prototype design, aweb-based
survey was conducted. A focus group was then conducted to
gain more in-depth information and feedback on the prototype
design to ensure that the Health4L ife app was appropriate and
tailored to the needs of adolescents.

Web-Based Survey With Adolescents

Participants and Procedure

A total of 7 independent secondary schools in metropolitan
regions of New South Wales and the Australian Capital
Territory, Australia, wereinvited to participate in an anonymous
web-based survey. Of the 7 schools, 3 (2 coeducational and 1
female-only school) agreed to participate. Schools distributed
information and consent forms to the parents or guardians of
their students of grades 7 to 9. Opt-out written or verbal parental
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consent and active written student consent were required
(815/816, 99.9% consent rate). The students completed the
survey during classes between August and September 2018.
Participants were entered into the draw to win a Fitbit valued
at Aus $450 (US $315). Ethics approval was obtained from the
University of New South Wales Sydney Human Research Ethics
Committee (HC180224).

Measures

Theweb-based survey assessed the demographic characteristics,
including age, sex, and postcode, and the Big 6 health behaviors
and included a series of bespoke and adapted items[63] to assess
mobile phone use. Participants were asked if they owned a
smartphone, when and how often they used their smartphone,
and how often they used their phone to undertake different
activitiesand to describe their school’s policy regarding mobile
phone use. Students were also asked to name their favorite
health app and describe what they liked most about the app,
including what motivated them to start using it and what features
of the app they found most useful or helpful.

Analysis

Descriptive analyseswere conducted using IBM SPSS Statistics
24 (IBM Corporation) to investigate sample characteristicsand
prevalencerates of mobile phone use. For open-ended responses
collected, the sample was stratified by age and year group and
arandom subsample between 20% (163/815) and 25% (204/815)
was selected to ensure balanced representation across age and
year groups. These responses were qualitatively analyzed until
data saturation was reached. Using an inductive approach
[64], one author (LT) coded the responses and grouped them
according to key themes.

Findings

A total of 815 students, including 687 (84.3%) females, 110
(13.5%) males, and 12 (1.5%) students who were identified as
nonbinary or preferred not to disclose their gender, participated
inthe web-based survey. They were aged between 12 and 15.75
years (mean 13.89, SD 0.89 years). The Index of Community
Socio-Educational Advantage (ICSEA) valuesfor participating
schoolsranged between 1106 and 1182 [65]. The ICSEA values
were calculated on a scale with a median of 1000 and SD of
100, with higher values indicating higher levels of educational
advantage. Most students (725/815, 88.9%) owned a
smartphone, whereas 6% (49/815) did not own a smartphone
or were not sure if their phone was a smartphone. Table 1
displaysthe patterns of smartphone use reported by participants.
Participants reported high frequencies of smartphone use overall
but infrequent use during school hours. Table 2 shows the
patterns of participants smartphone use for a variety of
activities. The most frequently performed activities included
accessing theinternet, using apps, and sending or receiving text
messages.

When asked to list and describe their favorite health app on
their smartphone, 472 participants listed 84 different apps as
their favorite health app. The most frequently mentioned app
was the iPhone Health app, which is one of the preinstalled
appson theiPhone, with 22.7% (107/472) of studentsidentifying
it as their favorite health app. This was followed by 15%
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(71/472) of participants who identified the Fitbit app as their
favorite, 9.5% (45/472) who listed Clue or Flo (menstrual cycle
tracking apps), and 5.3% (25/472) who listed MyFitnessPal.

The key themes that emerged from the open-ended responses
arelisted in Table 3. When asked to describe their motivations
for downloading and using these apps, participants primarily
described adesire for knowledge or a desire to improve health

Thornton et al

and health behaviors that had motivated them to download the
app. When asked about the features of their favorite app,
participants described tracking features and providing guidance
on health behaviors and issues to be the features they found
most useful and helpful. However, a number of participants
were unable to articulate the most useful features of their
favorite health apps.

Table 1. Patterns of smartphone use among web-based survey participants who own a smartphone (N=815).

Patterns of smartphone use

Value, n (%)

Freguency of smartphone use (n=725)

Several times an hour

Every hour

Several times a day

Every day

Several times aweek

Once aweek

Monthly or less

| do not use a smartphone
Use a smartphone during recess (n=725)
Use a smartphone during class (n=725)
Use a smartphone in between class (n=725)
Only use a smartphone on the way to or from school (n=725)

Do not use a smartphone during school hours (n=725)

104 (14.3)
50 (6.9)
326 (45.0)
187 (25.8)
41 (5.7)
14(1.9)
1(0.2)
2(0.3)
131 (18.1)
45 (6.2)
77 (10.6)
496 (68.4)
166 (22.9)

Carry a smartphone during a school day (eg, in a pocket or bag; n=721)

Always

Usualy

About half thetime
Rarely

Never

School permits mobile phone use by students at school (n=721)

205 (28.4)
127 (17.6)
74 (10.3)
142 (19.7)
173 (24.0)
62 (8.6)

Table 2. Freguency of smartphone use for specific activities (n=719).

Smartphone use for specific activities

Fregquency of smartphone use for activities, n (%)

Daily Weekly Once or twicea Lessthan once a Never
month month

Make or receive phone calls 339 (47.1) 275 (38.2) 63 (8.8) 31(4.3) 11 (1.5)
Send or receive text messages 568 (79.0) 108(15.0) 28(3.9) 9(1.3) 6(0.8)
Access the internet 594 (82.6) 76 (10.6) 24(3.3) 13(1.8) 12(1.7)
Use apps 589(81.9) 81(11.3) 27 (3.8) 10 (1.4) 12 (1.7)
Socia networking (eg, Facebook or Twitter) 533 (74.1) 68 (9.5) 18 (2.5) 7(1.0) 93 (12.9)
Send or receive email 234(326) 209(29.1) 116(16.1) 68 (9.5) 92 (12.8)
Take a picture 304 (42.3) 293(40.8)  78(10.8) 32 (4.5) 12(1.7)
L ook for health or medical information or track your health 102 (14.2) 150 (20.9) 168 (23.4) 121 (16.8) 178 (24.8)
and fitness
Entertainment (listen to music and watch videos) 519(722) 131(182) 28(3.9) 24 (3.3) 17 (2.4)
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Table 3. Summary of key themes extracted from students’ open-ended responses.

Theme

Example

Motivationsfor downloading and using health apps
A desirefor knowledge

Desire to better understand menstrua cycle (fe-
mal e respondents)

Desire to better understand one’s own health,
health behaviors, and mental health, often to help
change behaviors

“My doctors told me to track my period and | kept forgetting to write it on paper,
but | saw a you-tuber use an app to track their period and decided to give it ago.”
(Female, aged 12 years)

“MyFitnessPal provides every aspect from eating and weight health to physical
health. | aso needed an app which provided al of it so | had one place to store my
health and progress.” (Male, aged 13 years)

“What motivated me to download this app and then use it was that | wanted to keep
arecord of my health level, and later to seeif the level increased or decreased and
why. This aso motivated me to increase my health level and be involved with more

sporting activities” (Female, aged 12 years)

Desireto improve health and health behaviors

Wanting to improve fitness, lose weight, get .
healthy, and improve sleep .
Other motivations .

“Wanted to get more fit.” (Female, aged 12 years)
“Because | am very unactive and unfit.” (Female, aged 12 years)

To be more organized (eg, with health appointments)

«  They only downloaded the app to assist a wearable device to function (eg, Fitbit

app)

«  Others had recommended they download the app and use it
o Theapp came preinstalled on their phone

Useful features of favorite health apps
Tracking

Tracking awiderangeof healthissuesand behav- «
iors perceived to be an attractive feature of health
apps (eg, tracking steps; sleep; exercise sessions,
the distance and speed of runsand walks; menstru-  »
al cycles; and food intake, including detailed
calorie counting and mood)

Providing guidance

Most useful features of health apps describedto
be featuresthat provided guidance on health issues
and behaviors (eg, guidance on workout routines; o
healthy foods, including recipesand scanningfood
items; and how to improve mood)

Other useful features

“It counts my exercise, my activity and my steps.” (Male, aged 14 years)

“You can enter what you eat in aday and it will tell you if you need to stop eating
something or eat something.” (Female, aged 13 years)

“Allows meto track my feelings and health.” (Female, aged 14 years)

“The healthy recipesand theway | can scan food itemsto find out if they are healthy
or not.” (Female, aged 13 years)

“The recommended workouts for my age” (Male, aged 12 years)

“It has designed workouts that you can do and it shows you how to do them.” (Fe-
male, aged 13 years)

Entertainment

Goal setting

Reminders to perform healthy behaviors

Allowing communication or competition with friends

Key Implications for App Development

The findings from the web-based survey found that almost all
adol escent smartphone ownersreported using their smartphones
at least daily (667/725, 92%). Most also reported using mobile
apps on adaily basis (589/725, 81.9%). However, only 35.1%
(252/725) reported daily or weekly use of their smartphonesfor
health purposes. Together, these results support the use of a
smartphone app to engage adol escents; however, they highlight
the need for co-design and end user feedback when developing
health apps to maximize engagement and potential health
benefits.

Students reported sending or receiving text messages and
accessing socia networking sites far more frequently than

https://formative.jmir.org/2021/4/e25513

making or receiving phone cals. This suggests that text
messages are a key form of communication for this group and
highlightsthat using text-based approaches (eg, appsand SMS)
to deliver remoteinterventionsislikely to be morefamiliar and
potentially more acceptable to adolescents than telephone
call-based approaches.

A desire to better understand their own health behaviors, often
to help improve health behaviors, has emerged as a key
motivation for using health apps. In designing a health app for
this population, providing ways for adolescents to receive
personalized feedback about their own patterns of behaviors
may be important. In line with this, the ability to track health
behaviorsin an app has emerged as adesirable feature.
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Finally, participants reported that very few of their schools
permitted mobile phone use by students at school. The majority
reported only using their smartphones on the way to or from
school, although most did carry their phones with them during
the school day. These insights have important implications for
the design of apps and notification schedules for school-age
adolescents. Although designing an app to collect ecological
momentary assessments of health behaviors multiple times
throughout the day may be a way to elicit a more accurate
recording of health behaviors, these results suggest that such
an approach would be unacceptable (encouraging students to
break their schools’ maobile phone policies) and not feasible for
school-age students. Prompting data entry before or after school
may be a more acceptable approach.

Focus Group

A focus group with adol escents was conducted to gain feedback
and suggestions for app content and design.

Participants and Procedure

Participantswere 12 adol escents recruited viapersonal networks.
Active written consent was obtained from parents and
participants before their participation in the focus group.
Participants attended a 1.5-hour long face-to-face focus group
in January 2019, which was loosely directed by one researcher
(LT) with open-ended and prompting questions.

Participants were shown an example of how the app may display
tracked health behaviors using a prototype design, before being
asked to comment on the example. Participants were then asked
to make suggestions for alternative ways to show this
information, including by drawing their ideas. Participantswere
also asked for their thoughts and suggestions regarding how the
goal -setting section of the app could function and be presented.
The focus groups were audio recorded and transcribed. The
participants received a JB-HiFi gift voucher of Aus $20 (US
$15). Ethical approval was obtained from the University of New
South Wales Sydney Human Research Ethics Committee
(HC17852).

Analysis

Thefocus group datawere transcribed by one researcher (BO).
Using an inductive approach, comments and recommendations
were grouped into themes by oneresearcher (BO), cross-checked

by asecond researcher (LT) and then used to inform refinements
and modifications.

Findings

A total of 12 female adolescents aged between 11.1 and 14.9
years participated in the focus group. All participants lived in
Sydney, Australia. Participants commented that all data entry
features and progress graphs within the app should be clear and
easy to use. They mostly agreed that tracked health behaviors
should beindividually displayed acrossaweek using line graphs
(as opposed to displaying all 6 behaviors of interest on asingle
graph) and that progress graphs should also contain detailed
summary information about health behavior. Examples of ways
in which participants suggested health behavior tracking could
be displayed within the app are available in Multimedia
Appendix 1.
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Most participants emphasized the importance of making goal
setting and achievement a rewarding experience, with the
inclusion of winning an icon, badge, or emoji when reaching a
goa. Many participants also preferred the inclusion of
motivational comments or explanations as to why one should
attempt to reach each health behavior goal. Participants
discussed the idea of competing with friends by sharing their
behavior tracking with others, however, the group disagreed
about whether this would be beneficial or detrimental for
adolescent users. Other commentsincluded ensuring that goals
are easy to input and that the goals suggested by the app are
achievable and easy to fit into pre-existing schedules.

Key Implications for App Development

Beyond design ideas for the display of progress graphs within
the app, key takeaway messages from the focus group included
the need to display progress for each of the 6 health behaviors
of interest separately and provide a detailed summary of user
behaviors. The need for a simple-to-use interface and the
importance of providing rewards within the app to engage
adolescents were also reiterated.

Stage 3: App Development and Beta Testing

The findings from stages 1 and 2 were used to inform the
development of the Health4Life app. Using the MyHealthPA
tool for initial structure and content and incorporating key
recommendations from the formative research described earlier,
an external 1T development company was engaged to produce
a beta version of the Hedth4lLife app. Graphic designs
developed for the Health4life school-based program (eg,
cartoon characters, icons, or fonts) were used to ensure
consistency between the 2 complementary programs.

Initial usability testing of the beta version of the app was first
undertaken, and any technical issues identified were resolved
before the app was reviewed. The reviewers consisted of
academics and clinicians with expertise in adolescent health
behavior change (n=6) and 4 adolescents within the teams
personal networks. Two of these adolescents had also
participated in the focus group. The 2 other adolescents were
males who were unable to participate in the focus group;
however, the research team felt it was important to obtain the
input of male adolescents. Reviewers provided feedback
regarding the final content, usability, acceptability, and appeal
of the program.

Key changesto the betaversion suggested by reviewersincluded
improvementsin the way in which content was displayed within
the app (eg, simplifying health behavior progress graphs, adding
stars on the dashboard to indicate when users reported meeting
recommended health behavior guidelines to help users easily
track progressfor the day and reinforce healthy behaviors) and
minor content changes (eg, removing quotes from celebrities
perceived not to be current enough to be of interest to end users
and adding quotes from current Australian-based celebrities).

The Final Health4Life App

The resulting Health4Life app consisted of the following 6
sections (screenshots are shown in Figure 1).
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Figure 1. Selected screenshots of the Health4L ife app.
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This page provides a simple and visual portrayal of the user’'s
Big 6 health behaviorsfor the current day and amenu to access
all other pages. When users report meeting the recommended
guidelines for a particular behavior, a gold star appears next to
the relevant hedlth behavior. To promote peer-to-peer
communication and education, users are prompted to select a
Health4Life Buddy to help guide them through the app from the
group of 6 core charactersin the school-based program. On the
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dashboard their buddy presents different motivational celebrity
quotes, tips, and prompts to log behaviors.

Diary

This page allows users to record their health behaviors and
mood. For each behavior, users can click an icon to give them
more information about what exactly they are being asked to
enter (eg, what a serve of fruit is or a definition of recreational

screen time). Textbox 1 describes the specific behaviors that
the user can record.
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Textbox 1. Daily behaviors recorded within the Health4L ife app.
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Lifestyle risk behavior and specific behaviors recorded

o  Physical activity
«  Minutes of moderate-to-vigorous physical activity
o Steps (manual entry)

« Diet
«  Number of sugar-sweetened beverages
o Servesof fruit
«  Servesof vegetables

o Number of discretionary food items

« Sleep
«  Bedtime (the previous night)
«  Wake-up time (that morning)
o Recreational screen time

o  Minutes of recreational screentime

e Alcohol use
« If they have drunk any alcohol (yes or no)

«  Number of standard drinks of alcohol (including just asip)

«  Tobacco use
« If they have smoked any tobacco (yes or no)

«  Number of cigarettes smoked (including just a puff)

« Mood

«  How they felt (5-point emoticon scale)

Progress

This section allows usersto view their progressindividually for
each of the 6 health behaviors. Users are also provided with a
summary of their behaviors, which highlights for how many
days in the previous 7 days they have met the recommended
guidelinesfor that behavior. A final progress graph displaysall
6 behaviors together, allowing users to identify ways in which
their health behaviors may be linked.

Goals

This section alows users to complete a guided goal-setting
activity to set specific, measurable, achievable, relevant,
time-bound (SMART) goals for any of the Big 6 behaviors.
Users are prompted to first select the behavior they would like
to set agoal for. They are then presented with 2 to 4 broad goal
options: What they would like to do (eg, do more light physical
activity, do more moderate physical activity). Upon selecting
their broad goal, they were asked, “How would you like to do
it?’" and presented with up to 7 appropriate optionsfor how they
might achieve that goal (eg, go for ajog after school, dance to
music, play a game like soccer, handball, or tag during lunch
or recess at school) and prompted to select How often they would
liketo doit? (once aweek, 2 timesaweek, 3 timesaweek, etc).

https://formative.jmir.org/2021/4/e25513

Rewards

This section allows users to view how many medals they have
received and access information about what they need to do to
earn medals for each health behavior. For each behavior, users
can earn a bronze medal for meeting recommended guidelines
for that behavior for 1 day, a silver medal for meeting the
recommended guidelinesfor 3 daysin arow, and a gold medal
for meeting the recommended guidelines for that behavior for
7 daysinarow.

Menu

In this section, users can access their profile and app settings
along with the following:

« Resources: links and a brief description of web-based
resources users could access for extra information and
additional support to change their health behaviors and
improve their mental health.

- Emergency: contact detailsfor relevant chat and telephone
help lines. Users are instructed to contact one of these
services or contact emergency servicesif they are thinking
about suicide or experiencing a personal crisis.
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Help: link to avideo tutorial on how to usethe Health4L ife
app and details of how to get help with any technical issues
using the app.

Usability and Acceptability Testing

Following the development work described earlier, access to
the Health4L ife app was provided to 3623 intervention condition
students participating in the Health4Life trial. Students were
provided with details on how to access the app via email (ie,
downloading from the relevant app store), and teachers were
asked to encourage studentsto download the app. After logging
on to the app, students were sent daily reminder messages each
evening, prompting them to record their health behaviorsin the
app. The Health4Life tria is a cluster randomized controlled
trial currently being conducted among 6640 students from 71
schools across New South Wales, Western Australia, and
Queendand, Austraia(trial commenced in 2019; full tria details
are given in the study by Teesson and Champion [43]).

Students at independent secondary schoolsin New South Wales
that were alocated to the intervention condition in the
Healthd4Life trial (7 schools in total; ICSEA values ranging
between 1012 and 1139 [65]) were invited to complete a
web-based questionnaire evaluating the HealthdlLife
school-based program and the Health4Life app. Items related
to the app aimed to generate information regarding the usability
and acceptability of the app and included the System Usability
Scale (SUS) [66], avalid and reliable industry standard tool for
measuring the usability of digital tools [67]. Items were
measured on a 5-point scale ranging from strongly disagree to
strongly agree. Participants were also asked to name 1 good
thing and 1 bad thing about the app or to give areason for not
downloading the app. These open-ended responses were coded
and grouped into themes by one author (BO) until saturation
was achieved.

Results

A total of 535 students (535/685, 78.1%) completed the
guestionnaire; of these, 232 (43.4%) reported downloading the
app. Overall, studentsrated the Health4L ife app favorably, with
58.2% (135/232) rating the app as either good or very good and
only 6.9% (16/232) rating the app as poor or very poor.
Approximately half of the participants (127/232, 55%) agreed
or strongly agreed that the app would help people of their age
to change their lifestyle behaviors (17/232, 7.3% disagree or
strongly disagree), and 42.4% (98/232) reported that they would
recommend the app to their friends (42/232, 18.1% maybe;
91/232, 39.2% no).

Responses to the SUS found that most students thought the
Health4Life app was easy to use (124/232, 53.4%), that they
would not need the help of atechnical person to be able to use
the app (135/232, 58.4%), that most people would learn to use
the app very quickly (127/232, 54.7%), that they felt very
confident using the app (122/232, 52.5%), that the app was not
unnecessarily complex (106/232, 45.7%), and that they did not
need to learn a lot before they could get going with the app
(106/232, 45.7%).
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Some participants reported that the app was cumbersometo use
(41232, 17.6%), there was too much inconsistency within the
app (33/232, 14.2%), or the features of the app were not well
integrated (24/232, 10.3%). However, most responses were
neutral for these items (143/232, 61.6%; 109/232, 46.9%;
126/232, 54.2%, respectively). Similarly, only 24.1% (56/232)
of students reported agreeing or strongly agreeing that they
would like to use the app frequently. The app received atotal
average SUS score of 59.5 (SD 14.1), representing OK usability
[68].

Positive things about the app design identified by students
included its esthetic design (eg, “It looks cool”), general
structure of the app, and that it was easy to use (eg, “ It was easy
to understand”). However, negative aspects of the app’s design
highlighted by students included its simplistic design and lack
of advanced features(eg, “1 found it alittle bit basic for afitness
app, as | thought it would have more features’) and the design
of the progress graphs (eg, “I would have liked my data and
rating on my health to be displayed differently so it iseasier to
read”).

App features that students highlighted as positive included the
mobile format (eg, “It is useful to use because it is on your
phone or iPad”) and the ability to track multiple health behaviors
(eg, “It tracks all the different parts to make sure you have a
healthy lifestyle”), set goals, and the reminders sent (eg, “It
gave me helpful notifications to use the app”). The ability to
personalize the app and receive individualized feedback about
health behaviorswas also very well received (eg, “ The app helps
YOU discover YOUR habits and how to change them, with a
supportive character. The overall app is very personalised”).

A common complaint from participants regarding the app’s
featureswasthe need to enter steps manually into the app, rather
than being able to link to a step counter device (eg, “It could
be connected to your phone...and it would count your stepsand
exercise”).

Participants also discussed that remembering their health
behaviors over the course of the entire day can be difficult.
Although some participants found reminders useful, others
expressed that the reminders to use the app were annoying (eg,
“it notifiesme all thetime anditisannoying”). From atechnical
side of things some participants also complained about the app
sometimes freezing or not working properly (eg, “it can
sometimes be a bit glitchy and/or freeze").

Finally, among those participants who did not download the
app, the top reasons for not doing so were not having a phone
or enough phone storage, feeling like they did not need the app
or the Health4Life school-based program was enough, not
knowing that there was an app associated with the Health4L ife
school-based program, or not being informed how to download
it (including that they weretold by their teacher not to download
the app or that they did not have to download it).
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Discussion

Principal Findings

This study aims to describe formative research that led to the
development of the Health4Life app and the initial usability
and acceptability testing. Scoping of the literature identified
key evidence-based BCTSs, such as self-monitoring, goal setting,
and providing prompts and feedback on behavior that were
incorporated into the app design. End user consultationsrevesled
that most adolescents (725/815, 88.9%) owned a smartphone
that they frequently used to access the internet, use apps for
social networking, and send or receive text messages,; however,
health appswereless frequently used, highlighting the need for
co-design to increase engagement. Key app features, such as
progress graphs and rewards, were identified and incorporated
into the app design. Together, these findings led to the
development of the HealthdLife app, a co-designed,
self-monitoring smartphone app, for adolescents that
concurrently targets the Big 6 lifestyle behaviors.

Initial acceptability and usability findings suggest that the
Health4L ife app is an easy-to-use tool with features that appeal
to adolescents. Approximately half of the respondentsincluded
inour feasibility and acceptability testing rated the Health4L ife
app as good or very good and agreed that the app was easy to
use and would help people like them to change their lifestyle
behaviors. These positive perspectives were reiterated in many
open-ended responses from the participants. However, only a
quarter of participants reported that they would like to use the
app frequently and most partici pants expressed neutral attitudes
with regard to the app consistency and integration of features.
Despite previous support for the effectiveness of mobile
phone-based interventions for changing health risk behaviors
[16-20], disparity between perceived acceptability of an app
and actual use has been reported in previous mobile-based
development and eval uation studies[40]. Co-design with young
people and tools to promote active engagement are likely to be
important components of any youth-based app.

Strengthsand Limitations

Formative research that informed the development of the
Health4L ife app had several limitations. First, the reviews of
the literature were not formal systematic reviews. Other useful
featuresto incorporateinto the Health4L ife app may have been
identified if amore comprehensive review of the literature was
conducted. However, thefeaturesthat were included in the app,
to encourage either health behavior change or engagement (eg,
self-monitoring, goal setting, personalized feedback, or rewards),
have a strong theoretical and empirical evidence baseto support
their use. Another limitation wasthat the end user consultations
only included students from metropolitan areas and involved
mainly female participants, with no males participating in the
focus group. Different perspectives and ideas for app content
presentation may have been generated if more males and
students from nonmetropolitan areas had been recruited. The
full trial of the Health4L ife program is currently underway and
will allow us to evaluate the acceptability and effectiveness of
the Health4Life app in a broader sample of gender-diverse
adolescents (N=6640) [43]. Furthermore, because of limited
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time and resources, coding and grouping of qualitative datawas
completed by only one researcher.

Although very few participants reported negative views of the
usability of the app, it is clear that there is some room for
improvement, given the less-than-optimal average SUS total
score abtained (59.2, which reflects a D grading and OK
usability). Results from the SUS are displayed in Multimedia
Appendix 2. However, similar scores have been reported for
other mHealth apps with comparable features (eg, goal setting,
rewards, and diaries for health behaviors) when reviewed by
adolescentsin several European countries[69]. It is also worth
noting that the SUS score means that receiving al neutral
responseswill result in ascore of 50 and fail grading. Our score,
in part, reflects ahigh proportion of neutral responses received.
Although these neutral responses may represent genuine neutral
perspectives, research has shown that participants may use a
midpoint response when they do not understand an item or if
the item isambiguous or socially undesirable [70]. In addition,
questions offering neutral midpoints decrease responsereliability
and measurement quality in children and adolescents [71-75].
As such, the SUS responses from our sample of those aged 11
to 14 years may need to be interpreted with caution.

This formative research generated important insights into the
devel opment and implementation of health appsfor adol escents.
Additional customization with regard to the timing and
frequency of reminder notifications may be important when
trying to strike the right balance between enough reminders to
effectively engage users and too many so that users are put off
and choose not to access or disengage with the app. Participants
inour initial examination of the feasibility and acceptability of
the Health4Life app received a single notification via email,
alerting them to the app and how they could accessit. However,
anecdotally, it emerged that a large proportion of students did
not frequently check their school email addresses, which they
were required to use as their primary email contact in the trial.
Teachers were encouraged to mention the app to students and
encourage them to download it and were provided with an
example classroom activity they could conduct using the app.
However, implementation of these activitieswas at the teacher’s
discretion and results from our feasibility and acceptability
testing showed that many teachers did not mention the app to
students or in some cases discouraged their students from
downloading it. Alternative modes of communication (eg, SMS
text messaging) or parental engagement may be needed to
effectively reach most students outside of the school
environment and working more closely with teachersto address
any concerns they might have in encouraging their students to
download and use an app like the Health4L ife app.

Finally, the feasibility and acceptability of the app was tested
only among a subsample of participants who were al from
independent secondary schools in the metropolitan regions of
New South Wales. The full trial of the Health4Life program
will evaluate the effectiveness of the school-based program and
smartphone app at targeting the Big 6 risk behaviorsamong this
subsample and students from 2 other states, including
independent, public, and Catholic schoolsin both metropolitan
and regional locations. Assuch, it isone of the largest and most
diverse samples of Australian adolescents. This will enable us
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to examine the ways in which usersinteract with the app, how
different patterns of use or nonuse might influence health
behavior change outcomes among users, and how this might
differ for different types of users.
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to simultaneoudly target the Big 6 lifestyle risk behaviors [28].
By reinforcing key learning from the school-based program
outside of the classroom and allowing studentsto receive regular
and individualized feedback about their own health behaviors,

the HealthdLife app has the potential to efficiently and
effectively modify important risk factors for chronic disease
among young people.

Conclusions

The HedthdlLife app is the first mobile app intervention
specifically designed with, and for, adolescentsto concurrently
addressthe Big 6 risk behaviors. Designed in collaboration with
adol escents and experts and adopting amultiple health behavior
change approach, it has the potentia to efficiently and
effectively modify important risk factors for chronic diseases
among young people.

As part of the Health4Life initiative, the Health4Life app is
provided in conjunction with the Health4lLife school-based
program to all grade 7 students, regardless of their engagement
in the Big 6 risk behaviors. To our knowledge, this is the first
time such an app will be used to support aschool -based program

The next important step is to establish the effectiveness of the
Health4L ife intervention, including the Health4Life app. A
cluster randomized controlled tria is currently underway in 71
schools across Australia to evaluate whether HealthdLife is
more effective than health education as usua in delaying the
uptake of alcohol and tobacco use, reducing sedentary
recreational screen time, reducing the decline in
moderate-to-vigorous  physical  activity, reducing the
consumption of sugar-sweetened beverages, and improving

sleep [43].
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Abstract

Background: Although many mobile health (mHealth) apps have evolved as support tools for self-management of breast cancer,
limited studies have devel oped a comprehensive app and described the algorithms for personalized rehabilitation throughout the
breast cancer care continuum.

Objective: This study aimed to develop a comprehensive mobile app and to describe an agorithm that adjusts personalized
content to facilitate self-management throughout the breast cancer care continuum.

Methods: The development process of the modular mHealth app included the following 4 steps: (1) organizing expert teams,
(2) defining evidence-based fundamental content and modules, (3) classifying user information for algorithms to personalize the
content, and (4) creating the app platform and connectivity to digital health care devices.

Results: We developed a modular mHealth app service, which took 18 months, including a review of related literature and
guidelines and the devel opment of the app and connectivity to digital health care devices. A total of 11 functionalities were defined
in the app with weekly analysis. The user information classification was formulated for personalized rehabilitation according to
5 key criteria: general user information, breast operation type, lymph node surgery type, chemotherapy and hormonal therapy
use, and change in treatment after surgery. The main modules for personalized content included a self-monitoring screen,
personalized health information, personalized exercise, and diet management.

Conclusions: The strength of this study was the development of a comprehensive mHealth app and algorithms to adjust content
based on user medical information for personalized rehabilitation during the breast cancer care continuum.

(JMIR Form Res 2021;5(4):e23304) doi:10.2196/23304
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Introduction

Background

Breast cancer is the most frequently diagnosed cancer among
women worldwide and in Korea In 2019, there were an
estimated 24,010 cases, suggesting an increasing trend [1].
Patientswith breast cancer undergo along course of diagnostic,
treatment, and posttreatment procedures; long-term survivorship;
and end-of -life stages[2]. Different treatments for breast cancer
result in a series of treatment-related problems such as upper
limb dysfunction, fatigue, and sleep disturbance[3-6], and these
side effects induce short-term, long-term, and late effects [7].
Patients with breast cancer should be educated regarding
self-management of their physical symptomsand functionsand
changing their behavior to promote a better quality of life[4,8].
Therefore, an accessible system is essential for the resolution
of symptoms and health care concerns across the breast cancer
care continuum.

From this viewpoint, mobile health (mHealth) apps in cancer
care have emerged as an attractive technology for enabling
symptom and disease management and promoting healthy
lifestyles such as increasing physical activity [9-13]. An
increasing number of mHealth apps for patients with breast
cancer are being developed; these apps aid in establishing an
association between patients and health care professionals
[9,14-16]. Currently, approximately 600 mobile appsfor patients
with breast cancer are availableintheiOS and Android markets
[16]. The potential advantages of providing interventionsusing
mHealth  apps include ease of use, cost-and
resource-effectiveness, and personalization during treatment
[17]. It has positive effects on physical activity, weight loss,
quality of life, functiona fitness, and psychological factors
(such as anxiety, depression, and distress) [18-22].

As the need for tailored intervention with mobile apps and
wearable trackers among patients with breast cancer has
increased [17,23], adjustment of the cancer treatment plan by
considering the characteristics of individua patients has become
important. However, a recent systematic review [9] revealed
that most mobile apps focus on only providing relevant
information or recording side effects during the treatment of
breast cancer rather than providing personalized rehabilitation
[22,24-26].

https://formative.jmir.org/2021/4/e23304
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Objective

To the best of our knowledge, no studies have specificaly
focused on developing a comprehensive mHealth app for
providing personalized content during the breast cancer care
continuum, although several studies have examined the
feasibility or effects of interventions that use an app during
treatment. Therefore, we devel oped amodular mHealth app that
can be personalized according to surgery type and treatment
modality during the breast cancer care continuum. This study
aimed to describe algorithms for personalizing the content of
the app to support self-management and address the
development process.

Methods

Development Process

Stage 1. Expert Team Organization for App Devel opment

For app development, an expert team was organized, which was
comprised of amultidisciplinary research team and devel opment
team. The research team included a breast surgeon, 2 physical
and rehabilitation medicine physicians, 2 physical therapists, 2
exercise experts, and 2 nutritionists. The development team
consisted of app developers and service programmers. The
development team (2 professional developers and 2 service
planners) had experience in developing an mHealth app for
chronic disease management, pregnancy, and patients with
stomach, colon, and prostate cancers. The app design team
included 2 designers who had extensive expertise in designing
applications for cancer patients.

Stage 2: Evidence-Based Fundamental Content and
Modules

This app was devel oped for Korean women with breast cancer,
and it aimed to promote health care from the postoperative
period to the end of treatment. To clarify the actual content and
modules of the app for breast cancer, the research team
exchanged mutual opinionsthrough regular meetings and sorted
the content. The content and modules were included after
sufficient discussion and review of the relevant research
experience. Thefinal decisionson the app’s content and modules
were determined by a consensus of all experts. A total of 11
functionalities was included in this app to help users manage
the side effects of their diseases and treatments, comorbidities,
and lifestyle choices with aweekly analysis function (Table 1).
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Table 1. Functionality and key characteristics of the mobile app.

Functionality

Key characteristics (evidence-based)

Expert consultation

Self-monitoring (today’s to-do list)

Personalized health information and educa-
tion

Personalized exercise management

Physical activity management

Diet management

Sleep management

Comorbidity management (weight, blood
pressure, blood glucose)

Stress management

Medication and smoking management

Provides consultations related to exercise and nutrition using text messages, voice recordings, and images;
health care professional's respond to the questions within 24 hours.

Allows users to self-check their treatment-related symptoms; allows users to self-assess their physical
activity, calorie consumption, sleep, and stress information.

Offers health information and education on exercise, nutrition, and disease (updated every Monday in
webzineform); offers health information and education according to surgery, treatment type, side effects,
and comorbidities.

Offers aerobic exercise with the goal of a specific heart rate and exercise time according to the user’s
health information; offers an arm and shoulder exercise program with avideo consisting of four steps
according to the user’s information (surgery and treatment type) and exercise journal.

Recommends target step intensity (normal, brisk, and run), calories, heart rate, and step count (eg, 5000
steps and 200 kcal).

Provides daily guidelines for each food group: Users can record the foods ingested during breakfast,
lunch, dinner, and refreshmentsfor aday using speech recognition and text input; recommends nutritional
intake according to comorbidities.

Allows users to track total sleep times, sleep efficacy, REM? sleep time, NREMP sleep time, and sleep
quality using asmart band.

Allows usersto use ajournal format and Bluetooth-enabled smart device: The target blood pressure and
blood glucose levels are indicated; allows usersto track their weight, blood pressure, and blood glucose
level.

Allows usersto track their stress level (categorized as good, normal, low, and high) based on heart rate
variation analysis.

Provides an alarm sound at the time when users should take their medications, allowing them to track
their medication intakes; provides an alarm sound to prompt users to record their daily smoking status.

3REM: rapid eye movement.
PNREM: non-rapid eye movement.

To offer evidence-based information, the following resources
were used for the app: the American College of SportsMedicine
Exercise Prescription Guidelines for Cancer Survivorship;
exercise program for patients with breast cancer [8,27-29];
neurophysiological mechanisms of seep [30-34]; Korean
Society for the Study of Obesity guidelines [34,35]; Korean
Society of Hypertension guidelines [36]; and Korean Diabetes
Association guidelines [37].

Stage 3: Classification of User Information for the
Algorithms for Personalized Content

To provide personalized content, we discussed and sorted the
representative treatment course after surgery for breast cancer
according to the aim and scope of the app. The following
information was included in the algorithm for personalized
content (Figure 1): general user information, breast surgery

https://formative.jmir.org/2021/4/e23304

type, axillary surgery type, treatment using chemotherapy and
hormonal therapy, and treatment change after postoperative
period (total of 5 years). This classification complied with the
National Comprehensive Cancer Network Guidelines for
patients with breast cancer [38] and reflected the treatment
process of breast cancer patients in Korea. At the end of the
review and discussion, the content was finally classified into a
total of 34 treatment courses.

General user information included the following: name or
nickname, sex, birth date, height, weight, chronic diseases (eg,
hypertension, diabetes, and hyperlipidemia), current food intake
(eg, vegetables, fruit, fish, meat, and rice), and smoking status.
To utilize personalized content, usersinput breast surgery type,
lymph node surgery type, surgery date, hospital discharge date,
and current treatment (eg, chemotherapy, radiation therapy, and
hormonal therapy), including general user information.
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Figure 1. Classification system of user information for the algorithms for personalized content.
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Stage 4: Creation of theModular mHealth App Platform
and Connectivity to Digital Health Care Devices

This app was developed for use on both Android and iOS
platforms and can transfer data via connection with
Bluetooth-enabled wearable smart devices. Hedth care
professionals can use a web-based open architecture
management (OAM) program to monitor all data, including
those on app service use and wearable or smart devices.

The wearable device includes a DoFit smart band worn on the
wrist (NF-B20, Medi Plus Solution, Seoul, South Korea), which
allows the measurement of physical activity, stress level, heart
rate, and dsleep information through a built-in  6-axis
accelerometer, gyroscope, and photoplethysmography sensor.
Energy expenditure and physical activity intensities were
analyzed on the basis of heart rates and step counts. Stress|evel
isprovided on the basis of heart rate variation analysis of heart
rates collected during daily activities. Moreover, the smart
device linked to the app includes a blood pressure gauge
(UA-651BLEmM, A& D Medical, Tokyo, Japan), glucose monitor
(GMO1AAB, i-SENS, Seoul, Korea), and scale (XM TZCO04HM,
Xiaomi Corporation, Beijing, China). The Korean certification
test verified the appropriate level of radiation exposure from
health care devices.

In order to use datafrom this platform and digital health device
and for use of personal information and information from mobile

https://formative.jmir.org/2021/4/e23304
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service. Datagenerated from the platform are protected through
protection of personal information and storage of data in our
service platform server after deidentification of the data.
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Results

Werequired 18 monthsto review the database, related literature,
and guidelines as well as to develop and launch the 11
functionalities, connectivity with a digital health care device,
monitoring program, and app testing. Figure 2 presents the
service flow of the app. The overall service flow of the
developed app is as follows: The user creates an account
(subscription information and personal health record data) and
enters medical care information (breast surgery type, type of
surgery to remove lymph nodes, and postoperative treatment).
On the basis of the treatment information, the first algorithmis
applied, and the user caseis classified. Personalized guides are
provided for exercise, side effect education, and nutrition. The
second algorithm analyzes the program usability and whether
the implementation follows management guidelines and then
personalizesthe guide. By interworking with health care devices
such as smart bands and the establishment of the OAM system
for datamonitoring, the service platform enables patient-health
care expert communication.

JMIR Form Res 2021 | vol. 5 | iss. 4 [€23304 | p.110
(page number not for citation purposes)


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

JMIR FORMATIVE RESEARCH Limeta

Figure 2. Service flowchart of the development of the modular mobile health (mHealth) app for personalized rehabilitation. OAM: open architecture
management; PHR: personal health record.
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Figure 3. Screenshots of the representative app functionality: (A) self-monitoring, (B) exercise management, (C) main (today’s to-do list), (D) weight
management, (E) personalized education and information, and (F) arm and (G) shoulder exercises.
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Once the user information is entered, the self-monitoring  initiates chemotherapy, medical caution related to side effects
components are displayed by priority a login. The
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is shown on the main screen, and users are prompted to check
their health conditions when they log in. After the treatment is
completed, the monitoring screen changes according to the
user’s comorbidities. If the user has a chronic disease, the
management screen is displayed as a priority. On the
self-monitoring screen, the last screen displays a brief graph
showing step count, calories, sleep details, and stress level,
regardless of health status.

Per sonalized Health I nfor mation

Information on health condition, managing side effects, and
medical precautions are displayed in 3 categories (disease,
nutrition, and exercise). The information is adjusted according
to user health information such as surgery date, treatment type,
and chronic disease and updated every Monday. From 1 to 5
weeks postoperative, the user is offered relevant management
information. If users input treatment information such as
chemotherapy, radiotherapy, and hormona therapy, this
functionality will describe the side effects, nutrition, and

Limeta

exercises needed during treatment. Chronic disease and wellness
management information is provided after the treatment is
completed.

Personalized Exercise

Arm and Shoulder Exercise Program

The exercise program was developed by rehabilitation experts
based on the af orementioned studiesin stage 2. Thishome-based
video exercise program consists of 4 stages that gradually
progress from active-assisted to arm strengthening exercises.

The rehabilitation experts designed algorithms specific to
surgery and treatment types. The changes occur automatically,
and the start time of each stage differs according to surgery and
treatment type. These details include immediate breast
reconstruction, chemotherapy, and radiotherapy. The process
of applying the algorithm for the shoulder and arm exercise
program is shown in Figure 4.

Figure 4. Process of applying the personalized arm and shoulder exercise program. CTx: chemotherapy; RTx: radiation therapy.

Input
the surgery
information

(breast reconstruction or not)

iy

Aerobic Exercise for Breast Cancer

According to the user’s treatment information, the target heart
rate and exercisetime are automatically adjusted in accordance
with the American College of Sports Medicine guidelines[39].
Theinitial baselineis set according to the treatment information
that the user inputs at sign-up. As the week progresses, an
algorithm determinesthe heart rate goal and gradually increases
the exercisetime. For instance, when chemotherapy information
is entered, the target heart rate in this stage is immediately
changed to control the exercise intensity; the same change occurs
when chronic disease information is entered.

Start
exercise
(the first phase)

&

Depending on the estimated rate of perceived exertion after
exercise termination, the exercise goa and duration are
increased, decreased, or maintained. If the user records * hard”
more than twice per week or “very hard” only once per week,
the exercise phaseislowered. In addition, heart rate is measured
in real time using a smart band during aerobic exercise. If the
user’s heart rate exceeds the target, an alarm will sound to notify
the need to adjust the exercise intensity.

Diet Management

Theagorithm for calorieintake is calculated using the original
intake per food group, body mass index, and age that the user
inputs at sign-up. This module recommends a meal plan,
including food groups and intake based on the Korean diet.
Furthermore, users can check whether they are consuming
well-balanced food types and amounts through a graph that

https://formative.jmir.org/2021/4/e23304

—>

¢~ Change

Input
treatment 4 g th e'
information _> N exercise
(CTx/RTx or not) : \\\ phuse by
N ~ period
v Y
Algorithms =
§® process E g E

indicates “lacking” in gray, “appropriate’ in green, and
“excessive’ inred. At the bottom of the diet management screen,
the recommended nutrition plan changes depending on the
presence or absence of chronic diseases. For instance,
consumption of protein and fat is displayed for users who have
undergone surgery from week 1 to 5 and who have no chronic
diseases. If the user has diabetes, essential nutrients are adjusted
toinclude carbohydrates and fat. Thisfunctionality allows users
to compare their intake and recommended dietary allowance.
There are restrictions on adjusting diet plans depending on the
user's dietary preferences (eg, vegetarian) or taboo foods (eg,
religious diet).

Discussion

Principal Findings

In this study, we documented the process of developing a
modular mHealth app to provide personalized content based on
surgery type, treatment process, and chronic disease(s). This
study specified the algorithm used to modify the content by
surgery and treatment types and according to the analysis of
user health records. In addition, to improve the motivation and
benefits of using the mHealth app [40,41], we used assistant
technology (ie, smart band) and professional support for
monitoring and providing real-time feedback (ie, OAM program)
during app use.

The key feature of the developed app isthat it is not limited to
specific treatment groups such as those treated with
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chemotherapy or radiotherapy and is a comprehensive
self-management tool available during the breast cancer care
continuum. To cover the characteristics of diverse users and
provide personalized content, 34 user cases were classified
according to surgery information and treatment process. A
previousresearch study [41] developed an information-centered
app that consisted of 5 modules according to the information
needs of women with breast cancer during treatment based on
interviews and discussion with experts. They included 8
infformation items — stages of diagnosis, adjuvant
chemotherapy, operation, chemotherapy, radiation therapy,
endocrinetherapy, targeted therapy, and rehabilitation. However,
the focus of our study was not simply providing information
but providing personalized content with a comprehensive
self-management tool during the breast cancer care continuum
according to the different surgery types, treatments, and chronic
diseases.

With regard to the development of a comprehensive app, most
modul eswere consistent with those from previous research [42]
that provided the framework, which consisted of 8 themes,
including information related to treatment, physical activity
(exercise and rehabilitation), emotions (mental support, music
therapy, and sufficient dleep), diet, health records, socia
resources, experience sharing, and expert consulting. The
aforementioned study investigated the needsinformation through
focus group interviews with women who completed different
therapies or received long-term hormonal therapies. In this
study, according to areview of aprevious study and discussions
with a multidisciplinary team, 11 modules were developed
covering health information and education, self-monitoring,
exercise and physical activity management, diet, Sleep,
comorbidity, stress, medication and smoking management, and
expert consultations. Particularly, our study differs from
previous studies in that the content of some modules in this
developed app was adjusted primarily according to the user's
characteristics (eg, type of surgery and treatment) and can be
changed according to comorbidities and diseases. Some
discrepancies between our results and those of previous studies

Limeta

may be due to differences in culture, development approach,
and target user.

Limitations

Although this study aimed to develop an app that offers
comprehensive and personalized health management content
during the breast cancer care continuum, some concerns need
to be addressed at a later stage. This app has limitations in
adjusting content based on the factorsthat need to be considered
for highly personalized mHealth interventions such as symptom
burden, weather, and treatment cycle. To date, electronic
medical record data have not been directly linked with the app.
To obtain personalized content, users must update their health
and treatment information directly in the app. If thisconcernis
resolved, it may be beneficial for usersto usethe app. Moreover,
long-term engagement with and adherence to the comprehensive
mHealth-supported intervention must be investigated, and
additional analysis of needs and satisfaction according to user
characteristics will be required.

Despite these limitations, this is an important first step in
realizing acomprehensive and personalized, rehabilitation-based
mHealth app for patients with breast cancer during the breast
cancer care continuum.

Conclusion

This app was developed to facilitate the comprehensive and
personalized rehabilitation of patients with breast cancer
throughout the treatment course using algorithms to deliver
personalized content and change the user information
accordingly and to motivate and monitor patientsusing adigital
health care device that tracks the user's information and
communication with health care experts. This study enlisted
algorithms to provide personalized content and describe the
functionality of the comprehensive app for patients with breast
cancer. In the future, its efficacy and clinical effectivenessasa
management solution should be evaluated through clinical
management, continuous upgrades based on the latest guidelines,
and user feedback.
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Abstract

Background: Although many smoking cessation smartphone apps exist, few have been independently evaluated, particularly
in older populations. In 2017, of the 112 commercially available smoking cessation appsin Australia, only 6 were deemed to be
of high quality, in that they partially adhered to Australian guidelines. Maobile health (mHealth) apps have the potential to modify
smoking behavior at a relatively low cost; however, their acceptability in older smokers remains unknown. Rigorous scientific
evaluation of appsis thus urgently needed to assist smokers and clinicians aike.

Objective: We conducted a pilot randomized controlled trial to evaluate the feasibility of alarge-scale trial to assess the use
and acceptability of a high-quality smoking cessation app in older smokers.

Methods: Adult inpatient and outpatient smokers with computer and smartphone access were recruited face to face and via
telephone interviews from Metropolitan Hospitals in Brisbane, Australia. Participants were randomized 1:1 to the intervention
(requested to download the “My QuitBuddy” smoking cessation app on their smartphone) or the control group (provided access
to a tailored smoking cessation support webpage [Quit HQ]). The My QuitBuddy app is freely available from app stores and
provides personalized evidenced-based smoking cessation support. Quit HQ offers regular email support over 12 weeks. No
training or instructions on the use of these e-resources were given to participants. Outcomes at 3 months included recruitment
and retention rates, use and acceptability of e-resource (User Version of the Mobile App Rating Scale [UMARS]), changes in
quitting motivation (10-point scale), and self-reported smoking abstinence.

Results: Werandomized 64 of 231 potentially eligibleindividuals (27.7%). The mean age of participantswas 62 (SD 8). Nicotine
dependence was moderate (mean Heaviness of Smoking Index [HSI] 2.8 [SD 1.2]). At 3 months the retention rate was (58/64,
91%). A total of 15 of 31 participantsin the intervention arm (48%) used the app at least once, compared with 10 of 33 (30%) in
the control arm. UMARS scores for e-resource use and acceptability were statistically similar (P=.29). Mativation to quit was
significantly higher in the intervention arm compared with the control arm (median 6 [IQR 4-8] versus 4 [IQR 4-5], respectively,
P=.02). According to the intention-to-treat analysis, smoking abstinence was nonsignificantly higher in the intervention group
(4/31 [13%], 95% CI 4%-30%, versus 2/33 [6%], 95% Cl 1%-20%; P=.42). The estimated number needed to treat was 14.
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Conclusions: Internet and mHealth smoking cessation resources appear acceptable to a minority of older smokers. Smokers
who engaged with the allocated e-resources rated them equally, and there were trends toward greater uptake, increased motivation,
and higher abstinence rates in the app group; however, only the change in motivation reached statistical significance (median
score 6 versus 4, respectively, P=.02). Thisresults of this pilot study suggest that apps may improve quit outcomesin older adults
who are willing to use them. Further research into user—app interactions should be undertaken to facilitate improvements in app

design and consumer engagement. These favorable trends should be explored in larger trials with sufficient statistical power.

Trial  Registration: Australian  New

Zealand

Clinical  Trials Registry ACTRN12619000159156;

http://www.anzctr.org.au/Trial/Registration/Trial Review.aspx 7 d=376849& i sReview=true

(IMIR Form Res 2021;5(4):€24976) doi:10.2196/24976
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Introduction

Globally, 6 million people die from tobacco use annually,
accounting for 11.5% of deaths worldwide and an economic
cost of US $1 trillion [1]. Despite smoking prevalence falling
in most economically developed countries[2], important efforts
to reduce prevalence are ongoing [3]. With an estimated 6.8
billion active mobile phones worldwide, patient-facing
smartphone apps offer novel opportunities to modify health
behavior at low cost. With little or no clinician input they may
represent a powerful new platform to help smokers quit [4,5].
Multiple smoking cessation apps exist; however, only few have
been independently evaluated in clinical populations. Thornton
et a [6] reviewed al free, commercially available smoking
cessation appsin Austraia, and only 6 of 112 appswere deemed
high quality, at least partialy following Australian treatment
guidelines. Haskins et a’s[ 7] systematic review identified only
6 smoking cessation apps with peer-reviewed scientific support.
Only 2 (4%) of the top 50 suggested by leading app stores had
any scientific support. In addition, most app trials have been
small, resulting in imprecise effect estimates. A meta-analysis
of 8 randomized controlled trials (n=3543) found a clinically,
but nonstatistically significant change in the rate of abstinence
compared with usual care (pooled relative risk 1.15, 95% CI
0.85-1.57) [8].

No trials so far have assessed older populations; mean age
rangesin published trialsvary from 24.9to 54.3 years[8]. Older
populations are important as they represent heavier tobacco
users and perhaps harder-to-treat smokers who may be less
fluentin, or havelimited accessto, information technology (IT)
[9,1Q]. Thus, there is an urgent need for data in this cluttered
and poorly regulated market across all population subgroups,
especially in older smokers.

My QuitBuddy, one of the most popular appswith over 200,000
downloads [11], was released in 2012 by the Australian
Department of Hedlth and is in the top 10 recommended
smoking cessation appsin iOS and Google Play stores. Although
deemed high quality, it lacks evaluation in a randomized
controlled trial [6].

Wetherefore designed the eQUIT study to assessthefeasibility,
use, and acceptability of the My QuitBuddy smoking cessation
app in adult smokers. A secondary outcome wasto estimate the

https://formative.jmir.org/2021/4/e24976

treatment effect size to inform power calculations for larger
trials.

Methods

Study Design and Participants

eQUIT was arandomized controlled trial of smoking cessation
e-resources. Current smokers aged over 18 who owned an
internet-enabled smartphone and a computer were eligible.
Smokers currently using a smoking cessation app were
ineligible. Recruitment was limited to 1 participant per
household. Control arm participants were instructed to not
download any smoking cessation apps during the study period.
Screening and mixed methods recruitment (face to
face/telephone) were via smoking cessation clinics and inpatient
and outpatient respiratory clinics (Multimedia Appendix 1). We
also included enrollees in the International Lung Screen Trial
(ILST) [12] in the Metro North Hospital and Health Service,
Brisbane. Potentially eligible adult smokers were identified
from clinics by the research team and from the ILST study
database. Potentially eligible participants were asked questions
to determine their eligibility (smartphone and computer
ownership, concurrent app use). If eligible, participants were
invited to provide informed consent which they could accept
or decline. While recruitment was open to al adults, we
primarily targeted older smokers, as clinical patients with
chronic disease seen in hospital respiratory and cardiac clinics
tend to be older; additionally, all participants undergoing lung
cancer screening in the ILST were aged between 55 and 80 (an
eligibility criterion of the ILST).

The trial was registered with the Australian New Zealand
Clinical Trials Registry (ACTRN12619000159156) and
approved by the hospital human research ethics committees.

Smoking Cessation e-Resour ces

Participants in the control arm received an access link to a
smoking cessation webpage hosted by the Queensland State
Department of Health (Quit HQ) [13]. Quit HQ allows
registration for a 12-week program of support emails containing
health advice, motivational stories, and Quitline links.

Participants in the intervention arm received the link to
download the My QuitBuddy app from app stores (Figure 1)
[11]. My QuitBuddy motivates users across 4 functiona
domains: rational (health benefits, cost savings); emotional
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(positive influence of family and friends); social (community content, motivational techniques, and direct links to Quitline.
forums); and gamification (playful interactions producing However, the app provides more personalized support in real
serious outcomes). Both e-resources utilize similar educational  time.

Figure 1. Screenshot My QuitBuddy app.

1105 AM

< Wy CuitEudcy My Personal Best

. T 1148 AM LE o+ SEN .

My QuitBuddy

)
MY ALL-TIME BEST

g

Randomization

Randomization codes, stratified by hospital and grouped in
blocks of 6, were centrally generated by a computer [14].
Allocation was conceal ed using sequentially numbered opague
envelopes.

Participants were randomized 1:1 after written consent and
baseline questionnaires were completed. Participants were
provided with adownload link to the respective e-resource (thus
not blinded). No training in e-resource use was given to simulate
“real life” more closely. Participants were instructed to engage
with the eresource at their own discretion and use any
standard-of-care smoking cessation interventions provided by
their primary care provider.

Data Collection

Participants completed questionnaires at baseline and 3 months
after randomi zation. Questionnaireswere collected by telephone,
in person, post, or email.

Baseline data included demographics; smoking history;
smoking-related disease; motivation to quit (10-point scale,
ranging from 1 [I enjoy smoking so much | will never consider
quitting] to 10 [I have quit and | am 100% confident that | will
never smoke again]) [15]; and generic health-related quality of
life [16] (5-level EQ-5D [EQ-5D-5L], with higher scores
indicating worse health status, EQ-5D Visual Analogue Scale
[EQ-VAS] score [16], and self-reported overall health, ranging
from 100 [“best possible’ health] to O [“worst possible” health]).

https:/formative.,jmir.org/2021/4/e24976
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IT proficiency was rated by frequency of simple tasks (internet
shopping and banking) and self-rated IT confidence (visua
analog scale 0-100, with higher scores indicating higher
confidence). Nicotine dependence was assessed using the HSI
[17].

Outcome assessment was unblinded; however, subjective
assessment was minimized by using a standard questionnaire.
Self - reported smoking abstinence at 3 months was defined as
smoking less than 5 cigarettes in the previous 12 weeks [18].
Visitsto general practitioner and cessation intervention received
(5As; “Ask, Advise, Assess, Assist, and Arrange’) [19] were
recorded. Participants rated the e-resource using the User
Version of the Mobile App Rating Scale (UMARS), a 20-item
measure with 4 objective quality subscales (engagement,
functionality, aesthetics, and information quality); a subjective
quality subscale; and a perceived impact subscale. Higher scores
indicate better quality rating [20]. Asfar aswe are aware, there
are no validated tools that can be used across every type of
internet or app resource. As we wanted to compare responses
using the same tool across both conditions, we chose UMARS
because (1) UMARS questions appear equally relevant to
webpages asthey do for apps, thus the same questionnaire could
be administered to al participants; (2) the uMARS tool did not
require substantial alteration for website users (wherever the
term “app” appeared in the tool, we changed the wording to
“ app/webpage”; the questions themselves did not require any
adjustment); (3) uUMARS has been very well validated in many
settings and the focus of this study was to evaluate an app as
the experimental condition, rather than webpage as the control
condition.
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The scheduled in-app and email reminders of both the
intervention and control e-resourceswereindividualized by the
participantsif and when they first engaged with their allocation.
Thisinformation was not collected by the research team. Up to
10 attempts to contact participants to complete questionnaires
were allowed during follow-up as per protocol.

Sample Size Justification and Statistical Analysis

As afeasihility study, formal sample size calculation was not
required. However, we estimated the sample size required at
around 10% of the number required for a statistically powered
study. Assuming less than 20% lossto follow-up, asample size
of 64 would inform our aims of determining feasibility and
acceptability [21,22].

Intention-to-treat  analysis was performed, assuming
nonresponders were smokers. Continuous measures were
summarized using mean or median and compared using Student
t test (for normally distributed data) or Wilcoxon rank-sum test
(if dataare not normally distributed). Categorical variableswere

Figure2. eQUIT consort.

Peek et al

compared using the Fisher exact test. Analyseswere performed
using the Stata Software (version 15; StataCorp). P values less
than .05 were considered statistically significant.

Data Sharing Statement

Anonymized data that support the findings of this study are
available on request from the corresponding author, subject to
ethical review. Thedataare not publicly available dueto privacy
and ethical restrictions.

Results

Recruitment

Between the April 4 and May 23, 2019, 271 inpatient and
outpatient smokers were screened for eligibility (Figure 2). Of
the 231 potentially eligible individuas, 64 (27.7%) were
randomized. A total of 31 were allocated to the intervention
arm and 33 to the control arm. Reasons for non-enrollment are
outlined in Figure 2.

‘ Assessed for eligibility, n=271 (100%)

Excluded, n=207 (76%)

Enrollment

Ineligible, n=40 {15%)

*  Already quit, n=25 (9%)

*  Did not own smartphone or computer, n=13
(5%)

4
Randomized
n=64 (24%)

*  Using smoking cessation app, n=2 (1%)
Declined to participate, n=167 (39%)

*  Did not respond to invitation, n=101 {37%)
*  Poor IT proficiency, n=24 (8%)

*  Not interested in research, n=23 (8%)

*  Not ready to quit, n=19 (7%)

y

¥

Withdrew from study, n=1

i

h 4 Allocation
Allocated to intervention group Allocated to control group
(app), n=31 (webpage), n=33
« Received allocated * Received allocated

intervention, n=31 intervention, n=33

! o
Lostto follow-up, n=2 Follow-Up Jlostto follow-up, n=4
* Unable to contact, n=1 ¢ Unable to contact, n=3
¢ Withdrew from study, n=1 .

r ) Y
Analyzed el inl Analyzed
* Intentionto treat, n=31 .
¢ Per protocol, n=29 *  Per protocol, n=29

Intention to treat, n=33

Basaline Data

Baseline characteristicsare presented in Table 1. Overall, 29/64
(45%) participants were female, and 34/64 (53%) participants
had completed tertiary-level education. The mean age was 62
(SD 8), and only 4 participants were under the age of 50.
Participants smoked amedian of 15 cigarettes per day. Average
nicotine addiction was moderate and similar between groups
(mean HSI was 2.5 and 3.0, P=.18). Median motivation to quit
was 4, equating to the statement “I sometimes think about

https://formative.jmir.org/2021/4/e24976

quitting but have no specific plans to quit” Nearly all
participants (60/64, 94%) reported previous quit attempts. Only
the history of chronic obstructive pulmonary disease was
statistically significantly higher in the control arm (9/33 [27%]
vs 1/31 [3%], P=.013).

Health-related quality of life was good. Proficiency in I T tasks
appeared quite high; over one-half of the group used internet
banking every week, and over one-half used internet shopping
regularly. Self-rated IT confidence was high (median 75 out of
100).
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Table 1. Baseline demographic data.

Demographics Intervention arm (My QuitBuddy app; Control arm (Quit HQ Webpage; P value
n=31) n=33)

Age (years), mean (SD) 61 (9) 63 (8) 502
Gender (female), n (%) 11 (35) 18 (55) 14b
Education, n (%) 10P

Grade 12 or less 13 (42) 11 (33)

Completed high school 5(16) 1(3)

Tertiary/vocational/post graduate level achieved 13 (42) 21 (64)
History of asthma, n (%) 4(13) 9(27) oob
History of chronic obstructive pulmonary disease, n (%) 1(3) 9(27) 013°
History of bronchitis, n (%) 0(0) 2(6) 40P
History of emphysema, n (%) 9(29) 11 (33) 79°
History of heart disease, n (%) 3(10) 5(15) 71°
History of cancer, n (%) 3(10) 5(15) 71°
Heaviness of Smoking Index®, mean (SD) 25(19) 3(10 182
Cigarettes per day, median (IQR) 20 (10-20) 15 (10-20) 749
At least one prior quit attempt, n (%) 29 (94) 31(94) >.99°
Motivation to quit, median (IQR) 4 (4-6) 4 (4-5) 86

Health-related quality of life®, median (IQR)

Anxiety/depression 0(0-1) 0(0-1) 63d
Mobility 0(0-1) 0(0-1) 50¢
Pain/discomfort 1(0-1) 0(0-1) 209
Self-care 0(0-0) 0(0-0) .65¢
Usual activities 0(0-1) 0(0-0) o7
EQ-5D Visua Analogue Scale score 70 (50-85) 80 (70-90) 149
Online banking frequency, n (%) gab
Never 7(23) 6(18)
Occasional to regular use 7(23) 10 (30)
Every week 17 (55) 17 (52)
Online shopping frequency, n (%) 5gP
Never 13 (42) 12 (36)
Occasional to regular use 18 (58) 19 (58)
Every week 0(0) 2(6)
Information technology confidence, median (IQR) 80 (60-85) 70 (50-90) 774

8 rom independent t test.

BFrom Fisher exact test.

CHigher score indicates greater addiction.
Wil coxon rank-sum test.

®Measured using the EuroQol-5D instrument.

https:/formative.,jmir.org/2021/4/e24976 JMIR Form Res 2021 | vol. 5 | iss. 4 [€24976 | p.121
(page number not for citation purposes)

RenderX


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

JMIR FORMATIVE RESEARCH

Outcomes

Of the 64 participants randomized, 58 (91%) completed a
follow-up questionnaire at 12 weeks. An equal number of
participantsin each arm compl eted the study per protocol (29/31
[94%] and 29/33 [88%4]), respectively.

e-Resource engagement was higher in the intervention arm:
15/31 (48%; 95% Cl 32%-70%) participantsin theintervention
arm used the resource (app) at least once, compared with 10/33
(30%; 95% CI 18%-54%) participants in the control arm

Table 2. Distribution of responses at follow-up by the study arm.

Peek et al

(P=.29). UMARS ratings of e-resource across 7 subscales did
not differ significantly between intervention and control arms,
with weak evidence for ahigher functionality rating for the app
(P=.07 to P=.51). Both e-resources had a median star rating of
3out of 5 stars (Table 2).

In total, 42 participants (from both intervention and control
arms) had visited their primary care provider at follow-up, and
they equally utilized pharmacotherapy (Table 2). In both arms,
provision of themore*“ active” parts of the SAsintervention was
similar (“assist” and “arrange”).

Response Intervention arm (My QuitBuddy app; Control arm (Quit HQ Webpage; P value
n=29) n=29)
Smoking abstinence, n (%) 4(14) 2(7) 672
Heaviness of smoking index, mean (SD) 2.0(1.5) 2.2(1.3) 50°
Mativation to quit, median (IQR) 6 (4.0-8.0) 4(4.0-5.0) 02°
Cigarettes per day, median (IQR) 10 (2-20) 12 (6-20) 31°
Ever-use of e-resource, mean (SD) 15 (52) 10 (34) 292
e-Resource star rating, median (IQR) 3349 339 24°
User Version of the M obile App Rating Scale, mean (SD)
Engage 27(0.9) 24 (1.0 50
Function 3.7(0.9) 2.9(13) o
Aesthetics 35(0.7) 3.1(0.9) 470
Information 3.9(0.8) 3.7(1.2 51°
Quality 3.3(0.9) 3.0(1.1) 430
Subjective quality 29(1.2 23(1.2) 15°
I mpact 3411 29(1.9) 33b
Pharmacotherapy, n (%)
Varenicline 5(17) 5(17) >.o9P
Bupropion 1(3) 0(0) >.o9P
Nicotine patches 6(21) 7(24) >.09°
General practitioner follow-up, n (%)
Visited general practitioner 22 (76) 20 (69) 772
Ask/aviselassess 119 (50) 14 (70)
Assist/arrange medication counselling/follow-up o4 (42) g€ (40)

8 rom Fisher exact test.

bFrom independent t test.

®Wilcoxon rank-sum test.

IN=22.

*N=20.

Quit motivation was significantly higher in theintervention arm
than in the control arm (median score 6 versus 4, respectively,

P=.02), equating to the following statements: “1 plan to quit in
the next 6 months’ and “I sometimes think about quitting but
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have no specific plans to quit,” respectively. Mean cigarettes
smoked per day decreased by half in the intervention arm,
although this was not statistically significant (P=.31).
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Using per-protocol analysis, 4/29 (14%; 95% CI 4%-32%)
participants in the intervention arm and 2/29 (7%; 95% ClI
1%-23%) in the control arm reported quitting at 3 months
(P=.67). In the intention-to-treat analysis, the respective
proportions were 4/31 (13%; 95% CI 4%-30%) and 2/33 (6%;
95% CI 1%-20%). The relative risk of quitting smoking in the
intervention armwas 2.1 (95% Cl 0.4-10.8; P=.42). The number
of participants needed to treat for 1 successful quitter was 14
[23]. The number needed to treat was calculated as the inverse
of the absolute risk reduction.

Discussion

Principal Findings

We conducted a pilot randomized controlled trial to assess the
uptake, use, and acceptability of the My QuitBuddy app in an
adult population compared with awebpage presenting resources
for quitting smoking. The app appeared reasonably acceptable
to smokers. Although both e-resources received similar ratings
for engagement, functionality, aesthetics, and information
quality, we found a trend toward greater uptake of the app,
which may reflect greater convenience and immediacy of a
smartphone platform. While participantsin both arms appeared
equally well supported by their primary care physicians, we
observed a clinically and statistically significant increase in
motivation to quit among users of the app at 3 months, and a
nonstatistically significant, but clinically very significant,
halving of mean daily cigarette consumption and doubling in
self-reported quit rate. These results suggest tangible benefits
for smokers using the app. Although this pilot trial was
underpowered to detect small differences in outcomes, the
observed trends are encouraging and worth pursuing in alarger
trial. Even if the absolute difference in quit rate is small,
potential benefits at the population level could be enormous,
considering the reach of smartphones. For example, Phase 1 of
the Australian National Tobacco Media Campaign in 1997
reduced national smoking prevalence by 1.4%, resulting in
health care savings of AUD 740.6 (US $572.08) million [24].

Digital Literacy and Access

Digital technology to help smokersisnot apanaceaand certainly
not areplacement for traditional cessation services. Animportant
caveat is that not all Australians are digitaly literate or have
digital access. The Australian Digital Inclusion Index (ADII)
assesses digital inclusion across the dimensions of access,
affordability, and digital ability [25]. Scores above 65 indicate
high levels of digital inclusion, scores between 45 and 65
indicate moderate levels of digital inclusion, and scores below
45 indicatelow levelsof digital inclusion. The national average
ADII score has improved over the past 4 years, from 52.7 in
2014 t0 56.5in 2017, mainly driven by increasesin access and
digital ability, with smaller improvements in affordability.
However, there are clear divides across the social spectrum. In
2017, the average ADII score was 41.1 in low-income
households compared with 68.1 in high-income households,
42.9 in those aged 65 years and older, and 49.5 in Indigenous
Austraians. Inclusion isalso higher in cities (ADII score 58.6)
than in rural areas (ADII score 50.7), although this gap has
dightly narrowed since 2015 [25]. Importantly, these less
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digitally included groups also have the highest smoking rates.
A survey of disadvantaged Australian smokers found similar
themes; internet use was negatively associated with older age,
heavier smoking, and lower income [10].

Comparison With Prior Work

Our study thus provides important new insights into a hitherto
unstudied group. To date, all intervention trials of smoking
cessation mobile health (mHealth) apps have targeted younger
(<50 years old) populations [8]. By contrast, the mean age of
our population was 62. All participants appeared confident with
IT use, as they reported often using online banking and, less
frequently, online shopping, and they had higher-than-average
education. Although most invitees did not respond and did not
provide areason to decline enrollment, we did uncover evidence
of the digital divide; of the 40 invitees who were indligible, 13
(33%) did not own a smartphone or a computer. This figureis
similar to that reported in the study by McCrabb et a [10], in
which 28% of socially disadvantaged smokersdid not have any
internet access. Wedid not target Indigenous Australiansin this
study; besides, only (1/64, 2%) of our participants self-identified
asIndigenous Australian, and we therefore cannot comment on
app acceptability inthis group. A pilot study that evaluated the
use of asmoking cessation app in Indigenous Australians, which
was limited by a small sample size, found low use of the trial
app; however, participants valued social media interaction and
distraction elements, such as games in apps [26]. The My
QuitBuddy app contains these features, and may thus prove
acceptable to smokers among Indigenous Australians. Future
work with Indigenous Australians is much needed as smoking
prevalence in this group is 2.8 times more than that of
non-Indigenous Australians, and isresponsiblefor roughly twice
the disease burden (17%) [27].

Limitations

This pilot study examined the feasibility of running a larger
statistically powered randomized controlled trial. The favorable
trends toward better quit outcomes support the need for alarger
trial. An important factor we observed was that only about
one-quarter of invited individuals consented to be randomized.
A large proportion of people did not respond to the invitation.
Although perhaps one-third of nonrespondents may be affected
by digital access/literacy issues, we believe a major limitation
could have been our hospital telephone systems, which do not
display caller 1D, thusincreasing the chance of the researcher’s
call being blocked. In the future, we would prioritize SM S text
messages and email invitations over phone calls. Nevertheless,
once recruited, participants seemed motivated and the 91%
(58/64) retention rate is acceptable. Another limitation often
discussed in smoking cessation trialsis biochemical verification
of smoking status self-reported by participants. We did not feel
that ahospital visit specifically for biochemical verification was
practical. Attempts at remote biochemical testing have been
made with limited success. For example, return-of-post cotinine
testsand personal exhal ed carbon monoxide monitors, evaluated
in pilot studies, led to disappointing (25%-50%) returns and
would probably be impractical in large, pragmatic studies of
mHealth apps [28,29].
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Future Work

A unique difference that mHealth apps offer, which traditional
smoking cessation interventions are unable to redlisticaly
deliver, is the proximity and longevity of smoking cessation
support. Apps remain on the smartphone until deletion,
potentially providing daily motivational support for years. This
is important because nicotine addiction is a chronic
relapsing-remitting disease. Pharmacotherapy and counseling
aregenerally used for afinite period and show asignificant loss
of effect over time. It is conceivable that once a smoker quits,
abstinenceis better maintained when using an app. A 12-month
follow-up period may be able to test this hypothesis.

Future studies could evaluate the effectiveness of individual
app componentsfor smoking cessation. Participant surveysonly
scratch the surface of this question. Passive collection of
real-time “backend” datawill give insightsinto how and when

Peek et al

users interact with the app, how this varies by demographics,
and how this may change over time. Futuretrials, with suitable
data protection and ethical consideration, should capture these
important data to inform improvements in app design.

Conclusions

mHealth apps are an emerging technology that hold great
promisefor behavior change as an adjunct to standard cessation
services. Apps may have a role in older smokers, but the
evidence base is weak and needs urgent attention. Our pilot
study suggests that apps are acceptable to a sizeable minority
of older smokers, but that they may improve smoking cessation
outcomesin those who engage with them. Asolder generations
become increasingly IT literate, and if digital equality can be
improved, it is possible that the acceptability of apps will
increase. The encouraging findingsfrom thispilot study remain
to be tested in alarger, statistically powered trial.
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Abstract

Background: Cardiac rehabilitation (CR) isan exercise-based program prescribed after cardiac events associated with improved
physical, mental, and socia functioning; however, many patients return to a sedentary lifestyle leading to deteriorating functional
capacity after dischargefrom CR. Physical activity (PA) iscritical to avoid recurrence of cardiac events and mortality and maintain
functional capacity. Leveraging mobile health (mHealth) strategies to increase adherence to PA is a promising approach. Based
on the social cognitive theory, we sought to determine whether mHealth strategies (Movn mobile app for self-monitoring,
supportive push-through messages, and wearable activity tracker) would improve PA and functional capacity over 2 months.

Objective: The objectivesof thispilot randomized controlled trial wereto examine preliminary effects of an mHealth intervention
on group differences in PA and functional capacity and group differences in depression and self-efficacy to maintain exercise
after CR.

Methods: During the final week of outpatient CR, patients were randomized 1:1 to the intervention group or usua care. The
intervention group downloaded the Movn mobile app, received supportive push-through messages on motivation and educational
messages rel ated to cardiovascul ar disease (CV D) management 3 times per week, and wore a Charge 2 (Fitbit Inc) activity tracker
to track step counts. Participants in the usual care group wore a pedometer and recorded their daily stepsin a diary. Data from
the 6-minute walk test (6BMWT) and self-reported questionnaires were collected at baseline and 2 months.

Results: We recruited 60 patients from 2 CR sites at a community hospital in Northern California. The mean age was 68.0 (SD
9.3) years, and 23% (14/60) were female; retention rate was 85% (51/60). Our results from 51 patients who completed follow-up
showed the intervention group had a statistically significant higher mean daily step count compared with the control (8860 vs
6633; P=.02). There was no difference between groups for the BMWT, depression, or self-efficacy to maintain exercise.
Conclusions: Thisintervention addresses a major public health initiative to examine the potential for maobile health strategies
to promote PA in patientswith CVD. Our technol ogy-based pilot mHeal th intervention provides promising results on apragmatic
and contemporary approach to promote PA by increasing daily step counts after completing CR.

Trial Registration: Clinical Trials.gov NCT03446313; https://clinicaltrials.gov/ct2/show/NCT03446313

(IMIR Form Res 2021;5(4):€20468) doi:10.2196/20468

https:/formative.jmir.org/2021/4/e20468 JMIR Form Res 2021 | vol. 5 | iss. 4 [€20468 | p.127
(page number not for citation purposes)


mailto:abdelaziz.elnaggar@ucsf.edu
http://dx.doi.org/10.2196/20468
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH

KEYWORDS

Park et a

physical activity; cardiac rehabilitation; digital health; mobile app; wearable device; mHealth

Introduction

Background

Cardiovascular disease (CV D) istheleading cause of mortality,
affecting 43.7 million older adults aged 60 years and over [1].
After a cardiac event such as myocardia infarction, coronary
revascularization, or valve procedure, Class 1A national
performance measures recommend that patients be referred to
cardiac rehabilitation (CR) [2-4]. CR programs, which consist
of supervised exercise training, behavioral activation, and
psychosocial support [4,5], promote physical activity (PA) and
other hedlth behaviors that reduce secondary events and
mortality [6]. Upon graduation from a typically 12-week CR
program, patients are encouraged to continue these samelevels
of physical activity (PA) indefinitely [7]. However, numerous
studies have shown that most patients fail to maintain the
recommended levels of PA and instead return to a sedentary
lifestyle[8].

Maintaining PA after CRisparticularly important in older adults
to gain and maintain the critical benefits of improved physical
function (balance, gait, strength, and endurance) [9]. PA
maintenance after CR is linked to reduced adverse geriatric
outcomes such as falls and mobility impairment [9], thereby
increasing susceptibility to adverse secondary cardiac events,
functional decline, and depression [5]. Compared with other
groups, older adults benefit from extended education on safety
of exercising independently and motivation to maintain PA.
Thus, moretargeted interventionsfor older adults on promoting
PA maintenance after CR completion are clearly needed.

As smartphone ownership increases across age groups
worldwide[10], mobiletechnology has become moreintegrated
with health care, and use of mobile health (mHealth) apps has
become feasible for even the most novice users [11]. Health
apps can be effective adjuncts for the management of chronic
conditions [12] and have a positive impact on long-term

Table 1. Socia cognitive theory components.

behavior change [13]. Therefore, we sought to determine
whether an mHealth intervention with a wearable activity
tracker, mobile app, and text messages could promote PA
maintenance after CR completion. Theaimsof the Mobile4Heart
pilot randomized controlled triad (RCT) were to examine
preliminary effects of an mHealth intervention on group
differencesin PA (step counts) and functional capacity measured
by the 6-minute walk test (6MWT) and group differences in
depression and self-efficacy to maintain exercise after CR. We
hypothesized that the intervention group would have higher
levels of PA, greater functional capacity, less depression, and
higher self-efficacy compared with the control group after 2
months of using supportive technology to maintain PA.

Theoretical Framework

Behavior change in PA has been more successful with
theory-based interventions [14] such as socia cognitive theory
(SCT) [15,16]. We applied the tenets of SCT to develop the
i ntervention components and explain the mechanism of behavior
change in PA maintenance after completing CR. SCT is one of
the most commonly used behavioral change theories in PA
research [17,18] and positsthat human behavior isatriadic and
reciprocal interaction of one's personal (cognitive and affective),
behavioral (actions and reactions), and environmental (social
and physical) factors[19]. Our intervention componentsinclude
the 3 major SCT constructs: (1) self-efficacy (one’s perception
of their ability to perform a particular behavior); (2)
self-regulation (ability to exert control over their behavior,
cognitions, and environment); and (3) socia support (emotional,
instrumental, or informational help from asocia network). SCT
represents a causal model in which self-efficacy affects human
behavior through other mediating processes such as mastery of
self-regulation and building social support [20-23]. In the
context of our intervention (Table 1), using the proposed
mHealth technology is closely related to SCT constructs as it
is proposed to build self-efficacy, self-regulation skills, and
perceived socia support, thus leading to PA maintenance.

Social cognitive theory construct mHealth intervention

Control

Self-efficacy Mobile app (Movn) Paper-and-pencil diary
Self-regulation Fitbit Charge 2 Pedometer
Social support 2 telephone calls plus tailored motivational text messages 2 telephone calls

60 participants were included and randomized (usin
Methods paticp (Using

Ethical Approval

This study was approved by the institutional review boards at
the John Muir Medical Center (recruiting) and University of
California San Francisco (sponsoring).

Study Sample and Participants

Between February 2018 and January 2019, 109 patients at 3
community CR centers were screened for eligibility. A total of

https://formative.jmir.org/2021/4/e20468

computer-based randomization) to the intervention group or
usual care (control) group (Figure 1). Participantswereincluded
in the study if they were at least age 18 years, had a history of
CVD, owned a smartphone or tablet, and were within 2 weeks
of completing CR. Exclusion criteria included cognitive
impairment, lack of English proficiency or literacy, or unstable
clinica conditions (eg, unstable arrhythmias, uncontrolled
hypertension, active infection, second or third degree heart
block).
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Figure 1. Consolidated Standards of Reporting Trials screening and recruitment diagram.
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Study Design and I ntervention

We conducted apilot RCT with 2 arms. The intervention group
received (1) a Charge 2 (Fitbit Inc) to record step counts, (2) a
Movn mobile app to record exercise, and (3) push-through
motivational PA prompts and educational messages related to
CVD management. Messages were sent from the study team
through the Movn app as a push notification 3 times per week
on random days between 9 AM and 6 PM to provide positive
feedback and additional motivation for PA. These 1- and 2-way
messages were based on the American Heart Association Simple
7 principles [24] and prompted participants to engage in PA,
keep healthy eating habits, or track their medication use.

Additionally, participants could use the Movn app to record
daily weight, blood pressure, heart rate, medication use, and
other exercise (eg, swimming, biking) not captured by the Fitbit
device. Every time they chose to record any of these other
measures, they were prompted to complete this information

https://formative.jmir.org/2021/4/e20468

RenderX

Excluded from analysis (lost interest
in the study and stopped counting
steps) (n=1)

through a push notification from the app. Finaly, mHealth
participants had the ability to report any cardiovascular
symptoms through the Movn app. If the participant reported
shortness of breath or chest pain, a message prompted them
with a button to call 911. The study team triaged participant
entries once a day.

Participants in the control group were provided a basic
pedometer (Walking 3D, IceFox) and paper-and-pencil diary
to record daily step counts. They were asked to fasten the
pedometer around their waist or to placeit in their pants pocket
during al waking hours.

All participants received a phone call (or text messageif in the
intervention group) 3 days following enrollment to answer any
questions regarding the study and verify adherence to the
assigned regimen. After 1 month of participation, participants
received afollow-up phone call or text sent by the study staff.
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Procedures

Participants in the intervention group wore the Charge 2 on
their wrist during all waking hours. Fitbit devices use a 3-axis
accel erometer and translate movement into digital measurements
when attached to the body providing information about the
frequency, duration, intensity, and patterns of movement to
determine the number of stepstaken, distancetraveled, calories
burned, and sleep quality [25]. For the purpose of this study,
only the number of steps was collected.

Participants from the intervention group downloaded the Movn
rehab mobile app and Fitbit app to their smartphone, the latter
being used to wirelessly sync and view step counts. To protect
patients' information, a generic email account and initials were
generated by the study staff to register the participants on both
Movn and Fitbit apps. The study team provided technical
support to participants as needed.

Outcome M easures and Data Collection

Two study staff met with all enrolled participants for the
baselinevisit within 2 weeks of completing CR. A standardized
script was used as a checklist to ensure al components of
enrollment were covered. All participants provided written
informed consent before participation. Cognitive assessment
was conducted for each participant using the Mini-Cog test
[26-28]. Participants scoring positive for cognitive impairment
on the Mini-Cog test were considered a screen failure. Once
eligibility was determined, participants completed paper
guestionnaires about sociodemographic characteristics, mobile
phone use, exercise self-efficacy, quality of life, self-reported
PA, and depression. Participants then completed the BMWT. A
60-meter corridor in the CR building was designated in which
to perform the BMWT. The wall was premarked with 30 meters
for the one length of the corridor and patients were asked to
walk back and forth as many times as possible over 6 minutes.
Two cones were placed at both ends of the long corridor.
Patients were allowed to take breaks if needed while the timer
kept going. Vital signs were collected just before and after the
test including blood pressure, heart rate, and oxygen saturation.
Upon completion of the baseline questionnaires and 6MWT,
patients were informed as to which study group they were
randomized.

Upon completion of the 2-month study period, participants
returned for a follow-up visit. At this visit, participants
completed the following questionnaires about exercise
self-efficacy, quality of life, self-reported PA, and depression.
All participants performed the BMWT. For participants in the
control group, they aso submitted their step diary. As
compensation for time spent in the study, participants in the
intervention group chose between keeping their Charge 2 or
receiving $100 in the form of gift cards. Participants in the
control group received $100 in gift cards.

This pilot study assessed the feasibility of supporting older
adults using an mHealth intervention through successes in
screening, recruitment, and retention. Acceptability was
measured using a satisfaction questionnaire. In addition, we
conducted individual interviews with 7 participants from the

https://formative.jmir.org/2021/4/e20468
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intervention group to obtain additional feedback that will be
reported in a future publication.

The outcome of step countswas collected from theintervention
group using Fitabase [29]. Fitabase is a comprehensive data
management platform, stored in a cloud format, designed to
support al datacollection from the Fitbit device [29]. Datawere
automatically collected once the Fitbit activity trackers were
synced with the Fitbit app. For the control group, steps data
were collected from the diaries provided to the participants
during study enrollment.

To determine functional capacity, BMWT data were collected
at baseline and 2-month follow-up for all participants [30-34].
Self-report data measuring psychosocial variablesand PA were
collected at baseline and follow-up.

We assessed participants for change in depressive symptoms
and exercise salf-efficacy from baseline to 2 months. The Patient
Health Questionnaire (PHQ)-9 is a self-report instrument for
depressive symptoms (Cronbach a=0.88); higher scores on the
PHQ-9 (range 0 to 27) correspond with greater depressive
symptom severity [35,36]. The Exercise Self-Efficacy Scale
(EXSE) was used to determine participant confidence in their
ability to exercise in the future; higher scores (range 0% to
100%) indicate higher self-confidence to exercise (Cronbach
0=0.92). We also examined these variables as covariatesrel ated
to PA and functional capacity.

Statistical Analysis

Descriptive statistics and outcomes are presented as means with
standard deviations for continuous variables (or medians and
interquartile ranges [IQR] if skewed) and proportions (%) for
categorical variables. P valuesfor baseline testswere calculated
from 2-sample t tests (or Wilcox rank-sum test if skewed) or
chi-square tests.

We analyzed the primary outcome of step count difference
between the two groups over 60 daysfitting linear mixed-effects
models with the step count for each day [37] in R version 3.6.0
(The R Foundation for Statistical Computing) [38]. For amore
precise estimate of the treatment effect, we used a stepwise
procedureto include potential covariatesimpacting the outcome
(age, gender, working status, college or higher education,
relationship status, depression, self-efficacy, and self-reported
PA), including only terms that were significant in the model.
The 2-sided significance level was established a priori at an
alpha of .05. We employed an intention-to-treat analysis
approach.

We tested the functional capacity outcome of the standardized
change scorein BMWT from baseline and 2 months also using
linear mixed models, with the same approach. The covariate
association of depression and self-efficacy for step count
difference and BMWT were also considered to be secondary
questions of interest.

Since our analysisincluded a small amount of missing datafor
the covariates (education missing on 8%, all other covariates
<4%), our analyses used multiple imputation by chained
equations, using 5 imputations [39]. Results differed very little
compared with complete case analysis.
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Results

Characteristics of Study Participants

Figure 1 displays the screening and recruitment results of 60
participants according to the CONSORT (Consolidated
Standards of Reporting Trials) guidelines. Table 2 outlines the
characteristics of our sample that included 51 participants for
the final analysis. The two groups did not differ significantly
at baseline on any of the sociodemographic characteristics.
Participants were aged 49 to 89 (mean 68.0) years. The majority

Table 2. Baseline sociodemographic data of enrolled participants (n=51).

Park et a

were male (46/60, 77%) and identified as white (45/60, 75%).
In addition, there were no group differences in self-reported
baseline PA (high defined as exercising 150 minutes or more
per week). Primary diagnoses for enrollment in CR included
ischemic heart disease (eg, percutaneous coronary intervention,
coronary artery bypass surgery, angina, and myocardial
infarction; 49/60 [82%]), valvular heart disease (eg, aortic valve
replacement, mitral valve replacement, etc, 6/60 [10%]), heart
failure (3/60, 5%), and structural heart disease (eg, myxoma,
aortic dissection, 2/60, 3%).

Characteristic Intervention (n=26) Control (n=25) P value
Age, mean (SD) 66.7 (8.6) 66.8 (8.7) 97
Female, n (%) 6(23) 5(20) 79
Hispanic or Latino, n (%) 1(4) 2(8) .70
White race, n (%) 19 (73) 22 (88) .37
Married, n (%) 23 (88) 19 (76) 19
Employed, n (%) 10(38) 13(52) .33
College graduate, n (%) 18 (69) 16 (64) .92
Physicaly active, n (%) 20 (63) 16 (57) .50
PHQ-9* median (IQR)? 1(0,3) 2(0,3 53
EXSES, median (IOR) 10(9.9, 10) 9.9 (84, 10) 07
6MWT (meters), mean (SE) 430 (112) 429 (97) 96
Causes for enrollment in cardiac rehabilitation, n (%)

Ischemic heart diseases 19 (73) 22(88) 19
Heart failure 4(15) 1(4) .18
Valvular heart disease 2(8) 1(4) .58
Structural heart disease 1(4) 1(4) .98

3PHQ-9: Physical Health Questionnaire for depression.
bIQR: Interquartile range.

CEX SE: Exercise Self-Efficacy Scale.

d6MWT: 6-minute walk test.

Feasibility and Acceptability

We screened an average of 3 individuals per week and were
successful in recruiting 60 individuals over 11 months. We
enrolled 60 individuals, however, 9 withdrew or were lost to
follow-up (4 from theintervention group and 5 from the control
group), representing 15% (9/60) attrition. We also measured
overal acceptability by administering a satisfaction
questionnaire at the end of study with overall high satisfaction
scores for the Movn app and Fitbit device (4.5 and 4.86 out of
5, respectively) but lower scores for the push messages (3.14
out of 5).

https://formative.jmir.org/2021/4/e20468

Physical Activity Outcome: Mean Daily Step Counts

Over the 2-month period, the intervention group showed a
statistically significant higher mean daily step count compared
with the control group (8860 vs 6633, respectively; or a
covariate-adjusted difference of 2192 steps (95% Cl 344 to 4040
steps, P=.02; Figure 2). This result was adjusted for age only,
asthe other covariates (race, working status, college education,
depression, and exercise self-efficacy) were not significantly
different when included in both univariate and multivariate
linear models. The unadjusted difference in mean step counts
wassimilar (difference of 2223 steps, 95% Cl 138 to 4308 steps,
P=.04). We also tested for any difference over time but found
no significant change over the 2-month period (3=3.7 steps per
day, 95% Cl —3.1to0 10.6, P=.29).
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Figure2. Mean daily step counts over 60 days.
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Functional Capacity Outcome

There were no statistically significant differences between the
groups at follow-up in the other outcome measures evaluated
(Figure 3). After 60 days of follow-up, mean 6MWT distance
increased by 61 metersin both intervention and control groups,
but there was no significant difference between the two groups

Figure 3. Change in exercise capacity over 60 days.
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(0.4 meters, 95% Cl 44.7 to 45.4 meters, P=.99). Inthisanalysis,
we adjusted for age, gender, and college or higher education in
our final multivariate model. However, there was amain effect
of time (an increase of 138 steps from baseline to after 60 days
of follow-up (95% Cl 77 to 199), or 2.3 steps per day, (95% CI
1.31t0 3.3), P=<.001), after adjusting for the same covariates.
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Depressive Symptoms and Exer cise Self-Efficacy
Outcomes

Total scoresfor depressive symptoms and exerci se self-efficacy
were examined from baseline to 2 months. We also examined

Park et a

these variables as possible covariates related to the PA and
6MWT results. There was no significant association between
depressive symptoms and exercise self-efficacy with step counts
or distance walked in the BMWT for either group in univariate
or multivariate analyses (Table 3).

Table 3. Association of depression (Physical Health Questionnaire for depression) and exercise self-efficacy (Exercise Self-Efficacy Scale) with step

count and 6-minute walk test.

Covariate Intervention Control Bsteps’ (95% ClI) P steps b Bemwr®® (95%Cl) P emwr ©
PHO-9*'. n (%) 27.0 (90.0) 24.0 (85.7) 2390 (172, 4952) 07 116 (=60, 292) 21
EXSEDY. n (%) 7.0(25.9) 14.0 (50.0) 1051 (~2998, 895) 29 50 (—43, 142) 30

8Score <5 meaning no depressive symptoms.

bScore <10 meaning lower than maximum exercise self-efficacy.
C6MWT: 6-minute walk test.

dAdj usted for age and group assignment.

CAdjusted for age, group assignment, and baseline versus follow-up, gender, and education.

fPHQ-9: Physical Health Questionnaire for depression.
9EX SE: Exercise Self-Efficacy Scale.

Discussion

Principal Findings

Maintenance of exercise during the critical time period
immediately after discharge from CR has been shown to predict
future health behaviors and outcomes [24]. Our pilot study
provides a contribution to the literature by examining the
outcomes of an mHealth intervention that incorporatesamobile
phone app. The intervention included a mobile phone app to
deliver push-through messages and notifications plus an activity
tracker to maintain PA in avulnerable, older patient population
who experienced an adverse cardiac event requiring CR. This
mHealth intervention that deployed multiple technologies was
deemed feasible with a high retention rate in both study groups
(85%) and attested to participants motivation to remain active
and apply the knowledge they learned during CR. Participants
also reported high satisfaction with the technology used in this
study, including remindersto walk at least 250 steps every hour
in times of inactivity.

Preliminary effects of the intervention were promising, with
higher average daily step countsfor the intervention group over
2 months of follow-up than those assigned to a control condition
(pedometer + paper-and-pencil diary). Participants in the
intervention group walked, on average, 2192 more daily steps
than the control group. Our other outcomes of functional
capacity, self-reported depressive symptoms, and exercise
self-efficacy were not significantly different between groups.
However, this study highlights the potential benefits of using a
mobile app that was specifically designed for CR and awearable
device to promote PA after CR discharge among adults with
CVD who had a mean age of 66.7 (SD 8.6) years in the
intervention group. These promising data suggest that patients
who participate in CR may benefit from the use of mobile
technology after CR dischargeto maintain PA, whichisstrongly
associated with improved clinical outcomes such as less
morbidity and mortality [40].

https://formative.jmir.org/2021/4/e20468

For optimal health cardiovascul ar outcomes, the American Heart
Association and World Health Organization recommend 150
minutes of moderate-intensity aerobic PA per day for 5 days
per week [41], which is about 7000 to 8000 steps per day.
Studies suggest that 7500 steps per day are recommended for
secondary prevention in patients with coronary artery disease
to improve lipid profiles, muscle endurance, BMI, and waist
circumference [42,43]. Other studies show that compared with
<6000 steps per day, older adults with 8000 to 10,000 steps per
day (equivalent to 20 to 30 minutes per day at an intensity >3
metabolic equivalents) have improved cardiovascular and
musculoskeletal  function [44]. Although this general
recommendation may be a good starting point to improve PA
for the target population in this study, the dose-response
relationship between PA and health status may not be sufficient
to reach optimal health status after a cardiac event or account
for those with conditions such as heart failure or arthritis that
may limit mobility. Moreover, there is no agreement between
experts about the exact number of steps needed per day for
tertiary prevention in older patients with CVD, and thus more
research is needed for this at-risk population [45,46].

Limitations

While this study showed promising PA outcomes for adults
after CR, there are important limitations to consider. First, the
accuracy of most commercialy available activity tracking
devices is unclear although studies found high positive
correlation and agreement between Fitbit devices and the
Actigraph accelerometer as well as pedometers and the
Actigraph device [47-50]. Accuracy of step counts from most
PA devices is based on gait patterns collected from healthy
volunteers [51,52]. Second, this study used different activity
tracking devices for the intervention group (Fitbit wrist band)
and control group (waist-level or pocket pedometer). As the
primary intervention was awearable activity tracker, providing
the control group with Fithit devices would have imposed the
risk of diluting the intervention effect. Studies have shown that
positioning of the tracker on the body could alter the sensitivity
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of the device and subsequently influence the number of captured
steps [53,54]. Third, this pilot study included a small sample
sizewith a2-month duration, not allowing for conclusive results
that are fully powered or long-term results on PA maintenance
after CR. Fourth, the final sample was lacking in racial and
gender diversity with amajority of white, male participantswho
tend to have higher PA than other racial groups [55,56], which
limits the generalizability of this study results. Fifth, it is
possible the control group showed a change in behavior by
walking more steps than their baseline due to wearing a
pedometer that provided a form of feedback about their PA
[57,58]. Last, we proposed the chosen mHealth technology
(Movn app, Charge 2, text messages) supported the building of
theory-based constructs of self-efficacy and self-regulation from
SCT that would promote behavior change. However, we
acknowledge that the use of a pedometer may have supported
self-regulation, although we hypothesized to alesser degree due
to the limited interaction with the pedometer as compared with
the Fitbit device.

Comparison With Prior Work

Previous studies have reported that participants who used
tracking toolsto self-monitor PA reported significantly increased
long-term adherence to regular exercise, which trandated into
better overall quality of lifeand reduction inrisk factors[59-62].
Therefore, there have been several approaches to achieve this
level of self-monitoring. To date, there have been few RCTs
examining multiple technology-based interventions to sustain
PA after completing CR (eg, text messages, online classes, and
online social support groups) among the older adult population
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[63]. Many of these interventions were not tailored to
participants’ individual goals and needs but instead involved
general messaging and feedback. Key factors associated with
successful interventions include personalized messages with
tailored advice, high engagement (2-way text messaging, higher
frequency of messages), and use of multiple modalities [64].
Interventions that do not included tailoring could lead to loss
of motivation and high attrition. PA interventions should focus
on active engagement of participants through tailored physical
fitness goals, tracking their performance [63,65,66], and 2-way
communication about their progress.

Conclusion

Participants of CR receive little to no support during the
transition from CR to community/home-based PA and need an
organized support mechanism to maintain PA [39]. This pilot
study showed an mHealth intervention using awearable device
and mobile phone app can increase PA with daily step counts
in patients who complete CR. This intervention presented a
pragmatic and contemporary approach for adults to promote
PA after completing CR. This study provides support for a
full-scale RCT with alonger intervention and monitoring period
to assesstrendsin PA after CR as aresult of applying mHealth
technology for self-monitoring after CR. Future research will
implement more tailored coaching for older adults. Our findings
provide evidence for using mHealth to enhance patient
self-management and demonstrate strong potential to promote
PA maintenance through education, recording goals, tracking
PA, and receiving tailored feedback.
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Abstract

Background: Stress, burnout, and mental health problems such as depression and anxiety are common, and can significantly
impact workplaces through absenteeism and reduced productivity. To address this issue, organizations must first understand the
extent of the difficulties by mapping the mental health of their workforce. Online surveys are a cost-effective and scal able approach
to achieve this but typically have low response rates, in part due to alack of interactivity. Chatbots offer one potential solution,
enhancing engagement through simulated natural human conversation and use of interactive features.

Objective: The aim of this study wasto exploreif atext-based chatbot is afeasible approach to engage and motivate employees
to complete aworkplace mental health assessment. This paper describes the design process and results of a pilot implementation.

Methods: A fully automated chatbot (“Viki”) was developed to evaluate employee risks of suffering from depression, anxiety,
stress, insomnia, burnout, and work-rel ated stress. Viki uses a conversation style and gamification features to enhance engagement.
A cross-sectional analysiswas performed to gainfirst insights of a pilot implementation within asmall to medium—sized enterprise
(120 employees).

Results: The response rate was 64.2% (77/120). In total, 98 employees started the assessment, 77 of whom (79%) completed
it. The majority of participants scored in the mild range for anxiety (20/40, 50%) and depression (16/28, 57%), in the moderate
range for stress (10/22, 46%), and at the subthreshold level for insomnia (14/20, 70%) as defined by their questionnaire scores.

Conclusions: A chatbot-based workplace mental health assessment seems to be a highly engaging and effective way to collect
anonymized mental health data among employees with response rates comparable to those of face-to-face interviews.

(IMIR Form Res 2021;5(4):€21678) doi:10.2196/21678

KEYWORDS
chatbot; conversational agent; online; digital health; mobile phone; mental health; workplace; work stress; survey; response rate

involuntary joblessness being a well-recognized risk factor for
mental health problems, including depression [1]. However,
stressful work conditions can al so contribute to the devel opment
of mental health problems[2]. Causes of common mental health
problems such as depression and anxiety are complex and may
include traumatic life experiences or inherited traits but can also

Introduction

On average, people typicaly spend one-third of their lives at
work. Thus, the workplace is one of the key environments that
can affect quality of life, and emotional and physical well-being.
Generally, work isconsidered to be good for mental health with
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be a reaction to work-related stress. The Dunedin Study found
that high-demand jobs were associated with the onset of
depression and anxiety in people with no prior history of
diagnosis or treatment for either disorder [3]. Generally,
work-related stress is considered to be a consequence of the
organization and management, skills and competencies of
employees, and the support they receive [2].

Besides serious consequences for an individual’s mental health
and associated direct medical costs, stressful working conditions
have indirect costs though reduced productivity due to
absenteeism and presenteeism. A recent World Health
Organization-ed study estimated that depression and anxiety
disorders cost the global economy US $1 trillion each year in
lost productivity [4]. The implementation of cost-effective and
feasible interventions could therefore have a significant impact
on the individual, organization, and economy [5].

To minimize the impact of workplace risk factors, adequate
policies and intervention programs should be implemented. To
determine the appropriate interventions, the current mental
health of employeesand possible sources of work-related stress
must first be assessed. There are specific measures that are
commonly used to evaluate different mental health conditions
and work-related risk factors, such as the Patient Health
Questionnaire-9 (PHQ-9) [6]; Depression, Anxiety and Stress
Scale-21 (DASS-21) [7]; and Job Satisfaction Survey (JSS) [8].
Traditionally, these questionnaires are self-administered in
person or over the telephone with a health professional who
facilitates completion, offering encouragement or clarification
as needed. Both approaches yield similar results [9]. It isaso
possible to complete the scales online, using a webpage or
smartphone app to display the questions and collect user
responses. This method has been shown to be feasible in both
clinical [10] and workplace [11] settings, abeit with relatively
low response rates (34%) [11]. Symptom scores reported viaa
smartphone app strongly correlate with those reported through
traditional paper-and-pen methods, although symptomsreported
via smartphone were on average 3 points higher [12].

Engagement varies widely among digital health programs and
smartphone apps [13]. According to a recent review, low
engagement can occur when apps are not designed with the user
in mind or do not solve the problem the user cares most about
[14]. A lack of interactive or engaging features can also increase
the risk of survey fatigue where users become tired and do not
finish the survey [14]. Guided self-help interventions have been
shown to have greater adherence than nonguided interventions
[15]. This suggests that human support could improve
engagement; however, this limits scalability. Chatbot-driven
conversational surveys could offer an alternative by automating
this encouragement and interaction. Chatbots have been shown
to have significantly greater engagement and higher-quality
responses than typical online surveys[16,17], and the relative
anonymity offered by such an approach could be of additional
value to employees.

Chatbots, or conversational computer programs, simulate human
conversation. Features include word-classification processes,
natural language processing, and artificial intelligence in
addition to simple keyword scans and databases linking common

https://formative.jmir.org/2021/4/e21678
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phrases and predefined responses, which help the chatbot tailor
the answersto a specific user input. Most chatbots are accessed
via websites or mobile apps, or can be integrated into virtual
assistants as a conversational component of a system, which
can aso control external devices or manage basic tasks such as
emails or to-do lists. Chatbots tend to be represented by an
animated character, in some cases an embodied “human”
conversational agent who uses and responds to verbal and
nonverbal communication such ashand gestures or body posture.

Many interactions between organizations and customers are
already bot-driven, enabling companies to respond to more
people at a faster and cheaper rate than if they use human
customer service representatives. Besides being a cost-effective
and feasible method of communication, chatbots are capabl e of
generating a believable and dynamic dialogue. This has the
potential to enhance engagement rates, using the chatbot to
successfully guide and motivate users. Compared to typical
online surveys, thismay result in a higher level of engagement
[16] and greater symptom disclosure [17]. However, to our
knowledge, no system of this nature currently exists for
assessing workplace mental health in Brazil.

This paper describes the chatbot design process and results of
apilot implementation in a workplace setting. The aim of this
study was to explore whether a text-based chatbot is afeasible
way to engage and motivate employeesto complete aworkplace
mental health assessment so as to provide important insights
for the employee and organization.

Methods

Design
This study was apilot implementation of achatbot-based mental

health assessment performed in areal-world workpl ace setting,
based on a cross-sectiona analysis.

Sample

The sample comprised employees of an industrial plant in Sdo
Paulo, Brazil, with atotal of 120 employees, who participated
in the assessment between October and November 2019. These
employees work at the recycling plant (n=52); in reverse
logistics operations (n=40); or in the office in administration,
information technology, or human resources roles (n=28).

Approval

All participants provided consent as part of the onboarding
process. They agreed for their anonymized data to be used for
research purposes and for the aggregated datato be shared with
the organization. Data are stored securdly and are
password-protected.

The company’s Board of Directors approved the use of the
routinely collected datafor analysisand publication after having
been briefed about the assessments and privacy requirements.

Research based on aggregate user data with no possibility of
individual identification does not require approval of the
Research Ethics Committee (CEP/CONEP) in Brazil.

JMIR Form Res 2021 | vol. 5 | iss. 4 [€21678 | p.140
(page number not for citation purposes)


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

JMIR FORMATIVE RESEARCH

Chatbot Development and Testing

The chatbot was designed to assess employees' mental health
in a cost-effective and engaging way. This requires a specific
developing platform, clinicaly validated content, and an
adequate visual presentation, as well as a clear purpose and a
well-defined personality. A key component for reaching this
goal isthe user experience (UX), which isused to help connect
the chatbot with users and build a shared experience. The first
step was to analyze the needs, characteristics, and behaviors of
thetarget user group. Based on theseinsights, the chatbot avatar

Figure 1. The chatbot avatar Viki.

Hungerbuehler et al

“Viki” (Figure 1) was created, along with a specific language
and conversation style. The UX team performed focus groups
and telephone interviews with potential users to verify if the
chatbot fits with their expectations and needs. For example,
they were asked if the objective was clear, if the length of the
checkup was accurate, whether they had any difficulties in
completing the checkup, how they rated their experience of
communicating with the chatbot, and how they would describe
Viki. The data obtained from these interviews were used to
refine the chatbot.

The chatbot is built on ruby and javascript, and was created by
theteam at TNH Health. The checkup assessment isrule-based,
with the next steps determined by user responses. As part of the
design process, decision trees were defined, and al possible
user journeyswere mapped and analyzed. Decision trees enabled
the chatbot to provide the right responses and information based
on the user’s inputs (ie, to customize the conversation). For
example, if the user respondsthat they want to know more about
depression, the chatbot delivers further information about the
topic. If the user prefers to continue without knowing more
about thetopic, the chatbot takes them to the next topic. Building
a decision tree creation tool with al of the necessary settings
for interactions and data organization allowed the chatbot to be
updated in an agile way without needing anew system release,
which was deemed to be crucial to the development.

https://formative.jmir.org/2021/4/e21678
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Given known challenges in engagement, gamification features
were added to address this issue. Gamification is defined as
“the use of game design elements in nongame contexts’ [18],
with features such as levels, challenges, points, progress,
feedback, story, and reward [19]. The most important features
utilized in this design were story and feedback. For the story,
Viki guides users through the assessment process, presented as
an expedition around an iceberg (Figure 2). The iceberg
represents issues relating to mental health and is divided into
different sections. stress, anxiety, depression, burnout, and
work-related stress. Insomnia is additionally presented if the
user scores positive to the question “I had trouble falling or
staying asleep” or “sleeping too much” in the depression block.
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Figure 2. Theiceberg story.
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During the conversations, more and more of the iceberg, and
thus the key topics, becomes visible to the user. Each section
consists of an introduction to the topic and a standardized
guestionnaire. The questionnairesare delivered in aconversation
format, with Viki asking a question and the user selecting their
answers from predefined responses using the standard options
for each questionnaire (Figure 3). The next question is only
presented once the user selects their answer. Thisis displayed
on arolling screen with approximately three responses visible
at atime. The user can go back and change their answer if they
want, but there is no functionality included to skip a question.
During the checkup, besides the questions for the different
scales, Viki aso offers messages of encouragement. These
messages are designed to keep the participant motivated and
engaged, matching the methods real human interviewers use.
An example of such amessageis*“We are almost done, you are
doing very well!” All communication is text-based, written in
Brazilian Portuguese.

The entire assessment takes approximately 15 minutes.
Responses are captured automatically and stored within asecure
database. The user issue of nonresponse was discussed in the
design process and the team agreed that a limit of 24 hours
should be set. The user can pause at any time during the

https://formative.jmir.org/2021/4/e21678

RenderX

assessment, but if they do not complete the assessment within
24 hours the system will reset and data are overwritten. This
ensuresthat all questionnaire data are collected within aspecific
time period.

Immediately after completing the assessment, participants
receive personadlized feedback and recommendations.
Participants are reminded that the results do not offer a
diagnosis, but may indicate the presence of an emotional
problem. In the case of a serious risk identified (ie, very high
risk for anxiety or depression or suicide risk detected during
the assessment, or via key words typed by users), the
conversation follows a safety protocol that includes referral to
the care network or, if necessary, to emergency services.

Aggregated and anonymized data are presented on adashboard
and in an organization report to the company’s management.
This allows oversight of the assessment process in real time
(eg, response rate, distributions of mental health outcome
categories of already assessed employees), and offers valuable
insights to the organization, identifying issues and
recommending actions such asfurther campaign actionsin case
of ageneral low engagement of the employees and planning of
target-oriented interventions for specific departments or
positions based on the mental health outcome distributions.
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Figure 3. Screenshot of the mental health checkup.
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Participants are informed within the terms of use, which they
are asked to agree to at the beginning of the checkup, about the
anonymized sharing of their datawith the company. To preserve
anonymity, no hame or other personal identification data are
included on the dashboard or in the report, and departments or
sectionswith lessthan 8 people were pooled into larger groups.

The usability and technical functionality of the chatbot and
dashboards were tested prior to launching with users (with
internal staff and organization employees). Theonly issueraised
during this testing was how the chatbot would react to any
unexpected free text entered by the employee during the
assessment. Therefore, the settings and natural language
understanding were adjusted to enable smooth running of the
chatbot while adhering to risk protocols.

Mental Health Outcomes

The checkup includesthe following questionnairesto cover the
topics of anxiety, depression, stress, burnout, and work-related
stress. Insomnia was added for users who did not answer the
guestion about difficulties with sleeping with “Not at all” inthe
previously applied PHQ-9. All questionnaires were trandlated
and validated in Brazilian Portuguese, with good psychometric
properties [20-25]. No changes were made to question order or
wording. The Generalized Anxiety Disorder-7 scaleisa7-item
self-report scale used to assess anxiety symptoms over the past
2 weeks (eg, “How often have you been bothered by feeling
afraid something awful might happen?’). Responsesrange from

https://formative.jmir.org/2021/4/e21678
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0 (not at all) to 3 (nearly every day). Total scores are divided
into four categories: none (0-4), mild (5-9), moderate (10-14),
and severe (15+) symptoms [26]. The PHQ-9 is a 9-item
self-report scale that evaluates symptoms of depression over
the past 2 weeks (eg, “How often have you been bothered by
feeling down, depressed, or hopeless?’). Responsesrange from
0 (not at all) to 3 (nearly every day). Total scores are divided
into five categories: none (0-4), mild (5-9), moderate (10-14),
moderately severe (15-19), and severe (20+) symptoms [6].

The DASS-21 isa 21-item self-report questionnaire consisting
of three scales to measure depression, anxiety, and stress [27].
The stress subscale consists of 7 items and the user is asked
how much each statement applied to them in the past week (eg,
“1 found it difficult to relax”). Responses range from 0 (did not
apply) to 3 (applied very much or most of thetime). Total scores
are doubled and divided into five categories: normal (0-14),
mild (15-18), moderate (19-25), severe (26-33), and extremely
severe (34+) levels of stress[7].

The Insomnia Severity Index (I1Sl) is a 7-item self-report
questionnaire assessing the nature, severity, and impact of
insomnia. Responses range from O (no problem) to 4 (very
severe problem). Total scores are categorized as: absence (0-7),
subthreshold (8-14), moderate (15-21), and severe (22-28)
insomnia [28].

The Oldenburg Burnout Inventory isa 16-item self-report scale
with two dimensions. exhaustion and disengagement from work
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(eg, “There are dayswhen | feel tired before | arrive at work™).
Answersrange from 1 (strongly agree) to 4 (strongly disagree)
[29]. For analysis, the following categorieswere used: very low
(0-15), low (16-30), high (31-45), and very high (46+) risk of
burnout.

The JSS questionnaireisbased on atwo-dimensional theoretical
model created by Robert Karasek that relates two aspects at
work, demands and control, to the risk of illness. A third
dimension, support, was later added by Theorell [8] as a
protective factor to guard against work-related stress. A 15-item
short form of the questionnaire was used to assess work-rel ated
risk and protective factors in this pilot (eg, “Does your work
demand too much effort? Do you have achoicein deciding how
you do your work?"). Scoresrange from 1 (almost never/totally
agree) to 4 (frequently/totally disagree). Categories used for
analysis were normal (0-15), dightly increased (16-30),
increased (31-45), and extremely increased (46+).

Recruitment and I mplementation

As the first stage of implementation, the menta health
assessment was presented to the managers of each department
of the company. Subsequently, an internal multichannel
information campaign was used to present the assessment to
employees and educate them about the importance of mental
health. Viki was introduced as part of this campaign, using a
variety of online and offline channels (email, intranet, banners,
and leaflets). This psychoeducative action aimed to reduce
stigmaand motivate employeesto consider looking at their own
mental health, aswell asto generate trust in the product.

All employees were then emailed a weblink with an invitation
to complete the checkup to obtain feedback on their scores. No
financial incentive was offered, and employees were informed
that the checkup was anonymous and voluntary. They weretold
that it would take up to 15 minutes, and no stipulations were
made regarding whether to complete the checkup at work or at
home. It could be completed via cell phone or computer.

When employees click the link, they first pass through an
authentication process where they register and enter their
company code (which helped to identify the participants of this
specific company survey within the whole user population) and
agreeto thetermsand conditions. Viki then beginsthe checkup.

Statistical Analysis

Descriptive statistics are used to summarize sample
characteristics, baseline symptoms, and completion rates. Only
complete datasetswereincluded in thisanalysis, and duplicates
were not possible due to the registration process used. The
Checklist for Reporting Results of Internet E-surveys was used
for data reporting [30].
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Results

Sample and Engagement

Of the 120 eligible employees, 98 employees started the
assessment (81.7% initiation rate) and 77 completed it (79%
completion rate). Thisresponse rate enabled datato be obtained
for 64.2% (77/120) of the organization's workforce. Data
collection was performed within 4 weeks. More than half of
those responding did so within the first week of the campaign.

Of the 77 empl oyees compl eting the checkup, the majority were
men (45/77, 58%), white (40/77, 52%), and aged between 25
and 44 years (55/77, 71%), reflecting the demographics of the
organization’s workforce. The majority of respondents werein
occupations of plant and machine operators and assemblers
(n=21, 27%) or technicians and associate professionals (n=19,
25%).

Implementation

During implementation, we noticed differencesin the speed of
rollout, and considered if the motivation and conviction at a
management level could be a factor in engagement. As a
preventative measure to maximize engagement, we contacted
department managers to emphasize the benefits of the checkup
and to troubleshoot any potential issues. No issues were
identified, but some managers reported they would ensure that
they pass on this information to their teams. The informal
feedback received from the lead of the project was that the
campaign had been well received and they felt that the chatbot
added value. Thisevidenceisof course more anecdotal asit did
not form part of the data analysis.

Mental Health Risks

Overall, the sample scored in the low ranges on the majority of
the questionnaires (see Table 1). Scores were higher inthe area
of work-related stress, with equal control and demand reported
alongside lower support. On the PHQ-9, 44% (34/77) of users
reported difficulties with sleep and therefore also completed
the IS for insomnia.

For those with symptoms, the mgjority of respondents scored
in the mild range for anxiety (20/40, 50%), mild range for
depression (16/28, 57%), subthreshold level for insomnia(14/20,
70%), and moderate level for stress (10/22, 46%) as defined by
the questionnaire scores. For burnout, most of the respondents
scored in the low-risk category (50/74, 68%), whereas the
majority scored in the increased-risk category for job-related
stress (53/77, 69%).
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Table 1. Scores and outcomes for each questionnaire measure.

Hungerbuehler et al

Measure Respondents (n) Mean (SD) Assessment category
Anxiety (GAD-73) 7 6.21 (4.56) Low
Depression (PHQ-9P) 77 4.40 (5.21) None
Stress (DASS—21°) 77 11.09 (7.13) Normal
Insomnia (1S1%® 34 9.26 (5.66) Subthreshold
Burnout (OLBI") 7 27.68 (8.38) Low
Occupational stress (JSSY) 77 32.38(3.55) Increased
Control 7 12.32 (1.99) Increased
Demand 7 12.19 (1.72) Increased
Support 77 7.86 (2.40) Increased

8GAD-7: Generalized Anxiety Disorder-7.

bPHQ-9: Patient Health Questionnaire-9.

‘DA SS-21: Depression, Anxiety and Stress Scale-21.
dsi: Insomnia Severity Index.

€Completed only if sleep was identified as an issue.
foLBI: ol denburg Burnout Inventory.

9JSS: Job Stress Scale.

Discussion

Principal Findings

The chatbot-based assessment was successfully implemented
in the workplace, suggesting that a chatbot could be afeasible
way to engage employees in completing a workplace mental
health assessment. There was a 79% (77/98) completion rate,
obtaining questionnaire responses from 64.2% (77/120) of the
workforce. This compares favorably to face-to-face data
collection methods. For example, the Sdo Paulo Megacity study
reported aresponserate of 81% [31] and epidemiological studies
reported aresponse rate of 70% using the same method of data
collection [32]. The completion rate in this analysis is 25%
higher than that of results found in a telecommunication
company using aweb-based screening for depression [11], and
is also clearly higher than that of other online surveys where
rates below 10% are common [33]. A previous study reported
a similar completion rate (78%) using a smartphone app to
administer up to three survey sessions per day in a sample of
psychiatric outpatients. However, thisinvol ved asmaller sample
and the participants were financially compensated, which may
influence motivation [12]. It would be interesting to further
explore the impact of the different components of
implementation to ascertain the factors that are most integral
for success, such as the chatbot or the onboarding process. An
online tool and distribution method could be particularly
pertinent in an era of remote working.

The majority of users obtained low scores on all of the
guestionnaires. However, many users did report symptoms at
amoderate or severelevel. The proportions scoring at thislevel
for depression (20/77, 26%) and anxiety (12/77, 16%) are higher
than the estimated preval ence rates of anxiety disorders (9.3%)
and depressive disorders (5.8%) found in the general population
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of Brazil [34], although these rates do vary considerably
depending on the method of data collection and the measure
used [35]. Prevalence rates are typically higher in women than
in men [35], which is interesting given that this sample
predominately comprised men. The risk of burnout identified
is similar to levels found in other professional groups such as
health workers [36] and teachers [37]. High demand was often
reported in combination with alow degree of perceived contral,
which are both risk factors for burnout. This combination is
considered to be the most critical in terms of a negative impact
onindividual mental health. The presence of anxiety, depression,
and insomnia could also impact organizational productivity
through absenteeism and presenteeism [2,11], which requires
further exploration.

The fact that some people reported symptoms shows the
importance of addressing mental health issues within the
workplace. It would be interesting to determine whether these
people have ever sought professional help or support for these
difficulties. Insights gained from the assessment could be used
to identify individual- and organizational-level strategies that
could beimplemented to improve mental health, and potentially
productivity, within the workplace.

Limitations

The questionnaire measures have not yet been validated for use
in achatbot format with gamification. Asthis pilot showed that
implementation is feasible, the next step is to complete a
validation study to assessthe effect of using this method on the
psychometric properties of the questionnaires. Establishing
validity is required before conclusions can reliably be drawn
regarding the mental health of the workplace.

Although the chatbot could successfully obtain datafor 64% of
theworkforce, there are no datafor those who did not participate
or for those who dropped out during the assessment. It would
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beinteresting to compare sociodemographic characteristicsand
baseline symptoms between the groups. For example, previous
research indicates that being male, with a lower educational
level, and comorbidity of depression with anxiety can increase
therisk of dropout and nonengagement [38]. Such insightscould
be used to adapt the chatbot or onboarding process to make it
more appealing to the less-engaged group. Taking age and
gender into account has been found to enhance use of digital
mental health programs [39].

As this was a cross-sectional data analysis, we do not know if
the high response rate will be sustained over time. Thereisthe
possibility that the response rate wasinflated dueto the novelty
of the approach, which has been suggested to be a general
characteristic of mobile health interventions[40]. Longitudinal
research could explore this issue, which could assist in the
development of UX with chatbots over time. Additionally, as
the system used for output generation (responses to the user’s
input) is fixed (based on predefined decision trees), the
conversation opportunitiesare currently limited. A larger amount
of conversational data gained over time will be necessary to
train the chatbot and make it intelligent in a more autonomous
way. This would aso alow for free text interpretation, for
example.

Without controls, it isunclear if the results are due to the specific
sample, their workplace, or the method of data collection, which
may facilitate higher levels of disclosure[11]. After validating
the questionnaires for usein this format, it would be important
to repeat this exercise with different workplaces to ascertain if
the results are generalizable to other populations, particularly
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considering issues of gender, age, work type, and level of
education. It would beimportant to replicate theimplementation
in a workplace with more gender balance and a larger sample
size. A usability questionnaire would further strengthen the
validity of the results.

Further research is planned, which will include comparison with
traditional paper-and-pen methods and web-based forms. These
studies will also include repeat measurement following the
implementation of remedial measuresto ascertain their impact.
We would also like to explore, using implementation science,
thefactorsand processesinvolved in successful implementation
of the chatbot within the workplace since there are many
variablesinvolved.

Conclusions

The creation of healthy workplaces and adequate mental health
policies must be based on a comprehensive needs assessment.
Face-to-face assessments are not anonymous or scalable, and
online surveysare often limited by low responserates. A chatbot
offers a fully automated digita solution, incorporating
gamification features to engage and motivate employees to
complete a workplace mental health assessment. The chatbot
was found to have response rates comparable to those of
face-to-faceinterviews, suggesting that this could be afeasible
way to collect such data. To further verify this new solution, a
validation study comparing it with other formats such as
face-to-face interviews or online surveys, as well asincluding
afeasibility and satisfaction analysis, would be the next logical

step.
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Abstract

Background: First responders (eg, police, firefighters, and paramedics) are at high risk of experiencing poor mental health.
Physical activity interventions can help reduce symptoms and improve mental health in this group. More research is needed to
evaluate accessible, low-cost methods of delivering programs. Social mediamay be apotential platform for delivering group-based
physical activity interventions.

Objective: Thisstudy aimsto examine the feasibility and acceptability of delivering a mental health-informed physical activity
program for first responders and their self-nominated support partners. This study also aims to assess the feasibility of applying
anovel multipletime series design and to explore theimpact of the intervention on mental health symptoms, sleep quality, quality
of life, and physical activity levels.

Methods: We co-designed a 10-week web-based physical activity program delivered viaa private Facebook group. We provided
education and motivation around different topicsweekly (eg, goal setting, overcoming barriersto exercise, and reducing sedentary
behavior) and provided participantswith aFitbit. A multiple time series design was applied to assess psychol ogical distresslevels,
with participants acting as their own control before the intervention.

Results: Intotal, 24 participants (12 first responders and 12 nominated support partners) wererecruited, and 21 (88%) completed
the postassessment questionnaires. High acceptability was observed in the qualitative interviews. Exploratory analyses revealed
significant reductions in psychologica distress during the intervention. Preintervention and postintervention analysis showed
significant improvements in quality of life (P=.001; Cohen d=0.60); total depression, anxiety, and stress scores (P=.047; Cohen
d=0.35); and minutes of walking (P=.04; Cohen d=0.55). Changesin perceived social support from family (P=.07; Cohen d=0.37),
friends (P=.10; Cohen d=0.38), and sleep quality (P=.28; Cohen d=0.19) were not significant.

Conclusions: The results provide preliminary support for the use of socia media and a multiple time series design to deliver
mental health—informed physical activity interventions for first responders and their support partners. Therefore, an adequately
powered trial isrequired.

Trial Registration: Australian  New Zedand Clinica Trials Registry (ACTRN): 12618001267246;
https://anzctr.org.au/Trial /Registration/Trial Review.aspx?ACTRN=12618001267246.
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Introduction

Background

First responders, including police, firefighters, and paramedics,
are regularly exposed to traumatic events. This repeated
exposure puts them at an increased risk of experiencing
psychological distress and poor mental health [1]. Overdl, 1in
3 first responders report having high or very high levels of
psychologica distress [2], whereas 1 in 10 first responders
experience posttraumatic  stress  disorder (PTSD) [3].
Conseguently, first responders are more than twice as likely to
report having suicidal thoughts and are 3 times more likely to
have a suicide plan than the general population [2].

First responders are also at an increased risk of poor physical
health because of anumber of occupational risk factors. Regular
exposure to high-pressure situations, shift work, and physical
inactivity contribute to high rates of cardiovascular disease and
its risk factors, including hypertension and obesity [4].
Notwithstanding the physical demands of the role, obesity and
hypertension remain significant problems among first responders
[5-7]. Therisk of physical health comorbiditiesis compounded
in those with poor mental health [8,9]. For example, PTSD is
a risk factor for obesity, diabetes, and metabolic syndrome
[10-14]. Urgent efforts are needed to prevent and treat physical
and mental health issues in this underserved population.

There is strong evidence showing that exercise and physical
activity can help prevent and treat common mental disorders
experienced by first responders (eg, depression, anxiety, and
PTSD) while simultaneously improving physical health
outcomes [15]. Physical activity has been shown to improve
mood, reduce symptoms of depression and anxiety, improve
deep quality, and reduce alcohol dependence [15-18].
Improvementsin mental health symptoms have also been seen
in people with PTSD when delivered in addition to usua care
[19].

Physical activity also has great potentia as a preventative
strategy. A review of existing studies suggests that regular
physical activity is associated with a reduction in 17% of
incident cases of depression [16]. This should be considered
among populations at an increased risk of psychological injuries,
such asfirst responders. Given that poor mental health isarisk
factor for physical inactivity [20] and that physical activity
levels decrease more steeply over time with increasing PTSD
symptoms[21], early intervention and prevention strategiesare
critical for protecting long-term physical and mental health
[8,9].

Despite the well-documented mental health and cardioprotective
benefits of increased physical activity, thereislimited research
exploring ways to engage at-risk populations such as first
respondersin preventative or treatment-based exercise programs.
Socia mediaprovidesaunique opportunity to overcome barriers
related to accessing care experienced by first responders,

https://formative.jmir.org/2021/4/€23432

including issues related to stigma toward mental illness [22]
and geographical barriers. Importantly, web-based platforms
offer a cost-effective [23] and scalable opportunity to deliver
mental health—informed physical activity interventions to the
first responders living in regional and remote settings. Social
mediaalso promotes social connectedness, which isfundamental
to exercise adherence and long-term behavioral change [24].
Facebook groups have previously been used effectively to
deliver behavior change interventions in both the genera
population and in people with serious mental illness [25,26].
To our knowledge, no previous studies have tested Facebook
as a means of increasing physical activity levels in first
responders.

In developing programs to improve the physical and mental
health of first responders, it is also important to consider the
people who support them, including spouses, family members,
and friends. Informal caregivers (eg, spouses and family
members) are more likely to have depression, sleep problems,
stress, and physical health conditions[27,28]. Carers, therefore,
need access to support and programs to improve their mental
health and well-being. Given the strong impact of social
connections on health outcomes[29], particul arly among dyads,
the inclusion of nominated support partners is likely to be
mutually beneficial.

Objectives

This study aims to assess the feasihility, acceptability, and
preliminary effectiveness of using a private Facebook group to
deliver a physical activity intervention for first responders and
their selected support partners. This study also aims to assess
thefeasibility of applying anove interrupted time seriesdesign
to determine whether this methodology would be a feasible
substitute for a control group in an adequately powered trial.
Exploratory analysis aimed to identify associated changes in
mental health symptoms, sleep quality, quality of life, physical
activity, and socia support. We hypothesized that the program
would befeasible, and participantswould increase their physical
activity with subsequent positive effects on mental health
outcomes.

Methods

Design

An interrupted time series design was pilot tested. This
methodology was used to detect whether the intervention had
a significantly greater effect than the underlying secular trend
[30,31]. Consecutive observations of the Kesdler-10 (K10) every
2 weeks for a baseline period of 5 weeks were interrupted by
the intervention to determine whether the series’ slope or level
changed following the intervention. Participants, therefore,
acted as their own control. This methodology was tested to
inform the practicality of applying it to an adequately powered
trial and replacing the need for a randomized controlled trial
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(RCT). A flow chart of the study design and assessment time
pointsis shown in Figure 1.

McKeon et al

This study was approved by the University of New South Wales
Human Research Ethics Committee (HC180561) and
prospectively registered (ACTRN12618001267246). All
participants provided informed consent.

Figure 1. Flow of participants through the trial. 2Kessler-10 (assessed every 2 weeks); bDepron Anxiety and Stress Scale-21, Pittsburgh Sleep
Quality Index, Assessment of Quality of Life-6D, Simple Physical Activity Questionnaire, Posttraumatic Stress Disorder Checklist for Diagnostic and

Statistical Manual of Mental Disorders, fifth edition (first responders only), and social support and exercise survey; “Depression Anxiety and Stress
Scale-21, Pittsburgh Sleep Quality Index, Assessment of Quality of Life-6D, Simple Physical Activity Questionnaire, Posttraumatic Stress Disorder
Checklist for Diagnostic and Statistical Manual of Mental Disorders, fifth edition (first responders only), social support and exercise survey, and

feasibility questionnaire.

[ Enrolment ]

Assessed for eligibility (n=25)

[ Multiple Baseline ]

[ Intervention ]

[ Follow-up ]

Participants

Participantswere recruited between August and September 2018
through Behind the Seen, a not-for-profit community initiative
that aimsto increase awareness and reduce stigmatoward mental
health issues faced by first responders and their families. The
Behind the Seen facilitators posted the study advertisement on
their Facebook page, which has afollowing of 25,000 people.
Convenience sampling was used to recruit participantswho met
the following criteria: former or current first responders, aged
between 18 years and 65 years, and who were currently
physically inactive, which is defined as engaging in less than
150 minutes of moderate-to-vigorous physical activity (MVPA)
per week [32] and was assessed using a physical activity vital
sign questionnaire [33]. Participants also needed to be able to
communicate in English and have internet access. Participants
were eligible to participate if they answered no to al the
guestionsin the Exercise Sports Science Australia Prescreening
Tool [34].

https://formative.jmir.org/2021/4/€23432

v
Baseline (n=24) )
~——  Baseline phase
Y (weeks 1-5)e
Initial assessment (n=23)°
v
Intervention (n=23)
L Intervention phase
(weeks 5-15)2
v
Postintervention assessment (n=21)¢
Qualitative interviews (n=6)
¥
~—  Follow-up phase
Follow-up assessment (n=6)° (weeks 15-19)

First responders nominated support partners to participate in
the program. Thiswas defined as any person with close personal
relationshipswith them, for example, partners, family members,
caregivers, or friends. The support partner was required to be
aged between 18 years and 65 years and be medically cleared
to exercise. First responders or support partnerswho scored >30
in the K10 (indicative of very high levels of psychological
distress) and who were not receiving treatment or whose
medications had changed in the past 4 weeks were excluded
and referred to alocal health professional.

Intervention

Participants were enrolled in a 10-week physical activity
program delivered viaaprivate Facebook group, which was set
up for the purpose of the study. All participants commenced
the program at the same time, which ran from October 2018 to
January 2019. The facilitators of the group were exercise
physiologistswho provided education and facilitated discussions
on different predetermined topicsweekly, including goal setting,
overcoming barriers, reducing sedentary behavior, and
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improving diet. A full description of the topics and example
posts is provided in Table 1. All aspects of the program were
codevel oped with the facilitators of the community organization
(Behind the Seen), who have lived experience of both working
asafirst responder and living with PTSD. Thefacilitators posted
2-4 times per week and encouraged participantsto post photos,
ask questions, and share their journey on the Facebook group.
The facilitators monitored the group daily from Monday to
Friday and provided encouragement in the form of likes and
comments in response to participants posts. The content and
features of the program were co-designed with lived experience
personnel and were based on behavior change techniques,

Table 1. Facebook group facilitator content.

McKeon et al

including shaping knowledge, self-monitoring, and social
support [35]. Content was posted weekly in the form of
information, exercise demonstration videos, links to existing
web-based resources, step count competitions, and discussion
questions. Each participant was given aphysical activity tracking
device (Fitbit Flex 2) to monitor their activity levels. Participants
were instructed on the different Fitbit functions, for example,
how to track the intensity of their exercise and set goals using
the phone app. Facilitators also set up group challenges using
the Fithit phone app, for example, the highest step count between
first responders and support partners.

Week Topic Content
1 Welcome «  Participants were asked to introduce themselves (eg, occupation) and mention why they joined the group
« Instructions were provided on Fitbit activity trackers
2 Goal setting *  How towriteaSMART?goal. For example, participants were encouraged to increase their step count from
the last week by 5%-10%
«  Participants were asked to write goals (short term, long term, and one with the support person) and post them
on the Facebook group
«  Benefits of self-monitoring and waysto do it (eg, Fitbit and training diaries)
3 Benefitsof physical «  Link between physical and mental health explained
activity «  Physical and mental health benefits (eg, improved mood, sleep, and decreased anxiety and stress)
o  Video links and factsheets provided
4 Barriers «  Participants were asked to vote on their biggest barriers to getting active (eg, lack of time, low motivation,
and low mood)
«  Discuss strategies to overcome barriers and ask participants to share their suggestions and ideas
5 Support «  Information provided on how to be a helpful support person (practical support, effective communication, and
exercising together)
«  Information provided on social support for increasing motivation
6 Sedentary behavior « Risksassociated with sedentary behavior (eg, increased mortality risk)
« Howtoincreaseincidental activity, including ways to incorporate physical activity into everyday life
«  Minimize time spent sitting and encourage breaking up long periods of sitting
7 Aerobic exercise o Australian guidelines (150 min of moderate-to-vigorous physical activity)
«  Finding an exercise you enjoy
8 Resistanceexercise  «  Australian guidelines (strength training at least two times per week)
«  Exercise safety (eg, the importance of awarm-up)
«  Videos of simple workouts (eg, squats and push-ups against awall)
*  Theimportance of progression and waysto do it (eg, using the FITT? principle)
9 Healthy eating «  The healthy eating pyramid
«  Creating ahealthy food environment (eg, shopping and cooking together and eating meal swithout distractions)
10 Review How to maintain an exercise program

Review of goals
Celebration of progress

Community programs discussed (eg, gyms and community runs)

8SMART: specific, measurable, achievable, realistic, and timely.
bFITT: frequency, intensity, time, and type.

Data Collection

Data were collected from both the first responder and their
support partner viaweb-based self-report questionnaires, Fitbit

https://formative.jmir.org/2021/4/€23432

data, and one-on-one Skypeinterviews. Datafrom all self-report
questionnaireswere gathered through the MetricWire platform,

a phone app.
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M easures of Feasibility and Acceptability

A manual calculation of the sum of posts, likes, comments, and
viewswas performed to define Facebook group use, as hasbeen
similarly defined in previous research [36]. Feasibility was
assessed based on participant retention, measured in 2 ways:
first, the number of participants who remained in the group until
program completion, and second, the number of participants
who completed all of the postintervention assessments.

Acceptability was assessed postintervention using a 14-item
feasibility and acceptability questionnaire developed for a
private Facebook group [37]. Responses were answered on a
7-point Likert scale (strongly disagree to strongly agree).
Acceptability was assessed using qualitative interviews.
Participants were invited to participate in a 20-minute
one-on-one semistructured interview via Skype following the
intervention period. The interview covered topics including
likes, didlikes, effectiveness, and recommendations for future
iterations. The interviews were recorded and transcribed
verbatim. Data were analyzed using thematic analysis to
determine key themes identified by participants [38].

Secondary Outcomes

Psychological Distress

The K10 self-report questionnaire was used to assess levels of
psychological distress[39]. It consists of 10 items scored on a
5-point Likert scale, with total scores ranging from 10 to 50.
Scores were grouped into 4 levels of psychological distress:
low (scores of 10-15), moderate (scores of 16-21), high (scores
of 22-29), and very high (scores of 30-50) [40]. The K10 has
excellent psychometric properties [41], including high internal
consistency (0=.93) [39] and discriminant validity [42].

Depression and Anxiety

The 21-item Depression Anxiety and Stress Scale (DASS-21)
was used to assess the effects of the program on mental health
symptoms [43]. Participants used the 4-point severity or
frequency scaleto rate the extent to which they had experienced
each state over the past week. A total score and 3 separate
subscales, each with 7 items, were calculated to identify severity
ratings for depression, anxiety, and stress. Higher scores
represented more severe symptoms. For the depression domain,
scoresof 0-4 were considered normal, 5-6 mild, 7-10 moderate,
11-13 severe, and >14 extremely severe. For anxiety, 0-3 was
considered normal, 4-5 mild, 6-7 moderate, 8-9 severe, and >10
extremely severe. For stress, 0-7 was normal, 8-9 mild, 10-12
moderate, 13-16 severe, and >17 extremely severe. The
psychometric properties of the DASS21 have been
comprehensively evaluated, and it has been found to be valid,
consistent, and responsive to treatment [44,45].

Sleep Quality

The Pittsburgh Sleep Quality Index (PSQI) was used to assess
participants’ quality and patterns of sleep inthe past month [46].
This self-report questionnaire was assessed at baseline,
postintervention, and follow-up. A total of 7 subscores were
calculated, ranging from O to 3, to yield aglobal score ranging
from O to 21. A sum of 5 or greater indicates a poor sleeper.
Acceptable measures of internal homogeneity, consistency

https://formative.jmir.org/2021/4/€23432
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(test-retest reliability), and validity were obtained. The
components of the PSQI were shown to have a high degree of
internal consistency (0=.83) [46].

Quality of Life

The Assessment of Quality of Life-6D (AQoL-6D) scale was
used to assess quality of life [47]. A total simple psychometric
score for health-related quality of life and profile scoresfor the
different dimensionswere calculated. The 6 dimensionsinclude
independent living, relationships, mental health, coping, pain,
and senses. Scores can range from 20 to 99, with lower values
representing abetter quality of life. The AQoL-6D questionnaire
has achieved construct validity and provides a sensitive
description of health-related quality of life [47].

PTSD Symptoms

The Posttraumatic Stress Disorder Checklist (PCL-5) in the
Diagnostic and Satistical Manual of Mental Disorders (Fifth
Edition) (DSVI-5), isa20-item self-report measure used to assess
the DSM-5 symptoms of PTSD [48]. Only the first responders
were administered this questionnaire. Symptom severity scores
range from O to 80, with a cutoff score of 33 indicating a
provisional diagnosis of PTSD [49]. A decrease in scores of
>10 points indicates a clinically significant change; >5 points
indicates a reliable change. The PCL-5 is a psychometrically
sound measure of DSV-5 PTSD symptoms. It shows strong
internal consistency (0=.94), test-retest reliability (r=0.82), and
validity [48].

Social Support to Exercise

The social support and exercise survey was used to assess the
level of support individuals making health behavior changes
(exercise) felt they were receiving from family and friends[50].
Respondents rated the frequency with which family members
and friends had done or said what was described in the item
during the previous month on a 5-point scale, ranging from 1
(none) to 5 (very often). The survey was assessed at baseline,
postintervention, and follow-up. The test-retest reliabilities of
the factors were adequate, and the internal consistency
reliabilities were high (a range .61-.91).

Minutes of Physical Activity

Physical activity levels were assessed subjectively using the
Simple Physical Activity Questionnaire (SIMPAQ). The
SIMPAQ is a 5-item clinical tool designed to assess physical
activity among populations at high risk of sedentary behavior,
with demonstrated validity and reliability among people with
mental illness[51]. For the purpose of this study, the SIMPAQ
was adapted to a web-based version using MetricWire. The
SIMPAQ score was assessed at baseline, postintervention, and
follow-up. The total time per week of walking, MVPA, and
being sedentary was assessed.

Procedure

Consecutive observations of the K10 were assessed every 2
weeks as part of the interrupted time series design. During the
5-week baseline period, the K10 was asked at 3-time points
beforetheintervention. At the end of the basdline period (before
intervention), the DASS-21, PSQI, AQoL-6D, PCL-5, social
support to exercise, and SIMPAQ were assessed, as shown in
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Figure 1. During the intervention, the K10 continued to be
assessed every 2 weeks, with atotal of 5 time points during this
period. At the end of the 10-week intervention, al outcomes
were reassessed, in addition to the feasibility and acceptability
guestionnaire and the optional qualitative interviews. At the
4-week follow-up, all baseline questionnaires were reassessed.

Statistical Analysis

In this study, we used two statistical approaches to test the
changes during the intervention. First, we used a multiple
baseline design to compare participants’ psychological distress
levels with their own baseline (which acted as a control) using
Mplus version 8. Second, we tested for differences between
preintervention and postintervention outcomes on a battery of
tests (open trial, no control) using SPSS version 24 (IBM
Corporation).

Comparing Multiple Baselines With I ntervention

A multiple baseline design was used to test for significant
differencesin participant trgjectories between the baseline and
during theintervention. A piecewiselatent growth curve model
was fitted in the Mplus base package using complex analysis.
The model included a slope model for each participant’s K10
scores during the 3 baseline time points (baseline slope) and
during the 5 intervention time points 4 to 8 (intervention slope).
In latent growth curve models, each participant’s repeated time
points were modeled as a latent variable of slope for each
participant and a mean slope across the group. That is, a
multilevel model was designed in which each participant’stime
series is nested within each individual, which is nested within
the overall group. Random effects were used to allow each
participant to have their own intercept and slope. An assumption
of linear modeling isthat the observations between participants

https://formative.jmir.org/2021/4/€23432

McKeon et al

will beindependent. However, partnersin this study were likely
to share characteristics and were thus nonindependent; clustering
by partnerships was included to account for the
nonindependence of results within pairs. A piecewise model
can model 2 separate slopes for each participant within atime
series (between baseline and intervention). Model constraints
were used to test for significant differences between the slope
estimates between baseline and intervention.

Pre-Post | ntervention Tests

A multilevel modeling approach was used to test repeated
measures for each individual, accounting for pairs (first
responder and support partner). That is, while accounting for
clustering within pairs, mixed models were run to test whether
participants showed significant changes in outcome measures.
Directional hypotheses were used (one-tailed tests), and Cohen
d effect sizeswere calculated. All analysesfor the pre-post tests
were conducted on SPSS version 24.

Results

Participant Demographics

In total, 24 participants (13/24, 54% female, 12/24, 50% first
responders and 12/24, 50% support partners) were recruited for
the study. Table 2 presents the demographic characteristics of
the participants. The relationship between most
participant-support partner pairswaslife partners (10/12, 83%).
Half of the first responders were former or current firefighters,
33% (4/12) were paramedics, and 17% (2/12) were police
officers. Most of the total sample (17/24, 71%) used Facebook
for >3 hours per week before the intervention. The flow of
participants throughout the study is shown in Figure 1.
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Table 2. Baseline demographics.
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Characteristic First responder (n=12) Partner (n=12) Total (N=24)
Age (years), mean (SD) 48.1 (11.12) 44.8 (12.13) 465 (11.5)
Sex (male), n (%) 10(83) 1(8) 11 (46)
Smoker, n (%) 2(17) 2(17) 4(17)
Marital status, n (%)

Married 7 (58) 7 (58) 14 (58)

Single 2(17) 1(8) 3(13)

Other or prefer not to say 3(25) 4(34) 7(29)
Education, n (%)

High school 2(17) 3(25) 5(21)

Diplomaor certificate 8 (66) 2(17) 10 (42)

Bachelor or postgraduate degree 2(17) 7 (58) 9(37)
Occupation, n (%)

Police 2(17) 2(17) N/A2

Fire 6 (50) N/A N/A

Paramedic 4(33) 1(8) N/A

Nonfirst responder N/A 9(75) N/A
Work status, n (%)

Current serving 7 (58) N/A N/A

Retired or medically discharged 5(42) N/A N/A
Relationship with the first responder, n (%)

Life partner N/A 10 (84) N/A

Friend N/A 1(8) N/A

Family member N/A 1(8) N/A
Facebook use per week, n (%)

3+ hours 11(92) 6 (50) 17 (71)

1-3 hours N/A 4(33) 4(17)

<1 hour 1(8) 2(17) 3(12)

8N/A: not applicable.

Feasibility and Acceptability

Retention

From a total of 24 participants, 21 (88%) completed the
postintervention assessment questionnaires and 22 (92%)
completed the program. One participant dropped out during the
baseline period, before the intervention. Another participant
dropped out during week 8 for unknown reasons. Participants
completed 98% of the multiple time series design K10
assessments, which occurred at 8 time points acrossthe baseline
and intervention period. Only aminority (6/24, 25%) completed
the 4-week postintervention follow-up assessment.

Engagement
Over the 10-week study period, there was a total of 544 likes
and comments from 23 participants. There were a total of 76
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individual posts, with 50 posts (66%) coming from participants
and 26 posts (34%) from facilitators (Table 3). The total post
views of the first responder, support partner, and
facilitator-initiated responses were high, with a mean of 18.4
(SD 3.5) views per post across the 10 weeks, indicating an
average view rate of 83% (Table 3). The highest response rate
wasatotal of 26 commentsand 5 likesfrom 12 participants and
was in response to a post on goal setting. Poll responses were
not included in the sum of likes and comments but received the
highest interaction. Participants posts included screenshots of
their daily step counts, community exercise programs, personal
barriers to getting active, and screenshots of sleep patterns as
recorded by the Fitbit. Participant-initiated posts declined across
the intervention, with the lowest being week 9, which focused
on diet.
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Table 3. Engagement with Facebook postsinitiated by first responders, partners, and facilitators.

Week, topic, and position Number of posts Post views, mean (SD) Likes, mean (SD) Comments, mean (SD)
1, Welcome

First responders 13 16.5(1.8) 3.3(1.6) 3521

Partners 4 18(0.8) 4.8(3.0) 3.8(15)

Facilitators 4 11.5(1.3) 3.8(1.9) 9.6 (7.1)
2, Goal setting

First responders 6 18.8(1.7) 5.2 (1.5) 8(3.7)

Partners 0 N/AR N/A N/A

Facilitators 4 19.5 (1) 6(18) 6.8 (12.8)

3, Benefits of physical activity

First responders 1 23(0) 5(0) 2(0)

Partners 1 21(0) 6 (0) 4(0)

Facilitators 2 21 (1.4) 41(2.1) 15(2.1)
4, Barriers

First responders 4 23.2(0.9) 5.5(1.3) 3.8(1.3)

Partners 1 23(0) 1(0) 7(0)

Facilitators 3 20.7 (1.5) 5(5.3) 5.3(3.8)
5, Support

First responders 2 18 (1.4) 2(0) 1(1.4)

Partners 1 21(0) 4(0) 0(0)

Facilitators 2 19 (1.4) 7.5 (4.9) 6(5.7)
6, Sedentary behavior

First responders 4 20.6 (1.7) 55(1.7) 4(2.1)

Partners 2 21(4.2) 6 (1.4) 4(42)

Facilitators 3 19 (1.4) 2.5(3.5) 4(42)

7, Aerobic exercise

First responders 4 20.3(1.0) 6.5(3.7) 1.8(1.0
Partners 3 20.7 (3.2) 1.7 (0.6) 5(3.0)
Facilitators 2 19(1.4) 2(0) 15(0.7)

8, Resistance exercise

First responders 3 22.7(1.2) 5(2.6) 1.7(1.2)
Partners 0 N/A N/A N/A
Facilitators 2 205 (2.1) 4(2.8) 35(3.5)
9, Healthy eating
First responders 0 N/A N/A N/A
Partners 0 N/A N/A N/A
Facilitators 2 20 (0) 3(19) 4(0)
10, Review
First responders 1 17 (0) 0(0) 5(0)
Partners 0 N/A N/A N/A
Facilitators 2 205 (4.2) 9(0.7) 6 (1.4)

3N/A: not applicable.
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Fitbit Compliance

From a tota of 24 participants, 22 participants (92%)
downloaded the Fitbit app and activated their device. Oncethis
setup had occurred, they were worn on 89% of the days during
the 10-week intervention period and on 48% of the days during
the 4-week follow-up period. From the 22 participants, 19
participants (86%) wore Fithits >80% of the days during the
10-week program, and 21 (95%) wore them >50% of the days.

Acceptability

Figure 2 summarizes the participants’ responsesto afeasibility
and acceptability questionnaire. On average, both participants
and their support partners appraised the program positively.
Mean scores across the 14 questionswere 5.5 out of 7, meaning
participants somewhat agreed or strongly agreed that the group
was feasible and acceptable. Mean scores ranged from 3.79 to
7.0. Most of the participants agreed or strongly agreed that the

McKeon et al

Facebook group was easy to use (18/21, 86%) and useful (17/21,
81%); importantly, 95% (20/21) said it was safe to use. There
was some discrepancy in whether the group hel ped participants
be more active or eat healthier food; 7 participants disagreed to
some degree that the program helped them eat healthier, and 2
participants disagreed that it helped them be more active. In
addition, 5 first responders and 1 support partner participated
in the optional qualitative interviews. All 6 participants
experienced high or very high psychological distress levels at
baseline, and engagement levels with the page varied between
them. A total of 5 themes were identified from the data: (1) the
role of physical activity and exercise for mental and physical
health, (2) the contributing role of individual intervention
components (eg, Fitbit and Facebook page), (3) the significance
of social support, (4) identity and camaraderie associated with
being a first responder, and (5) opportunities for future work
and recommendations.

Figure 2. Participant responses to the feasibility and acceptability questionnaire.
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0

v
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m Strongly disagree

m Disagree
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m Agree somewhat

m Agree

m Strongly agree

15

[
(=]
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Selected participant quotes relating to key themesare shownin
Table 4. Participants identified that regular exercise improved
their mental health by helping them better manage their
symptoms. A subtheme emerged for physical activity acting as
a catalyst for functional recovery, for example, facilitating
participation in social activities. Participants reported that the
use of Fithit increased awareness of physical activity levels.
Some participants reported that they would like to have seen
more interaction on the Facebook page, whereas others
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appreciated thelack of pressureto contribute. Overall, the social
support received from partners and other members of the group
was well accepted and highly valued, and participants also
reported forming friendships with other members of the group
outside of the program. The camaraderie of being a first
responder emerged as a theme, with participants appreciating
that othersin asimilar position to themsel ves were participating
and supporting each other.
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Table 4. Participant quotes from the qualitative interviews.

Themes and subthemes Examples of supporting quotations

Benefits of physical activity
Mental health .

Catalyst for functional re-
covery

Management tool .

“Definitely my consistency increased. And if | look at my data on my phone, or when | syncit, | can see that
when | regularly exercise and don’'t miss a class and stuff, | certainly am alot better mentally.”

“...but I wastalking to my psychiatrist yesterday and he was saying definitely increasing my exercise has helped
me with my sleep because we've looked at my data on Fitbit and three months ago | wasn’t sleeping as good
aswhat | am now.”

“Like, | know when | do my exercise,...I'm not thinking about my problems, I'm not thinking about any crappy
jobI'vegoneto, it'saform of mindfulnessalmost. It'saform of I'm being right present what I’ m doing because
| don’'t want to get injured, so I’'m trying to do it right, so | am really concentrating on me and the task at hand
which then takes the focus off your depression, or PTSD, or anxiety.”

“And | just know hand in hand for methat when | don’t exercise, my mental health deteriorates. When | exercise
regularly and consistently, my mental health stays stable”

“When my son says, ‘Hey dad, you want to go tobogganing after school,” I'm like, ‘ Yes, let’s go.

“1t's made me go out more. | find me going outside more, even if | don't feel like exercising. So, that for me,
that's abig improvement, and | feel much more—it doesn’t stop the posttraumatic stress. It doesn’t stop me
having a meltdown every time someone mentions something. But | don’t stay stuck in the meltdowns now.”

Role of intervention components and study design

Fithit .
Facebook group .
Questionnaires .

Significance of social support

Support partners .

“It wassitting there, I'm consciousthat it'sthere because | can seeit. And soit’slike, oh yes, | need to be active.
Does that make sense?...It was an actual talisman to trigger you to do things”

“Andit did, | was more mindful of being more physical because | was wearing it. It was areminder.”

“But definitely having the Fitbit and | appreciate that so much because that’s made aworld of differenceto my
lifeinsofar as | sync it every night. And, you know, some nights | haven’t got to 10,000 steps, so | get up and
| go and walk until | finished it.”

“You've created this new—* conscience’ is agood word, | think. You've created this new conscience within
me because you've given me something that is a tangible and physical reminder of a need for change.”

“You guysdid great. You could share as much as you wanted or you could just observe as much as you wanted.
It was, and there was no pressure. | knew that if | was having arough couple of daysand | didn’t say anything
on there it wasn't taken negatively.”

“Look, | think the threads and the genera chats were good, absolutely. | just think it would be good if people
just opened up alittle bit more. Like, | wasreserved and | didn’t say much at all, to be honest. And in hindsight,
| probably should have. But then you don’t want to bombard.”

“It'sall positive. | think anything like this there are no negatives. I'd like to say thank you for involving usin
it. It'sbeen great. I've had probably the worst year of my lifethisyear and it's been good to have this, the yoga,
and I’ ve been getting back into music and I’'m just finding it's been good having those balanced pillars and this
has been part of it.”

“It encourages people. I've made contact with afew peopleout of it. | keep in contact with XXX from XXXX...So
yes, the Facebook site’s good.”

“It'sawareness. | know that, | can say oh yes, | know |’ve got to eat better, | know |’ve got to do more exercise.
As soon as you've got 30 people that are looking at what you're doing like, I'm like oh shit, they can see what
I’m doing on my Fitbit. So having a certain level of responsibility, aimost. But it was very light, like, you guys
didn’t care at al what we did, | don’t think. You were just, we'll see what happens. And that was really com-
forting, knowing that there was zero pressure.”

“Guess | was probably looking for more because the problem | had was being motivated. | even had the same
trouble speaking to my own psychologist, psychiatrist. | want to do it but | really struggle to motivate to do it,
to exercise.”

“So | gather they are the bread and butter of gathering information at any given point in time. But yes, they are
areal paininthe arse to answer.”

“So having the Fitbit was like, it was a reminder to her that she needs to take care of herself just asmuch as|
do and that we are ateam. So it was like, how many steps did you have today. She's like oh my gosh, | only
got 2,000.”

“XXX and | bouncing it off each other at the end of the day I’'m like okay, how many steps did you do, that
sort of—not in a competitive way but it was another avenue to be able to go okay, how was your day? How
active were you? That sort of thing. So we would compare alittle bit like that.”
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Themes and subthemes Examples of supporting quotations
Support group . “ltwasarealy good group where there was supportive people and | really connected with XXX, and he con-
nected with XX aswell because he's all about yoga and peer support stuff. So we made a friendship. It's pretty
awesome that way. We're lucky.”
«  “..you have created community, you have created a conversation.”
Identity

Camaraderie of being a .
first responder

“So that, knowing that there are other people out there doing a similar thing, involved in asimilar study, and
knowing, being aware that whatever data comes from this and future studiesis going to help people. That gives
me some encouragement and joy because that’s in my nature; | wouldn't have spent so long as a paramedic.”
“But knowing that there’s a group of people out there doing the same sort of thing—I’'m tribal and it'skind of,
| know ambulance and police and ADF, we aretribal by nature so thereisareal comfort in being part of another
tribe”

Opportunitiesfor futurework and recommendations

Peer support .

Recommendations .

“So yes, you guys just—you're doing amazing things. Keep up the good work and I’'m hopping on-board. I'll
help in any way that | can.”

“...and | guessthe other thing is trying to get people outside...and a big thing for me walking was taking a
photo - stopping to notice, and it became really mindful...For me, | realised with the posttraumatic stress, if |
have an anxiety attack and | stop, and | just take a photo of something around me, of nature around me, it drops
the anxiety attack out. So, it's adding that little bit of mindfulness to the walking.”

“1 would have liked to have seen alittle bit more interaction on the Facebook page. | didn’t think there was a
huge amount of interaction on the Facebook page either. Particularly towardstheend, | felt like | was comment-
ing, and | was commenting too much, because no one else was really doing that.”

“And even just these phone calls from you guys before you start because then that you actually feel it in your
voice and even over a phone and get afeeling for a person, then just an email or just acomment on a Facebook

page.”

Secondary Outcomes

Psychological Distress

Examination of the individual K10 means showed that
participant trajectories of change did not form a straight line,
meaning that in some weeks, participant levels of psychological
distress would increase, whereas in others weeks, they would
decrease, that is, there were nonlinear trends across time. A
quadratic trend was therefore used to test for a change in the
direction of the slope. The model showed an excellent fit
(X21:27.5; P=.38; root mean square error of
approximation=0.05; comparative  fit  index=0.992;
Tucker-Lewis index=0.991; standardized root mean square
residual=0.086). The baseline slope was not significant
(b=—-0.09; P=.77). The intervention slope showed a significant
decrease across the intervention period (b=-1.067; P=.003; ie,
despite changes in direction, the overall K10 scores decreased
during theintervention period). Therewas asignificant quadratic
trend over theintervention (b=0.148; P=.046), meaning that the
change trajectories showed a change in direction during the
intervention period. Model constraints showed a trend toward
differences between the baseline and intervention slopes, but
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this was not significant (b=0.977; P=.09). Although there was
no significant change at baseline and a significant change during
the intervention, there was no significant difference between
the 2 slopes.

Preintervention and Postinter vention Outcomes

The results for al other secondary outcomes at baseline and
postintervention are shown in Table 5. Significant improvements
in the total DASS-21 scores (P=.047; Cohen d=0.35) and
AQoL-6D (P=.001; Cohen d=0.60) were observed. Changesin
deep quality (P=.28; Cohen d=0.19) and social support from
family (P=.07; Cohen d=0.37) and friends (P=.43; Cohen
d=0.02) were not significant. Changesin mean PCL-5werealso
not significant (P=.10; Cohen d=0.38); however, 36% (4/11)
of thefirst responders’ PCL -5 scores decreased by >10 points,
indicating aclinically significant changein that group, and 55%
(6/11) of the first responders’ PCL-5 scores decreased by >5
points, indicating a reliable change. Self-reported average
minutes of walking per day showed a significant effect on time
from baseline to postassessment (P=.04; Cohen d=0.55). No
statistically significant changes in self-reported levels of
sedentary behavior (P=.18; Cohen d=0.22) or MVPA (P=.11,
Cohen d=0.34) were found.

JMIR Form Res 2021 | vol. 5 | iss. 4 [€23432 | p.160
(page number not for citation purposes)


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

JMIR FORMATIVE RESEARCH

Table 5. Preanalysis and postanalysis of secondary outcomes.
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Variable and position Baseline, mean  Postintervention,  Time Position® Timexposition
(SD) mean (SD)
F test? Pvalue  Ftest” P value F test” P value

DASS™-21 total

First responder 23.4(11.2) 20.5(13.3) 3.09 0474 154 23 0.35 56

Partner 19.4 (14) 135 (11.4) N/AE N/A N/A N/A N/A N/A
DASS-21 depression

First responder 8.5(3.9) 7.4(6.1) 2.22 .08 4.40 .048 0.13 72

Partner 5.6 (4.1) 3.7(33) N/A N/A N/A N/A N/A N/A
DASS-21 anxiety

First responder 5.3 (2.9) 44(3.7) 6.02 01 0.54 47 1.28 27

Partner 4.9 (4.9) 2.6 (3.5) N/A N/A N/A N/A N/A N/A
DASS-21 stress

First responder 9.3(4.8) 8.2 (4.6) 194(1) .09 0.00 .99 011() .75

Partner 8.5 (6) 6.7 (5.6) N/A N/A N/A N/A N/A N/A
PsQlf

First responder 12.7 (2.6) 12.1 (4.6) 0.34 28 0.42 53 3.18 .09

Partner 9.3(5.5) 8.1(5.5) N/A N/A N/A N/A N/A N/A
AQoL-6DY

First responder 48(7.9) 43.6 (9.5) 13.64 .001 2.64 12 0.02 .89

Partner 44.1 (7.9) 384 (8.1) N/A N/A N/A N/A N/A N/A
Mental health

First responder 12.9 (2.6) 10.8 (2.6) 15.85 .001 1.33 26 0.03 86

Partner 11.4(3.9) 9.4(3.7) N/A N/A N/A N/A N/A N/A
Senses

First responder 5.3(1.2) 5.6 (1.6) 1.07 16 0.74 40 0.27 61

Partner 49(1.3) 50(1.2) N/A N/A N/A N/A N/A N/A
Relationships

First responder 6.7 (1.5) 5.6 (1.2) 8.46 .004 0.88 36 0.75 40

Partner 6.0 (1.6) 5.4 (1.2) N/A N/A N/A N/A N/A N/A
Independent living

First responder 8.2 (2.4) 7.3(22) 6.43 01 4586 04 0.143 709

Partner 6.9 (L9) 5.6 (1.2) N/A N/A N/A N/A N/A N/A
Pain

First responder 6.2 (2.5) 5.5 (2.1) 2.85 05 0.04 .99 0.01 .89

Partner 6.4 (2.6) 5.8 (1.9) N/A N/A N/A N/A N/A N/A
Coping

First responder 10.2 (2.5) 8.6 (1.8) 18.31 <001  4.09 .06 0.17 68

Partner 8.6 (1.8) 7.2(1.8) N/A N/A N/A N/A N/A N/A
Family social support

First responder 20.6 (7.6) 19.8 (5.3) 2.50 07 0.56 46 4.25 .05

Partner 18.3 (4.6) 24.9 (10.9) N/A N/A N/A N/A N/A N/A
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Variable and position Baseline, mean  Postintervention,  Time Position? Timexposition
(SD) mean (SD)
F test? Pvaue Ftest? P value F test” P value

Friend social support

First responder 19.5 (8.4) 18 (4.8) 0.03 43 0.00 .99 1.63 22

Partner 21.1(9) 22.7(8.7) N/A N/A N/A N/A N/A N/A
PCL-5"

First responder 39.3(18.8) 32.3(2L.1) 1.93 10 N/A N/A N/A N/A
Sedentary time, hour s/day

First responder 9.1(3.5) 9.3(3.5) 0.92 18 0.08 78 145 25

Partner 10.4 (4.4) 8.7(2.6) N/A N/A N/A N/A N/A N/A
MVPA!, minutesweek

First responder 72.27 (114.8) 130.91 (125.3) 1.67 A1 0.03 .86 0.42 .53

Partner 84.0 (127.3) 103.5 (129.7) N/A N/A N/A N/A N/A N/A
Walking, minutes/day

First responder 56.82 (56.5) 87.73(67.2) 3.616 04 0.55 47 0.10 75

Partner 68.0 (72.7) 111.3(82.1) N/A N/A N/A N/A N/A N/A

3position indicates first responders or support partners.
bDegrees of freedom=1 for each interaction.

“DASS: Depression Anxiety and Stress Scale.

Yitalics indicates statistical significance.

EN/A: not applicable.

fPSQI: Pittsburgh Sleep Quality Index.

9AQoL-6D: Assessment of Quality of Life. For AQoL-6D and its subscales, lower scores indicated better health.
PPCL-5: Posttraumatic Stress Disorder Checklist for Diagnostic and Statistical Manual of Mental Disorders (Fifth Edition).

IMPVA: moderate-to-vigorous physical activity.

Discussion

Principal Findings

To the best of our knowledge, this is the first study to assess
the feasibility, acceptability, and preliminary effectiveness of
using a private Facebook group to deliver a physical activity
intervention for first responders and their support partners.
Current efforts to implement physical activity programs for
populations at risk of poor mental health are often hindered in
their scalability and sustainability by factors such as the high
cost and lack of accessibility. Our study demonstrated that social
media is a feasible and acceptable platform for delivering a
mental health-informed physical activity intervention, and
exploratory analysis of secondary outcomes appears promising.

Our study’s retention rates were high, with 92% (22/24) of
participants remaining in the group and completing the 10-week
program and 88% (21/24) completing the postassessment
guestionnaires. Thisisin linewith the current literature, where
compared with traditional web-based interventions, web-based
socia networkstypically achieve high levelsof user engagement
and retention [52]. A systematic review of studies that used
Facebook to deliver physical activity interventions found a
comparable attrition rate of 9% [53]. The multiple time series
design also proved to be feasible, with 98% of possible K10
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assessment time points being completed by the participants.
Satisfaction ratings were high, with participants agreeing that
the Facebook page was safe and easy to use. On average, both
first respondersand their support partners stated that they would
continue using the group and recommend the program to a
friend. Having service end users involved from the initial
development of the program islikely to have contributed to the
high feasibility and acceptability observed in our pilot study.

There was strong compliance with wearing the Fitbits with
regard to the percentage of days worn (89% of days) and high
satisfaction reported in the interviews with using the wearable
devices for activity tracking. This is consistent with previous
studies on people with severe mental illness [54]. The use of
existing low-cost and widely available wearable technologies
that enable participants to see one another’s achievements and
challenge each other may be particularly useful in partner
support interventions targeting lifestyle change.

A decline in participant-initiated posts was observed over the
10-week intervention period; however, total views per post
remained, with posts being viewed on average by 83% of
participants. Research has shown that web-based interventions
with asocial mediacomponent help to sustain engagement [52].
Clinicians and researchers delivering web-based interventions
should, however, be aware that it is difficult to determine
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engagement with web-based interventions [55]. Engagement
does not necessarily predict effectiveness, and thereis evidence
showing that those lurking in online support groups may benefit
to the same extent or even more than regular posters [56,57].
A potential strategy to address the decline in posts may be to
have volunteers from previous iterations act as peer support
membersin future groups. Druss et a [58] have shown that peer
support is a promising strategy for helping people change their
lifestyle behaviors. In their study, 400 participants with serious
mental illnesseswere provided 12 sessions of a chronic disease
self-management courseled by mental health peerswith chronic
conditions, and they found statistically significant improvements
in mental and physical components of quality of life and in
recovery assessment scores. Peers could act as powerful role
models for changing behaviors and may increase retention by
relating to participants' challengesand offering personal advice
[59].

Given that this was a pilot study, interpreting the secondary
outcome data should be done with caution and treated as
exploratory, not hypothesis testing. Although the sample size
is small, it is consistent with the intent of pilot studies as an
initial step in exploring the feasibility and potential benefits of
anovel intervention [60]. A total of 61% (14/23) of participants
experienced high or very high levels of psychological distress
at baseline. As expected, there was no significant change in
distresslevelsduring the baseline period. A significant decrease
in psychological distress was seen across the repeated time
points during the intervention; however, the interaction between
the baseline and intervention slopes did not reach significance.
We would anticipate that a larger sample size would provide
sufficient power to observe significant interactions.

Significant improvements were observed in the quality of life
and total DASS-21 scores. Unexpectedly, no changes in
perceived social support to exercise were observed. Similarly,
an RCT using Facebook to assess changes in perceived social
support among university students also found no significant
difference in perceived social support following a web-based
intervention [25]. It should also be noted that the social support
to exercise questionnaire used in this study did not differentiate
between perceived support received from the other participants
in the group, their partner, or the facilitators. Therefore, it
remains unclear whether a web-based group-based program is
effective for increasing perceived social support.

Changes in degp quality and PTSD symptoms were not
statistically significant in thissmall sample. A significant change
in self-reported minutes of walking per week was observed, but
not in sedentary time or MVPA. A possible explanation could
bethelarge group SD, which istypical of self-reported physical
activity [61]. In addition, our inclusion criteriadid not exclude
support partners who were sufficiently active at baseline. In a
larger-scale trial, these secondary outcomes could be pooled
across iterations, clustered by cohorts, to test for statistical
significance with alarger sample size.

Importantly, this pilot study focused on a major public health
problem given the toll that providing care takes on people’'s
physical and mental health [62]. The benefits in mental health
outcomes experienced by the support partnerswarrant extending
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lifestyle interventions to include spouses and family members.
Meta-analytic evidence from 21 RCTs (involving 1589
participants) has shown that both support groups and
group-based face-to-face psycho-educational interventions are
effective for caregivers of patients with severe mental illnesses
[63]. However, few studies have addressed lifestyle behaviors
among support partners[64,65]. In linewith the literature [62],
the support partners were experiencing high levels of
psychological distress at baseline, with 55% (6/11) of the
support partners experiencing at least moderate levels of
psychological distress and 36% (4/11) of the support partners
experiencing high or very high levels of distress. There was no
significant differencein trajectories between thefirst responders
and support partnersin any of the outcomes.

Limitations and Future Research

Some limitations of this pilot study include the generalizability
and inadequate statistical power. Our sample was small and
involved only self-selected participants. In addition, the lack of
age and gender diversity may limit the generalizability of these
findings to other samples or broader characteristics of first
responders, such as those with severe mental illness or those
who are not active on social media. It is aso difficult to
dismantletheintervention components (eg, Fithit and Facebook
group) to determine which component has the greatest effect.
Although therewasalack of acontrol group and asmall sample
size, the novel time series design proved to be feasible. A time
series design should be considered when designing lifestyle
interventions when RCTs may not be redlistic or warranted;
thisdesign has been applied to afull-scal e study of the program
described here [66].

Another limitation was the insufficient follow-up data because
of high attrition between postintervention and follow-up
assessments. Therefore, it isinconclusive whether the short-term
benefits obtained through this type of intervention would be
maintained over the long term. Web-based programs are
uniquely placed as content can be delivered more regularly than
face-to-faceinterventions and accessed in the participants’ own
time. A short 10-week program may also bean important initial
step in fostering autonomous motivation and self-efficacy to
engage in further physical activity programs. Future research
should examine whether web-based interventions have the
ability to maintain positive behavior changes over the medium
and long term. Future researchers should consider the views of
posts as an important measure of passive engagement. Future
studies should consider the cofacilitation of content delivery by
peer support workers and the use of other Facebook group
features, including video calls, to further enhance the participant
experience.

Conclusions

Delivering web-based interventionsto increase physical activity
among first responders and their support partners presents a
potentially useful implementation strategy because of its low
cost and ability to reach alarge number of people. The results
of our pilot study show that using Facebook to deliver aphysical
activity program and using a multiple time series design are
feasible. Exploratory anaysis showed significant improvements
in mental health symptoms and quality of life. Given these
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results, a larger-scale trial is warranted, and future iterations  should build on the strengths and weaknesses of this pilot study.
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Abstract

Background: Digital pill systems (DPSs), which comprise ingestible radiofrequency sensors integrated into a gelatin capsule
that overencapsulates a medication, can directly measure ingestion events.

Objective: Teaching usersto operate a DPS is vital to ensure the collection of actionable ingestion and adherence data. In this
study, we aim to develop and pilot a training program, grounded in the Technology Acceptance Model, to instruct individuals
on DPS operation.

Methods: A two-part training program, comprising in-person and text message—based components, was used with HIV-negative
men who have sex with men with nonalcohol substance use, who had enrolled in a 90-day pilot demonstration study using the
DPS to measure adherence to pre-exposure prophylaxis. We assessed the number of responses to text check-ins, the number and
types of episodes where technical support was requested, the resolutions of such issues, and engagement with the program over
the study period. Participant feedback on the program was evaluated through qualitative user experience interviews.

Results. A total of 15 participants were enrolled in and completed the program. Seven technical challenges related to DPS
operations were reported across 5 participants. Most commonly, participants requested support connecting the wearable Reader
devicewith their smartphone, charging the Reader, and operating the mobile app. A total of 6 issueswere resolved asynchronously
or in real time via phone; 1 required in-person evaluation and resolution. Preliminary qualitative findings indicate that both the
in-person and remote follow-up components of the training program were perceived as acceptable. Suggested improvements
included repeated DPS refresher sessions at in-person follow-up visits and enhanced written materials for the independent
resolution of technological issues.
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Conclusions: A brief two-part DPStraining program, drawing from individual s experiences and from the Technology Acceptance
Model, can provide valuable insights for users. The program also identifies and addresses several areas of actual or potential
challenges related to operating a DPS and allows for the resolution of such issues within the first week of DPS use.

(IMIR Form Res 2021;5(4):€26213) doi:10.2196/26213

KEYWORDS

digital pill system; technology training; HIV prevention; PrEP; ingestible sensors; mobile phone

Introduction

Digital pill systems (DPSs) use ingestible electronic sensors
incorporated into gelatin capsules that overencapsulate
medications. Ingestible sensors are activated upon entry into
the stomach and exposure to gastrointestinal fluid, transmitting
key data about medication ingestion patternsin real time. These
data can be viewed by clinicians and patients via web-based
platforms and smartphone apps. The provision of such feedback
linked to medication ingestion patterns represents a novel,
cybernetic closed-loop system that allows usersto consider their
medication adherencein light of digital pill-recorded data[1,2].
Behavioral interventions that are respondent to real-time
adherence data can then be delivered both synchronously or
asynchronously as contingent reinforcement or corrective
feedback, and the effects of these interventions can be
objectively measured.

For men who have sex with men (MSM) with concomitant
substance use, the use of once-daily tenofovir disoproxil
fumarate/emtricitabine as pre-exposure prophylaxis (PrEP) for
HIV prevention has been demonstrated to be highly efficacious,
however, PrEP efficacy remains closely linked to adherence
[3]. Post hoc analyses from clinical trials and demonstration
projects around PrEP rollout have consistently demonstrated
that MSM with substance use disorder experience the highest
rates of nonadherence [4,5]. Techniquesinvolving mobile apps,
social media, and technological devices have been deployed
among M SM to discover episodes of nonadherence and deliver
interventions to help boost adherence behavior [6,7]. The use
of such innovative technologies may help overcome barriersto
engagement in PrEP care experienced by MSM and individuals
with substance use disorder [8]. Among substance users, smart
pill bottles, biosensors, mobile apps, and interactive voice
response systems have been successfully deployed and
demonstrated to be acceptable in the context of medication
adherence measurement [9]. The development of aDPS provides
the additional benefit of obtaining PrEP adherence dataiin real
time, thereby creating an opportunity to present adherence
support and tools to PrEP users at the moment when
nonadherence occurs.

Ensuring consistent use of the DPSis vital to obtain actionable
medication ingestion data that woul d enabl e real-time adherence
interventions. Although several clinical trials have demonstrated
the feasibility and acceptability of deploying a DPSto measure
medication adherence, barriersto the adoption of thistechnology
may exist [10-14]. The Technology Acceptance Model (TAM)
[15-17] can serve as atheoretical framework for understanding
and evaluating potential facilitators and barriersto the adoption
and use of novel technology systems such as the DPS. In the

https://formative.jmir.org/2021/4/e26213

TAM, users of a technology are asked to consider how they
might use the system (perceived use) in the real world. Next,
the overarching goals of the system and its intersections with
perceived use are considered (intended use). Finally, users are
asked how they would adopt the system in real-world situations
(actual use) [15].

Our team conducted qualitative exploration of these 3 TAM
constructswith HIV-negative M SM who use substances, which
found that such individuals are accepting the idea of using a
DPS to measure adherence to once-daily PrEP and are willing
to engage with the technology [18]. Participants perceived the
DPS to be a useful, innovative tool for measuring adherence
and providing increased accountability and reassurance around
their PrEP-taking patterns and behaviors. In addition,
participants described a number of potential barriers to the
process of learning to operate a DPS and barriers to their
understanding of how to address potential technical challenges
associated with the use of the technology [18]. Importantly,
participants in these qualitative interviews reported that the
wearable Reader devicewould bethelargest barrier to operating
the DPS, as users may forget to wear or charge the Reader before
their ingestion, which could influence the accuracy of their
adherence data. A brief in-person training program, combined
with a period of remote follow-up, was reported to be an
acceptable method for learning the skillsrequired to operate the
DPS[18]. Participants emphasi zed theimportance of supervised
hands-on training with the DPS, including testing the
functionality of all components of the system before initiation,
and a monitored follow-up period to assess the ongoing DPS
operation.

Accordingly, we developed a brief training program with
features addressing the 3 pillars of the TAM to teach individuals
how to operate and incorporate the DPSinto their daily routine.
Our goal is to design a program that could first be taught to
individuals who were naive to the DPS and subsequently be
delivered to DPS users by these individuals once they obtained
a basic understanding of the DPS, to maximize its scalability
and use for individuals using a DPS. We piloted this training
program as part of a clinical trial that deployed a DPS to
measure PrEP adherence over a 90-day period in HIV-negative
MSM with nonal cohol substance use. Finally, we aim to solicit
qualitative feedback viauser experienceinterviewsto understand
the experiences of individuals who participated in the DPS
training program.
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Methods

Parent Study

The parent study consisted of a 90-day, open-label
demonstration trial to evaluate the feasibility and acceptability
of the DPS (ID Cap System, etectRx Inc) to measure PrEP
adherence, inwhich digital pillsfor PrEP were deployed among
HIV-negative MSM (N=15) older than 18 years who
self-reported nonalcohol substance use (NCT03842436).
Participants ingested digital pills once daily for 90 days and
attended 5 study visits over a period of 3-4 months. In addition
to DPStechnology training, study visits consisted of |aboratory
work (to confirm eligibility for PrEP), a brief quantitative
assessment, pill counts, reviews of DPS adherence data, blood
drawsto evaluate PrEP adherence, and provision of three 30-day
supplies of digital pills. As part of this parent study, we
developed atraining program grounded in our initial qualitative
work to ensure participants successful operation of the DPS
over the course of the study, which is the focus of this study,
and all adherence metrics from participants use of the DPS
during the parent study will be reported elsewhere.

Participants

A total of 15 participants enrolled in the parent study, a sample
size that corresponded to the preliminary pilot nature of the
study and our aim to demonstrate the feasi bility and acceptability
of thetechnology. All 15 participants were enrolled in the DPS
training program. Participants met the following inclusion
criteria: 18 yearsor older, cisgender MSM, self-reported use of
nonalcohol substances in the past 6 months, currently taking
PrEP, and qualifying laboratory tests for the use of PrEP
(negative rapid HIV test, creatinine clearance =60 mL/min,
evidence of hepatitis B immunization, and screening for sexually
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transmitted infections). Individuals were excluded if they did
not speak English; self-reported living with HIV; wereidentified
as transgender; had an estimated creatinine clearance <60
mL/min; were receiving active hepatitis B treatment; weretaking
proton pump inhibitors; had a history of Crohn disease or
ulcerative colitis; had ahistory of bowel surgery, gastric bypass,
or bowel stricture; had a history of gastrointestinal malignancy
or radiation to the abdomen; did not own asmartphone; or were
unable or unwilling to ingest the digital pill. This study was
approved by the Fenway Health Institutional Review Board. A
parent study was conducted between March 2019 and March
2020.

Procedures

Training Program

The DPS training program consisted of 2 components. an
in-person training session during the study enrollment visit and
a remote follow-up period of text message-based exchanges
for 6 days after enrollment (Figure 1). The genesis of this
training program was grounded in formative qualitative data
collected from MSM who evaluated the DPS and provided
insights into the perceived use and intended use of the device
[18]. The study team members first received training and
information on the DPS and operation of the DPS directly from
the manufacturer (etectRx Inc). Next, the study team members
demonstrated competence with activating and operating the
DPS, completing the web-based DPS registration process with
sample participants and troubleshooting common potential
technological errors. After demonstrating competence in the
DPS operation, the principal investigator approved the study
team members for conducting DPS training directly with the
study participants.

Figure 1. Overall structure of the digital pill system training program in-person session and remote follow-up. DPS: digital pill system.

In-person instruction

Introduction to technology 24-hour checkein

* Query on technology issues
via SMS text messaging

* Registration of DPS on interface
* Registration of companion app
* Test ingestion by participant

6-day check-in

* Query on technology issues
via SMS text messaging

* End of training program

4-day check-in
* Query on technology issues
via SMS text messaging

*

Before the in-person session, the study team registered each
participant on the web-based DPS interface, electronically
assigned a Reader device to them, and prepared a prescription
for their initial 30-day supply of digital pills. Each digital pill
consisted of a capsule dosage form containing an ingestible
sensor and an emtricitabine 200 mg/tenofovir disoproxil
fumarate 300 mg tablet for PrEP, with instructions to take one
capsule once daily (Figure 2). During the in-person session,
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participants were introduced to each part of the DPS, including
a transparent version of the digital pill, which was used to
illustrate its internal components, the wearable Reader device
and the companion mobile app. Participants wereinstructed on
proper charging procedures for the Reader, the importance of
maintaining a full charge on the Reader's battery, and the
process by which data would flow from the digital pill to the
Reader and then to the cloud-based server.
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Figure 2. Components of the digital pill system. The digital pill system comprises an ingestible electronic sensor integrated into a gelatin capsule
overencapsulating tenofovir disoproxil fumarate/emtricitabine (Truvada) as a digital pill (A). Upon ingestion, the digital pill is activated and emits a
radiofrequency signal that is transmitted to a wearable Reader device (B). Ingestion data then flow from the Reader device to a smartphone app (C).

!

Next, participants were instructed to download the smartphone
app from either the Apple App Store or Google Play Store,
depending on their device specifications. Following the
installation of the mobile app, participants were instructed to
activate the app by following in-app prompts and then pair the
assigned Reader with the participant’s smartphone using a
standard Bluetooth Low-Energy protocol (similar to how asmart
speaker or smart watch pairs with a smartphone). Once the
pairing process was compl ete, participantswere asked to confirm
that all DPS components were ready for use; they were then
instructed to wear the Reader around their neck on a lanyard,
open the mobile app on their smartphone, and ingest their first
digital pill. A successful DPS operation was defined as the
ability to activate and operate the digital pill, Reader, and
smartphone app and successfully record digital pill ingestion.
Finally, we discussed the potential technological challenges and
user errors that participants may encounter and solutions to
those barriers. The in-person portion of the training program
lasted approximately 45 minutes.

Once the in-person portion of the DPS training program was
completed, participants automatically entered the remote
follow-up period of the program. In this portion, the study team
programmed a series of 3 automated technology check-in text
messages to be sent to each participant: the first at 24 hours
following their in-person enrollment visit and then again on
days 4 and 6. These messages asked participants to report via
text message any technological barriersthey were experiencing
with the DPS (ie, by texting back O for “I need help with
something” or 1 for “everything’'s OK"). If technical assistance
was reguested in response to check-in messages, we attempted
resolution via a standardized, hierarchical process, whereby
resolution of al issues was first attempted via text message
(through the web-based platform) and/or email with participants.
If technical issues remained unresolved following attempts to
rectify them viatext message and/or email, a study team member
escalated theissue to aphone call with participantsfor real-time
evaluation and troubleshooting. Finaly, participants were
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offered the opportunity to troubleshoot issues in person at the
study site if they could not be resolved via any other means.
Importantly, we did not offer advice through the training
program regarding participants’ medication ingestion behaviors,
device use, or feedback on their specific adherence (or
nonadherence) trends. The DPStraining program was considered
complete at the end of the 6-day remote follow-up period. Study
staff were available during the entire 90-day study period for
additional technology-related concerns.

Qualitative User Experience I nterviews

At theend of the 90-day study period, participantsreturned their
DPS equipment and completed an individual, audio-recorded,
semistructured qualitativeinterview. Theaim of theseinterviews
was to understand participants’ experiences operating the DPS
and to obtain open-ended feedback on the DPStraining program,
including its perceived utility, adequacy for conveying the skills
needed to operate the DPS, and suggested improvementsto the
training program. Interviewers were members of the study team
who were trained in qualitative interviewing techniques (PRC,
MJB, and YM).

Data Analyses

Training Program Metrics

We assessed the successful completion of the DPS training
program among participants (attending the initial in-person
training session and responding to text messages during the
remote follow-up portion), reasons for failure to complete the
DPS training program, and the portion (in-person or remote)
that was not completed. In addition, we recorded reasons
participants did not complete the training program. We also
logged all instances where partici pants contacted the study team
during the training program period and over the course of the
90-day parent study and calculated basic descriptive statistics
regarding engagement with the DPS training program, defined
asthe number of timesindividual s responded to atext message
check-in.
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Qualitative Analysis

All interviews were professionally transcribed and checked for
errors. Three study team members trained in methods of
qualitative analysis (GG, YM, and JN) read all transcripts
individually to generate a qualitative codebook. The codebook
was developed iteratively using the semistructured interview
guide as a framework and consisted of both inductive and
deductive themes. Team members reviewed the codebook
throughout the development process, adding new codes and
resolving discrepancies at each stage. Data related to
participants' feedback on the DPS training program were
extracted and discussed as agroup to devel op important themes
around user experience.

Table 1. Demographics of study population (N=15).

Chai et al

Results

Training Program Metrics

We enrolled 15 individuals during the study period (Table 1).
Most participants used a smartphone with Apple iOS (n=9,
60%). The median age was 32 years (IQR 6.5; range 24-49). A
total of 93% (n=14) of individualsreported being on PrEP before
the start of the study, and 21% (3/14) of these participants
reported missing at least two doses of PrEP over the previous
2 weeks. All individuals completed both the in-person and
remote portions of the DPS training program.

Variables Value
Age (years)
Median (IQR) 32(6.5)
Range 24-49
Already prescribed PrEP?, n (%)
Yes 14 (93)
No 1(7)
Nonadherent to PrEP (via self-report)b, n (%)
Yes 3(2n
No 11 (79)
Own a smartphone, n (%)
Android 6 (40)
Apple 9 (60)

3PrEP: pre-exposure prophylaxis.

PDefined asmissi ng =2 doses over the past 2 weeks. The denominator for thisvariableis 14, as 14 participants had already been prescribed pre-exposure

prophylaxis and 1 had not.

All participants enrolled in the training program were able to
log an initial ingestion using the DPS during the in-person
session and demonstrated the actual use of the DPS through
recorded adherence events during the study period (Figure 3).
During the remote text message follow-up portion of thetraining
program, 67% (10/15) participants reported no issues with
operating the DPS, whereas 33% (5/15) of participantsrequested
technical assistance. Of those who requested technical
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assistance, 3 of the participants' queries were resolved
asynchronously viaemail or text message, 3 required real-time
support through a telephone call, and 1 required in-person
resolution. The nature of the technical challenges included
difficulty connecting the Reader to the participant’s smartphone
viaBluetooth, difficulty operating the mobile app, and technical
guestions related to charging and traveling with the Reader.
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Figure 3. Participant enrollment and interaction with the digital pill system training program. DPS: digital pill system.

‘ 15 individuals enrolled in DPS training program ‘

=

‘ 15 individuals completed in-person portion of training program ‘

=

‘ 15 individuals successfully logged DPS ingestion during in-person training session ‘

\

‘ 45 check-in messages transmitted during remote follow-up portion of training program ‘

\

‘ 41 responses received to remote follow-up check-in messages ‘

4

10 individuals reported no technical
issues during remote follow-up

4

5 individuals requested technical support
during remote follow-up (7 issues total)

During the study period, we transmitted a total of 45 text
messages to the 15 enrolled participants. Participants engaged
with the DPS messages 91% (41/45 messages) of thetime (ie,
41 messages were received from participants in response to
DPS check-in messages). Of the 15 participants, 1 (7%)
responded to just 1 of the 3 check-in messages, whereas 2 (13%)

']

3 issues resolved asynchronously
3 issues resolved in real-time via phone
1 issue required in-person visit

responded to 2 of the 3 messages, and 12 (80%) responded to
all 3 messages. Of the 41 total responses received, 83% (n=34)
of messages indicated that participants did not have difficulty
operating the DPS, whereas 17% (n=7) of these messages
included requests for technical assistance (a breakdown of
message responsesis given in Table 2).

Table 2. Characteristics of messaging and follow-up during the digital pill system training program.

Text message types

Vaue, n (%)

Total check-in messages transmitted during study period
Responsesreceived to check-in messages
Participants respondent to 1 of 3 check-in messages
Participants respondent to 2 of 3 check-in messages
Participants respondent to 3 of 3 check-in messages

No difficulty operating the DPS?
Request for technical assistance
Asynchronous resol ution
Real-time telephone support from study team

In-person assessment of technical issue

45 (100)
41 (91)
1(7)
2(13)
12 (80)
34(83)
7(17)
3(43)
3(43)
1(14)

8DPS: digital pill system.

Of the messages requesting technical assistance, 43% (3/7) were
successfully resolved asynchronously and 43% (3/7) were
resolved in real time over the phone. One technical issue (1/7,
14%) required an in-person assessment, which was scheduled
in addition to the existing study visitsin the parent study. It was
later determined that the participant had amal functioning mobile
app and faulty Bluetooth permissions on their smartphone,
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which prevented successful pairing of the Reader with the
phone. Oncetheseissueswererectified, the participant was able
to operate the DPS without any further problems. Although the
study team remained available to troubleshoot further
technological issues during the entire 90-day study period, no
participants reported additional issues associated with the DPS
after graduation from the training program.
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Quialitative User Experience Feedback

All participants completed a qualitative user experience
interview at the end of the 90-day study period. Overal, the
participants accepted the DPS training program. They reported
that the information provided during the in-person portion of
the program was clear, helpful, and adequate for understanding
the purpose of the DPS and for troubleshooting minor
technological issues. Participants perceived the remote text
message follow-up portion of the training program to be highly
valuable, as it reminded them to operate the DPS during their

Chai et al

first week of use and enabled rapid communication with the
study team in the event of technical issues. Participants also
discussed anumber of potential refinementsthat could be made
to the DPS training program, including repeated refresher
sessions on the DPS technology at each subsequent in-person
visit (during the 90-day study period), as well as additional
written materials to be used for self-guided troubleshooting of
technological issues. Selected participant quotes from the
qualitative user experience interviews are presented in Textbox
1

Textbox 1. Qualitative user experience feedback (feedback content area and selected participant quotes).

(age 24 years)

Experiences with the remote portion of the DPS training program

to me quickly, so | was ableto figureit out” (age 40 years)

Suggested improvements to the DPS training program

once... but for me that was perfectly fine’ (age 29 years)

Experiences with the in-person portion of the digital pill system (DPS) training program

« “I thought that the first class and everything that happened that first day went really well, and you did a great job. [Study team member] made
sure | understood everything... how to pair the phone, and how the technology worked, and how to keep track of it. There were clear instructions.
There were |ots of people standing by to answer questionsif | ever had any questions after that” (age 29 years)

o “Ithink it wasfagt, efficient. I1t'svery easy. | think the hardest part would be just to get it set up, but you do that in the meeting, so that was easy”

o “I think that was sufficient for me. | had no problem understanding the goals and how to interact with the device” (age 32 years)

« “I think | had oneissue with repairing my device when my device and my phone disconnected, so | had to ask for the pairing code, but someone
was available to respond over text for that. [Study team member] was always available over email, but | didn’t really even need to ask many
follow up questions, because that first session was very thorough... | thought it was very, very helpful” (age 29 years)

« “Theonly thingwas... | had the connectivity issues. | didn't really know exactly what was going on. | think | had texted you, and you got back

o “I think it's helpful, but | think every visit, maybe you should go over it, or review it, or actually have the person bring in the technology and
show you. That way, it's drilled into their head... | learn by doing, so the more | do something, the easier it becomes to learn... | think that

would've been helpful to have written instructions or bein the email... | just forgot some of the things you told me” (age 32 years)

«  “l think that someone else who might not be as technologically savvy might want more time, might want somebody to go through it more than

« “l think the only information [to add] is... toolsto make sure that the Reader will pick up [the ingestion] and thingsto look for if it's not picking
up, so the user or the person has ways to troubleshoot it or figure it out when it's not working” (age 28 years)

Discussion

Principal Findings

The adoption of a DPS to measure medication adherence has
important implications for clinical trials, pharmaceutical drug
evaluation, and real-world challenges to adherence in various
disease states. Although DPSs are designed to be relatively
unobtrusive, the requirements for using novel capsule-based
dosage forms containing ingestible sensors and a wearable
Reader device that is paired with a smartphone may present
challenges to adherence to the DPS. Similar to other novel
technologies, training participantsto correctly operate the DPS
isanimportant first step toward obtaining reliable and accurate
adherence data. Although previousinvestigations have described
thefeasibility of deploying a DPSamong individualsto measure
medication adherence, few studies have described best practices
around training study participantsto use the DPS[19,20]. This
investigation is the first to describe a simple, scalable training
program, grounded in the TAM, which teachesindividual s how
to operate the DPS and adhere to DPSingtructionsfor use. MSM

https://formative.jmir.org/2021/4/e26213

who participated in the study were able to accept and engage
with the DPS training program. We anticipate that research
groups who wish to adopt the DPS to measure adherence
behavior in their participants can adapt this training program
to standardize training procedures across enrolled participants
or in the setting of clinical care.

For MSM, a DPS is acceptable as a method to measure PrEP
adherence, but acritical gap remainsin understanding how best
toimpart toolsto help M SM operationalize DPS. M SM account
for most of the new HIV infections in the United States, and
co-occurring psychosocial epidemics of menta illness and
substance use in MSM are associated with further increased
HIV incidence[21,22]. Peoplewho use drugs are at an el evated
risk for HIV because of high rates of both drug-related and
sexual HIV risk behaviors. Neurocognitive impairment is also
prevalent in this population and may serve asabarrier to optimal
PrEP adherence. Together, these factors suggest that MSM who
use substances face unique barriersto PrEP adherence and may
benefit from technol ogy-assi sted adherence interventions such
as the DPS [23-25]. Although other investigations have
described the use of DPS in other disease states, thisisthe first
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study to provide a description of optimal training methods that
imparts key skillsin DPS operation in a standardized fashion.
By standardizing training, this ensures that al critical factors
associated with a successful DPS operation can be delivered to
individuals using this technology.

Operationalizing the deployment of the DPS will ultimately
depend on users' experiences and acceptance of thetool, aswell
asrobust methods for ensuring consistent use of the technology
to receive actionable adherence data. By using the TAM to
inform the development of our DPS training program, we were
able to identify and understand participants’ perceived uses of
the DPS; integrate potential barriersrelated to theintended uses
of thetechnology into the program, and provide ongoing support
for actual real-world use. The preliminary findings from our
qualitative user experience interviews demonstrate that the
training program was acceptable for teaching participants
important skills associated with operating the DPS. Participants
reported that both the in-person and remote follow-up
components of the program were valuable for providing and
reinforcing operational skills, as well as for efficient
communication with the study team for the purpose of
troubleshooting technological issues. Continued DPS refresher
sessions, as well as enhanced written materials for resolving
technological issues related to DPS use, were among
participants’ proposed improvements to the training program.
These data suggest that a variety of individuals can effectively
and efficiently train future DPS users using this training
program.

In the future, we anticipate that atraining program such as that
described here can beintegrated into a starter package for DPS
enrollment. Users may accessthetraining program in anumber
of settings, including independently as part of a package sent
directly to their homes or within a pharmacy while picking up
their medications. Alternatively, in modelswhereaDPSisused
asabooster package when other adherence monitoring methods
such as self-report or pharmacological measures have already
detected nonadherence, this training program can capitalize on
TAM pillars of perceived use and actual use to rapidly orient
the user to the DPS and produce actionable data to improve
adherence behavior. Finaly, we intentionally designed the
training program in such a way that it could be deployed by
individuals with minimal training, to maximize its potential
scalability. The study team members underwent a brief
orientation to the DPS from the manufacturer (etectRx Inc) and
received instructions on how to operate the system. After
demonstrating competencein the DPS operation internally, they
were cleared by the principal investigator to deliver the
structured training program directly to the study participants.

The operational skills taught in this DPS training program can
serve as atoolbox to help individual s who use these systemsto
measure adherence. Although we used thistraining program to
teach operational skills to individuals using a DPS for the first
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time, periodic booster training programs may also be used to
reinforce the use of the digital pill over thelong term. Theideal
structure of a DPS should include detailed plansfor responding
to nonadherence detected through the technology, whether in
the form of in-person adherence assessments at clinical
appointments, phone callsfrom care teams monitoring adherence
behavior, or the automated messaging architecture to respond
directly to DPS users following missed doses or changes in
patterns of medication use. Ideally, any nonadherence-related
assessments should also include an exploration of adherenceto
the DPStechnology itself. Our data suggest that using asimple
text message—based system can help detect potential technical
difficulties associated with a DPS operation and can mitigate
these barriers before participants disengagement with the
technology. Even when significant technical issues arise that
impair the ability of the DPS to measure and report adherence,
atraining program can quickly diagnose theseissues and allow
a research or clinical team to determine the level of support
needed to intervene.

Strengthsand Limitations

Thisstudy had several limitations. First, we developed this DPS
training program with aspecial focus on adherenceto once-daily
PrEP, and adherence to other medications may require specific
and distinct instructions for integration with a DPS, to which
PrEP-related guidelines may not be generaizable. However,
we note that our training program can be easily modified to
incorporate instructions specific to other xenobiotics. Second,
we conducted the study at a single site with MSM who were
young, well educated, and aready engaged in health care
services as well as research participation. The operation of a
DPS may present specific barriers to other populations,
especialy those with less experience with novel technologies
or who lack access to a smartphone. Third, the sample size of
thispreliminary pilot study wasrédatively small, and thefindings
may therefore not be representative of HIV-negative MSM who
use substances. Finaly, the parent study was conducted to
understand the feasibility and acceptability of the DPS, and we
therefore did not consider factors that would be required to
integrate the training program of the DPS with clinical
workflows.

Conclusions

Overdll, this study demonstrates that a brief DPS training
program consisting of in-person instruction and asynchronous
text message—based follow-up can identify potential technical
issues associated with the initial use of a DPS to measure
medication adherence. The training program is simple to
implement, requires only a single in-person visit, and can be
adapted as atool to integrate the DPS into adherence strategies
in various disease states. Future studies to eval uate the efficacy
of this educational intervention in the deployment of this novel
technology for specific patient populations are required.
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Abstract

Background: During the COVID-19 pandemic, people had to adapt their daily life routines to the currently implemented public
health measures, whichislikely to haveresulted in alack of in-person social interactions, physical activity, or sleep. Such changes
can have a significant impact on mental health. Mobile sensing apps can passively record the daily life routines of people, thus
making them aware of maladaptive behavioral adjustments to the pandemic.

Objective: This study aimed to explore the views of people on mobile sensing apps that passively record behaviors and their
potential to increase awareness and hel pfulness for self-managing mental health during the pandemic.

Methods: We conducted an anonymous web-based survey including people with and those without mental disorders, asking
them to rate the hel pfulness of mobile sensing apps for the self-management of mental health during the COVID-19 pandemic.
The survey was conducted in May 2020.

Results: The majority of participants, particularly those with a mental disorder (n=106/148, 72%), perceived mobile sensing
apps as very or extremely helpful for managing their mental health by becoming aware of maladaptive behaviors. The perceived
helpfulness of mobile sensing apps was a so higher among people who experienced a stronger health impact of the COVID-19
pandemic (=.24; 95% CI 0.16-0.33; P<.001), had a better understanding of technology (3=.17; 95% CI 0.08-0.25; P<.001), and
had a higher education (=.1; 95% CI 0.02-0.19; P=.02).

Conclusions:  Our findings highlight the potential of mobile sensing appsto assist in mental health care during the pandemic.

(JIMIR Form Res 2021;5(4):624180) doi:10.2196/24180

KEYWORDS
app; awareness; behavior; COVID-19; helpfulness; mobile health; mobile sensing; self-management; sensing; web-based survey

lack of in-person social interactions, physical activity, or sleep.
These factors are known to have a significant impact on mental
health, especially among vulnerable populations such as

Introduction

COVID-19 has currently affected over 213 countries[1]. Inthe

absence of vaccines and antivirals, the remarkable speed and
global spread of COVID-19 could so far only be reduced by
rigorous implementation of traditional public health measures
[2], such as quarantine and physical distancing. People have
had to adapt their daily life routinesto the currently implemented
public health measures, which is likely to have resulted in a

https://formative.jmir.org/2021/4/e24180
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individuals living with a mental disorder. Preliminary health
reports describe the adverse effects of the pandemic and its
countermeasures on a range of aspects of mental health,
including higher rates of anxiety, depression, abuse, and
self-harm [3].
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The recent proliferation of mobile sensing apps offers novel
opportunities to monitor people's behavior, thus potentially
holding great promisefor the self-management of mental health
during the COVID-19 pandemic. Based on their passively
recorded mobile sensing data, people could become aware of
how their behaviors changed during the pandemic. For example,
based on the global positioning system, accelerometer, and
phone usage data, people could infer whether they are socially
isolated, sleeping poorly, physically inactive, or not leaving
their homes [4]. Importantly, such self-monitoring via mobile
sensing has been previously shown to successfully increase
people's self-awareness [5]. Self-awareness is theorized to
reflect an automatic process by which people compare their
current behaviorsto their internalized standards and isthe first
step to self-regulation; that is, the adaption of people’s actual
behavior to their idealized behavior [6]. Thus, during the
pandemic, mobile sensing apps might increase people’'s
awareness of maladaptive behaviora changes, thereby
potentially motivating them to engage in health-promoting
behavior. Such self-management becomes especially important
in a scenario in which a many of the health services and social
infrastructures that normally bolster against mental health
problems during emergencies have been withdrawn [7].

We hypothesize that mobile sensing apps can increase
self-awareness and thereby have a potential for limiting the
adverse consequences of the pandemic on mental health. To
test thishypothesis, we conducted aweb-based survey to explore
whether mobile sensing apps are perceived as helpful tools by
people with and those without mental disorders for
self-managing their mental health during the COVID-19
pandemic by increasing awareness for potential maladaptive
behaviors.

Methods

Recruitment

We chose Amazon Mechanical Turk (AMT) as our web-based
platform as it would facilitate rapid, large-scale participant
recruitment [8]. Importantly, AMT has become an increasingly
accepted means of collecting responses from diverse participants
[9]. We therefore ran an anonymous web-based survey from
May 23 to June 7, 2020. Following AMT’s standard procedure,
we advertised the study and the qualification criteria on the
platform worldwide. | nterested participants clicked thelink and
responded to the survey. The survey was created using
Dalhousie University's online survey platform Opinio.
Participants received financial compensation for responding to
the survey questions, which required 20 minutes of their time
on average. All participants provided fully informed consent
on the web-based platform. From among all participants aged
>18 years, those who provided incorrect responsesto 5 attention
check questions and those who provided incomplete responses
were excluded.

Survey

Participantsrated their agreement with the statement, “amobile
phone-based tracking application for health and well-being will
be helpful in a pandemic or crisis situation like COVID-19,
on a 5-point Likert scale ranging from 1="not at al” to
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5="extremely.” Answers to this question defined our outcome
of interest; that is, the perceived hel pfulness of mobile sensing
apps. The concept of maobile sensing apps was introduced
through multiple examples of what type of sensors might be
used in maobile sensing apps and what behavioral insights might
be obtained from these sensor data. In particular, we asked
participants to rate the likeability and comfort with different
mobile sensing features (Multimedia Appendix 1). Such
guestions have been previously shown to successfully convey
the concept of mobile sensing apps [10].

Participants provided further information on the predictors of
perceived hel pful ness such as basic demographics (age, gender,
and education) and their mental health history (with responses
of “yes” “no,” or “prefer not to answer”). We also asked
participants to rate their technology knowledge on a 5-point
Likert scale ranging from 1="poor” to 5="excellent.” Finaly,
we asked participantsto rate the extent to which the COVID-19
pandemic has impacted their overall health and well-being, on
a 5-point Likert scale ranging from 1="not at al” to
5="extremely.” An overview of all questions is provided in
Multimedia Appendix 1.

We set thetype | error rate (Cronbach a) at .05. Power analysis
indicated that a sample of at least 410 participants would be
required to detect a moderate effect (Cohen d=0.5) of our
predictors with a power of 0.95.

Statistical Analysis

After testing for homoscedasticity (determined using the
Breusch—Pagan test [11]) and multicollinearity (determined
from the variance inflation factor [12]), we used alinear model
with the perceived helpfulness of mobile sensing apps as the
outcome of interest and age, gender, education, mental health
history, heath impact of the COVID-19 pandemic, and
technology knowledge asindependent predictors. Additionally,
we explored potential mediating effects based on the Sobel test
[13]. SPSS(version 25, SPSSnc) was used for al dataanalyses,
and significance was set at P<.05.

Ethics

All study procedures comply with the ethical standards of the
relevant national and institutional committees on human
experimentation and with the tenets of the 2008 revision of the
1975 Helsinki Declaration. All procedures were approved by
theresearch ethicsboard at Dalhousie University. Furthermore,
this study complieswith the General Data Protection Regulation.

Results

Cleaning for incorrect and missing responsesresulted in asurvey
sampl e of 474 participants, most of whom werefrom the United
States (n=237, 50%) or India (n=175, 37%). Of them, 235 (50%)
were aged 25-34 years, 170 (36%) were female, and 148 (31%)
had a history of amental disorders (Table 1).

Themajority of our participants (n=312, 66%b) perceived mobile
sensing apps as “very” or “extremely” helpful for managing
mental health during the COVID-19 pandemic. In total, 106 of
the 148 (72%) participants with a history of a mental disorder
found mobile sensing “very” or “extremely” helpful, whereas
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only 206 of 326 (63%) participants without a history of amental
disorder provided such responses (Figure 1). This difference
was statistically significant, being controlled for age, sex,
education, and technol ogy knowledge (3=.12; 95% Cl 0.03-0.21,
P=.01), but fell short of significance after adjusting for the
perceived health impact of the COVID-19 pandemic ([3=.08;
95% Cl —0.01 to 0.17; P=.06).

Specifically, participants with a history of a mental disorder
reported experiencing astronger healthimpact of the COVID-19

Table 1. Participant characteristics (N=474).

Surulirgj et a

pandemic (3=.14; 95% CI 0.05-0.23; P=.002), which mediated
the effect of a history of a mental disorder on the perceived
helpfulness of mobile sensing (Sobel test, P=.01). Moreover,
participants who experienced an even stronger health impact of
the COVID-19 pandemic (B=.24; 95% CI 0.16-0.33; P<.001)
had more technology knowledge (3=.17; 95% CI 0.08-0.25;
P<.001), and those who had a higher education rated mobile
sensing apps asmore hel pful (3=.10; 95% CI 0.02-0.19; P=.02);
no differences were observed by age or gender (Table 2).

Characteristic Participants
Age(years), n

18-24 90

25-34 235

35-44 75

245 74
Gender, n

Female 170

Male 304
Education, n

High school 51

Bachelor's degree 336

Master's degree 87
Previously diagnosed with a mental disorder, n

Yes 148

No 324
Health impacted by the COVID-19 pandemic, mean (SD) 4.10(0.70)
Have technology knowledge, mean (SD) 3.29 (1.14)

Figure 1. Perceived helpfulness ratings of mobile sensing apps during the COVID-19 pandemic.
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Table 2. Linear regression model of the perceived hel pfulness of mobile sensing apps.

Parameter B SE P vaue

Age -0.07 0.05 A3

Gender 0.06 0.09 .18

Education 0.10 0.08 .02

Technology knowledge 0.17 0.06 <.001

History of amental disorder 0.08 0.09 .06

Health impact of the COVID-19 pandemic 0.24 0.04 <.001

Discussion

Principal Findings

Our findings indicate that mobile sensing apps that passively
track the daily life behaviors of people are perceived as very
helpful tools for the self-management of mental health during
the COV1D-19 pandemic. People with and those without mental
disorders considered mobile sensing apps as helpful for the
self-management of their mental health during the pandemic,
although peoplewith mental disordersfound them slightly more
helpful. Importantly, peoplewith mental disordersare reportedly
at ahigher risk of severe clinical outcomes of COVID-19 [14],
and their mental health has deteriorated more during the
pandemic compared to their counterparts without a history of
mental disorders[15,16]. Concurrent with these previousreports,
people with mental disorders reported a higher health impact
of the COVID-19 pandemic in our study. Our results further
indicate that this experience of a higher health impact of the
COVID-19 pandemic is mediating the observed effect of the
history of menta disorders on the perceived helpfulness of
mobile sensing apps. In other words, people with mental
disorders likely consider mobile sensing apps as more helpful
as they struggle more with the impact of the COVID-19
pandemic than their counterparts without mental disorders.

Fringe events such as the COVID-19 pandemic provide
opportunities to examine how mental health and behaviors
deviate from baseline. Initial mobile sensing studies during the
COVID-19 pandemic indicated that mobile sensing apps can
identify maladaptive behaviors such as decreased physical
activity and increased screentime[17,18]. Inthisregard, studies
have consistently shown that physical activity, particularly
aerobic activity, reduces self-reported mental health symptoms
[19]. Other studies have shown that increased sedentary time,
along with increased phone usage, isimplicated in depression
and anxiety [20]. Thus, from a heath belief model [21]
perspective, mobile sensing apps can help people become aware
that it is possible to adopt behaviors in order to improve their
mental health even during the pandemic; for example, reducing
their sedentary and screen times. In addition, while mobile
sensing apps can be beneficial for self-management, they can
also provide cuesto clinicians on how to best assist their patients
during the pandemic, if patients agree to share their mobile
sensing datawith them. Importantly, whilethis study specifically
explored whether maobile sensing apps could be useful to identify
maladaptive changes in behavior during the pandemic, we
believe that mobile sensing apps will be of value for the

https://formative.jmir.org/2021/4/e24180

self-management of mental health symptoms beyond the context
of the pandemic as well. For example, people might be
struggling to revert to their prepandemic routines; thus, by
increasing self-awareness, mobile sensing apps could help
people revert to healthy routines more easily.

An important of caveat of mobile sensing appsisthat there are
some limitationsto the interpretation of the recorded data. When
people stay at home, they may not have their mobile phones
with them at all times, which could lead to the overestimation
of their sedentary time. Additionally, people may be
preferentially accessing larger screens such as tablets or laptops;
therefore, mobile phone usage may underestimate the total
amount of screen time. Such shortcomings will need to be
considered in the design of mobile sensing apps for mental
health care.

While our results indicate that gender and age do not seem to
impact the perceived helpfulness of mobile sensing apps for
self-management of mental health during the pandemic,
participants with high technology knowledge were more likely
to find mobile sensing apps helpful. Accordingly, increasing
the technology knowledge of users would be a crucia step for
the acceptance and usability of mobile sensing apps for mental
health care. Future studies should aim to further the current
understanding of additional characteristicsthat might determine
perceived helpfulnessin order to enabl e efficient integration of
mobile sensing apps in current mental health care models.

Limitations

A considerable limitation of our survey is that our sample,
though well-stratified and diverse, was not randomly recruited;
people who have an interest in mobile sensing technologies
might have been more likely to take part in this web-based
survey. Our data might further be dlightly biased by socia
desirability. However, we assume that such effects should only
have been minimal, considering the anonymity of participants
maintai ned throughout the survey. Neverthel ess, our data suggest
that a substantial number of people perceive mobile sensing
apps as helpful tools for managing their mental health during
the pandemic-related lockdown.

Conclusions

Our findings indi cate that the use of mobile sensing apps might
have the potentia to directly reduce the burden on the mental
health care system during the COVID-19 pandemic by
promoting better self-management. People with and those
without mental disorders found mobile sensing apps as helpful
to self-managetheir mental health during the pandemic, although
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those with amental disorder found such apps especially useful.  valuable as standard ways of delivering care have been severely
By making users aware of maladaptive changes in their compromised during the COVID-19 pandemic. Finaly, the
behaviors, mobile sensing apps can assist and motivate people  ability of mobile sensing appsto increase self-awareness might
to take better care of their mental health, preventing novel onsets  havethe potential to advance current health care model s beyond
or aworsening of mental disorders. Remote empowerment of  the context of the current pandemic.

people in mental health care must be considered especially
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Abstract

Background: Cognitive training can improve cognition in healthy older adults.

Objective: The objectives are to evaluate the implementation of community-based computerized cognitive training (CCT) and
its effectiveness on cognition, gait, and balance in healthy older adults.

Methods: A single-blind randomized controlled trial with baseline and follow-up assessments was conducted at two community
centers in Singapore. Healthy community-dwelling adults aged 55 years and older participated in a 10-week CCT program with
2-hour instructor-led group classes twice a week. Participants used a mobile app to play games targeting attention, memory,
decision making, visuospatial abilities, and cognitive flexibility. Implementation was assessed at the participant, provider, and
community level (eg, reach, implementation, and facilitators and barriers). Effectiveness measures were the Repeatable Battery
for the Assessment of Neuropsychological Status (RBANS), Color Trails Test 2 (CTT-2), Berg Balance Scale, and GAITRite
walkway measures (single and dual task gait speed, dual task cost, and single and dual task gait variability index [GVI]).

Results: A total of 94 healthy community-dwelling adults participated in the CCT program (mean age 68.8 [SD 6.3] years).
Implementation measures reveal ed high reach (125/155, 80.6%) and moderate adherence but poor penetration of sedentary older
adults (43/125, 34.4%). The effectiveness data were based on intention-to-treat (ITT) and per-protocol (PP) analysis. Inthe ITT
analysis, single task GVI increased (b=2.32, P=.02, 95% CI [0.30 to 4.35]) and RBANS list recognition subtest deteriorated
(b=—0.57, P=.01, 95% CI [-1.00 to —0.14]) in both groups. In the PP analysis, time taken to complete CTT-2 (b=-13.5, P=.01,
95% CI [-23.95 to —3.14]; Cohen d effect size = 0.285) was faster in the intervention group. Single task gait speed was not
statistically significantly maintained in the intervention group (b=5.38, P=.06, 95% CI [-0.30 to 11.36]) and declined in the
control group (Cohen d effect size = 0.414). PP analyses also showed interaction terms for RBANS list recall subtest (b=—0.36,
P=.08, 95% CI [-0.75 to 0.04]) and visuospatial domain (b=0.46, P=.08, 95% CI [-0.05 to 0.96]) that were not statistically
significant.

Conclusions: CCT can be implemented in community settings to improve attention and executive function among healthy older
adults. Findings help to identify suitable healthy aging programs that can be implemented on alarger scale within communities.

Trial Registration: Clinical Trials.gov NCT04439591; https://clinicaltrials.gov/ct2/show/NCT04439591

(IMIR Form Res 2021;5(4):€25462) doi:10.2196/25462
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Introduction

Cognitive functions decline with age but can be maintained or
improved through training [1,2]. Cognitive training involves
structured, frequent, and repeated engagement in standardized
cognitively demanding tasks targeting specific cognitive
domains[3]. Inold age, the brain still possesses neural plasticity,
or the lifelong ability for physical and functional change in
response to sensing, perceiving, and learning. Cognitivetraining
can stimulate neuroplasticity and increase cognitive reservein
older adults [4]. Cognitive stimulation results in molecular,
synaptic, and neural alterationsin animal brains[5]. In humans,
cognitive training increased serum brain-derived neurotropic
factor, which playsan important rolein memory processing [6].
Brain imaging post training revealed changes in brain activity
during task performance, along with long-term global changes

(71

Technological advancements have encouraged the rise of
computerized cognitive training (CCT). A meta-analysis
concluded that CCT was modestly effective at improving
cognitive performance in healthy older adults [8]. However,
efficacy varied across cognitive domains and was largely
determined by the study designs. Small to moderate effect sizes
werefound for verbal and nonverbal memory, working memory,
processing speed, and visuospatia abilities but not for executive
function and attention [8]. The same study also found that
group-based training was more effective than home-based
training with limited benefit when training more than 3 times
per week, potentially due to the presence of direct supervision
by a trainer in a group-based training to ensure adherence,
treatment fidelity, compliance, and motivational support to
master challenging tasks that are otherwise easy to avoid [8].
Another review uncovered improvements in everyday
functioning and neuropsychological testsin untrained tasks[1].
Cognitive processing also plays an important role in balance
and gait and reduced cognitive processing speed isacontributing
factor tofalsin older adults. Thisrelationship may be explained
by the fact that higher order cognitive functions (eg, executive
functions) are called upon while walking. Attention and
executive functions are associated with mobility, and several
studies have shown that CCT improved gait speed and balance,
with greater efficacy for sedentary older adults with low gait
speed [9-12].

Other than an online study in healthy older adults [13], most
studies have evaluated the efficacy of CCT on cognition and
real-world function in healthy adults in research settings; there
have been few implementation studies in real-world settings.
Sufficient evidence exists for research to move beyond
laboratory trials to evaluate CCT implementation and
effectivenessin community-based settings [1].

In Singapore, two laboratory trialsimproved cognitive function
in healthy older adults but showed inconsistent efficacy across
cognitive domains[14,15]. These studies used the devel opmental

https://formative.jmir.org/2021/4/e25462

version of abrain-computer interface cognitive training program,
which has been commercialized (NeeuroFIT) and can be
delivered as a community-based CCT program.

Therefore, in this study we am to evauate (1) the
implementation of thiscommunity-based CCT at the partici pant,
provider, and community level and (2) its effectiveness on
cognition, gait, and balancein healthy older adults. Wefollowed
the approach to cognitive training targeting attention, memory,
decision making, visuospatial abilities, and cognitive flexibility
developed and implemented by the developer of the cognitive
training program.

Methods

Setting

Community centers are neighborhood public spaces designed
to provide sports, enrichment programs, and amenities.
Community centers are equipped with the facilities and
administrative processes that would support community-based
CCT implementation and would be suitable sites for eventual
wider community adoption of CCT. The CCT developer (Neeuro
Pte Ltd) partnered with two community centers to offer the
program at a subsidized rate with aid from a social enterprise
grant.

Participants

Healthy community-dwelling adults aged 55 years and older
participated inthe CCT between September 2017 and November
2018. We targeted 55 years and above as that is the age for
withdrawal of retirement fundsfrom the national savings scheme
in Singapore. As some may chooseto retire at this age, thereis
demand for health-rel ated activities. Recruitment was conducted
at two community centers in western Singapore. The study
initially sought to recruit sedentary older adults who exercised
less than once per week. However, most participants at the first
community center were not sedentary. As such, participants at
both community centers were recruited regardless of their
exercise frequency. The exclusion criteria were: (1) unable to
understand English or Mandarin, (2) cognitive impairment (ie,
modified Mini-Mental State Examination score <23), (3)
diagnosis of neuropsychiatric disorder(s), (4) ongoing use of
psychotropic medications, (5) depression (ie, Geriatric
Depression Scale>9), (6) saverewalking or balanceimpairments
(eg, wheel chair-dependent), (7) self-reported vertigo, (8) visual
acuity <20/80, (9) color-blind, (10) participation in a cognitive
training program within the past year, or (11) plansfor abalance
training program during the study period. The study was
conducted in accordance with the Declaration of Helsinki and
received ethics approval from the National Healthcare Group’s
Domain Specific Review Board. Written informed consent was
obtained from all participants prior to study enrollment.

Intervention
The 10-week CCT program (NeeuroFIT) consisted of 2-hour
instructor-led group classes conducted twice aweek in English
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or bilingually (ie, English and Mandarin). Trained instructors
guided participants through game-based training targeting
attention, memory, decision making, visuospatial abilities, and
cognitive flexibility using a mobile app (Memorie, Neeuro Pte
Ltd). CCT was gamified to enable sustained interest and
facilitate adaptive training where participants progressed to
more cognitively demanding levels. Selected gameswere paired
with an electroencephal ography headset (Senzeband, Neeuro
Pte Ltd) that quantified users attention into scores that
influenced their in-game avatar control or game performance.
Participants paid a subsidized fee of SGD $20 (US $15) for the
CCT.

Figure 1. Participant flow diagram. CCT: computerized cognitive training.
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Control Group

(N = 46) (N = 48)
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Procedure

Within each community center, participants were randomized
into the intervention or waitlist control group. Randomization
sequence for the first community center was generated using
Excel (Microsoft Corp) by a CCT provider staff member with
no participant contact. Randomization sequence for the second
community center was generated viaaweb-based randomization
service by a biostatistician without participant contact [16]. A
single-blind randomized controlled trial (RCT) design with
baseline and follow-up assessment was used (Figure 1).
Participants were blinded in this study. The control group
continued with their usual activitieswhiletheintervention group
attended CCT. A ssessments were completed within 2 weeks of
the CCT.

Intervention Group

[ 94 completed follow-up assessment }——[ 94 included in per-protocol analyses }

Control Group Intervention Group

(N = 39) (N = 55)

Group allocations were based on actual CCT classes
participants attended; regardless of randomisation
sequence

Group allocations were based on randomisation sequence;
regardless of actual CCT classes participants attended

Outcome M easures

I mplementation Measures

Implementation was assessed at the participant, provider, and
community level (Multimedia Appendix 1) [17]. The table
describes measures taken at each of the levels and the type of
data collected.

Effectiveness Measures

Assessmentswere conducted in English or Mandarin by trained
study team members blinded to group allocation. Participants
completed the Color Trails Test 2 (CTT-2) prior to the
Repeatable Battery for the Assessment of Neuropsychological
Status (RBANS) to prevent fatigue induced by RBANS from
influencing CTT-2 performance. The order of other assessments
was not fixed. Forms A and B of the CTT-2 and RBANS were
used for baseline and follow-up assessments, respectively, to

https://formative.jmir.org/2021/4/e25462
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minimize learning effects. Standardized test instructions were
translated from English to Mandarin for Mandarin-speaking
participants.

The CTT-2 assessed sustained visual attention, executive
function, and visuomotor skills [18]. This test possesses
test-retest reliability and has convergent validity with the Trail
Making Test, which indexes attention, visuospatial abilities,
and cognitive flexibility [18]. As compared with the Trail
Making Test, CTT-2's use of colors instead of letters renders
it more cross-culturally appropriate, especialy in the current
sample that consists of both English and Mandarin speakers.

RBANS, the primary effectiveness outcome measure, is a
neuropsychological battery comprising 12 subtests assessing 5
cognitive domains: immediate memory, visuospatial, language,
attention, and delayed memory. It is reliable and has been
validated against other tests assessing corresponding cognitive
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domains [18-20]. This study used RBANS Form A modified
by the Singapore L ongitudinal Aging Studiesresearch team for
Singaporean older adults [21]. To minimize differencesin test
difficulty acrossforms, subtest scoreswere standardized within
each assessment (ie, across groups) before being summed to
derive the domain scores and total score. Given inconsistencies
in prior studies [14,15], analyses would assess changes in
RBANS total score, domain scores, and subtest scores.

The Berg Balance Scale assesses balance via performance on
14 functional tasks[22]. Performance for each task was scored
independently using a0 to 4 scale, with higher scoresreflecting
better balance. Individual task scoreswere summed to derive a
composite score for analyses.

Gait assessments were conducted using the 6 meter GAITRite
walkway [22]. Participants started 1 meter behind the walkway
and walked to a chair placed 1 meter past the end of the
walkway. Under the single task condition, participants walked
at their habitual walking speed. Under the dual task condition,
participants walked while performing serial sevens subtraction.
Participants were not instructed to prioritize either the cognitive
or walking task. After attempting the dua task, participants
completed serial sevens subtraction while seated. Participants
completed 1 practicetrial and 3 actual trialsfor each condition.
Calculated using the mean of the actual trials, gait parameters
examined in analysesincluded (1) singletask gait speed (cm/s),
(2) dual task gait speed (cm/s), (3) dual task cost, (4) singletask
gait variability index (GV1), and (5) dua task GVI. Dual task
cost was derived using
IE

GVI was calculated asin Gouelle et a [23].

Statistical Analyses

Some participants did not adhere to the randomization sequence
(Figure 1). Assuch, 2 sets of parallel analyseswere conducted.
Intention-to-treat (ITT) analyses were based on the
randomization sequence regardless of actual CCT class
attendance. Per-protocol (PP) analyses grouped participants
based on the CCT classes they attended regardless of the
randomization sequence. Baseline group differences were
examined using Pearson chi-sguare tests for categorical data,
independent samples t tests for parametric data, and
Mann-Whitney U tests for nonparametric data. Changes in
outcome variables were explored using mixed models with
missing data handling. Missing datawere assumed to be missing
at random. This assumption was made when dummy variables
were created for missing variables (1 asmissing; 0 as observed),
and t tests and chi-square tests were performed between these
dummy variablesand other variables. The missingnesson these
variableswasfound to berelated to the values of other variables.
Parametric outcome variables were estimated using maximum
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likelihood with robust standard errors, while nonparametric data
were assumed to be right censored and were estimated using
maximum likelihood. A 2-sided P value of .05 was deemed
statistically significant; no adjustments were made despite
multiple comparisonsfor RBANS due to the explorative nature
of these analyses. Statistical analyses were completed using R
(version 3.4.4, R Foundation for Statistical Computing) and
MPlus (version 7.11, UCLA Statistical Consulting Group).

Results

Implementation Measures: Participant L evel

Of 155 individuals screened, 125 agreed to participate and
completed a baseline assessment indicating reach as 80.6%
(Figure 1). Moderate adherence was observed. First, 22.4%
(28/125) of participants did not adhere to the randomization
seguence (eg, due to conflicting schedules). Of these, 64%
(18/28) attended CCT classesfor theintervention group despite
being randomized to the control group. The remaining 10
switched from intervention group to the control group. Second,
the dropout rate was 24.8% (31/125) with no observed group
differences in ITT (P=.38; Multimedia Appendix 2) or PP
analyses (P=.20; Table 1). Third, participants attended 80%
(16/20) of classes. Class attendance for the intervention group
was higher than the control group in ITT (P=.02; Multimedia
Appendix 2) and PP analyses (P=.03, Table 1).

Facilitators and barriers to CCT participation were obtained
from participant feedback and observations by the study team.
CCT classes, the mobile app, and electroencephal ography
headset were well received. Trainers' in-class guidance and
encouragement motivated participants to continue with classes
and increasingly cognitively demanding games. A few expressed
interests in more advanced level CCT. Barriers to program
participation included busy schedules, loss of interest in CCT,
andlossto follow-up. A few cited fatigue from prolonged screen
use, noisy class environment, difficulty in selected games, and
belief that CCT wasineffective. Two control group participants
from the first community center dropped out from follow-up
assessment and CCT asthey did not receive remindersregarding
CCT commencement. The program provider ensured that all
participants from the second community center were reminded
prior to CCT. Program participation was aso influenced by
proximity to implementation sites and strength of community
ties. Most participants from the first community center lived
near the community center and were well acquainted with each
other and the community center staff. In contrast, the second
community center was newer, and strong community ties had
not been established. A substantial proportion of participants
lived further away from the second community center. Such
disparities likely explained the lower dropout rate at the first
community center (n=12, 19%) as compared with the second
community center (=20, 32%, P=.11).
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Table 1. Baseline characteristics.
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Characteristic Intervention group (n=55) Control group (n=39) P vaue
Age (years), mean (SD) 68.05 (6.56) 69.83 (5.86) 13
Female, n (%) 39(71) 29 (74) 71
Ethnicity, n (%) _a — .81
Chinese 54 (98) 38(97) —
Indian 1(2) 1(3) —
Highest education, n (%) — — .06
Primary and below 15 (27) 6 (15) —
Secondary 23(42) 20 (51) —
Postsecondary 14 (26) 10 (26) —
Tertiary and above 3(6) 3(8) —
Preferred language, n (%) — — .92
English 26 (37) 18 (46) —
Mandarin 29 (53) 21 (54) —
Modified Mini-Mental State Examination, mean (SD) 28.11 (1.78) 28.46 (1.52) .33
Geriatric Depression Scale, mean (SD) 0.84 (1.23) 1.08 (1.51) .36
Sedentary®, n (%) 21(38) 11(28) 32
Class attendance, mean (SD) 17.24 (2.92) 14.28 (6.16) .03
Adhered to randomization®, n (%) 41 (75) 32(82) 39
Dropouts, n (%) 14 (20) 17 (30) .20
RBANS — - -
Story memory subtest, mean (SD) —0.17 (0.98) 0.36 (0.81) .006
Story recall subtest, mean (SD) -0.08 (1.02) 0.33(0.84) .05

8Not applicable.
BExercised less than once per week.

CAttended computerized cognitive training according to randomization sequence.

9RBANS: Repeatable Battery for the Assessment of Neuropsychological Status. Subtest scores were standardized within each assessment (ie, across
groups) before being summed to derive the domain scores and a total score; baseline differences between the intervention and control group were
examined using Pearson chi-squaretestsfor categorical data, independent samplest testsfor parametric data, and Mann-Whitney U testsfor nonparametric
data. There were no significant group differences for other outcome measures not reported in this table.

Implementation M easures: Provider and Community
Level

At the provider level, penetration into the target popul ation was
low while implementation fidelity was high. It was difficult to
recruit the target population (ie, sedentary older adults) at
community centers. Only 34% of participants exercised less
than once per week. This eligibility criterion was relaxed, and
research participation was extended to all regardless of exercise
frequency. The maximum class size was 20. Each community
center had sufficient demand to allow the formation of 3 to 4
CCT classes with 9 to 15 attendees each, ensuring efficient
resource use. However, following dropouts, an English class
was conducted for 3 participants who declined to join the
bilingual class. CCT was implemented at both community
centers with high fidelity. Class instructors adhered to class
schedules and curriculum.

https://formative.jmir.org/2021/4/e25462

Facilitators and barriersto program delivery at the provider and
community levels were resource availability, community
partnerships, program demand, staff buy-in, and prior
community implementation experience. At the provider level,
the program provider secured a grant to cover some program
costs (eg, instructor training and salary) while cofunding the
remaining costs (eg, hardware, software). Thisallowed CCT to
be offered at a subsidized rate of SGD $20, ensuring that it
remained affordable to participants who were acquainted with
subsidized fees for various community center programs. The
program provider invested time and effort to establish
community partnershipswith the respective community centers.
Participant recruitment was completed in 2 batches due to the
resource-demanding nature of implementing multiple concurrent
classes, recruitment issues, and interest in fine-tuning
implementation for subsequent batches. Initially, theteam sought
to recruit 2 batches of participants from the same community
center given the difficulty of securing implementation sites.
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However, subsequent recruitment efforts at the first community
center revealed that demand for CCT has been exhausted.
Engagement of the second community center delayed
recruitment of the second batch by 4 months. The program
provider pitched the CCT to 7 community centers and
management committees before securing 2 implementation
sites. The completion of thisimplementation at the community
level could be attributed to extensive experience on the part of
the community centersin delivering community-based programs.
Both community centers leveraged existing administrative
processes to promote the CCT and support class enrollment.
They were also equipped with facilities needed for the CCT.
Implementation was faster at the first community center due to
better staff support and administrative processes.

Participant Baseline Characteristics

Participants’ mean age was 68.8 (SD 6.3) years (Table 1). The
majority were women, Chinese, and had at least secondary
education. Dropoutswere morelikely to be sedentary compared
with those who completed both assessments (P<.001). There
were no baseline group differencesin outcomevariablesin ITT
analyses (Multimedia Appendix 2). In PP analyses, the
intervention group had poorer baseline performancefor RBANS
story memory (P=.006) and story recall subtests (P=.05)
compared with the control group (Table 1).

Effectiveness M easures

ITT Analyses

Theinteraction term was not statistically significant for RBANS
coding (b=-0.15, P=.06, 95% CI [-0.30t0 0.00]) and list recall

Figure 2. Results of per-protocol analyses.

Yeo et a

subtests (b=—0.39, P=.05, 95% CI [-0.78 to 0.00]. For both
RBANS subtests, performancein theintervention group declined
post-CCT while the control group improved (Multimedia
Appendix 3). The assessment term was significant for single
task GVI (b=2.32, P=.03, 95% CI [0.30 to 4.35]) and RBANS
list recognition subtest (b=—0.57, P=.009, 95% CI [-1.00 to
—0.14]) but not statistically significant for RBANS picture
naming subtest (b=0.36, P=.07, 95% CI [-0.3 to 0.74]). From
baseline to follow-up, single task GVI and RBANS picture
naming scores increased while performance in RBANS list
recognition subtest deteriorated in both groups (Multimedia
Appendix 3).

PP Analyses

Theinteraction term was significant for time taken to complete
CTT-2 (b=-13.5, P=.01, 95% CI [-23.95 to —3.14], Cohen d
effect size = 0.285) and not statistically significant for single
task gait speed (b=5.38, P=.06, 95% CI [-0.30to 11.36]; Figure
2 and Table 2). The assessment term was significant for RBANS
picture naming (b=0.43, P=.046, 95% CI [0.01 to 0.85]) and
list recognition subtests (b=—0.54, P=.02, 95% CI [-1.00 to
—0.08]). From baseline to follow-up, both groups RBANS
picture naming performance improved while their RBANS list
recognition performance deteriorated (Figure 2 and Table 2).
Effect sizes of the changes between baseline and follow-up in
theintervention and control groups are presented in Multimedia
Appendix 4 and Multimedia Appendix 5, respectively.
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Table 2. Means and standard deviations for effectiveness measures.

Yeo et a

Effectiveness measures

Baseline assessment?, mean (SD)

Intervention group Control group

Follow-up assessment, mean (SD)

Intervention group  Control group

(n=55) (n=39) (n=55) (n=39)
Time taken for Color Trails Test Part 2, seconds (n=91)° 12443 (39.91)  111.99(29.89) 11369 (3520)  115.38(30.63)
RBANSS subtests’
List learning -0.04 (1.08) 0.06 (0.89) -0.08 (1.03) 0.11 (0.96)
Story memory -0.24 (1.04) 0.33(0.85) -0.17 (1.16) 0.24 (0.66)
Figure copy —0.06 (1.08) 0.09 (0.89) 0.05 (1.09) -0.07 (0.87)
Line orientation -0.13 (1.05) 0.18 (0.91) -0.02 (1.08) 0.03 (0.89)
Picture naming -0.07 (1.04) 0.09 (0.95) -0.09 (1.13) 0.11 (0.77)
Semantic fluency -0.13(0.96) 0.18 (1.03) -0.02 (1.04) 0.03 (0.95)
Digit span -0.13 (1.00) 0.18 (0.99) -0.10(0.92) 0.14 (1.10)
Coding -0.09 (1.09) 0.13 (0.86) -0.09 (1.11) 0.12 (0.82)
List recall -0.05 (1.10) -0.08 (0.85) -0.07 (1.16) 0.10 (0.72)
List recognition -0.09 (1.16) 0.13(0.72) -0.17 (1.20) 0.24 (0.54)
Story recall -0.18 (1.05) 0.24 (0.87) -0.18(1.13) 0.25 (0.72)
Figure recall —0.06 (1.04) 0.08 (0.94) 0.06 (1.10) —0.08 (0.84)
RBANS domains®
Immediate memory -0.28 (1.80) 0.39 (1.44) -0.25(1.92) 0.35 (1.21)
Visuospatial -0.02 (1.70) 0.27 (1.35) 0.03 (1.77) -0.05 (1.43)
Language -0.20 (1.54) 0.28 (1.63) -0.10(1.85) 0.15 (1.39)
Attention -0.22 (1.55) 0.30 (1.44) -0.18 (1.64) 0.26 (1.62)
Delayed memory -0.28(3.62) 0.39 (2.35) -0.36(3.81) 0.51 (1.74)
RBANS total score® -1.15(7.97) 1.62 (5.77) —0.86 (9.08) 1.21 (5.00)
Berg Balance Scale (n=93) 52.75 (4.66) 54.61 (1.53) 53.27 (4.00) 54.08 (2.52)
Gait speed'
Single task (cm/s; n=92) 101.60(22.60)  105.26 (20.41) 102.29(22.36)  99.92(19.03)
Dual task (cm/s; n=91) 70.28 (23.50) 71.00 (25.75) 70.77 (22.29) 66.12 (20.44)
Dual task cost (n=90) —32.88 (14.16) —32.53(19.66) -30.33(19.85) —34.12 (14.52)
GVI9 (n=90)
Single task 88.49 (6.43) 88.60 (6.29) 89.31 (5.62) 91.27 (6.59)
Dual task 84.71 (13.14) 86.48 (15.64) 85.12 (13.02) 85.47 (12.59)

3B aseline differences between theintervention and control group were examined using Pearson chi-square tests for categorical data, independent samples
t tests for parametric data, and Mann-Whitney U tests for nonparametric data.

BTime taken for Color Trails Test Part 2 was missing for 7 participants who exceeded the maximum time provided during 1 or more assessments.

°RBANS: Repeatable Battery for the Assessment of Neuropsychological Status.
9RBANS subtest scores were standardized within each assessment (ie, across groups) prior to analyses.

®RBANS domain scores and total score were derived by summing standardized subtest scores.

fPhysi cal outcome measures were missing for selected participants for the following reasons: did not complete physical assessment at baseline (n=2),
lack of eligibletrials (eg, not performing serial subtraction during dual task condition, taking too few steps per trial, <3 trials for GV derivation; n=3).

9GVI: Gait Variability Index.

https://formative.jmir.org/2021/4/e25462

RenderX

JMIR Form Res 2021 | vol. 5 | iss. 4 [€25462 | p.190

(page number not for citation purposes)


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

JMIR FORMATIVE RESEARCH

Discussion

Principal Findings

In this single-blind RCT in 94 healthy community-dwelling
adults, there were improvements in attention and executive
function. We showed that it was feasible to implement
community-based CCT in community centers to promote
cognitiveimprovementsin healthy older adults. Implementation
measures reveal ed high reach and moderate adherence but poor
penetration of sedentary older adults. Most community center
users were physically and socially active. Participants paid for
and attended 80% of classes. Attendance was higher in the
intervention group than the control group. However, 25%
dropped out and 22% did not adhere to randomization.
Implementation was facilitated by CCT trainers in-class
guidance and encouragement, participant proximity to and strong
community ties at implementation sites, resource availability,
strong community partnerships, staff buy-in, and prior program
implementation experience.

Implementation of Community-Based CCT Program

Itisfeasibletoimplement CCT at community centersfor healthy
older adults. At the participant level, there was good program
reception and adherence. Participants were interested in CCT
despite relative unfamiliarity with the technology. Reach was
high (81%), and participants were willing to pay SGD $20 for
the CCT, increasing the economic viability of CCT
implementation in community centers provided it is subsidized
aswith other community center programs. Program interest and
adherence could be attributed to in-class guidance, timely
technical support from the program provider, and participants
higher educational attainment [24]. Modest adherence was
observed despite participants busy schedules. Dropout rate was
25%, largely dueto busy schedules, loss of interest in research
participation or CCT, and loss to follow-up. Class attendance
was 80%, with higher attendance in the intervention group. In
other local studieswith community-based interventions, dropout
and attendance rates were 2% to 11% and 79% to 95%,
respectively [25-27]. The relatively higher dropout rate in this
study was likely due to participant characteristics. The current
sample consisted of healthy physically and socially active older
adults already occupied with various community center
programs or commitments. Future studies can include additional
measures to boost adherence (eg, follow-up with participants
who miss 2 consecutive CCT classes, maintain regular contact
with the control group through monthly health talks). Another
area for further study pertains to trade-offs regarding CCT
frequency and duration, adherence, and effectiveness.

At the provider level, there was high fidelity to program
implementation but low penetration into the target population.
The program provider successfully delivered the program
without deviating from planned schedules and curriculum.
Instructors were well trained and well received. Participants
cited trainers in-class guidance and encouragement as
motivation to continue with CCT despite increasing gaming
complexity. Penetration into the sedentary older population was
low; only 34% exercised less than once per week. Different
sites and recruitment strategies (eg, targeted outreach at senior
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activity centers) will be needed to reach out to sedentary older
adults. When this eligibility criterion was relaxed, there was
sufficient demand at each community center to allow formation
of classeswith 9 to 15 participants each. This ensured efficient
resource use given a maximum class size of 20. Theresfter,
demand at each community center islikely to be geared toward
more advanced CCT to promote continuity and maintenance
among experienced attendees. The feasibility and efficacy of
advanced CCT requires further research.

Fecilitators and barriers to CCT implementation at the
participant, provider, and community level were identified.
Participant adherence was boosted by CCT trainers' in-class
guidance, proximity to implementation sites, and strong
community ties. Participantsin thefirst community center lived
nearer to the community center and were close-knit. Provider
and community implementation success depended on resource
availability, community partnerships, staff buy-in, and prior
program implementation expertise. CCT could be offered at a
subsidized rate with grant support and cofunding by the CCT
provider. In community centers, CCT may not be feasible
without subsidized class fees as community center-goers are
acquainted with subsidized feesfor community center programs.
Lower demand and smaller class sizeswould negate the minimal
economy of scale CCT providers need. Successful
implementation was al so contingent on community partnerships
between the program provider and implementation sites.
Identifying suitable community centers required substantial
time and effort from the program provider. The difficulty of
establishing new partnerships delayed recruitment of the second
batch of participants by 4 months. Within community centers,
implementation success was associated with prior experience
in delivering community-based programs and staff buy-in.
Implementation was better executed at the first community
center due to better staff support and administrative processes.
Futureimplementers should consider population characteristics,
program demand, prior program implementation experience,
staff buy-in, and existing administrative processes and facilities
when shortlisting implementation sites.

Effectiveness of CCT for Healthy Older Adults

CCT improved executive function and attention in agreement
with previous reports [8,14,15]. CCT'’s impact on memory
should be a subject of future implementation studies given
previous reports of memory improvements [8,14,15].

In this study, CCT's modest efficacy may be attributed to
participants' relatively high educational and physical activity
levels. Participants were more educated than the average
Singaporean older adult [25], and asubstantial proportion were
enrolled in various community center programs, including
fitness classes and enrichment lessons. This might explain why
high scores and even ceiling effects were observed for various
RBANS subtests and the Berg Balance Scale at baseline.
Participants had less room for cognitive improvements, with
benefits observed only for attention and executive function.

We found that there was no significant improvement in gait
speed from baseline to follow-up in the intervention group,
while gait speed deteriorated in the control group. In prior
studies [9-12], gait and balance improvements were more
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pronounced in sedentary older adults with low gait speed (ie,
<1 m/s). In our study, 66.0% of the sample exercised at least
once aweek, alevel higher than the average Singaporean older
adult [28]. Low gait speed was also not observed in 61.3% of
the sample at baseline. This suggests future investigation given
gait improvements uncovered in prior studies [9-12]. More
sensitive effectiveness measures and alarger sample size might
be needed to detect the small effect size of CCT in hedthy
high-functioning older adults.

Given that 22% did not adhere to randomization, it was
unsurprising that results for ITT and PP analyses differed. Of
the 22%, 64% crossed over from their assigned control group
to the intervention group. This predominant direction of switch
likely explained unexpected findings in ITT analyses. From
baseline to follow-up, the control group improved in RBANS
coding and list recall subtests while performance in the
intervention group declined. ITT analyses uncovered no baseline
group differences across outcome measures while PP analyses
found that the control group performed better in RBANS story
memory and story recall subtests at baseline. The lack of
adherence to randomization likely led to a situation where the
control group had more individuals with better memory for
narratives. More weight was given to PP analyses as it was
difficult to interpret ITT analyses given the substantial number
of individuals who did not adhere to randomization.

Strengths and Limitations

CCT was implemented with high fidelity to planned class
scheduleand curriculum. In-class guidance and timely technical
support mitigated technological barriers faced by older adults
and likely boosted receptiveness to CCT. Attendance was
comparable to other local studies with community-based
interventions[25-27]. However, dropout rate was higher (25%)
even though participants paid a subsidized fee to attend. The
target population (ie, sedentary healthy older adults) could not
be recruited at community centers. Instead, the inclusion
criterion was relaxed to include older adults regardless of their
exercise frequency. This, together with participants high
educational attainment and participation in various community
center programs, likely limited CCT’'s effectiveness. We
encountered difficulty recruiting enough sedentary older adullts.
In addition, the dropout rates were highest in the older adult
group. This may suggest that the implementation in its current
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formisnot suitablefor the population at the community centers.
Online implementation option of group training should be
considered in the future, especialy in the context of the
COVID-19 pandemic. The convenience of online training may
address adherence, group training, and maintaining motivation
while achieving necessary social distancing. Nevertheless, the
study remainsinformative given that the sample might be more
representative of CCT attendees, especially in community-based
or commercial settings. It also provides useful information on
suitable healthy aging programs that can be implemented on a
larger scale within communities.

Outcomes measures could be improved upon. The adapted
RBANS and CTT-2 were not well validated for Singaporean
older adults. Norms were available for Form A of both testsfor
Chinese Singaporean older adults[21]. Except for the digit span
subtest, the English and Mandarin versions of RBANS Form
A were equivalent in this population [29]. However, RBANS
and CTT-2 Form B were modified for this study and have not
been validated previously. RBANS was selected as the primary
effectiveness measure as it was one of the few validated tools
with parallel forms that assessed various cognitive domains.
Implementation could have been evaluated more rigorously via
standardized feedback questionnaires and semistructured
interviews.

Conclusion

In conclusion, this study showed that it was feasible to
implement community-based CCT in community centers, and
the CCT program resulted in modest cognitive improvements
among healthy Singaporean older adults. With the study being
conducted in areal-world setting, the challenges and necessary
adjustments and adaptations made is common with such
implementations, but it allows for lessons to be learned and
documented for improvement. CCT can be implemented with
relatively good uptake and adherence in community centers but
at a subsidized fee as with other community center programs.
Implementers should consider participants proximity to
implementation sites, strength of community ties, resource
availability, staff buy-in, and prior program implementation
expertise when shortlisting implementation sites. Future studies
can explorethe effectiveness of community based CCT for older
adults who are sedentary or at risk of cognitive impairment.
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Abstract

Background: The COVID-19 pandemic has propelled patient-facing research to shift to digital and telehealth strategies. If
these strategies are not adapted for minority patients of lower socioeconomic status, health inequality will further increase.
Patient-centered models of care can successfully improve access and experience for minority patients.

Objective: This study aimsto present the devel opment process and preliminary acceptability of altering in-person onboarding
procedures into internet-based, remote procedures for amobile health (mHealth) intervention in a popul ation with limited digital
literacy.

Methods: We actively recruited safety-net patients (English- and Spanish-speaking adults with diabetes and depression who
were receiving care at a public health care delivery system in San Francisco, United States) into arandomized controlled tria of
text messaging support for physical activity. Because of the COVID-19 pandemic, we modified the in-person recruitment and
onboarding procedures to internet-based, remote processes with human support. We conducted a preliminary evaluation of how
the composition of the recruited cohort might have changed from the pre-COV I D-19 period to the COVID-19 enrolIment period.
First, we analyzed the digital profiles of patients (n=32) who had participated in previous in-person onboarding sessions prior to
the COVID-19 pandemic. Next, we documented all changes made to our onboarding processesto account for remote recruitment,
especially those needed to support patients who were not very familiar with downloading apps onto their mobile phones on their
own. Finally, we used the new study procedures to recruit patients (n=11) during the COVID-19 socia distancing period. These
patients were also asked about their experience enrolling into afully digitized mHealth intervention.

Results: Recruitment across both pre-COVID-19 and COVID-19 periods (N=43) demonstrated relatively high rates of smartphone
ownership but lower self-reported digital literacy, with 32.6% (14/43) of al patients reporting they needed help with using their
smartphone and installing apps. Significant changes were made to the onboarding procedures, including facilitating app downl oad
viaZoom video call and/or astandard phone call and implementing brief, one-on-one staff-patient interactionsto provide technical
assistance personalized to each patient’s digital literacy skills. Comparing recruitment during pre-COVID-19 and COVID-19
periods, the proportion of patientswith digital literacy barriers reduced from 34.4% (11/32) in the pre-COV I D-19 cohort to 27.3%
(3/11) in the COVID-19 cohort. Differencesin digital literacy scores between both cohorts were not significant (P=.49).

Conclusions: Patients of lower socioeconomic status have high interest in using digital platforms to manage their health, but
they may require additional upfront human support to gain access. One-on-one staff-patient partnerships allowed us to provide
unique technical assistance personalized to each patient’s digital literacy skills, with simple strategies to troubleshoot patient
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barriers upfront. These additional remote onboarding strategies can mitigate but not eliminate digital barriersfor patients without

extensive technology experience.
Trial Registration:

(IMIR Form Res 2021;5(4):€25299) doi:10.2196/25299

KEYWORDS

Clinicaltrials.gov NCT0349025, https.//clinicaltrials.gov/ct2/show/NCT03490253

digital literacy; digital divide; underserved; patient-centered; digital health; mhealth; intervention; telehealth; COVID-19

Introduction

Background

The COVID-19 pandemic has drastically changed how health
care is delivered, resulting in an increasing shift to digital and
telehealth approaches. The pandemic has also substantially
altered patient-facing research, relying on similar digital
outreach and implementation strategies [1,2]. Many of these
changes to practice and research will likely be sustained into
the future even after the pandemic ends.

Despite the ubiquitousintegration of technological innovations
into health care, it is important to recognize the inequitable
access to digital health tools among marginalized popul ations.
Notably, previous studies show that reduced accessto sufficient
internet or data plans and low computer use remain barriersto
participation in digital strategies among racial or ethnic
minorities with low socioeconomic status (SES) [3-5].
Additionally, research has shown that even when access to
internet devices and data exists, disparities in usage persists.
Specifically, although previous studies have reported high rates
of smartphone ownership among minoritized racial or ethnic
populations [6], populations of lower SES are more likely to
have lower digital literacy [7]. Limited digital literacy has been
defined as not having the digital skills necessary to use and
navigate internet-driven technology and/or being less
comfortable or willing to use digital tools [8-10]. Lower access
to digital devices and home internet, combined with limited
digital literacy, hasalarming implications, given that vulnerable
populations are at greater risk for contracting COVID-19 and,
therefore, have had to rely on digital and telehealth strategies
throughout this pandemic [11].

As patient-facing research transforms into digitized clinical
trials, it isimportant to adopt patient-centered modelsto ensure
recruitment of diverse populations and equitable accessto digital
health toolsfor all. Patient-centerednessis defined as* care that
isrespectful of and responsiveto individual patient preferences,
needs, and values’ and provides patients with the “tools and
support they need” [12] to engagein the delivery of their health
care[13]. Adopting apatient-centered model of carethat focuses
on providing patients with the tools necessary to be able to
access health care viatelehealth strategieswould allow research
teams, aswell asclinicians, to adequately develop generalizable
guidelines for conducting internet-based remote visits among
vulnerable populations. As health care systems increasingly
rely on digital interventions (from telemedicine and beyond),
their need to understand the digital profilesof individual patients
also increases, especially to improve diverse patient experience.

https://formative.jmir.org/2021/4/e25299

Objectives

Through our experience of recruiting English and Spanish
speakers of lower SES into clinical research in a public health
care delivery system, we developed practical guidelines for
internet-based remote recruitment of populations who have
access to technology but face digital literacy barriers to
self-enroll into mobile health (mHealth) interventions. This
paper explains the development process and preliminary
acceptability of altering our study procedures from previous
in-person sessions to internet-based remote visits for the
recruitment of patients with diabetes and depression into an
mHealth intervention. We also conducted a preliminary
examination of how the composition of recruited patients might
have changed from pre-COVID-19 to COVID-19 enrollment
periods.

Methods

Overview of the mHealth I ntervention

The data herein are part of alarger randomized controlled trial
(RCT). The Diabetes and Depression Text Messaging
Intervention (DIAMANTE) study (NCT03490253) istesting a
smartphone-based mHealth intervention (ie, a text messaging
system that uses machine learning to personalize content) [14],
aiming to increase physical activity among patients with type
2 diabetes and depression and lower SES backgrounds. Patients
enrolledinthe RCT are sent text messagesfor a6-month period.
We aim to recruit 276 English- and Spanish-speaking patients
aged 18-75 years from a public health care system in San
Francisco, USA. Thispublic health care system typically serves
patientswho are publicly insured and are of low-income status.
Interested patients are excluded if they do not own asmartphone
or present suicidal ideation and/or active or severe psychosis.
Patients are recruited through phone calls following a provider
referral and are scheduled for abasdlineinterview session where
they provide consent, answer demographic and relevant
guestionnaires, and downloaded the DIAMANTE application
with support from research assistants. Participants are paid US
$40 at baselineand US $70 at the 6-month follow-up. The study
was approved by the Ingtitutional Review Board Committee at
the University of California, San Francisco (IRB: 17-22608).
Prior to the COVID-19 pandemic, we conducted in-person
sessions during the usability testing phase and the earlier phase
of the RCT (n=32), from January 2019 to March 2020. During
this period of in-person interaction with the study participants,
our team leveraged existing digital research tools to streamline
recruitment and improve retention. We collected measuresusing
Qualtrics surveys [15] rather than paper-based questionnaires;
documented patient health information on Research Electronic
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Data Capture (REDCap)—a secure, web-based software
platform [16,17]; and then implemented remote patient
monitoring with HealthySMS, a text-messaging platform
developed by Dr Adrian Aguilera and approved by the Health
Insurance Portability and Accountability Act (HIPAA).
HealthySMS has shown high acceptability and engagement
among populations of lower SES [18-20]. Each of the above
steps were completed in-person during the pre-COVID-19
period, allowing the research assistant to administer face-to-face
online Qualtrics assessments or download the intervention app
for participants if they were not able to use these platforms on
their own.

However, socia distancing due to the COVID-19 pandemic
necessitated the transition to remote recruitment strategies,
without the ability to troubleshoot onboarding issuesin-person
(eg, assistance with app downloads). To be as efficient as
possible in addressing any challenges our target population
might encounter in providing consent to participate via
DocuSign (rather than via pen-and-paper), completing the online
Quialtrics baseline enrollment assessments, and downloading
the smartphone application remotely, we significantly altered
our study procedures for the screening and recruitment of
eligible patients.

Conceptual Framework

Patient-centeredness has traditionally been used to improve
health equity within research and operational programs. In the
context of mHealth, patient-centeredness is rooted in active
collaboration between patients and research staff [12]. Patients
provide insights on unique challenges they face in adopting
study procedures, how comfortable they are with trying new
modalities, and the level of social support available to them to
circumvent challenges. Research staff can leveragetheir training
and expertise to successfully integrate university-mandated
measures, processes to increase access to the intervention, and
create the infrastructure to offer technical assistance. As such,
researchers have the duty to account the demographics of the
target population and barriers or facilitators among partici pants
when designing study procedures.

Approach and Development of Remote Study
Procedures

The adaptation of previousin-person study proceduresto remote
practices took place from March to April 2020. As an initial
step, we analyzed the digital profiles—including digital literacy
and device or broadband access—of patients who participated
in our previous pre-COVID-19 in-person sessions (hereafter
referred to as the pre-COVID-19 cohort). Following the
analysis, research staff met to discuss persona experiences
encountered during previous in-person onboarding sessions.
Analysis and feedback allowed us to address the most relevant
barriersto and facilitators of an internet-based remotevisit. The
results led us to alter our study procedures to orient patientsto
download the digital health application being studied via an
internet-based remote visit (ie, by using the Zoom video
conferencing software or during a phone call). The project
coordinator conducted several educational meetingsto introduce
and share the rough outlines of the new study procedures with
the entire research team. Several amendments were made to
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these outlines based on onboarding research staff’s feedback
and internal piloting efforts.

The final versions were then used to enroll eligible patients
(n=11) into a complete, digitized version of the clinical trial
during the period of social distancing in the context of the
COVID-19 pandemic (hereafter referred to as the COVID-19
cohort), from April 2020 to September 2020. Finaly, the
enrolled patients who were able to attend a remote onboarding
visit were asked about our new remote recruitment processes,
and their feedback was both audio-recorded and documented
with detailed field notes.

M easures

Using the online Qualtrics surveys conducted during the
usability testing phase and the RCT phase of the DIAMANTE
study, we collected several measures to conduct a preliminary
examination of how the composition of the recruited sample
might have changed from the pre-COV1D-19 to the COVID-19
enrollment period.

First, we measured the participants' SES using the MacArthur
Scale. This scale captures the cumulative influences of social
hierarchy (including income, education, and occupation) and
has been shown to better predict health and wellbeing [21-23].
The description of the MacArthur scale explicitly references
objective indicators of SES such as income, education, and
occupation. Participants were asked to rate where they perceive
their relative position in society on a scale of 1 to 10, wherein
10 signifies the highest SES.

We also measured the patients’ digital literacy. Digital literacy,
defined as “the ability to use emerging information and
communication technologies to find, access, create, download
and communicate information” [24]. Notably, there is no
gold-standard measure of digital literacy [25]. Previous studies
have measured digital literacy in different ways, including
self-reported assessment of perceived skills, with responseitems
ranging from “very poor” to “excellent”; these assessments
heavily rely on exploring an individual’s self-efficacy [26-28].
Inthe context of mHealth interventions, digital literacy involves
technical skills (eg, knowing how to use the device) and
navigational skills (eg, knowing how to navigate to the App
Store) [24]. For our analysis, we considered the conceptual
domainsof technical and navigational skillsand operationalized
them. We created our own variable using two multiple choice
guestions developed by the research team. Participants were
asked to rate their answers to the question “How difficult is it
to useyour smartphone[AND] install mobile applications/apps
on your smartphone without someone else helping you?’ on a
Likert scale of “very difficult,” “somewhat difficult,” or “not
difficult” For our analysis, a patient answering very or
somewhat difficult on both questions was considered to have
limited digital literacy.

Finally, semi-structured interviews were conducted to explore
the acceptability of remote onboarding procedures. Questions
were based around downloading the app and the experience
during and after completion of an internet-based remote session
for clinical research.
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Data Analysis

Given the small sample size, nonparametric, paired-sample,
one-sided Fisher exact test was performed using SPSS (version
27.0; IBM Corp) software to capture differences in digital
literacy scores between the pre-COVID-19 and COVID-19
cohorts. We considered adifferenceto be statistically significant
at P<.05.

To explore acceptability of the new onboarding procedures, we
categorized enrolled participant feedback about the remote
onboarding proceduresfrom our field notes and audio-recorded
interviews. RH read the interviews in their entirety, using the
semistructured format of the interview guides to code for the
categories represented in the interview guide as follows: (1)

Table 1. Baseline demographic characteristics.
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overall experience with an internet-based remote session and
(2) difference and benefits or drawbacks of an internet-based
remote visit in comparison to a patient-facing visit.

Results

Study Characteristics

Table 1 summarizes overall characteristics of the study
participants. Their mean age was 52.8 (SD 10.5) years. Of the
43 participants, 24 (55.8%) were femae;, 38 (88.4%) were
non-White participants;, 20 (46.5%) were Spanish-speaking
participants; 30 (69.7%) had a high-school education or lower;
and 29 (67.4%) were unemployed, retired, or on disability.

Self-reported characteristic Overal Pre-COVID-19 cohort ~ COVID-19 cohort
(N=43) (n=32) (n=12)

Age (years), mean (SD) 52.8 (10.5) 53.6 (9.45) 50.5 (0.6)
Socioeconomic status (score), mean (SD) 4.66 (2.30) 4.79 (2.11)2 4.36 (2.77)
Interview language, n (%)

Spanish 20 (46.5) 18 (56.3) 5 (45.5)

English 23 (53.5) 14 (43.8) 6 (54.5)
Sex, n (%)

Female 24 (55.8) 20 (62.5) 4(36.4)

Male 19 (44.2) 12 (37.5) 7 (63.6)
Ethnicity, n (%)

White 4(9.3) 3(9.4) 1(9.1)

Black 4(9.3) 3(9.9) 1(9.1)

Hispanic or Latino(a) 26 (60.5) 20 (62.5) 6 (54.5)

Asian or Pacific Islander, or other 9(20.9) 6(18.8) 3(27.3)
Marital status, n (%)

Single 18 (41.9) 12 (37.5) 6 (54.5)

Married or partnered 9(20.9) 6 (18.8) 3(27.3)

Divorced or legally separated 13(30.2) 12 (37.5) 1(9.)

Widow 3(7.0) 2(6.3) 1(9.1)
Education, n (%)

High school or lower 30(69.7) 23(71.9) 7 (63.6)

More than high school 13(30.2) 9(28.1) 4(36.4)
Employment status, n (%)

Disabled or on disability 17 (39.5) 14 (43.8) 3(27.3)

Part-time or more 14 (32.6) 10 (31.3) 4(36.4)

Unemployed 10(23.3) 8(25) 2(18.2)

Retired 2(4.7) 0(0) 2(18.2)

3Results for this question are missing data from 8 patients who participated in the usability testing phase of the project and were not provided with this

measure.
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Socioeconomic Status

Inal, 35 of the 43 (81.4%) participantsfilled out the MacArthur
Scale, including all RCT participants. Overall, our sample
self-identified as having low SES (mean 4.66, SD 2.30).
Specifically, the self-reported mean score for patients in the
pre—-COVID-19 cohort was 4.79 (SD 2.11), whereas the mean
score for those in the COVID-19 cohort was 4.36 (SD 2.77).

Changesto Study Procedures

Multimedia Appendix 1 detailsthe pre-COVID-19 (in-person)
versus the current COVID-19 (remote) recruitment and
onboarding procedures. Broadly, these steps outline our
implementation of brief, one-on-one staff-patient interactions
to provide technical assistance personalized to each patient’s
digital literacy. More specifically, we rolled out multiple new
procedures. First, we prepared for the remote onboarding visits:
our team developed educational materials, such as YouTube
videos on how to download the Zoom app onto a smartphone
device, written brochures on how to access an email or sign
with DocuSign using a smartphone device, and a manual on
how to download the DIAMANTE mobile app. Then, during
the recruitment visits, we sent real-time SMS links for app
downloads and used a video conferencing software (eg, Zoom)
for initiating communication on the onboarding session. If we
were successful with the Zoom call for the onboarding on,
we were then better able to establish a rapport with the
participant despite the remote environment. This alowed usto
be able to see the participant’s digital devices better, which

Table 2. Patients digital profiles.
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facilitated troubleshooting of any technical issues. In the event
that a video call via Zoom was not possible, the staff learned
more details about Android and iOS operating systemsto assist
with common technical problemsand be ableto verbally explain
thevarious stepsinvolved (in both English and Spanish versions
of the operating systems). Finally, patientswho seemed hesitant
(either in their ability to set-up for a Zoom session and/or in
downloading the smartphone app based on remote instructions)
requested that their tech-savvy loved ones be present during the
onboarding session. Staff then worked with these patients and
their loved ones and ensured that both of them understood every
step of the process.

Digital Profiles

After implementing these procedures, we then compared the
digita access and literacy among participants in the
pre-COVID-19 cohort with those in the COVID-19 cohort
(Table 2). Although we enrolled participants who were racially
or ethnically diverse and had lower SES in both time periods,
we had a higher recruitment rate of individuals with access to
Wi-Fi within the COVID-19 cohort. A total of 18 of the 32
(56.3%) participants in the pre-COVID-19 cohort had access
to Wi-Fi at their home, compared to all 11 (100%) participants
in the COVID-19 cohort. Primary outcome results indicated a
nonsignificant reduction in the self-reported digital literacy
between the cohorts, with 34.4% (11/32) of the participantsin
the pre-COVID-19 cohort reporting limited digital literacy as
compared to 27.3% (3/11) of the participantsin the COVID-19
cohort (P=.49).

Self-reported characteristic Overall Pre-COVID-19co-  COVID-19 cohort
(N=43) hort (n=32) (n=11)

Digital access, n (%)

Wi-Fi at home 29 (67.4) 18 (56.3) 11 (100)
Smartphonetype, n (%)

Android 27 (62.8) 18 (56.3) 9(81.8)

iPhone 16 (37.2) 14 (43.8) 2(18.2)
Digital literacy, n (%)

Difficulty using smartphone 18 (41.8) 14 (43.8) 4(36.3)

Difficulty installing apps 22 (51.2) 18 (56.3) 4(36.3)
Interviewer downloaded the app for the participant 32 (74.4) 32 (100) 0(0)

Patient Experience

Finally, we summarized patient experienceswith the new remote
onboarding procedures. In al, 8 of 11 (73%) patients in the
COVID-19 cohort had never participated in a remote visit for
research in the past, but all 11 (100%) patients stated that they
enjoyed participating in remote visitsfor research. One patient,
for example, expressed that staff taking the time to offer
technological assistance allowed them “to see the hospital's
commitment to the community.” In addition, 7 of 11 (64%)
patients classified time efficiency and the convenience of not
having to travel outside their home as a major benefit to
participating in research viaremote visits.

https://formative.jmir.org/2021/4/e25299

When discussing how this research study fit into their overall
needsfor digital health care at our safety-net health care setting,
the patients remained supportive of these remote approaches
during the COVID-19 pandemic and beyond:

It's still important to have someone guide patients for
things that are confusing in this remote session. | felt
safe doing this.

The technology for video conferencing is overdue,
and we should have been doing it for a longer time,
but now we have been forced to adapt.. [it] feels
wonderful to beincludedinall... Video conferencing
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can be used to reach out to populations or cultures
that have a harder time going to their appointments.

Despite these positive comments, 3 of 11 (27%) patients stated
that they would still prefer an in-person patient-facing session
in the future, given the ssimplicity of stepsinvolved.

Discussion

Principal Findings

With the speedy uptake of digital and telehealth strategies
propelled by the COVID-19 pandemic, it is a high priority to
proactively reform current practices to ensure equitable access
among vulnerable popul ations, including those who might have
access to technology and broadband but face additional digital
literacy barriers. Prior to the COVID-19 pandemic, the majority
of health care systems did not provide training for populations
with limited digital literacy to ensure adoption of the available
digital health tools, including mHealth interventions and
telehealth or telemedicine [29-31]. To address this challenge,
our research team altered the screening procedures and
developed a new onboarding protocol that centrally considered
a patient’s digital literacy skills. This resulted in the
development of one-on-one staff-patient partnerships and a
multitude of resources for users and staff to circumvent
challengesin accessing a new modality of engagement instead
of the previous face-to-face research participation approach. In
developing and piloting new onboarding procedures, we
leveraged several implementations strategies, including
conducting educational meetings with onboarding research
assistants, development of educational materials for users and
staff, identification of early adopters, and building expertise
with participant facilitation via phone and Zoom calls. A
patient-centered approach allowed us to anticipate possible
challenges our target population might face and proactively
prepare strategies or materials to circumvent such challenges.
For example, early on, we knew that there was aneed to develop
steps that accounted for smartphone software given the many
technical differences that exist between Android and iOS
interfaces. In addition, we also personalized the level of human
support provided in our study by using our digital access and
literacy questions to offer the right type of assistance.

Furthermore, we started data collection to evaluate whether
patients of lower SES and limited digital literacy were still able
to participate in mHealth research in the midst of direct
economic and health consequences of the COVID-19 pandemic.
Our findingsindicate that one-on-one staff-patient partnerships
can be effectivein providing technical assistance to populations
who have limited digital literacy skills and are interested in
gaining access to digital health tools. We were able to enroll a
sample similar to our pre-COVID-19 cohort during the
COVID-19 social distancing period by using anew onboarding
procedure. Specifically, although, there was a nonsignificant
reduction in patients with limited digital literacy enrolling into
our study during the COVID-19 pandemic, both cohorts had
challenges with digital literacy. The COVID-19 cohort had
unique challenges in trying to use both our DIAMANTE app
as well as Zoom (many participants were using these apps for
the first time) without the assistance of in-person support (eg,
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research assistants assisting participants to download the app
if they were not able to use these platforms on their own). Our
findings demonstrate that with adequate attention and support,
it is possible to reach patients with limited digital literacy by
using remote strategies. This finding is consistent with the
previous literature that shows that patients of lower SES have
high interest in using digital platforms to manage their health,
but they may require additional upfront human support to gain
access and have an overall better user-experience [32,33]. At
the same time, it is important to recognize that this is not a
one-size-fits-all approach. Importantly, 3 of 11 (27%) patients
that enrolled in our study using the new screening and
onboarding procedures indicated they preferred in-person
sessions as opposed to an internet-based remote session for
research enrollment.

Although our rate of recruitment has slowed down overall given
the pandemic, we know that patients are able to enroll into the
study and successfully download a smartphone app through
visual and verbal coaching from research assistants. Patients
showed willingness to participate in the development of
procedures, provided feedback on how to improve
user-experience, and ultimately, showed acceptability of
internet-based remote sessions for research.

Limitations and Comparison With Prior Work

Previous research reveals gaps in accessibility to telehealth,
telemedicine, and remote strategies within vulnerable
populations, particularly those with lower technical abilities,
older age, and limited English proficiency—these issues are
particularly acute in the context of the COVID-19 pandemic
[34,35]. Other work has specifically called for researchers
working with vulnerable populations to consider different
participant profiles and target individuals' needs [36,37]. As
this preliminary study was conducted with a small sample size
and only in San Francisco, our results might not be generalizable
to other settings. We did not perform statistical comparisons of
our remote onboarding approaches, but we expect to gain and
report more dataasthe DIAMANTE RCT continues. Moreover,
we believe the enumeration of protocol adaptations made in
this study increases the concrete tacticsfor othersworking with
individualswith limited digital literacy on telehealth and digital
health interventionsin general .

Conclusions

The COVID-19 pandemic has emphasi zed that we must identify
clear strategiesfor engaging patientswith limited digital literacy
to extend health care services (and access to research studies)
outside of in-person care. Engagement strategies in clinical
settings are necessary in order to prevent further growth of
health disparities. In addition, ensuring engagement in digital
and remote research will ensure an inclusive knowledge base.

Responses to expanding the use of technology in care have
included policy changes to expand reimbursement for
telemedicine, and efforts to expand access to the internet. In
addition to these priorities, our findings indicate the need for
additional research and practice to address digital literacy
barriers and ensure equitable access to digital heath care
interventionsin the near and long term. Researchers who focus
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on digital health interventions should prioritize better reporting
of digital literacy capabilities of their enrolled participants,
incorporate service design frameworks within their trial
protocols, and thoroughly explain the steps needed to enroll in
digital health interventions. Implementation techniques across
digital health trials should be leveraged to facilitate the
trandation of research findings into clinical practice. For
example, health care systems could implement brief screenings
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guidelineswe have devel oped can benefit cliniciansand clinical
researchersworking with vulnerabl e patientswith limited digital
literacy to ensure that digital advancements in health care do
not lead to increased health disparities. Moving forward, we
must dedicate attention and practical resources to those with
lower levelsof digital literacy aswe continueto rapidly expand
access to digital health tools; otherwise, we risk increasing
existing health disparities for both telemedicine uptake as well

prior to remote visits to know whether a patient isready totry  as broader health care and research interventions.

a video visit or needs additional support or training. The
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Abstract

Background: Substance use places a substantial burden on our communities, both economically and socialy. In light of
COVID-19, it is predicted that as many as 75,000 more people will die from alcohol and other substance use and suicide as a
result of isolation, new mental health concerns, and various other stressors related to the pandemic. Public awareness campaigns
that aim to destigmatize substance use and help individuals have meaningful conversations with friends, coworkers, or family
membersto address substance use concerns are atimely and cost-effective means of augmenting existing behavioral health efforts
related to substance use. These types of interventions can supplement the work being done by existing public health initiatives.

Objective: This pilot study examines the impact of the One Degree: Shift the Influence role play simulation, designed to teach
family, friends, and coworkers to effectively manage problem-solving conversations with individuals that they are concerned
about regarding substance use.

Methods: Participants recruited for this mixed methods study completed a presurvey, the simulation, and a postsurvey, and
were sent a 6-week follow-up survey. The simulation involves practicing a role play conversation with a virtual human coded
with emotions, amemory, and apersonality. A virtual coach provides feedback in using evidence-based communication strategies
such as motivational interviewing.

Results: A matched sample analysis of variance revealed significant increases at follow-up in composite attitudinal constructs
of preparedness (P<.001) and self-efficacy (P=.01), including starting a conversation with someone regarding substance use,
avoiding upsetting someone while bringing up concerns, focusing on observable facts, and problem solving. Qualitative data
provided further evidence of the simulation’s positive impact on the ability to have meaningful conversations about substance
use.

Conclusions: Thisstudy provides preliminary evidence that conversation-based simulationslike One Degree: Shift the Influence
that use role play practice can teach individuals to use evidence-based communication strategies and can cost-effectively reach
geographically dispersed populations to support public health initiatives for primary prevention.

(JMIR Form Res 2021;5(4):€27164) doi:10.2196/27164
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Introduction

Introduction to Substance Use

Prevalence and Outcomes of Substance Usein the United
States

According to the Substance Abuse and Mental Health Services
Administration National Survey on Drug Use and Hedlth
(NSDUH), 20.3 million Americans 12 years and older had been
diagnosed with a substance use disorder in 2018 [1]. Alcohol
isthe most commonly used substance in the United States with
139.8 million people 12 years and older reporting having drank
alcohal in the past month at the time of the NSDUH [1].
Although most people who use alcohol do not have a substance
use disorder, many still drink at levelsthat can be hazardousto
their health. For example, 67.1 million Americans reported
binge drinking in the past month, and another 16.6 million
reported heavy drinking in the past month [1]. Aside from
short-term risks such as accidents, injuries, and alcohol
poisoning, long-term excessive alcohol use can contribute to
cancers, high blood pressure, and heart disease among other
illnesses, and can exacerbate existing health conditions [2].
Further, alcohal isthe third leading cause of preventable death
in the United States. From 2011 to 2015, alcohol contributed
to an average of 93,000 deaths annually, accounting for a total
of 2.7 million years of potentid lifelost [2].

Theimpact of substance use on communities can be devastating.
Inadditionto injury, iliness, and social consequences, there are
also exponential economic costs. In 2010, the impact of
excessive acohol use aone was US $249.0 billion nationally
with amedian cost of US $3.5 billion per state [3]. These costs
include losses in workplace productivity (72%); health care
expenses (11%); and additional costs for motor vehicle
accidents, property damage, and criminal justice expenses[2,4].
Despite this, the US $35.6 hillion National Drug Control
Strategy budget allocates 45.1% to treatment yet only 17% (US
$2.1 billion) goestoward prevention, anumber that has steadily
decreased every year since 2018 [5]. Prevention programs are
essential for lessening the public health burden of acohol and
other substance use in our communities, and thereisaneed for
implementation of effectiveinitiativesthat mitigate the physical,
social, mental, and economic consequences of substance use.

Prevalence and Outcomes of Substance Usein Colorado

The state of Colorado, where this pilot study was conducted,
has recognized and is responding to the preval ence of substance
use and substance use disorders within its communities as
evidenced by funding new and innovative approaches like the
one outlined in this study. In Colorado aone, 16.3% of the
population 12 years and older have been diagnosed with an
alcohol or substance use disorder, which is approximately
927,000 people [6]. Approximately 1 million Colorado adults,
27% of the state’'s adult population, indicate that they
themselves, or someone that they know, has been addicted to

https://formative.jmir.org/2021/4/e27164

alcohol or another substance in their lifetime [7]. Further, one
in five Colorado adults report binge drinking, and excessive
drinking costs the state roughly US $5 billion each year [3,8].
In addition, as of 2019, Colorado had the fifth highest number
of alcohol-related deaths compared to other US states, averaging
5 deaths per day due to excessive drinking [9,10].

Colorado also has progressive legidl ation surrounding cannabis
use, which adds an additional layer to the social and legal impact
of substance use among residents. As the culture of cannabis
use shifts, it isincreasingly subjective and difficult to recognize
when substance use progresses into a substance use disorder.
According to a 2018 study, 17.5% of Colorado adults were
current cannabis users and of those who reported using cannabis
inthe past 30 days, 51.5% reported that they used it either daily
or near daily [9].

Substance Use and COVID-19

The collective impact of COVID-19 hasresulted in substantial
stress associated with unemployment, mandated social isolation,
grief and loss, and the many other collateral consequences that
increase the susceptibility to substance use, addiction, and
relapse [11,12]. June 2020 research found that 13.3% of US
adults reported having started or increased substance use as a
direct result of coping with stress, new or worsened depression
and anxiety, or other emotions related to COVID-19[13]. This
research noted that younger adults, racial and ethnic minorities,
essential  workers, and unpaid adult caregivers reported
experiencing negative mental health outcomes, increases in
substance use and increased suicidal ideation a a
disproportionally high rate compared to other groups of people
[13]. Studies also show that, post disaster, people can exhibit
psychological distressor trauma, thusare morelikely toinitiate
or increase alcohol or prescription and illicit drug use [14]. It
is predicted that there will be as many as 75,000 more
preventable deaths from alcohol and other substance use, and
suicide in the coming years due to isolation, mental health
concerns, and various other stressors related to the pandemic
[15,16].

Substance Use and Stigma

Stigmati zation of substance use and mental healthis perpetuated
by a number of different factors, including blame, stereotypes,
alack of knowledge around mental health and substance use
disorders, a lack of personal contact with people who have
experienced substance use, and negative media portrayals[17].
According to 2018 NSDUH data, nearly 15% of individuals
who indicated that they needed substance use treatment in the
past year, but did not receive it, reported that they avoided
seeking treatment because they “felt that getting treatment would
cause their neighbors or community to have a negative opinion
of them” [1]. Similarly, the Colorado Health Institute reported
that over 70% of respondents who needed but did not receive
substance usetreatment in 2019 indi cated that the main reasons
for not seeking help for substance use werethat they were afraid

JMIR Form Res 2021 | vol. 5 | iss. 4 [€27164 | p.206
(page number not for citation purposes)


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

JMIR FORMATIVE RESEARCH

someone would find out that they had a problem or that they
did not feel comfortable talking about personal issues[7].

An additional challenge in Colorado and other states with
legalized cannabis is understanding the cultural aspect of
recreational drug use in the United States, as it can impact
stigma regarding help seeking for those with a more serious
disorder. It can also lead to misunderstandings regarding the
health-related risks of recreational drug use. Similarly,
normalization and general acceptability of alcohol use across
the United States combined with its place in social and
celebratory environments may lead to risky and excessive
alcohol use that is not properly addressed in many health care
settings. Stigmati zation and normalization of certain substances
can negatively impact opportunities for conversations around
substance use and may stop people from seeking treatment.

The One Degree Simulation

Background

The One Degree: Shift the Influence is a Colorado public
awareness campaign consisting of virtual human role play
simulations in which individuas can practice having
conversations with loved ones about substance use. The main
goals of the public awareness campaign are to decrease stigma
around substance use and to inspire othersto seek help as needed
through meaningful and effective conversation. The simulation
was devel oped by Kognito in collaboration with Peer Assistance
Services, Inc and with input from nationally recognized subject
matter experts in the fields of mental health, nursing, public
health, social work, and health education. Peer Assistance
Services is a Colorado-based nonprofit agency, leading with
prevention and intervention for substance use and mental health
concerns.

Albright et al

The One Degree: Shift the Influence simulation is built around
a series of mini conversations where users interact with
intelligent, fully animated, and emotionally responsive virtual
humans experiencing the negative effects of alcohol or cannabis
use. Possessing their own personalities and memories, these
virtual humans adapt their verbal and nonverbal responses to
the conversation tactics or dialogue options that participants
select throughout the role play. The dialogue options represent
avariety of effective, neutral, and ineffective tacticsin managing
a conversation and are controlled by a set of mathematical
behavioral models and algorithms specifically designed to
simulate real interactions. These algorithms permit the learner
to continually experience the consequences of their dialogue
selectionswithin therole play to devel op skills and knowledge.
In some cases, a tactic that is ineffective at one point in the
conversation may be effective el sewhere. Once |earners choose
a dialogue option, they see their virtual human perform the
dialogue and then observe the response of the virtual human.
A new set of dialogue options then appears based on which
tactic was sel ected (an exampl e of which can been seenin Figure
1). If the participant selects choices that include being critical,
judgmental, or labeling, the virtual human will react negatively
to the tactic, thus providing immediate feedback to the learner.
Throughout the simulation, participants are able to occasionally
view the virtual human'’s private thoughts, which are designed
to provide the learner with greater insight and understanding,
thus fostering empathic communication skills. In addition, a
virtual coach occasionally provides positive feedback for
selecting effective dialogue tactics and corrective feedback for
selecting ineffective ones. The role play is complete once the
participant successfully uses evidence-based conversation tactics
such as motivational interviewing (MI) that build the virtual
human'’s trust, resulting in opportunities to discuss substance
use concernsin a helpful way.

Figure 1. Example of dialogue options to build rapport between characters Phil and Donna.

What happened with the car
accident?

Where do things stand with the

GET INFO divorce right now?

2

How are the kids handling the
divorce?
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Simulation Platform and Efficacy Research

The simulation is based on adigital conversation platform that
includes an innovative group of development, delivery, an
application programming interface, data collection, and analytic
technologies that integrate evidence-based communication
strategies that include elements of mindfulness, emotional
regulation, empathy, adult learning theory, and the four core
Ml skills. These MI skills include (1) asking open-ended
questions, (2) providing affirmation, (3) reflective or active
listening (listening closely and periodically confirming
comprehension), and (4) summarizing what was said. MlI,
originaly developed by Miller [18,19] to address problem
drinking, has been shown in numerous meta-analytic studiesto
be an effective modality for bringing about behavioral change
in various clinical contexts [20-28]. Traditionally, M1 is most
effective when preceded by a “teachable moment ” [21]. In a
clinical setting, thismay be avisit to an emergency department
following an incident directly related to substance use or in a
primary care setting when a patient presents with concerns such
as worsened depression or anxiety, which can be directly
attributed to substance use. In the One Degree: Shift the
Influence simulations, conversations also follow teachable
moments, which provides an opportunity for the subject of
substance use to be approached naturally. With Donna, one of
the two character options, the teachable moment comes when
afriend of hers expresses concern to her cousin, Phil, about the
amount of alcohol that she has been drinking at recent happy
hours. For the conversation with Jordan, the other character
option, the teachable moment involves repeated occurrences of
Jordan coming in late to work or missing shifts entirely due to
excessive partying the night before.

Numerous studies have examined the efficacy of using virtual
human role play simulations, similar to that of One Degree:
Shift the Influence, to teach M1 skills. These studies have found
that virtual role play practices can provide an efficacious means
of delivering screening and brief intervention training for health
care providers[29-34], and have proven to successfully change
attitudinal constructsand behaviorsin K12 and higher education
settings related to identifying; talking to; and, if necessary,
referring studentsin psychological distress. [29,35-39]. Virtual
role play simulationsthat integrated M| techniqueswere equally
effective across multiple races and ethnicities including people
who were Black, Hispanic, Latinx, White, Asian, and American
Indian or Alaska Native [40,41].

Advantages of Role Play Simulations

The success of virtual role playsin having a positive impact on
attitudinal constructs that predict behavior such as increasing
learner preparedness and self-efficacy is partly dueto the ability
to create realistic and contextually appropriate role playsin an
environment that is risk-free and confidential. The virtual
learning promotes skill building at one's own pace without
concern for making mistakes in a public forum, such as live
instructor driven role playswith other learners present. Learners
are not at the center of attention, which helps to avoid social
evaluative threat and anxiety; thus, they are less likely to feel
judged or embarrassed and more likely to be themselves and
reveal information [42,43].

https://formative.jmir.org/2021/4/e27164
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Finally, due to the algorithms specifically designed to simulate
real interactions, trainer bias and possiblefatigueis eliminated,
and content can be presented with high fidelity, optimizing the
learning experience [29]. This means that the virtual humans
will consistently respond verbally and nonverbally in the most
efficaciousway to promote skill development and drive behavior
change.

Simulation Story Lines Overview

The story lines developed for the simulation were the result of
an iterative process between subject matter experts, instructional
designers, and Peer Assistance Servicesof Colorado. Thecriteria
established was that they would have to appeal to the broadest
group of people; be afamily member, friend, or coworker; and
vary in ages.

The first role play conversation is with Donna, a single mom
who is going through a difficult divorce. She has always been
outgoing, extroverted, and successful at work, but lately, she
has been drinking more to cope with the stress. Now, Donnaiis
having two or three drinks each night, even on nights when she
is not with her friends. She has aso started relying on alcohol
to help her get to sleep. Donna’sfriends and family have noticed
that she has been acting differently than her usual sdlf. In the
simulation, the learner plays the role of Phil, arelative who is
concerned about Donna's increased drinking as a coping
mechanism for her stressful life. The learner will practice how
to bring up their concerns without upsetting Donna and help
her brainstorm alternative ways to cope with stress. The goal
when creating Donnawasto characterize unhealthy alcohol use
that was not at the level of alcohol use disorder and to
demonstrate how a person may turn to alcohol to cope with
everyday stressors. Donna represents a middle-aged woman
facing a significant common life stressor, divorce, while also
balancing the challenges of parenting and supporting her
children. Donna's story presents an opportunity to highlight
parenting and role-modeling appropriate adult use of alcohol
use as apossible motivating factor for a person to change al cohol
use. Coping with stress and symptoms of depression are
common reasons that lead people to drink too much and often
the person isunaware that, over time, alcohol can actually make
stress and depression worse. Insomnia is also a common
complaint, and alcohol playsan important rolein the quality of
sleep a person is getting. Lack of sleep or poor quality sleep
can make stress and depression worse because healthy sleep is
so critica for overall emotional well-being. Both of these
common health concerns are demonstrated in Donna’s story.
Her story allows individuals who do not have a background in
health care to understand some of the most common reasons
that people may begin using substances and speaks to some
common health outcomes of excessive use.

The second conversation iswith Jordan, ayoung adult who has
been thinking about going to college. He's been saving money
by working in restaurants while living with his parents. Jordan
used to enjoy being outdoors and camping on the weekends,
but recently, he has been spending most of histime and savings
on partying with his friends, smoking cannabis, and drinking.
He is routinely intoxicated, and it has been affecting his work
performance and relationships, including with his boss. In this
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simulation, the learner will play the role of Phil, a coworker
who is concerned about Jordan. The learner will practice how
to bring up their concerns without upsetting Jordan and
brainstorm ways to balance his partying with hisgoal of saving
money and going to college. The primary goal with this
character was to characterize how cannabis use can affect
aspects of life other than health, especially because sometimes
health issues take longer to develop. Young adult males are
more likely to use cannabis frequently. In addition, especially
since the legalization of cannabis in Colorado, its use has
continued to increase among adults at the same time that the
public’'s perception of harm is decreasing. Because of this,
recreational cannabisuse may be acommon concern seen among
friends and family members of individual susing thissimulation.
Jordan is ayoung adult using cannabis in ways that may seem
ordinary and unlikely to cause major problems but that can
actually begin to interfere with his motivation and capacity to
reach his goals of saving money and returning to school.
Cannabis and alcohol use can become financially costly, and
some people choose to change cannabis, alcohol, or tobacco
use to use the money for other things that matter to them. The
effects of cannabis on motivation and ability to reach personal
goals can be fairly subtle and unrecognized by the individual,
and acompassionate friend can sometimes hel p a person identify
that thisis happening, and the person will make achange before
the pattern of use becomes far more difficult to change.

In both scenarios, the role play begins with a didactic
introduction from Phil. Given that these role play scenarios are
directed at the public rather than at behavioral health
professionals, he provides some tips to be mindful of while
completing the simulations. He explains the character's
background and then provides an overview of the order that the
conversation should be approached: bring up concerns without
upsetting the other person, discuss the other person’s stressors
or goals, and help the other person problem solve if they are
open to it. Phil also cautions that how well this conversation
goeswill depend on how the other person isfeeling but explains
that there are strategies that can be used to improve the odds
that this will go well, which will be learned and practiced
through this simulation. This gives the individual that is
interacting with the simulation realistic expectations and an
understanding that not all conversations will go as planned.
Although not explicitly described as motivational interviewing,
the final tips that Phil gives are clearly rooted in the principals
of MI: stick to the facts, show you understand, and ask
questions.

Throughout the simulations, if the learner selects conversation
tactics that cause the virtual human to feel judged, offended, or
otherwise have a negative emotional reaction, the learner will
be prompted to undo their last action. The learner is then
required to pick a different tactic based on the coach’s
recommendation. The purpose of the coach is to provide a
baseline understanding of how to use MI techniques to dlicit
behavior change; therefore, coaching suggestions are rooted in
best practices for MI. The coach does not introduce any
additional information related to risk factors or facts about
substance use. However, if the learner seeks information or
guidance on additional topicsrelated to substance use, they can
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easily locate that information at the end of the simulation. Upon
completion, participants view a dashboard that provides an
overview of their performance, including feedback on how well
they met different goals throughout the conversation. This
dashboard also links back to the Shift the Influence website,
which houses a number of resources such as fact sheets, crisis
lines, treatment locators, and other statewide public awareness
campaigns.

Objective of This Study

The aim of this study is to examine the impact of the One
Degree: Shift the Influence simulation on participant ability to
engage in and effectively manage conversationswith individuals
they have concerns about due to their substance use. We
hypothesize that the simulation will increase participant
preparedness, likelihood or behavioral intent, and self-efficacy
to initiate a conversation, avoid upsetting someone when
bringing up concerns, focus on observable facts, and problem
solve. An additional aim isto observe changesin both personal
and public stigma regarding substance use as a result of using
this app. By addressing these key areas, we aim to provide
preliminary evidence that community members can play an
active role in ameliorating a major public health problem by
learning from this new and innovative teaching tool, and
normalizing having conversations about substance use in their
daily life.

Methods

Recruitment

A total of 80 participantswererecruited for this mixed methods
pilot study by responding to an ad in regional press publications
covering four counties in the state where Colorado’s One
Degree: Shift the Influence campaign focused their marketing
efforts. The ad stipulated that we were seeking people to
participate in a study to evaluate the effectiveness of a
game-based virtual human (avatar) role play simulation that
teachesindividual s how to manage a conversation with someone
that they are concerned about regarding their alcohol or other
substance use. Participants were informed by email that they
would need to take a short presurvey (baseline), then complete
a 30-minute online role play simulation, followed by an
immediate postsurvey and a 6-week follow-up survey.
Participants received a US $30 gift card upon completing the
simulation with the associated pre- and postsurveys, and a US
$20 gift card after completing the follow-up survey. The entire
study required approximately 45-60 honconsecutive minutes.

To qualify, participants must have been 18 years or older and
had access to a computer with audio and internet capabilities.
Upon agreeing to participate, participants received alink to the
study that led them to the informed consent page and the Survey
Monkey hosted presurvey. After completing the presurvey, they
selected and completed one of two role play simulations
followed by a postsimulation survey. They were emailed a
follow-up survey 6 weeks later. The Baruch College Human
Research Protection Program/Institutional Review Board and
Peer Assistance Services, Inc, a Colorado-based nonprofit
agency, determined that no ethics approval was required for
this study.
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Statistical Analysis

Quantitative Measures

Kirkpatrick’s [44,45] training evaluation model was used in
assessing the impact of the One Degree: Shift the Influence
simulation. Thismodel evaluatesfour levels. reaction, learning,
behavior, and results. Level one, reaction, is the level of user
satisfaction with thetraining. Level two, learning, isthe impact
on attitudes, knowledge, or skills. Leve three, behavior,
represents the change in behavior. Level four, results, are final
outcomes such as overall long-term benefits that could include
ashift in culture or return on investment. The fourth level was
not assessed for it was not within the scope of this study.

Level one assessment questions were asked in the postsurvey
immediately after participants completed the simulation. They
included:

«  Overdl, how would you rate the course (five-point Likert
scale from “very poor,” 1, to “excellent,” 5)?

« Would you recommend this simulation to a friend or
colleague (“yes’ or “no”)?

« Isthesimulation based on scenariosthat are relevant to you
(“yes’ or “no")?

Level two survey questions were asked in the pre-, post- and
follow-up surveys and included ten items that assessed three
attitudinal constructsincluding participant (1) preparedness, (2)
likelihood (or behaviora intent), and (3) self-efficacy.
Specifically, these items were drawn from the validated
Gatekeeper Behavior Scale [46] and modified for the purpose
of this study. This was accomplished by drawing from social
cognitive theory [47], Bandura's [48] integrative framework of
personal efficacy to assess preparedness and sel f-efficacy, and
the theory of reasoned action [49,50] to assess behavioral
intention or likelihood. All three theories act as a direct
precedent of behavior; thus, the three attitudinal construct
measures include:

1. Preparedness to engage in helping behaviors related to
substance use was measured with four items, which were
averaged to create acomposite score (Cronbach alpha .82).
Responses were set on afive-point Likert scale that ranged
from (1) “very low” to (5) “very high.” The common stem
for al items was “Please rate your preparednessto” start a
conversation about substance use with someone you are
concerned about, avoid upsetting someone while bringing
up concerns about their substance use, focus on observable
factswhile bringing up concerns about their substance use,
and problem solve with someone to help them address
their substance use.

2. Likelihood was measured with two items, which were
averaged to create acomposite score (Cronbach alpha.72).
Responses were set on a five-point Likert scale from (1)
“very unlikely” to (5) “very likely.” The common stem for
all itemswas “How likely are you to” start a conversation
about substance use with someone you are concerned about
and problem solve with someoneto help them addresstheir
substance use.

3. Sdf-efficacy was measured with four items, which were
averaged to create acomposite score (Cronbach alpha .83).
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Albright et a

Responses were set on a five-point Likert scale from (1)
“strongly disagree’ to (5) “strongly agree” The common
stemfor al itemswas " Please indicate how much you agree
or disagree with thefollowing statements’: “| feel confident
in my ability to” start a conversation about substance use
with someone you are concerned about, avoid upsetting
someone while bringing up concerns about their substance
use, focus on observable facts while bringing up concerns
about their substance use, and problem solve with someone
to help them address their substance use.

Level two survey questions also included measures of social
and subjective norms, which are components of the theory of
planned behavior and are correlated with helping and
hel p-seeking behaviors [50]. For example, one’s public stigma
regarding whether most people approve or disapprove of a
behavior influences their decisions to engage in behaviors
becauseit reflects on how aligned those behaviors are with their
sense of self and with the community. Personal and public
stigmawere comprised of two items, for which Cronbach alpha
was not calculated as each stigma item was assessed separately
(eg, public vs private or personal stigma). Responses were set
on afive-point Likert scale from (1) “strongly disagree” to (5)
“strongly agree” The common stem for all items was “Please
indicate how much you agree/disagree with the following
statements”:

«  Most people think less of a person who has been in
treatment for substance use (public stigma).

« | think less of a person who has been in treatment for
substance use (personal stigma).

Level three survey questions were asked in the pre- and
follow-up surveys. Self-reported behavioral measuresincluded
“inthe past 6 weeks, approximately how many times have you:
started a conversation about substance use with someone you
are concerned about? Problem solved with someone to help
them address their substance use? Consulted with a health
professional about substance use?’

The quantitative statistical analysis includes descriptive data
for level one, a repeated measures analysis of variance
(ANOVA) for level two asthere were three measurement points
to compare (pre, post, and follow-up), and apaired samplet test
for level three as there were only two comparison points (pre
to follow up). All analyses were conducted using SPSS version
26 (IBM Corp). For the repeated measures ANOVA, separate
analyses were run for each of the outcome variables (ie, each
preparedness item, composite preparedness, each likelihood
item, composite likelihood, each self-efficacy item, composite
self-efficacy, and both stigmaitems). In caseswherethe overall
F value was significant, post hoc tests were conducted with a
Bonferroni adjustment to correct for type | error. The paired
samples t tests were also conducted separately for each of the
three behavioral variables.

Qualitative Measures
Qualitative measures were asked in the post and follow-up
survey and included:

Now that you have completed the simulation, please
describe a situation that you would have managed
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differently. What happened and what would you have done
differently? Please do not include any names of people
(asked immediately after training in postsurvey).

«  Now that you have completed the simulation, can you recall
a situation where you used the skills learned in the
simul ation? Please describe what happened and be sure not
toinclude any names of people (asked at follow-up survey).

The qualitative analysisinvolved coding for reoccurring themes
using ajoint inductive-deductive coding process (see Shockley
et al [51] for asimilar example). Thisinvolved two independent
coderswhere thefirst coder read through the various questions
and identified common themes; the second coder did the same,
adding and refining categories where applicable; once a final
coding template was established, both coders independently
coded the responsesinto the full set of thematic categories; the
head coder reviewed the coding for agreement and resolved any
discrepancies through discussion with the other coder; the head
coder organized the thematic categoriesinto higher order themes
asreported in alater section; and the head coder chose quotes
that best represented each theme for further illustration. For all
content categories, only those with at least 2 statements fitting
into that category were reported. Percentages do not add to
100% because a single statement could fit into multiple

Table 1. Participant demographics (N=80).

Albright et a

categories. Statements have been copied verbatim (typos were
not corrected).

Results

Descriptive Statistics

There were 80 participants recruited for this study whose
average age was 31.01 (SD 10.66) years, with 50% (n=40)
female, 45% (n=36) male, 1.3% (n=1) gender nonconforming,
and 3.8% (n=3) preferring not to answer. Race/ethnicity and
employment status can be seenin Table 1.

After completing the first part of the study (presurvey, the
simulation, and the postsurvey), 28 participants dropped out. A
chi-sguare compared the differences between those participants
who completed the entire study (N=80) to those who did not
complete the follow-up survey (n=28). Participants who
completed all three survey time points had asignificantly higher
presurvey score for preparedness (P=.01) and self-efficacy
(P=.02) compared to those who did not complete the follow-up
survey. Therewere no other significant differencesin dependent
variablesincluding attitudinal measures, age, gender, ethnicity,
simulation rating, and satisfaction measures.

Demographics Participants
Age (years), mean (SD) 31.01 (10.66)
Gender, n (%)
Female 40 (50)
Male 36 (45)
Gender nonconforming or other gender identity 1(1.3)
Prefer not to answer 3(3.8)
Race or ethnicity, n (%)
White 55 (68.8)
Black or African American 5(6.3)
Hispanic or Latinx 11 (13.8)
American Indian/Alaska Native 1(1.3)
Asian 5(6.3)
Native Hawaiian/Other Pacific Islander 2(25)
Prefer not to answer 7(8.8)
Employment status, n (%)
Full time 41 (51.3)
Part time 16 (20)
Not working 17 (21.3)
Prefer not to answer 6 (7.5)

Quantitative Measures

Level one satisfaction findings showed that 100% of all 80
participants rated the simulation either excellent (n=24, 30%),
very good (n=41, 51%), or good (n=15, 19%). Additionally,
95% (n=76) stated they would recommend the simulation to a
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friend, and 84% (n=67) reported that the simulation was based
on scenarios that were relevant to them.

Table 2 shows descriptive statisticsfor individual and composite
scores across all three survey time points and shows the results
of the repeated measures ANOVA analysis, post hoc tests, and
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effect size information (partial eta?). Similar tables are shown
for thelikelihood (Table 3) and self-efficacy (Table 4) attitudinal
constructs. Theresults show that preparedness and sel f-efficacy
composite attitudinal measures significantly increased fromthe
presurvey to the follow-up survey after post hoc adjustment.

Albright et a

The likelihood construct did not maintain its significance after

the post hoc correction.

The stigma findings show a slight nonsignificant decrease in
both private and public stigma (see Table 5).

Table 2. Preparedness descriptive statistics and repeated measures ANOVA resullts.

Preparedness® Response, mean Repeated  Pval-  Post hoc tests, mean differ- P value Partial
(SD)b measures  ue ence aafor E
ANOVAS,
F value
Preto Preto Postto Preto Preto Post to fol-
post follow- follow- post follow-  low-up
up up up

Start a conversation about substance usewith 16.09 <001 037 064 0.27 .005 <.001 .04 0.24
someone you ar e concer ned about

Pre 3.40 (1.05)

Post 3.77 (0.81)

Follow-up 4.04 (0.74)
Avoid upsetting someone while bringing up 13.46 <001 043 0.69 0.27 .02 .001 .09 0.21
concerns about their substance use

Pre 3.17 (094)

Post 3.60 (0.89)

Follow-up 3.87 (0.74)
Focus on observable factswhilebringingup  5.62 005 027 044 0.17 .23 .006 .39 0.10
concerns about their substance use

Pre 3.62 (0.95)

Post 3.88(0.83)

Follow-up 4.06 (0.70)
Problem solve with someoneto help them ad-  9.33 <.001 046 058 0.12 .008 .004 .78 0.16
dresstheir substance use

Pre 3.52 (1.04)

Post 3.98 (0.70)

Follow-up 4.10(0.82)
Composite preparedness 17.71 <001 038 059 021 .004 <.001 .03 0.26

Pre 3.42 (0.85)

Post 3.81 (0.69)

Follow-up 4.01 (0.58)

8Each item begins with “How would you rate your preparedness to...”

bn=52 for al time points. All preparedness items are the same across all survey time points.

CANOVA: analysis of variance.
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Table 3. Likelihood descriptive statistics and repeated measures ANOVA results.

Likdihood?® Response, mean  Repeated  Pval-  Post hoc tests, mean difference P value Partial
(SD)° measures e eta’ for F
ANOVAS,
Fvalue
Preto Preto Post to fol- Preto Preto Post to
post follow-  low-up post follow-  follow-up
up up

Start a conver sation about substanceusewith  4.55 .01 027 033 0.06 .05 .06 >.99 0.10
someone you ar e concer ned about?

Pre 3.73(0.97)

Post 4.00 (0.72)

Follow-up 4.06 (0.64)
Problem solve with someoneto help them 1.03 .36 nAd  N/A N/A N/A N/A N/A 0.02
addresstheir substance use?

Pre 4.12 (0.65)

Post 4.15(0.57)

Follow-up 4.25 (0.59)
Composite likelihood 3.15 047 015 0.23 0.08 25 14 97 0.06

Pre 3.92(0.73)

Post 4.07 (0.55)

Follow-up 4.15 (0.54)

8Each item begins with “How likely areyou to..”

bn=52 for all time points. All likelihood items are the same across all survey time points.
CANOVA: analysis of variance.

IN/A: not applicable.
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Table 4. Self-efficacy descriptive statistics and repeated measures ANOVA resullts.

Self-efficacy? Response,  Repeat- Pvalue  Post hoc tests, mean differ- P value Partial eta?

means(SD)°  €d mea- ence for F
sures

ANO-
VAS, F
value

Preto Preto Postto Preto Preto Post to
post follow-  follow- post follow-  follow-
up up up up
Start a conver sation about substance usewith  11.23 <.001 0.54 0.50 0.04 <.001 .007 >.99 0.18
someone you ar e concer ned about

Pre 3.52 (1.09)

Post 4.06 (0.57)

Follow-up 4.02 (0.75)
Avoid upsetting someone while bringing up 8.46 <.001 0.46 0.54 0.08 .01 .005 >99 0.14
concerns about their substance use

Pre 3.29(0.98)

Post 3.75(0.76)

Follow-up 3.83(0.76)
Focuson observable factswhilebringingup ~ 1.87 .16 nad  N/A N/A N/A N/A N/A 0.035
concerns about their substance use

Pre 3.92 (0.79)

Post 4.15 (0.61)

Follow-up 4.08 (0.74)
Problem solve with someoneto help them ad- 3.97 .02 0.23 0.33 0.10 .23 .07 a7 0.072
dresstheir substance use

Pre 3.92 (0.86)

Post 4.15 (0.64)

Follow-up 4.25 (0.65)
Composite self-efficacy 9.28 <.001 0.37 0.38 0.01 .002 .01 >.99 0.15

Pre 3.66 (0.78)

Post 4.03(0.78)

Follow-up 4,04 (0.61)

8Each item begins with “| feel confident in my ability to...”

bn=52 for all time points. All self-efficacy items are the same across all survey time points.
CANOVA: analysis of variance.

IN/A: not applicable.
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Table 5. Stigma descriptive statistics and repeated measures ANOVA results.

Stigma Responses, mean (SD)2 Repeated measures P value Post hoc tests, mean Partial eta? for F
ANOVAP, Fvalue difference
Most people think less of a person who hasbeen in 0.22 .80 N/AC 0.004
treatment for substance use
Pre 3.58 (1.00)
Post 3.56 (0.90)
Follow-up 3.84 (1.08)
I think less of a person who has been in treatment for 0.03 .96 N/A 0.001

substance use

Pre 1.98 (0.98)
Post 1.94 (0.98)
Follow-up 1.96 (1.12)

8n=52 for all time points.
BANOVA: analysis of variance.
°N/A: not applicable.

Level 3 self-reported behavior results (see Table 6) show no
significant change from the presurvey to the follow-up survey
in the number of participants that started a conversation with
someone they were concerned about regarding their substance
use, problem solved with someone to help them address their

substance use, and consulted with a health professional about
substance use. The lack of significant change led us to
examining the responses of the two open-ended questions
originaly designed to help participants accommodate skill
acquisition into the learning experience.

Table 6. Self-reported behavior descriptive statistics and repeated measurest test results.

Behavior Pre, mean (SD) Follow-up, mean (SD) Paired samplet test (df) P value
Started a conversation about 1.46 (2.49) 0.88 (1.94) 1.47 (51) A5
substance use with someone

you are concerned about

Problem solved with someone  1.37 (2.47) 0.98 (1.92) 1.02 (51) 31

to help them address their sub-

stance use

Consulted with ahealth profes-  0.92 (2.57) 0.50 (1.38) 1.18 (51) .24

sional about substance use

Qualitative Measures

The open-ended question included in the postsurvey was, “ Now
that you have completed the simulation, please describe a
situation that you would have managed differently. What
happened and what would you have done differently?” Answers
weredividedinto two partsthat included (1) describe asituation
and what happened, and (2) how would you have managed it
differently?

https://formative.jmir.org/2021/4/e27164

The open-ended question included in the 6-week follow-up
survey was, “Now that you have completed the simulation, can
you recall a situation where you used the skills learned in the
simulation?’ Thematic categories and exemplary statements
for the postsurvey and 6-week follow-up survey responses can
befound in Tables 7-9. Thethemesand their relative frequencies
that emerged from the coding process previously described are
listed in Multimedia Appendix 1.
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Table 7. Postsurvey responses for describing a situation and what happened (N=80).

Thematic categories Exemplary statements Sample size® n (%)

Presimulation conver sation tactics

Approached person in a condescending or attacking manner  “I have tried to approach one of my friend's about their 13 (16.3)
mental health before and | came off too strong and she
got offended. Now | feel like | know how to sound more
like I'm listening and not make her angry.”

Choose not to address the person’s substance use “My roommate in college was beginning to use alcohol 5 (6.3)
as acrutch. Rather than addressit, | just let it happen.
That personisfinetoday, but | feel | could haveimproved
their lived experience if | had started a conversation. As
the simulation shows, it doesn't take much to start some-
one thinking about their behavior.”

Too scared/unsure how to initiate conversation “The hardest thing isto initiate the conversation. I'mnot 3 (3.8)
sure |, someone who is conflict averse, will be ableto...”
No example
Do not have an example “1 have never beenin asituation likethat, but it definitely 9 (11.3)
gave me sometools| can useif | need to have asimilar
conversation in the future.”
Other
Other N/ADP 10 (12.5)

@Not all respondents (N=80) clearly answered both parts, hence the smaller number of responses.
BN/A: not applicable.
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Table 8. Postsurvey responses for describing a situation that you would have managed differently (N=80).

Albright et a

Thematic categories and subcategories

Exemplary statements

Sample size?, n (%)

General mention of skills

General mention of using the strategies|earned
to initiate and guide the conversation in apro-
ductive direction

Provided general support

Initiated a conversation about substance use

Offering empathy

Provided support

Offered sympathy

Conver sational tactics

Focus more on problem solving

Offer less advice/opinion

Asked more questions

Approached the person without accusing them

Discussed consequences of substance use

Discussed cause of the substance use

Self-reflection

Would have managed my own substance use
differently

Other
Other

“When confronting a niece about her substance abuse the conversation
took awrong turn and became adversaria so this simulations showed how
to approach that differently.”

“1 would have told my friend to stop drinking so much when he was un-
derage. He could've been saved from a underage drinking ticket.”

“1 had a conversation about drug abuse with afamily member recently,
but instead of empathizing with him, i just attacked him for how his
choices were affecting the rest of the family. If | could go back, I'd defi-
nitely try to empathize alot more”

“1 would have approached addicts with more of an understanding and
hopeful attitude, rather than with pity and reprimand”

“1 would have approached addicts with more of an understanding and
hopeful attitude, rather than with pity and reprimand”

“1 would have focused more on the problem solving part. | think | tend to
go into therapist mode and want to talk allllllll about whats causing it and
totally skip over the “now what to we do” until thereisn't alot off time,
or itslate or whatever. So then the problem solving is a second thought.
i would also have eased into it alittle more. | confronted someone about
it rather bruskly and i think it just started the whole ordeal off wrong...”

“1 will definitely be more empathetic with active listening and avoid
reaching conclusions and solutions and advice for the situation. It's better
to be the guider of conversation to the solution.”

“i would empathize more with my friend instead of giving her advice that
pushed her away, and | would ask her questions to help her figure it out
by herself.”

“1 myself am arecovering alcohalic. | talk to people all the time about my
addiction and frequently have conversationswith other people about theirs.
| thought it was awesome that even though |'ve been sober for 9 years, |
still learned something from this simulation - if you jump in with accusa-
tions (even if they are based on fact or observation) the other party may
get defensive and close up.”

“approaching the individual without drinking the issues at hand. maybe
have the environment different, morein ahis comfort zone. Making more
of apoint of the issues at hand and making it very clear that thereisa
problem and the consequences at hand. Knowing what words to say and
how to approach the individual .”

“1 would have brought up my health concerns for my roommate who re-
cently had picked up smoking as well asfiguring out what could possibly
bethetrigger (stress). Then problem-solving some other waysto deal with
itif she agreed it was a problem.”

“1've struggled with addiction problems myself, so looking back, realizing
how young | started using would've changed, being aware of my family
history, and realizing there was a deeper reason for why | felt the need to
ater my state of mind.”

N/AP

15 (18.8)

12 (15)

9(11.3)

3(3.8)

3(3.8)

9(11.3)

8 (10)

4(5)

4(5)

3(3.8)

2(2.5)

3(3.8)

6 (7.5)

3ot all respondents (N=80) clearly answered both parts, hence the smaller number of responses.

BNI/A: not applicable.
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Table 9. Six-week follow-up survey responses for recalling a situation where you used the skills learned in the simulation and what happened (n=57).

Thematic categories and subcategories Exemplary statements Sample size® n
(%)

Did not use skills yet

Have not used skills from the simulation yet “I have not used the skillsin the simulation yet, but | do be- 23 (40.4)
lieve they would be useful if | needed to talk to someone about
substance abuse.”
Mentioned using the simulation but did not give specificsof  “1 work in HR and while | don’t address substance use 7(12.3)
how or the situation specifically, | often mediate and this skills have been useful

in helping people find solutions that work for them.”
General support

Initiated a conversation about substance use “| felt alittle more confident in my skillsto do thiswith a 10 (17.5)
friend | know who has been struggling. After doing the simu-
lation, | had someideas about how to subtly bring it up without
sounding like | was accusing them of anything. I'm not sure
if it will result in anything positive but | think our talk helped
at least alittle”

Provided alistening ear and support “An old friend from high school struggled with drug addiction 5 (8.8)
throughout his early college years. It was always swept under
the rug until he broke and finally entered rehab and began
exercising addiction programs. We talk regularly and always
talk about our substance use, we confront each other when we
know were on a slippery slope, and have an open dialogue
about substance use without judgement.”

Acted in nonjudgmental way

Adopted a nonjudgmental lens when having a conversation “| was talking about cannabis use with afriend, and | used 3(5.3)
what | learned in the simulation. | tried to stay factual with
my approach and help problem solve and get into a healthier
state. | was non judge-mental and was encouraging and shared
my own success with them.”

Approached the person without accusing them “I felt alittle more confident in my skillsto do thiswith a 2(3.5)
friend | know who has been struggling. After doing the simu-
lation, | had someideas about how to subtly bring it up without
sounding like | was accusing them of anything. I'm not sure
if it will result in anything positive but | think our talk helped
at least alittle”

General conversational tactics

Mentioned facts related to substance use “| talked to a ex friend who's son killed someone because his 3 (5.3)
was drunk driving. Thekid is 17 yearsold. | explained that
therewere plenty of signsthat he had aproblem. Plushisliving
situation did not help..dad has a drinking problem and was
addicted to pills. Dad's girlfriend is an addict and dealer. |
tried to explain how hishomelife had an effect on hisactions”

Discussed consequences of substance use “1 spoke to afriend about their drinking habits. Broughtitup 2 (3.5)
asaquestion, talking about how expensive alcohol isand how
| could save alot of money if | stopped, and about the health
benefits of drinking less. | then went on to ask my friend what
he thought”

Told person to slowdown “My old roommate drank too much and didn't spend timewith 2 (3.5)
us, so we told him he should think of slowing down.”

Instrumental or specific conver sational tactics

Talked to person about getting professional help “My sister was high on drugs and | talked her into goingto 4 (7.0)
rehab”

Offered options or ways to help solve the substance use “Recently | went to aconcert and my friendsweredoinginap- 3 (5.3)

problem propriate drugs. | calmly turned down the offers to partake

and used problem solving skillslearned in the situation to get
my friends to chill out”
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Thematic categories and subcategories Exemplary statements Samplesize® n
(%)
Helped person get out of the bad situation that wasfueling  “I talked with a friend about his drinking and helped himto 2 (3.5)
substance use decide to end his relationship with the person enabling him
and to move on.”

Behavioral tactics

Convinced someone to stop/plan to stop substance use “1 approached my girlfriend about cocaine usage and we 4(7.0)

agreed upon tapering, quitting, and generd therapy. | ascareful
not to beirritating and | feel the varying convos were success-

ful”

ot all respondents (n=57) clearly answered both parts, hence the smaller number of responses.

Discussion

Principal Results

Findings show that participants highly rated the simulation,
would recommend it to others, and felt that it was based on
relevant scenarios. Participants also reported significant
increasesin their preparedness and self-efficacy from baseline
to follow-up to start a conversation with someone they were
concerned about regarding their substance use, avoid upsetting
someone while bringing up concerns, focus on observablefacts,
and problem solve. The results showed a significant overall
effect for composite preparedness, likelihood, and self-efficacy.
For preparedness, post hoc tests revealed that there was a
significant increase in preparedness across al time points (ie,
follow up was significantly higher than post and pre, and the
post was significantly higher than the pre). For likelihood,
although the overall F statistic was significant, there were no
individual significant differences between time points due to
the adjustment in type | error with the Bonferroni correction.
However, the trend was such that the scoresincreased over time.
With self-efficacy, there was also an increase in means over
time, but the post and follow-up means were not significantly
different than each other, although both were significantly higher
than the pretest means.

There were no significant changes in self-reported behaviors
regarding starting conversations about substance use with others,
problem solving with someone to address their substance use,
or consulting with a health professional about substance use.
However, the qualitative data provided a more nuanced
perspective of the positive impact the simulation had on how
people would have applied the skills they learned if they could
redo past experiences and how they actually used what they
learned asadirect result of the simulation. Perhaps self-reported
behaviorswereinfluenced by anumber of participantsrevealing
that they themselves were personally dealing with, or had dealt
with, substance useissues, which might haveincentivized them
to enrall in the study as opposed to being specifically concerned
about others. Another factor could be that the short 6 week
follow-up was not an adequate amount of time to capture
changes in behavior. Both of these factors, past exposure to
substance use and the short 6-week follow-up period, could
have also influenced the small changein persona and perceived
public stigma. Despite seeing a slight decrease in negative
personal and perceived public stigmatoward those experiencing

https://formative.jmir.org/2021/4/e27164

substance use struggles, there was no systematic differencein
these measures before and after participating in the simulation.

To extrapolate on the qualitative data, we hypothesize that we
would have observed higher use of strategies had we
implemented the pilot in amore targeted manner by identifying
and recruiting individuals that were specifically interested in
this content due to some personal or professional relevancy. In
theory, a study sample that expresses a particular need for this
type of intervention would lead to a higher number of
participants indicating that they used the skills learned in the
simulation. Thismore targeted recruitment would also influence
the behavioral results, likely increasing reports of identification,
approach, and referral. However, this pilot was conducted
without specifically targeting an at-risk group, and we did not
screen the participants for content relevancy to their current
personal or professional lives prior to recruitment, as this
initiative was a part of a general Colorado public health
campaign.

Thesetypesof virtual role play training simulations have shown
to be efficacious in training targeted popul ations such as health
care providers including social workers, educators, school
counseling professionals, and students in the health care field
[29-34]. Datafrom these studies show significant improvements
in attitudinal constructsrelated to interpersonal skillsacquisition
and behavioral changes. Thus, the results in this study, where
users were not identified as part of a population of people that
were concerned about or affected by family members, friends,
or colleagues take on added meaning for they still reported
significant changes in attitudes and positive qualitative
responses.

Limitations

There are several limitations of this pilot study; the first being
that it is not a randomized controlled trial (RCT). In addition,
participants self-selected into the study, which is a common
selection bias often found in similar studies. Another limitation
isthat changes in behaviors were self-reported; therefore, they
may not be an accurate indication of the number of
conversations participants engaged in about substance use, the
number of people they problem solved with, or the number of
times they consulted with a health professional. Future studies
should use an RCT design and be more rigorousin controlling
for possible confounders in participant selection. To confirm
this study’s findings and perhaps better observe changes in
stigmaand hel p-seeking behavior, future studies should recruit
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larger sample sizes and should follow up with participants
beyond the 6-week timeframe used in this pilot study.

Although this study provides a baseline understanding of the
ways in which the simulation may affect changes in
preparedness and confidence around initiating conversations
about substance use, the results are also limited by the fact that
many participants were not presented with opportunities to
practice their newly learned skills within the 6-week study
timeframe. A similar study with amore targeted audience may
have provided better insightsin to different aspects of behavior
change as aresult of the simulation. Future studies should use
alternative methods of recruitment targeted at individuals who
aremore likely to have conversations about substance use arise
in their daily life. For example, targeted outreach to support
groupsfor friends and family of individual swho use substances
may result in a sample that is more likely to initiate
conversations within a 6-week period. In addition, since this
study was carried out, Peer Assistance Services, Inc and Kognito
Solutions, LLC have developed athird simulation that centers
around discussions between adults and adolescents. This
simulation could be piloted with parents, coaches, teachers, or
other trusted adults who may be in a position to initiate
conversations about substance use with young people before it
even begins.

There is also one limitation to the One Degree: Shift the
Influence application itself that is worth noting. In real life
scenarios, not all individuals will be ready or willing to
participate in conversations about substance use if approached
by a peer, family member, or colleague. Although the virtual
humans do provide negative feedback throughout the role play
to express when they are unhappy with a chosen conversational
technique, these simulations do not address alternative
techniquesto useif the person approached about their substance
useisunwilling to participatein aconversation in thefirst place.
However, simply raising the topic of substance use with
someonewho is struggling with addi ction, regardless of whether
or not they are ready to have the conversation, does increase
the likelihood of future behavior change [52].

Conclusions

The preliminary results of this study indicate that, in general,
public awareness initiatives may benefit from integrating easy
to access, experiential, online virtual human role play
simulations. These ssimulations alow individuals to gain skills
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and confidence around initiating and managing conversations
about substance use by using evidence-based communication
strategies such as motivational interviewing. Walker et al [53]
points out that, in these critical times of COVID-19, Ml isan
ideal framework to address substance use. Even before this
crisis occurred, alcohol use was the third leading cause of
preventable death, and data has shown that the isolation and
anxiety around the COVID-19 pandemic haveincreased theuse
of alcohol and other substances. Normalizing discussions about
substance use is an important first step toward identifying and
mitigating risky use. Simulations like One Degree: Shift the
Influence provide a unique and engaging mode of education
aimed at improving individuals preparedness and confidence
to manage difficult conversations with people that they care
about, supplementing existing public awareness initiatives.

Peer Assistance Services, Inc and Kognito Solutions, LLC have
also developed online training geared toward health care
providers. These training simulations help providers build the
skills necessary to integrate an early intervention practice called
Screening, Brief Intervention and Referra to Treatment (SBIRT)
into their workflow. The brief intervention component of SBIRT
requires health care providers to initiate conversations about
substance use. Brief interventions are tailored to the patient’s
unique needs and concerns, and are rooted in MI techniques.
Concurrent efforts to increase and improve the quality of
conversations about substance use both in the home and within
primary care will lead to overall improvements in health
outcomes, reductions in stigma, and earlier referrals to
specialized treatment as needed across Colorado.

The results of this study hold promise that this type of new and
innovative learning experience can support public health
initiatives to cost-effectively reach large numbers of
geographically dispersed communities. Online role play
simulations can supplement existing substance use prevention
and early intervention work, enabling people to manage
conversations with others about substance use and motivating
them to decrease substance use and seek treatment as necessary.
The need for this type of outreach has been delineated in the
public health program literature [54,55] and by the Office of
the Surgeon General’s Report on Alcohol, Drugs, and Health
[56], which emphasized that the substance use care continuum
begins with enhancing health, primary prevention, and early
intervention.
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Abstract

Background: Although African Americans have the lowest rates of smoking onset and progression to daily smoking, they are
less likely to achieve long-term cessation. Interventions tailored to promote use of cessation resources in African American
individuals who smoke are needed. In our past work, we demonstrated the effectiveness of a technology-assisted peer-written
message intervention for increasing smoking cessation in non-Hispanic White smokers. In thisformative study, we have adapted
this intervention to be specific for African American smokers.

Objective: We aimed to report on the qualitative analysis of messages written by African American current and former smokers
for their peersin response to hypothetical scenarios of smokers facing cessation challenges.

Methods: We recruited African American adult current and former smokers (n=41) via ResearchMatch between April 2017
and November 2017. We asked participants to write motivational messages for their peers in response to smoking-related
hypothetical scenarios. We also collected data on sociodemographic factors and smoking characteristics. Thematic analysis was
conducted to identify cessation strategies suggested by the study participants.

Results: Among the study participants, 60% (25/41) were female. Additionally, more than half (23/41, 56%) were thinking
about quitting, 29% (12/41) had set aquit date, and 27% (11/41) had used electronic cigarettesin the past 30 days. Themes derived
from the qualitative analysis of peer-written messageswere (1) behavioral strategies, (2) seeking help, (3) improvementsin quality
of life, (4) attitudes and expectations, and (5) mindfulness/religious or spiritual practices. Under the behavioral strategies theme,
distraction strategies were the most frequently suggested strategies (referenced 84 times in the 318 messages), followed by use
of evidence-based treatments/cessation strategies. Within the seeking help theme, subthemes included seeking help or support
from family/friends or close social networks (referenced 56 times) and health care professionals (referenced 22 times). The most
frequent subthemes that emerged from improvements in the quality of life theme included improving one's health (re