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Abstract

Background: The Mental Health Quotient (MHQ) is an anonymous web-based assessment of mental health and well-being
that comprehensively covers symptoms across 10 magjor psychiatric disorders, aswell as positive elements of mental function. It
uses anovel life impact scale and provides a score to the individual that places them on a spectrum from Distressed to Thriving
along with apersonal report that offers self-care recommendations. Since April 2020, the MHQ has been freely deployed as part
of the Mental Health Million Project.

Objective: This paper demonstrates the reliability and validity of the MHQ, including the construct validity of the life impact
scale, sample and test-retest reliability of the assessment, and criterion validation of the MHQ with respect to clinical burden and
productivity loss.

Methods: Data were taken from the Mental Health Million open-access database (N=179,238) and included responses from
English-speaking adults (aged=18 years) from the United States, Canada, the United Kingdom, Ireland, Australia, New Zealand,
South Africa, Singapore, India, and Nigeriacollected during 2021. To assess samplereliability, random demographically matched
samples (each 11,033/179,238, 6.16%) were compared within the same 6-month period. Test-retest reliability was determined
using the subset of individuals who had taken the assessment twice =3 days apart (1907/179,238, 1.06%). To assess the construct
validity of thelifeimpact scale, additional questionswere asked about the frequency and severity of an example symptom (feelings
of sadness, distress, or hopelessness; 4247/179,238, 2.37%). To assess criterion validity, elements rated as having a highly
negative lifeimpact by arespondent (equival ent to experiencing the symptom =5 days aweek) were mapped to clinical diagnostic
criteriato calculate the clinical burden (174,618/179,238, 97.42%). In addition, MHQ scores were compared with the number of
workdays missed or with reduced productivity in the past month (7625/179,238, 4.25%).

Results: Distinct samples collected during the same period had indistinguishable MHQ distributions and MHQ scores were
correlated with r=0.84 between retakes within an 8- to 120-day period. Life impact ratings were correlated with frequency and

severity of symptoms, with a clear linear relationship (R>>0.99). Furthermore, the aggregate MHQ scores were systematically
related to both clinical burden and productivity. At one end of the scale, 89.08% (8986/10,087) of those in the Distressed category
mapped to one or more disorders and had an average productivity loss of 15.2 (SD 11.2; SEM [standard error of measurement]
0.5) days per month. In contrast, at the other end of the scale, 0% (1/24,365) of those in the Thriving category mapped to any of
the 10 disorders and had an average productivity loss of 1.3 (SD 3.6; SEM 0.1) days per month.

Conclusions: The MHQ is avalid and reliable assessment of mental health and well-being when delivered anonymously on
the web.

(JMIR Ment Health 2022;9(4):€34105) doi:10.2196/34105

KEYWORDS

psychiatry; public health; methods; mental health; population health; social determinants of health; global health; behavioral
symptoms; diagnosis, symptom assessment; psychopathology; mental disorders, mHealth; depression; anxiety; attention deficit
disorder with hyperactivity; autistic disorder; internet
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Introduction

Background

The World Health Organization defines mental health as “a
state of well-being in which the individual realizes his or her
own abilities, can cope with the normal stresses of life, can work
productively and fruitfully, and is able to make a contribution
to his or her community” [1]. On the basis of this definition,
assessments of mental health should reflect the presence of
dysfunction and also provide insight into the positive aspects
of mental functioning [2-5]. However, the clinical heritage of
mental health assessment means that most assessment tools are
built around specific psychiatric disorder categoriestaken from
the clinical classification systems of the Diagnostic and
Statistical Manual of Mental Disorders, Fifth Edition (DSM-5)
[6], or the International Classification of Diseases [7] and,
therefore, are not designed to provide a perspective on the
continuum of mental health and well-being across the general
population. In contrast, assessments of mental health that are
more relevant across the spectrum of the general population can
support the early identification of at-risk individuals before
symptoms escal ate, improve uptake in help-seeking behaviors,
and reveal relevant social determinants to support the active
management of mental health and well-being through self-care
behaviorsand preventative strategies and interventions at various
scales, from organizations to countries [8-10].

Population-level assessments also provide an opportunity for
understanding the scale of mental health challenges at a global
level. For example, in 2017, 792 million people were estimated
to be living with a mental health disorder worldwide [11],
whereas depression istheleading cause of disability as measured
by years lived with disability [12]. In addition, suicide was the
fourth leading cause of death among people aged 15-29 years
worldwide in 2019 [13] and is till poorly understood [14,15].
However, presently, there are few reliable and valid tools that
can provide an aggregate and measurable view across the full
spectrum of a global population from distressed to thriving as
well as estimating clinical burden in an aggregate,
disorder-agnostic way. Furthermore, as mental health and
well-being can change substantially based on externa
circumstances, as evidenced by the COVID-19 pandemic
[16-18], it isimportant to have metricsthat track the extent and
nature of these changes and their impact on clinical burden as
well ason the productive capacity of a population. For example,
evidence suggests a clear relationship between mental health
and well-being and productivity, resulting in both absenteeism
and presenteeism [19-25], an increased prevalence of burnout
[26,27], and significant personal and economic loss [28-32].
Thisfurther highlights theimportance of preventative measures
for actively managing the mental health and well-being of
working-age adults in the general population.

To address this need for a population-based, disorder-agnostic
assessment that spans the spectrum of mental health and
well-being and for a single measurable metric of mental health
and well-being, we devel oped anew web-based assessment tool
delivering a metric called the Mental Health Quotient (MHQ)
[33]. The MHQ assesses the compl ete breadth of mental health
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elements spanning the range from symptomsto positive mental
assets using a unique life impact scale and aims to enable a
paradigm for managing and improving the lives and well-being
of al people, not just those with aclinical disorder.

The MHQ Assessment

The MHQ was devel oped based on a comprehensive review of
symptoms by coding questions across 126 commonly used
psychiatric assessment tools spanning depression, anxiety,
bipolar disorder, attention-deficit/hyperactivity disorder,
posttraumatic stress disorder, obsessive-compulsive disorder
(OCD), addiction, schizophrenia, eating disorders, and autism
spectrum disorder as well as cross-disorder tools (see Newson
et a [34] for a complete list of assessment tools). These
disorders were selected based on a review of the disorders
included in the Structured Clinica Interview for the DSM-5,
Clinician Version [35]. In addition, autism spectrum disorder
and eating disorders were included because of both their
prevalence and their broad public and scientific
interest. Symptoms from these 126 assessments were
consolidated into a set of 43 symptom categories and reviewed
and expanded in the context of the Research Domain Criteria
constructs put forward by the National Institute of Mental Health
[36-38]. The resultant 47 elements were then split into two
formats. mental functions that could manifest as a spectrum
from positive to negative (spectrum questions) and those
symptoms that purely represented detractions from overall
mental health (problem questions).

Spectrum and problem questions within the MHQ are answered
using a 9-point scale reflecting the consequences on one’s life
functioning and impact on their ability to carry out tasks and
activitiesintheir daily life. Therefore, the scaleisdifferent from
traditional mental health assessments, which typically focuson
the frequency, severity, duration, or timing of symptoms [34].
An aggregate MHQ score developed using an algorithm that
nonlinearly transforms the life impact scale based on different
categories of symptom seriousness is provided on completion
of the assessment [33]. Thisscoreisintended asarepresentation
of the overall mental health and well-being of the individual
and is categorized from Distressed (-100) to Thriving (+200).

The MHQ is currently used on the web as part of an open data
project called the Mental Health Million Project, which is a
web-based platform that monitorsthe status of population mental
health across the globe and currently spans 30 countries and 4
languages (English, French, Spanish, and Arabic). In this paper,
we evaluate the potential of the MHQ to be used asavalid and
reliable measure of mental health and well-being both at the
individual and population level sto determine how mental health
and well-being evolves over time across the globe and the
impact of these changes on clinical burden and productivity.
We aim to address (1) how the unique MHQ life impact scale
relates to more commonly used metrics of frequency and
severity; (2) whether an anonymous web-based assessment
serves asatrue measure of the population by demonstrating the
population and test-retest reliability of the MHQ; and (3) how
well the composite MHQ score relates to functional criteria
such asclinical diagnostic criteria, workdays missed, and overall
life productivity. We hypothesi ze that the MHQ will show good
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validity and reliability as an assessment of mental health and
well-being when delivered anonymously on the web.

Methods

Recruitment of Participants

The dataweretaken from the Mental Health Million open-access
database [39] and included responses from 179,238
English-speaking individuals from the United States, Canada,
the United Kingdom, Ireland, Australia, New Zealand, South
Africa, Singapore, India, and Nigeria collected during 2021.
Participantswererecruited viaoutreach campaigns on Facebook
and using Google Ads by targeting a broad cross-section of
adults aged 18-85 years across a wide geographic and
socioeconomic demographic. The anonymous assessment was
freely available on the web for anyone to complete, and
individuals took the assessment for the purpose of obtaining
their personalized mental heath and well-being report on
completion. The provision of apersonal report aimed to ensure
greater interest of the respondent in answering questions
thoughtfully and accurately. Only respondents who found the
assessment easy to understand (ie, responded Yesto the question
Did you find this assessment easy to understand?) wereincluded
in the analysis. This resulted in the exclusion of 2.58%
(4620/179,238) of respondents, leaving 174,618 for the full
analysis.

Ethics Approval

The study received ethics approval from the Health MediaLab
Ingtitutional Review Board (Office for Human Research
Protections Institutional Review Board #00001211, Federal
Wide Assurance #00001102, |ORG #0000850).

Assessment of Reliability

Reliability Across Randomly Selected Samples

All respondents from the United States, India, Australia, and
the United Kingdom between January 2021 and June 2021 were
pooled together (44,132/174,618, 25.27%). A tota of 4
randomly selected and nonoverlapping samplesof 11,033 people
with similar demographic composition were selected. The
average rating (1-9) of each MHQ-scored element for each
sample, the average MHQ score for each sample, and the
statistical differences between the sampleswere then computed.

Internal Consistency Analysis

The MHQ isdesigned to be as parsimonious as possible without
repetition. However, the internal consistency of the MHQ was
evaluated by looking at the relative correlations between
elementsthat would be expected to be correl ated compared with
those that would not. First, the correl ation between 2 questions
about deep quality within the MHQ was computed (N=174,618).
Sleep question 1 asked respondentsto Assess your sleep quality,
and sleep question 2 asked respondents: In general, | get as
much sleep as| need. The 1-9 rating score from sleep question
1 was correlated with the transformed answersto sleep question
2, where each answer option was assigned a number that was
roughly equivalent to the text description: all the time=7, most
of the time=5, some of the time=3, and hardly ever=1. Second,
the correl ation between 2 questions about mood was computed.
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Mood question 1 asked respondents to Assess your feelings of
sadness, distress, or hopelessness and was rated on a 1-9 life
impact scale. Mood question 2 asked respondents How would
you describe your overall mood right now? and was rated on a
1-9 scale from Very negative to Very positive. Comparisons
were also made between responsesto the related MHQ elements
of Self-worth and confidence and Self-image. In addition,
comparisons were made between the elements of Physical
intimacy and Memory, Emotional control and Coordination,
and Memory and Emotional control, which would not be
expected to have asignificant correlation.

Test-Retest Reliability

The MHQ is designed to measure changes in the mental health
and well-being of the population and, therefore, in individual
mental health and well-being status over time. Therefore, the
MHQ scores of individuals could change over time. However,
over short time frames of less than a year, most individuals
would not be expected to change significantly. Within the
sample of 174,618 respondents, email addresses were provided
by 80,955 (46.36%) to receive their MHQ report. These email
addresses were automatically converted into anonymous unique
identifiers to identify repeat respondents. Of these 80,955
respondents, 2231 (2.76%) had taken the MHQ twice at varying
time intervals up to 15 months from the time of the first
assessment. Those who took the MHQ twice within the same
day or immediately the next day were excluded as they were
more likely to be experimenting with answer choices than
evaluating their own change over time in an honest way. Thus,
only those who had at least 3 days between attempts were
included in the analysis (1907/2231, 85.48%). We examined
the test-retest reliability of the MHQ in this sample by looking
at the correlation between the element ratings on the first and
second attemptsaswell asthe correl ation between MHQ scores
across both attempts.

Validation of the Life Impact Scale

Clinical assessments are heterogeneous in their evaluation of
the frequency and severity of symptoms. For example, areview
of 126 assessment tools found that, across 19 commonly used
depression scales, 51% of questions asked about frequency of
symptoms and 32% asked about severity, whereas, across 9
posttraumatic stress disorder assessment tools, 17% of questions
asked about frequency and 53% asked about severity [34]. Given
thelack of aclear understanding of which aspect (eg, frequency
or duration) of asymptom matters most, the MHQ uses a 9-point
life impact scale reflecting the impact of a particular mental
aspect on on€'s ability to function [33]. For example, for
guestions pertaining to mental health challenges, 1 referred to
Never causes me any problems, 9 referred to Has a constant
and severe impact on my ability to function, and 5 referred to
Sometimes causes me difficulties or distress but | can manage.
For the purpose of validation, for the question that asked
individuals to rate the impact of their Feelings of sadness,
distress, or hopelessness on this 9-point scale, two additional
guestionswere asked when avalue of =5 was selected: (1) How
many days in the last week did you experience these feelings?
with options for selection from 0-7 (similar to the format in
depression screening tools such asthe Center for Epidemiologic
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Studies-Depression scale [40,41]) and (2) On these days, how
did these feelings impact your ability to function in life? with
five options of increasing severity—1=They would come and
go while | went about my life as normal; 2=I did what | had to
do, but they were always there in the back of my mind; 3=l
managed but it took extreme effort; 4=They stopped me doing
the things | usually do, or would want to do; and 5=They
consumed me so much | was unable to get out of bed. The
average frequency and severity and the standard error of
measurement (SEM) were then computed for each selection
from 5to 9 on the life impact scale.

Relationship Between MHQ Scoreand Clinical Burden

The computation of the MHQ score takes into account the
number of severe symptoms (ie, those scored ashaving ahighly
negative lifeimpact). Thus, the number of elementswith arating
that signifiesahighly negativelifeimpact decreasesasthe MHQ
score increases, although the nonlinear weighting differs for
different types of symptoms[33]. To assess how effectively the
MHQ score relates to clinical burden, we mapped elements of
the MHQ to the diagnostic criteria for each of the 10 major
DSM-5 disorders on which the MHQ is based (see The MHQ
Assessment  section) and examined (1) the percentage of
individuals meeting the diagnostic criteria for at least one
disorder and (2) the average number of diagnoses per person
for each MHQ score bhin of 25. Full details of the thresholds
used to determine the presence of a clinical symptom and the
mapping to the DSM-5 disorder criteriaare described in Newson
et a [42]. In brief, MHQ elements were first mapped to the
symptoms described within the diagnostic criteria for each of
the 10 DSM-5 disorders based on the closest semantic match.
For each of the 47 MHQ elements, responses were determined
to be clinically significant symptoms if they met a particular
threshold of impact on the individual’s ability to function,
approximately equivalent to experiencing the symptom 5 days
aweek (=8 for problem elements and <1 for spectrum elements).
The specific diagnostic criteria rules of the DSM-5 (eg, must
be experiencing =5 symptoms) were then applied to arrive at a
disorder diagnostic mapping. A set of rules using combinations
of the DSM-5-mapped MHQ elements was then developed to
align with these criteriadescriptionsfor each of the 10 disorders.
For each respondent (N=174,618), these rules were applied to
their MHQ clinical symptom profileto determinethediagnostic
match to each of the 10 disorders. See Newson et a [42] and
the Limitations section below for further discussion of this
approach.
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Relationship Between MHQ Score and Productivity
Criterion

To assessthe rel ationship between the MHQ score and measures
of functional productivity, a subset of participants
(7625/174,618, 4.37%) were asked two additional questions:
(1) How many days during the past month were you totally
unable to work or carry out your normal activities because of
problemswith your physical or mental health and (2) How many
days during the past month were you able to work and carry
out your normal activities, but could not get as much done
because of problemswith your physical or mental health? with
options to select a number between 0 and 31. Individuals were
then grouped by MHQ scorein bins of 25, and the average and
SEM of days of work missed (M) and days with reduced
productivity (R) were then computed for each bin. We then
computed the overall loss of life productivity for each individual
as M + n *R, where n represented an assumed loss of
productivity on those daysranging from 20% to 50%. Datawere
examined for all respondents together and for a subset of
respondents who answered Employed/Self-Employed to the
MHQ question Please select which best describes your
occupational status? (aternative answer options included
Homemaker, Unemployed, Retired, Sudying, and Not able to
work).

Results

Reliability and Internal Consistency in the MHQ

Assessment Reliability

Figure 1A shows the average rating for each element of the
assessment for spectrum (left) and problem (right) elements
across the 4 randomly selected demographically matched
samples. Across all samples, the ratings were correlated with
r>0.8 for al pairs, and the distributions of ratingsfor individual
elementswere highly similar and statistically indistinguishable
(analysisof variance; P=.99), with an example from the element
Salf-image shown in Figure 1B. Similarly, the distributions of
the resulting MHQ scores for each of these 4 samples were
highly similar (Figure 1C, analysis of variance; P=.18). These
results confirm that the MHQ, when offered anonymously and
on the web, produces similar results across similar samples.
Should responses have been randomly generated (eg, by bots)
or if individuals had highly inconsistent interpretations of the
life impact scale, this would not have been the case.
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Figure 1. Reliability of the Mental Health Quotient (MHQ). (A) The average ratings of each of the 27 MHQ spectrum elements (left) and 20 MHQ
problem elements (right) in 4 separate sampl es of the MHQ obtained over asimilar period were indistinguishable (each bar isasample). (B) Distribution

of ratings for an example MHQ element (Self-image) in each of the 4 samples (each lineis asample). (C) Distribution of MHQ scores in each of the 4
samples (each lineis a sample) for an example MHQ element (Self-image).
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Internal Consistency

Among the related elements, the 2 questions relating to sleep
quality and sleep sufficiency had a0.63 correlation. Thus, those
who had challenges with sleep quality were also likely to have
fewer daysof sufficient dleep. Similarly, the 2 questionsrelating
to mood had a0.64 correlation, indicating that those with amore
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significant impact of Feelings of sadness, distress, or
hopel essness were also more likely to have a negative mood at
the time of taking the assessment. Finally, thelifeimpact rating
of the MHQ element Self-image had a0.77 correlation with the
rating of the element Salf-worth and confidence. In contrast,
ratings of unrelated elements had lower correlations. For
example, Memory and Physical intimacy had a correlation of
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0.35, Emotional control and Coordination had a correlation of
0.36, and Memory and Emotional control had a correlation of
0.39. Therefore, related elements within the MHQ were more
highly correlated than the unrelated elements examined.

Test-Retest Reliability

Among al those who could be identified as having taken the
MHQ twice at least 3 days apart, MHQ scores were correlated
with r=0.84 (P<.001). Figure 2 shows the MHQ scores for the

test plotted against the MHQ scoresfor theretest, demonstrating
that pointsfall around the line y=x. Furthermore, thiscorrelation

Newson et al

did not change significantly as the interval between attempts
increased, although correlationswere as high asr=0.88 for retest
intervals of 8-120 days. The correlations(r) were asfollowsfor
MHQ scores and MHQ items ratings respectively: 3 to 7
days=0.7, 0.58; 8 to 30 days=0.88, 0.73; 31 to 60 days=0.88,
0.72; 61 to 120 days=0;.83, 0.7; 121 to 450 days=0.79, 0.68).
Finaly, the correlation between the ratings of individual
elements on each attempt was r=0.70 (P<.001) and did not
change as the interval between attempts increased. Thus, the
MHQ had high test-retest reliability but also reflected changes
that can occur in mental health and well-being over time.

Figure 2. Test-retest reliability of the Mental Health Quotient (MHQ). MHQ score for the assessment retake (retest) versus MHQ score for the first

take (test). Thered line represents y=x. MHQ: Mental Health Quotient.

200

200 -150

MHQ score retest

MHQ score test

Relationship Between Life lmpact Score and
Frequency and Severity

MHQ lifeimpact ratings =5 (corresponding to the negative end
of the scale) for the MHQ element Feelings of sadness, distress,
or hopelessness (data subset of 4247/174,618, 2.43%) were
correlated with symptom frequency measured as the number of
days in the past week where they experienced the symptom,
with r=0.5. At the aggregate level, the mean and SEM of
frequency for each rating on the life impact scale were linearly
related, with R?=0.99 (Figure 3A). Extrapolation of thisfunction
to lifeimpact ratings <5 showsthat those selecting 1 (the lowest

https://mental .jmir.org/2022/4/e34105

end of the scale, indicating no impact) would have experienced
that symptom at a frequency of <1 day in the previous week.
Across all data, life impact was similarly positively correlated
withthelevel of severity selected (wherelevels of severity were
coded from 1 to 5) but less so than with frequency (r=0.32).
However, the aggregate mean and SEM of severity for each life
impact rating were also linearly related (Figure 3B; R*=0.99).
Finally, in the aggregate, a composite measure of frequency x
severity was nonlinearly related to the life impact rating, with

R°=0.98 (Figure 3C). Therefore, we demonstrated a strong
relationship between therating on the lifeimpact scale and both
frequency and severity of symptoms.
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Figure 3. Example relationship between life impact and frequency and severity. (A) The selection on the Mental Health Quotient (MHQ) life impact
scalefor Feelings of sadness, distress, and hopel essnesswas linearly related to the frequency of these feelings. (B) The selection onthe MHQ lifeimpact
scale was similarly linearly related to the severity of the symptom. (C) Frequency x severity was nonlinearly related to the MHQ life impact selection.
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Relationship Between MHQ Scoreand Clinical Burden

First, as would be expected, the average number of clinical
symptoms increased as the MHQ score decreased given the
nonlinear weighting of symptom severity within the MHQ score
(Figure4A). Beyond this, the percentage of peoplewith clinical
symptom profiles that aligned with any of the 10
DSM-5—defined disorder criteria increased as the MHQ score
decreased such that 89.08% (8986/10,087) of those in the
Distressed category (MHQ score <—50) had symptom profiles

https://mental .jmir.org/2022/4/e34105

RenderX

that aligned with at least one of the 10 DSM-5-defined
disorders, whereas 0.03% (21/70,367) in the categories of
Succeeding and Thriving (MHQ score >100) had profiles that
aligned with at least one disorder (Figure 4B). Similarly, the
number of disorders per individual decreased systematically as
MHQ scores increased, with the average number of disorders
per person at 3.8 (SD 2.7) for those in the Distressed group and
0.0 (SD 0.02) for those in the Succeeding and Thriving groups
(Figure 4C). Thus, the MHQ score is aso reflective of the
overall clinical burden of mental health.
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Figure 4. Relationship between Mental Health Quotient (MHQ) score and clinical symptoms and diagnosis. (A) The average number of symptoms
(lifeimpact =8 for problem elements and <1 for spectrum elements) decreased as the MHQ score increased. The grey arearepresents the negative side
of the scale or the MHQ score categories of Distressed and Struggling (all panels). (B) Approximately 97.83% (3926/4013) of those with the lowest
MHQ scores (-100 to —75) mapped to at least one of 10 major clinical disorders and decreased systematically. (C) The average number of disorders

per person decreased with MHQ score.
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L oss of Function Criterion Validation

AsMHQ scoresincreased, the average number of days of work
missed in the past month (Figure 5A) decreased systematically

and was best fit by an exponential function, with R?=0.98. Those
inthelowest MHQ score bin (=75 to —100) were unabl e to work
or carry out their daily activities 15.0 (SD 11.3; SEM 0.9) days
on average, whereas those who were employed (as opposed to
studying, unableto work, unemployed, retired, or occupied with
household work; 3306/174,618, 1.89%) were unable to work
9.3 (SD 10.0; SEM 1.6) days on average in the last month. In
contrast, those who were in the highest MHQ bin (175-200)
lost only an average of 0.2 (SD 1.6; SEM 0.1) days, whereas
those who were employed lost an average of 0.2 (SD 0.54; SEM

https://mental .jmir.org/2022/4/e34105

0.07) days. Furthermore, asMHQ scoresincreased, the average
number of dayswhere people reported not being as productive
as usual at work (presenteeism) or in their daily activities

decreased linearly (Figure 5B; R?=0.98 for all respondents and
employed respondents alone). Here, those in the lowest MHQ
bin (=75 to —100) were not productive an average of 14.2 (SD
11.4; SEM 0.9) days, whereas those employed al one were not
productive an average of 15.6 (SD 10.2; SEM 1.6) days. This
decreased to an average of 3.2 (SD 9.5; SEM 0.8) and 2.2 (SD
8.5; SEM 1.1) days for al respondents and employed
respondents, respectively, in the highest MHQ score bin
(175-200). Figure 5C shows the total loss of life productivity
as afunction of the MHQ score considering both days of work
missed and days that were |ess productive, assuming arange of
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20% to 50% loss of productivity on less productive days. scoresdid not often missaday of work, even thisgroup reported
Altogether, those with the lowest MHQ scores had an overall  afew unproductive days per month. Thus, MHQ scores are a
reduction in life productivity of anywhere from 18 to 23 days good representation of behavioral loss of function.

per month on average. Although those with the highest MHQ

Figure 5. Relationship between Mental Health Quotient (MHQ) score and productivity. (A) The days unable to work in the past month decreased

nonlinearly asthe MHQ scoreincreased (closed circles, exponentidl fit, R2=0.98). Employed people (open circles) with low MHQ scores missed fewer
days of work or productive activity. (B) The days in the past month with reduced productivity (presenteeism) decreased linearly as the MHQ score

increased (closed circles, exponential fit, R2=O.98). Employed people (open circles) with low MHQ scores had more days of presenteeism. (C) Total
productivity loss for employed (dotted line) and al respondents together (solid line) as a function of the MHQ score (calculated as days missed + n *
days with reduced productivity, where n is assumed to be arange between 0.2 [lower dotted or solid line] and 0.5 [upper dotted or solid lin€]).
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that (1) the MHQ scores were highly similar and statistically
indistinguishable between multiple randomly selected,
demographically matched samples of respondents; (2) MHQ
scores were correlated between retakes with an r=0.84; (3) the
lifeimpact rating scale of the MHQ was systematically related
to both symptom frequency and severity (R?=0.99); (4) ratings
on related elements were more correlated than unrelated
elements; and, finally, (5) MHQ scoresdecreased systematically

with clinical burden and productivity (both R?=0.98). Thus, the

Discussion

Principal Findings

In this study, we have demonstrated that the MHQ taken
anonymously on the web has excellent sample reliability,
internal consistency, and test-retest reliability; that the life
impact scale used in the MHQ reflects a combination of both
severity and frequency of symptoms; and that the MHQ score
relates systematically to clinical burden in the population as

well as loss of function from the perspective of days of work
missed and loss of productivity. Specifically, the results showed
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MHQ provides a valid and reliable estimation of population
mental health and well-being that, in turn, reflects the clinical
burden of mental health and the productive capacity of a
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population. Therefore, it isalso well-suited to measure changes
in the status of mental health and well-being of a population.
In addition, the test-retest reliability establishesthe MHQ asa
useful tool for individuals to track their mental health and
well-being trajectory over time.

MHQ and Clinical Burden

Surveillance of population mental health requires assessments
that are reliable, valid, and accessible to the general population
and that provide a comprehensive profile of mental health and
well-being that has clinical and real-world relevance. Currently,
many of the assessments used in epidemiological studies
evaluate the prevalence of individual disorders rather than
overal mental health and well-being. These tools typically
consider mentd illness asan all-or-nothing phenomenon, raising
challenges relating to where the border between normal and
disordered should lie [42-44] and leading to wide-ranging
prevalence estimates that are dependent on the tool used and
the thresholds considered as well as on geography and time
period [18,45-51]. In addition, focusing only on individual
disorders creates a siloed landscape of clinical burden that is at
odds with the real-life heterogeneous and comorbid nature of
symptomatic experiences and profiles [42,52-62]. Thus,
generally, the aggregate burden of clinical-level mental health
challenges beyond the domain of individual disorders is
unknown in the genera population. In this study, we have
established the MHQ as avalid and reliable measure of mental
health and well-being that can provide aview of overall mental
distressand clinical burden. Rolled out at scale asit iscurrently
being actioned as part of the Mental Health Million Project, the
MHQ thus providesasolid foundation for the global surveillance
of population mental health across different countries. Thiswill
help identify relevant risk factors to support the rollout of
preventative strategies and the devel opment of interventions or
policies that could induce large-scale shifts in population
well-being [8-10].

MHQ and Productivity

Over the past few decades, there has been mounting evidence
supporting the relationship between mental health and
well-being and productivity [19-25] as well as the resultant
economic loss to society as a conseguence of days lost and
unproductive days (eg, presenteeism) [28-31]. With the
increased prevalence of mental distress as a result of the
COVID-19 pandemic [16-18] and increased levels of burnout
in the population [26,27], there is a need to better understand
the relationship between mental health and well-being and
productivity in the general population. The systematic
relationship observed between the spectrum of MHQ scores
from Distressed to Thriving and productivity loss along with
the general reliability and validity of the MHQ support its use
as an assessment of the productive capacity of a population
independent of any disorder classification. It also positions the
MHQ as an important tool for companies to assess the mental
health and well-being of their workforce, providing relevant

Newson et al

metricsthat can help them address challenges such as employee
burnout and work-home imbalance [26,27], as well as for
university student bodies, where young adults are
disproportionally affected by mental health challenges[63-65].
Thiswill allow and encourage organizations and institutions to
be more strategic in their management of mental health and
well-being.

Limitations and Future Directions

It is important that we acknowledge some limitations of these
data and study. First, the validation of the life impact rating
against symptom frequency and severity was performed for a
single MHQ element (Feelings of sadness, distress, or
hopel essness). However, it is possible that the correspondence
between frequency or severity and life impact rating may differ
from element to element. Furthermore, these results were used
to select an appropriate threshold valuefor clinical significance
[42] to determine clinical burden, indicating that athreshold of
8 was equivalent, on average, to experiencing the symptom 5
days per week. However, it could be the case that other threshold
values may have been more appropriate for other elements.

Second, the mapping of MHQ elements to DSM-5 diagnostic
criteriawas constrained by the presence of broad or imperfect
matches for certain symptoms pertaining to OCD and bipolar
disorder that could have affected the accuracy of the mapping
[42]. For example, for bipolar disorder, symptoms denoting
extreme versions of positive assets (eg, grandiosity and
decreased need for sleep) were not fully articulated within the
MHQ, whereas, for OCD, the MHQ elementswere broader (eg,
obsessive thoughts were incorporated within ageneral element
reflecting strange, unwanted, and obsessive thoughts).
Furthermore, a specific criterion of symptom timing was not
included asthisis not included in the MHQ, which assesses an
individual’s current perception.

Third, in the future, it will be important to compare the MHQ
outcomeswith more commonly used assessments (eg, mapping
against the 9-item Patient Health Questionnaire [66] and the
7-item Generalized Anxiety Disorder scale [67]) to determine
the alignment between DSM-5-mapped MHQ symptom profiles
for depression and anxiety and the scores from these 2
guestionnaires, respectively. Triangulating data arising from
the Mental Health Million Project against other external data
metrics that provide insight into clinica burden (eg,
quality-adjusted life years or disability-adjusted life years) will
also be important.

Altogether, the MHQ supports avalid and reliable monitoring
of population mental health and well-being. As the MHQ
continues to underpin large-scaleinitiatives such asthe Mental
Health Million Project, it will provide deeper insightsinto socia
determinants and the societal impact of changesin mental health
and well-being. These insights can, in turn, enable preventative
strategies for better management of global mental health and
well-being.
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DSM-5: Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition
MHQ: Mental Health Quotient

OCD: obsessive-compulsive disorder
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Abstract

Background: Multicomponent digital interventions offer the potential for tailored and flexible interventions that aim to address
high attrition rates and increase engagement, an area of concern in digital mental health. However, increased flexibility in use
makes it difficult to determine which components lead to improved treatment outcomes.

Objective: This study aims to identify user profiles on Horyzons, an 18-month digital relapse prevention intervention for
first-episode psychosis that incorporates therapeutic content and social networking, along with clinical, vocational, and peer
support, and to examine the predictive value of these user profiles for treatment outcomes. A secondary objective isto compare
each user profile with young people receiving treatment as usual (TAU).

Methods: Participants comprised 82 young people (aged 16-27 years) with accessto Horyzons and 84 receiving TAU, recovering
from first-episode psychosis. In addition, 6-month use data from the therapy and socia networking components of Horyzons
were used asfeaturesfor K-means clustering for joint trajectoriesto identify user profiles. Social functioning, psychotic symptoms,
depression, and anxiety were assessed at baseline and 6-month follow-up. General linear mixed models were used to examine
the predictive value of user profiles for treatment outcomes and between each user profile with TAU.

Results: A total of 3 user profiles were identified based on the following system use metrics: low use, maintained use of socia
components, and maintained use of both therapy and social components. The maintained therapy and social group showed
improvementsin social functioning (F, 5,=3.58; P=.04), negative symptoms (F, 5;=4.45; P=.02), and overall psychiatric symptom
severity (F,50=3.23; P=.048) compared with the other user profiles. This group also showed improvementsin social functioning
(F1,6,=4.68; P=.03), negative symptoms (F, ,=14.61; P<.001), and overal psychiatric symptom severity (F 53=5.66; P=.02)
compared with the TAU group. Conversely, the maintained social group showed increases in anxiety compared with the TAU
group (F, s7=7.65; P=.008). No differences were found between the low use group and the TAU group on treatment outcomes.

Conclusions: Continued engagement with both therapy and social components might be key in achieving long-term recovery.
Maintained social use and low use outcomes were broadly comparable with TAU, emphasizing the importance of maintaining
engagement for improved treatment outcomes. Although the social network may be a key ingredient to increase sustained
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engagement, as users engaged with this more consistently, it should beleveraged as atool to engage young people with therapeutic

content to bring about social and clinical benefits.

(JMIR Ment Health 2022;9(4):€29211) doi:10.2196/29211
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Introduction

Background

Evidence indicates the efficacy of specialist early intervention
(SEI) services for first-episode psychosis (FEP) in achieving
symptomatic remission during the first 2 years of treatment
[1,2]. Degpite this, the critical period for relapse extends to 5
years from the onset of psychosis, with 55% to 70% of
individualsrelapsing after 2 years[3,4]. Research hasindicated
that some treatment effects may not be sustained at 5 years,
after 2 years of SEl has ceased [5,6].

Recently, 2 clinical trials addressed these limitations by
evaluating the effects of extending SEI up to 5 years. Malla et
al [7] found that clinical gains, in terms of remission of positive
and negative psychotic symptoms, may be sustained if
lower-intensity SEI is offered for an additional 3 years (on top
of the 2 years aready provided). However, findings from the
trial by Albert et al [8] failed to demonstrate any additional
benefits from extending SEI by 3 years, but this may be
attributable to the high level of treatment provided to control
participants in that study.

Although SEI has reported success in improving symptoms
during the first 2 years of treatment, many young people with
FEP continueto experience poor social and functional outcomes
[9,10]. Although social and functional recovery is regarded by
young people as the most important aspect of recovery [11],
few FEP interventions have made this a primary target [12].
Fowler et al [10] addressed this by evaluating the effectiveness
of social therapy in combination with early intervention services,
with findings showing increasesin structured activity, indicative
of improved socia functioning after 9 months. Furthermore, a
randomized controlled trial (RCT) by Chang et al [13] found
improvements in functional outcomes when SEI was extended
by 1 year, but thiswas not sustained at 1- and 2-year follow-ups.
Therefore, further research is needed to establish the
effectiveness of longer-term interventions focusing on social
and functional outcomes.

Digital interventions for FEP provide a unique opportunity to
overcome the current limitations of treatment by providing
continuous, engaging, and sustainable support to maintain
long-term treatment effects[14]. It has been proposed that digital
technol ogies can enhance carein FEP specifically by increasing
access, enhancing current treatment, offering better predictive
models, and accounting for clinical heterogeneity [15]. Some
studies on the effectiveness of digital interventions for treating
FEP and those with more established or sustained psychotic
disorders have reported improvements in treatment outcomes
such as socia functioning [16], positive psychotic symptoms
[17], negative psychotic symptoms [18], general
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psychopathology [18,19], overall psychiatric symptom severity
[18], vocational outcomes [20], hallucination severity [19,21],
hospital admissions [20,22], subjective well-being [16], social
support [17], social connectedness [21], medication adherence
[21], depression [1], and stress[14,17].

Although digital interventions have been associated with
improved outcomes, they have also been associated with high
attrition rates [23], and most do not typically extend beyond a
3-month period to focus on long-term recovery [24-26]. To
addresstheselimitations, Alvarez-Jimenez et al [1,27] pioneered
a model of multicomponent digital interventions entitled
moderated online social therapy (MOST). The MOST model
integrates the following: (1) interactive psychosocia
interventions, (2) socia networking, (3) expert clinical
moderation, and (4) peer support. To address attrition rates,
MOST also aimsto enhance long-term engagement by offering
a shared, secure, and private social network for young people
with similar mental health experiences.

The social networking and therapeutic elements of the MOST
model were first applied in Horyzons, a world-first digital
intervention aimed at maintaining long-term treatment effects
and engagement and to improve social functioning in young
people recovering from FEP after receiving 2 years of SEI
treatment [1,12]. Strengths and mindfulness-based approaches
to therapy were adopted, with the aim of increasing self-efficacy
and positive emotions, which have been linked to improved
social functioning in psychosis [28,29]. The principles of
self-determination theory (SDT) were also used with the aim
of improving social functioning through increased intrinsic
motivation [30].

A 4-week pilot study investigating the acceptability, safety, and
clinical benefits of Horyzonsindicated that the intervention was
feasible, safe, and engaging and may enhance socia
connectedness in young people recovering from FEP [1]. An
18-month RCT of Horyzons has recently been completed, which
found that Horyzons was effective in improving vocational
outcomes and reducing presentations to hospital emergency
services and hospital admissions compared with acontrol group
receiving treatment asusual (TAU) [20]. Conversely, therewere
no differences between groups in social functioning over time.
However, asthereislimited evidence regarding the effectiveness
of multicomponent digital interventions based on system use,
it is difficult to determine the core therapeutic components of
Horyzons, what outcomesthey are associated with, and whether
a specific pattern of use leads to improved socia functioning
in this population.

In line with SDT, multicomponent digital interventions based
onthe MOST model offer young peopl e ahigh degree of choice
over how and when they engage with the system, which
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increases flexibility in use. Thisincreased flexibility increases
the possibility of variation in use patterns or user trajectories.
Distinct user profiles may exist in such multicomponent digital
interventions, with userswho may differ in use and engagement
levels over time. The introduction of additional components,
such as atherapeutic social network, is needed to address high
attrition rates, increase engagement and tailor interventions to
cater to the clinical needs and preferences of young people.
However, new methods are needed to understand the
complexities associated with determining which aspects and
patterns of uselead to improved outcomes. Statistical modeling
techniques such as growth mixture modeling can be used to
identify different groups of users with similar trajectories over
time. These techniques have previously been used for detecting
similar symptom trajectoriesin mental health interventions[31].
K-means clustering techniques have also been used to identify
and characterize participants based on unidimensiona and
multidimensional trajectories [32-34].

Objectives

Horyzons provides a unique opportunity to examine the
relationship between multidimensiona patterns of use and
treatment outcomes by categorizing the use of multiple
intervention components, such as therapeutic and social
networking components. By gaining a better understanding of
system use and user trgjectories, and how they relateto treatment
outcomes, multicomponent digital interventions could be further
optimized to improve long-term recovery. Therefore, this study
aims to examine the association between user profiles and
treatment outcomes on Horyzons by (1) identifying user profiles
based on 2D patterns of system use on both therapeutic and
social components of the intervention, (2) characterizing the
user profiles based on baseline demographic and clinical
characteristics, and (3) examining the predictive value of the
user profiles for treatment outcomes.

Methods

Study Design

Horyzonswas asingle-blind 18-month RCT, where participants
with remitted FEP were randomly allocated to either TAU
following 2 years of specialized care or TAU along with access
to a moderated web-based socia therapy intervention
(Horyzons) [12]. Horyzons was based on the MOST model,
which integrates (1) web-based therapy (Pathways and Steps),
(2) peer-to-peer web-based socia networking (the Café), (3)
peer moderation, and (4) expert support by mental health
clinicians and vocational workers. ThisRCT was registered on
the Australian New Zealand Clinical Trials Registry
(ACTRN12614000009617).

Ethics Approval

Ethical approval for the Horyzons RCT was granted by the
Melbourne Health Research Ethics Committee (2013.146).
Participants

Participants comprised 86 young people allocated to the
Horyzons intervention and 84 young people allocated to TAU,
recruited from the Early Psychosis Prevention and I ntervention
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Centre (EPPIC) at Orygen Youth Health, Melbourne, between
October 2013 and January 2017. EPPIC is a specialist FEP
program that provides 1 ¥ to 2 years of specialized care to
young people aged 15 to 24 years with FEP [35,36].

A total of 4 intervention participants who did not use the
Horyzons platform independently and subsequently had no valid
system use data were excluded from analyses. The remaining
82 intervention participants were aged between 16 and 27 years
at randomization (mean 21, SD 2.88 years), and the 84 TAU
participants were also aged between 16 and 27 years at
randomization (mean 21, SD 2.83 years). Participants met
clinical diagnosisfor afirst-episode psychotic disorder or mood
disorder with psychotic features according to the Diagnhostic
and Statistical Manual of Mental Disorders 4th Edition
(DSM-1V) [37], had not been treated with antipsychotic
medication for >6 months before attending EPPIC, and showed
remission of positive symptoms of psychosis for >4 weeks at
thetime of enrollment in the Horyzons study, as measured using
the Positive and Negative Syndrome Scale [38].

M easures

Demographic and Clinical Characteristics

Data from baseline and the 6-month follow-up were used for
this study’s analysis. Demographic information collected at
baseline included sex, age, and vocational status. Baseline
clinical characteristicsincluded psychotic symptoms, levels of
socia functioning, depression, and anxiety, and are described
inthe Social Functioning, Psychotic Symptoms, and Depression
and Anxiety sections below.

Social Functioning

Social functioning was measured using the Personal and Social
Performance Scale (PSP) [39]. Ratings are based on functioning
in the following four domains: (1) socially useful activities, (2)
personal and socia relationships, (3) self-care, and (4) disturbing
and aggressive behaviors. The following four subscales of the
First Episode Social Functioning Scale (FESFS) were also
included to capture the full construct of social functioning: (1)
living skills, (2) friends and activities, (3) intimacy, and (4)
interacting with people[40]. These subscal eswere chosen based
on their strong psychometric properties, independence from
psychotic symptoms, and sensitivity to treatment effects [12].
The FESFS was designed specifically for young people with
FEP.

Psychatic Symptoms

The Positive and Negative Syndrome Scale was used to assess
psychotic symptoms, which included three subscal es measuring
(2) positive symptoms, (2) negative symptoms, and (3) general
psychopathol ogy [38]. Thetota score comprised al itemsfrom
thethree subscales, which indicated overall psychiatric symptom
severity.

Depression and Anxiety

Depression was assessed using the Calgary Depression Scale
for Schizophrenia [41]. Anxiety was assessed using the
Depression Anxiety and Stress Scale [42].
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System Use Metrics involvement. Textbox 1 shows an overview of metrics
System use metrics were extracted from the Horyzons rep_r&eenti ng aspects of use of theintervention’stherapeutic and
web-based platform for each user for each day of their trial  SoCia components.

Textbox 1. System use variables extracted from the Horyzons platform.

Therapy-related variables

o Number of steps started (steps refer to the intervention modules)

«  Number of actions done (actions refer to the activities that comprise a step)

« Visited suggested content (suggested content refers to the therapeutic content recommended by clinical moderators)
« Visited therapy (visiting therapy refers to visiting the homepage of the therapy component of the intervention)

Social networking-related variables

«  Number of newsfeed posts (newsfeed refers to the social network)

o Number of newsfeed comments

o Number of Talk it Out posts (Talk it Out refers to a problem-solving forum run by peer moderators)

o Number of likes made

«  Number of reactions made (reactions refer to short support messages in response to a post, eg, “thinking of you™)

« Visited messages (messages refer to a private message section where moderators could contact participants directly)

« Visited notifications
« Visited newsfeed
o Visited Tak it Out

Therapeutic Pathways were divided into themes including
understanding psychosis, identifying early warning signs to
prevent relapse, identifying and exercising personal strengths,
promoting social connections and positive emotions, and
managing stress, anxiety, and depression. To increase usability,
Pathways were further divided into short interactive Steps, for
example, illustrating how to respond empathically to others (to
foster positive connections). See Multimedia Appendix 1 for
an exampl e of aSep on Horyzons. Each Sep was accompanied
by Actions or Do its, aiming to translate learning into behavior
change, for example, suggestions on how to exercise empathy
in specific contexts. Expert clinical moderators could also
recommend Pathways, Steps, Actions, and Talk it Outsthey felt
would berelevant to different usersviaa private message, which
would appear as a natification on the user's dashboard.
Furthermore, users could visit the therapeutic component of
Horyzons without completing any therapeutic content, for
example, viewing what Pathway and Step was currently
allocated to them.

The socia network or the Café was led and moderated by
peer-workers, who were trained young people who had alived
experience of mental illness. Participants were encouraged to
communicate with one another to foster social support.
Participants could post comments on the Newsfeed or like,
respond, or react to comments that were already posted.
Predeveloped reactions were designed to facilitate socia
support, for example, “l1 get you” and “thinking of you.”
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Furthermore, participants could use the Talk It Out function to
nominate relevant issues to discuss in a moderated forum,
informed by an evidence-based problem-solving framework
[43]. Participants received notifications when other users
communicated on the social network. Participantsalso received
private messages when amoderator contacted them directly via
the platform. See Multimedia Appendix 2 for an example of a
newsfeed post with likes and reactions on the Horyzons social
network.

Daily Activity Categories

For this study, daily activity for both the therapeutic and social
networking components was categorized. Daily activity was
defined asthe hierarchical level of system use per user per day
based on the system use variables outlined in Textbox 1. A user
was inactive when they did not display any activity on either
the therapeutic or social component of Horyzons. Use was
deemed passive when a user visited pages but did not actively
engage with any content on either intervention component. A
user was engaged with therapy when they started 1 step or
completed 1 action. A user was highly engaged with therapy
when they started >1 step, completed >1 action, or started at
least one step and completed at least one action. Social usewas
deemed moderate when auser did not actively contribute to the
social network but liked or reacted to at least one item. A user
was active on the social network when they actively contributed
via a post or comment. Figure 1 shows the hierarchical
categorization of daily activity into 2 dimensions.
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Figure 1. Hierarchical 2D daily activity categories.

Level of activity

Therapy dimension
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Social dimension

4 Highly engaged Active
3 Engaged Moderate
2 Passive Passive
1 Inactive Inactive

Statistical Analyses

I dentifying User Profiles

K-means clustering for joint trajectories wasimplemented using
the R package kmi3d (R Studio) to identify data-driven user
profiles using Euclidean distance [44-46]. This is an
unsupervised nonparametric technique that simultaneously
partitions user trajectories from both the social and therapy
dimensions into distinct cluster groups. This technique uses a
hill-climbing expectation-maximization algorithm, alternating
through various initialization methods until convergence is
reached [45,47].

Torun thisanalysis, participant trajectories were required to be
of the same length. As such, we focused on the maximum
number of daysthat all participants used Horyzons, which was
154 days. Each user’s first day on Horyzons consisted of an
induction to the platform, so it could not be viewed as an
independent system use. Therefore, daily activity (as per the
hierarchical categories on both the socia and therapeutic
components of the intervention) from days 2 to 155 was used.

In terms of adherence, it was expected that participants would
use Horyzons fortnightly to benefit from the intervention. On
this basis, daily activity was transformed into 22 meaningful
weekly scores, and these 22 weekly use scores were used as
input features for the K-means clustering. Weekly scores
comprised the maximum level of use per week, for example, if
a user used Horyzons twice during week 1, and this consisted
of passive use of the therapy dimension for 1 day (level of
activity=2) and engaging with therapy on the second day (level
of activity=3); they would obtain a score of 3 for week 1 onthe
therapy dimension (ie, the highest level of activity in that week).

No apriori hypothesis existed to substantiate the optimal number
of clustersfor analysis. Therefore, 2- to 4-cluster solutionswere
examined to account for complex patterns of system use found
outside of a dichotomous high versus low use range.
Furthermore, the samplewasrelatively small (N=82), suggesting
that cluster solutions exceeding 4 would comprise too few
participants per cluster. Cluster solutions with <15 participants
in any cluster were excluded. K-means was rerun 100 times,
each with different initial configurations, to ensure a global
maximum was reached. A number of nonparametric fit indexes
were used to compare cluster solutions, including the criteria
developed by Calinski and Harabasz [48], Ray and Turi [49],
and Davies and Bouldin [50]. A higher Calinski and Harabasz
score indicates better fit, whereas lower Davies and Bouldin
and Ray and Turi scores indicate better fit. In addition, cluster
solutionswereinternally validated by cal culating aRand index,
with scores closer to 1 indicating a higher likelihood of being
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assigned to the same cluster upon running 100 resamples [51].
Theoretical justifications and interpretability were also
considered to select the optimal cluster solution.

Characterizing User Profiles

Differences between user profiles on demographic and baseline
clinical characteristics were investigated using the 1-way

analyses of variance and chi-square (x°) tests for categorical
variables.

Examining the Predictive Value of User Profilesfor
Treatment Outcomes

Genera linear mixed modelswere used to assess the associations
between user profiles and treatment outcomes using the R
package Imed4 [46,52]. Cluster group (user profile), time
(baseline, 6-month follow-up), and group-by-time interaction
were added as predictors. The predictive value of user profiles
was assessed for social functioning, psychotic symptoms,
depression, and anxiety. Sex, age, and days of untreated
psychosis were added to the models as a priori determined
covariates, as shorter days of untreated psychosis has been
associated with improved outcomes and remission in FEP
[53-58], male sex has been associated with poorer social and
functioning outcomes in FEP [53], and age and sex may
influence the use of the system. The models also controlled for
baseline differences in the outcomes of interest. The effects of
interest included (1) the main effect of group, (2) the main effect
of time, and (3) the interaction between group and time. User
IDs were added to the models as a random intercept effect, as
they resolve the nonindependence associated with having
multiple responses per user. As a secondary analysis, general
linear mixed models were used to assess the associations
between each individual user profile and TAU.

Results

ClustersBased on Joint Trajectories of System Use

The fit indexes for 2-, 3-, and 4-cluster solutions are reported
in Multimedia Appendix 3. The 2-cluster solution was optimal
based on al criteria, except for the Bayesian Information
Criterion, where the 3-cluster solution showed the best solution.
Cluster A (high-decreasing use) and B (low-decreasing use)
trajectories remained consistent in the 2-, 3-, and 4-cluster
solutions. The 2-cluster solution represented high-decreasing
versus|ow-decreasing use, whereasthe 3- and 4-cluster solutions
represented more complex intermittent use, which existed based
on visual inspections of the data (individual plotsavailable upon
request). Cluster C represented moreintermittent and consistent
use and added valuable information beyond high versus low
useintermsof alternative user trajectories. On the basis of these
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observations, the 3-cluster solution was selected as it was
superior to the 4-cluster solution on all fit indexes, and the fit
indexes were gtill relatively high compared with the 2-cluster
solution. The 3-cluster solution also showed good internal
validity based on the Rand index.

The trajectories of the user profiles based on the 3-cluster
solution are shown in Figure 2. User profile A showed arapid
decrease in use on both the social and therapy dimensions after
baseline and remained inactive for the following months; hence,
this user profile was termed low use. User profile B showed
initial high use on both dimensions, which decreased over time,

O'Sullivan et al

with users remaining more active on the social dimension than
on the therapy dimension (where use was mainly passive or
inactive); therefore, user profile B was called maintained social.
User profile C showed more variable but sustained use over
time, remaining active on both dimensions, except during the
final few weeks. User profile C aso remained more engaged
with the system’s therapy components than the other 2 user
profiles and hence was called maintained therapy and social.
The low use profile comprised 60% (49/82) of the users, the
maintained social profile comprised 23% (19/82) of the users,
and the maintained therapy and social profile comprised 17%
(14/82) of the users.

Figure 2. User profile trajectoriesidentified based on weekly hierarchical daily activity scores.
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Characteristics of User Profiles

A 1-way between-groups analysis of variance indicated a
statistically significant difference between user profiles on
negative psychotic symptomsat baseline (F,, 7,4=6.375; P=.003).
Post hoc comparisons using the Tukey honest significant
differencetest indicated that the maintained therapy and social
profile (mean 14.36, SD 4.99) had significantly higher symptoms
than the maintained social profile (mean 10.48, SD 3.14) and
the low use profile (mean 11.05, SD 3.55). No significant
differences were observed between user profiles on any other
clinical characteristics or on any demographic variables at
baseline. A full overview of the results can be found in
Multimedia Appendix 4.

Associations Between User Profilesand Treatment
Outcomes

Significant group-by-timeinteraction effectswerefound for the
primary outcome of social functioning as measured using the
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PSP, overall psychiatric symptom severity, and negative
psychotic symptoms, with baseline effects accounted for (Table
1). Post hoc tests revealed that for social functioning, this
interaction effect was accounted for by significant improvements
for the maintained therapy and social profilefrom 0 to 6 months
(F11,=8.81; P=.01), compared with the maintained social profile
(F115=1.35; P=.26) and the low use profile (F; ,3=0.17;, P=.68;
Figure 3). For overall psychiatric symptom severity, post hoc
tests revealed that this interaction effect was accounted for by
asignificant decrease in symptoms for the maintained therapy
and social profile (Fy1,=5.99; P=.03), compared with the
maintained social profile (F;5=1.71, P=.21) and the low use
profile (F; ,;=0.004; P=.95; Figure 4). In terms of negative
symptoms, post hoc tests revealed that this interaction effect
was accounted for by a significant reduction in symptoms for
the maintained therapy and social profile (Fy 1,=10.94; P=.007),
compared with the maintained social profile (F, 15=0.66; P=.43)
and the low use profile (F; ,7=0.98; P=.33; Figure 5).
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Table 1. Changes on outcomes from baseline to 6 months for user profiles.

User profiles Group x timeinteraction, P value
F test (df)
Low use(n=49),  Maintained social (n=19),  Maintained therapy and socia (n=14),
mean (SD) mean (SD) mean (SD)
psp?
Baseline 67.09 (1.97) 70.17 (3.15) 65.31 (3.64) N/AP N/A
6 months 68.64 (2.62) 67.11 (3.15) 76.31 (3.64) 3.58(2, 51) .04

FESFS® independent living skills

Baseline 13.66 (0.33) 14.07 (0.52) 13.11 (0.60) N/A N/A

6 months 13.59 (0.41) 14.04 (0.54) 13.03 (0.62) 0.003 (2, 45) .99
FESFSinteracting with people

Baseline 12.96 (0.35) 12.52 (0.56) 11.90 (0.64) N/A N/A

6 months 13.26 (0.44) 12.09 (0.58) 12.27 (0.66) 0.87 (2, 45) 42

FESFSfriendsand activities

Baseline 18.96 (0.47) 17.50 (0.75) 17.61 (0.86) N/A N/A

6 months 19.53 (0.62) 17.70 (0.78) 18.06 (0.89) 0.08 (2, 46) 92
FESFSintimacy

Baseline 15.37 (0.45) 15.22 (0.75) 52 (0.85) N/A N/A

6 months 15.24 (0.58) 14.77 (0.75) 13.52 (0.90) 0.43 (2, 40) 65
PANSS total

Baseline 45.15 (1.77) 43.69 (2.84) 48.91 (3.27) N/A N/A

6 months 44.96 (2.22) 46.80 (2.84) 41.73(3.27) 3.23 (2, 50) .048
PANSS positive

Baseline 10.49 (0.54) 10.38 (0.86) 10.31 (1.00) N/A N/A

6 months 10.29 (0.70) 11.31 (0.86) 9.89 (1.00) 0.60 (2, 52) 55
PANSS negative

Baseline 10.73 (0.55) 11.24 (0.89) 13.62 (1.03) N/A N/A

6 months 10.02 (0.72) 10.55 (0.89) 9.28 (1.03) 4.45 (2, 51) .02
PANSS general psychopathology

Baseline 23.93 (1.06) 22.07 (1.70) 24.99 (1.96) N/A N/A

6 months 24.65 (1.33) 24.92 (1.70) 22.56 (1.96) 2.34 (2, 50) 11
CcDss®

Baseline 3.91(0.67) 3.31(1.08) 2.78 (1.25) N/A N/A

6 months 4.41(0.84) 3.84(1.08) 2.20 (1.25) 0.33 (2, 50) 72
DASS' anxiety

Basdline 12.14 (1.35) 6.79 (2.02) 10.15 (2.45) N/A N/A

6 months 12.02 (1.77) 10.58 (2.18) 9.42 (2.53) 1.35 (2, 42) 27

8pSP: Personal and Social Performance Scale.

BN/A: not applicable.

°FESFS: First Episode Social Functioning Scale.
dpANSS: Positive and Negative Syndrome Scale.
€CDSS: Calgary Depression Scale for Schizophrenia.
'DASS: Depression, Anxiety, and Stress Scale.
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Figure 3. Mean trendsin PSP social functioning scores for user profiles (95% CIs). PSP: Personal and Social Performance Scale.
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Figure 4. Mean trendsin PANSS overall psychiatric symptom severity scores for user profiles (95% Cls). PANSS: Positive and Negative Syndrome
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Figure5. Mean trendsin PANSS negative symptom scores for user profiles (95% Cls). PANSS: Positive and Negative Syndrome Scale.
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No significant group (user profile) by time associations were
found for aspects of socia functioning as measured by the
FESFS, positive psychotic symptoms, general psychopathol ogy,
depression, or anxiety (Table 1). Furthermore, no main effects
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were found for differences between the profiles at each time
point, and no main effects were found for changes over time
for each profile on the outcomes.
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Associations Between I ndividual User Profilesand
TAU With Treatment Outcomes

Significant group-by-time interaction effects were found for
social functioning as measured using the PSP, overall psychiatric
symptom severity, and negative psychotic symptoms for the
maintained therapy and social group versus the TAU group
(Table 2). For socia functioning, post hoc tests reveaed that
this interaction effect was accounted for by improvements for
the maintained therapy and social group (F,;,=8.81, P=.01)
compared with the TAU group (F;5,=0.87; P=.35), and a
significant difference between groups at 6 month follow-up,
with the maintained therapy and social group having higher
social functioning scoresthan the TAU group (F, 57=5.82; P=.02;
Figure 6). In terms of overall psychiatric symptom severity,
post hoc tests revealed that thisinteraction effect was accounted
for by decreases in symptoms for the maintained therapy and
social group (F; 1,=5.99; P=.03), compared with the TAU group
(F15,=0.78; P=.38; Figure 7). In terms of negative symptoms,
post hoc tests revealed that thisinteraction effect was accounted

https://mental .jmir.org/2022/4/€29211
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for by decreases in symptoms for the maintained therapy and
social group (Fy,,=10.94; P=.006) compared with the TAU
group (F, 5,=0.71; P=.40), and asignificant difference between
groups at baseline, with the maintained therapy and social group
having higher symptomsthan the TAU group (F; 76=4.35; P=.04;
Figure 8).

No significant group-by-time associations were found for
treatment outcomesfor thelow use group versusthe TAU group
(Multimedia Appendix 5). Similarly, with the exception of
anxiety, no significant group-by-time associations were found
for treatment outcomes for the maintained social group versus
the TAU group (Multimedia Appendix 6). Post hoc testsreveaed
that the interaction effect found for anxiety was accounted for
by a significant decrease in symptoms for the TAU group
(F1,4776.50; P=.01), asignificant increase in symptoms for the
maintained social group (F, ;,=6.11; P=.03), and asignificant
difference between groups at baseline, with the maintained
social group having lower anxiety scores than the TAU group
(F17,=4.07;, P=.047; Figure 9).
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Table 2. Changes on outcomes from baseline to 6 months for the maintained therapy and social and TAU? groups.
TAU (n=84), mean (SD) Maintained therapy and social (n=19), mean (SD) Group x time interaction, F test (df) P value

pspPP
Baseline 65.19 (1.57) 65.79 (3.82) NJAC N/A
6 months 66.89 (1.80) 76.79 (3.82) 468 (1, 62) 03

FESFSY independent living skills

Baseline 13.71 (0.21) 13.12 (0.50) N/A N/A

6 months 13.71(0.24) 13.04 (0.51) 0.02 (1, 60) 88
FESFSinteracting with people

Basdline 12.78 (0.24) 11.94 (0.58) N/A N/A

6 months 12.62 (0.27) 12.31 (0.59) 0.99 (1, 57) 32
FESFS friends and activities

Baseline 18.47 (0.43) 17.74 (1.00) N/A N/A

6 months 18.25 (0.47) 18.20 (1.02) 0.60 (1, 55) 44
FESFSintimacy

Basdline 14.82 (0.39) 14.56 (0.92) N/A N/A

6 months 14.77 (0.42) 13.47 (0.96) 1.63 (1, 52) 20
PANSS® total

Baseline 44.26 (1.37) 4857 (3.32) N/A N/A

6 months 45.72 (1.54) 41.40 (3.32) 5.66 (1, 63) .02
PANSS positive

Basdline 9.47 (0.43) 10.24 (1.05) N/A N/A

6 months 9.72 (0.50) 9.82 (1.05) 0.24 (1, 64) .62
PANSS negative

Baseline 11.00 (0.43) 13.42 (1.05) N/A N/A

6 months 10.64 (0.48) 9.09 (1.05) 14.61 (1, 62) <.001
PANSS general psychopathology

Basdline 23.78 (0.83) 24.92 (2.01) N/A N/A

6 months 25.39(0.95) 22.50(2.01) 2.76 (1, 63) .10
cpssf

Baseline 2.72 (0.41) 2.86 (0.99) N/A N/A

6 months 3.46 (0.46) 2.29 (0.99) 1.56 (1, 62) 22
DASS? anxiety

Basdline 12.35(1.16) 8.85 (2.80) N/A N/A

6 months 9.00 (1.32) 8.21 (2.89) 0.76 (1, 52) 39

3TAU: treatment as usual.

bpSP: Personal and Social Performance Scale.

EN/A: not applicable.

9dFESFS: First Episode Social Functioning Scale.
®PANSS: Positive and Negative Syndrome Scale.
fcpss: ca gary Depression Scale for Schizophrenia.
9DASS: Depression, Anxiety, and Stress Scale.
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Figure 6. Mean trends in PSP social functioning scores for the maintained therapy and social and TAU groups (95% Cls). PSP: Personal and Social
Performance Scale; TAU: treatment as usual.
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Figure 7. Mean trends in PANSS overal psychiatric symptom severity scores for the maintained therapy and social and TAU groups (95% ClIs).
PANSS: Positive and Negative Syndrome Scale; TAU: treatment as usual.
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Figure 8. Mean trends in PANSS negative symptom scores for the maintained therapy and social and TAU groups (95% CIs). PANSS: Positive and
Negative Syndrome Scale; TAU: treatment as usual.
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Figure 9. Mean trends in DASS anxiety scores for the maintained social and TAU groups (95% Cls). DASS: Depression Anxiety and Stress Scale;

TAU: treatment as usual.
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Discussion

Principal Findings

This is the first study that characterized participants’ patterns
of use of a multicomponent digital intervention (Horyzons),
which included interactive therapy content and socia
networking, to predict treatment outcomes for young people
recovering from FEP. Using a clustering procedure for joint
trajectories, we identified three distinct user profiles: (1) low
use, (2) maintained use of socia components (maintained
social), and (3) maintained use of both therapy and social
components (maintained therapy and social). The maintained
therapy and social profile had higher negative symptoms at
baseline compared with the maintained social and low use
profiles. The maintained therapy and social profile showed
statistically significant improvementsin social functioning and
decreases in negative symptoms and overall psychiatric
symptom severity compared with both the low use and
maintained social profiles and the TAU group.

We used K-means clustering for joint trajectories to identify
user profiles beyond that of a high versus low use dichotomy.
Our approach accounted for thelevel of activity over time across
the intervention components, going beyond categorizing the
number of log-ins, which is limited in terms of meaningful
engagement. In doing so, we found that the user profiles of
individual s who demonstrated more variable but sustained use
of both the therapy and social components over time were
significantly associated with improved social functioning and
clinica outcomes. In contrast, user profiles consisting of
individuals with decreasing use on both social and therapy
dimensions (ie, low use) demonstrated clinical outcomes
comparable with that of TAU. The use of K-means clustering
to identify use patternsin digital mental health interventionsin
the literature is a novel approach. A recent study by Sanatkar
et a [59] used it to examine the associ ation between engagement
profiles (based on 2-month system use metrics) and depression
and anxiety outcomes. They reported overall reductions in
depressive and anxiety symptoms, but no differences were
observed between the clusters. However, al users were

https://mental .jmir.org/2022/4/€29211
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somewhat engaged during this 2-month period, making it
difficult to determine the optimal levels of use for improved
treatment outcomes and how this was compared with nonuse.
Thesefindings differ from other research indicating that dropout
ratesin mental health appsare very rapid during thefirst month,
with aretention rate of only 3.3% inthe general population [60]
and 0.5% to 28.6% completion rates or use beyond 6 weeksin
interventions targeting depression and anxiety [61]. However,
little is known about use patterns beyond a 2-month period,
which our study examined.

Our findings indicated that the maintained use of both the
therapy and social components was significantly associated
with improvementsin social functioning (the primary outcome
of the Horyzons trial) compared with the other 2 user profiles.
This is consistent with a recent pilot study investigating the
effectiveness of a strengths- and mindfulness-based web-based
social therapy for young people at ultrahigh risk of psychosis,
which found increases in social functioning at 2-month
follow-up[16]. It isworth noting that the MOST platform design
isinformed by SDT [62], which emphasi zes meeting three key
psychological needs to support motivation and behavioral
change: (1) autonomy (feeling a sense of choice about one's
behavior), (2) competence (being able to bring about positive
changes in desired outcomes), and (3) relatedness (feeling
accepted by one's social milieu). It may be the case that the
combined system use (eg, the maintained therapy and social
profile) aligned with both competence (therapy) and relatedness
(social network), providing support for the SDT framework as
a potentially mediating means in which to improve social
functioning outcomes. Young people could engage in therapy
on their own terms, which may also have promoted competence
and autonomy. For example, choice in treatment (such as the
choice young people had to complete therapy they felt was
relevant to their needs on Horyzons) has been tied to the notion
of individual autonomy [63]. Furthermore, there is evidenceto
suggest that moderated therapy, such as that offered on
Horyzons, can promote self-competence in young people in
particular [64].
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Other improved outcomes, in terms of negative symptoms and
overall psychiatric symptom severity, were observed for the
maintained therapy and social group compared with the other
2 user profileson Horyzons. These findings are consistent with
those of the Horyzons RCT, which reported lower levels of
negative symptoms compared with TAU from baseline to 12
months (which corresponded with a period of higher use of the
Horyzons platform) [20], and lends support to the notion that
Horyzons may improve negative symptoms for those young
people with a certain level of engagement with the digital
platform.

To be able to improve outcomes, our study suggests that
sustained engagement with both the therapy and social
networking components of Horyzons is required. Although
these users comprised only 17% (14/82) of our sample, socia
functioning and negative symptoms are typically treatment
resistant in FER, which highlights the clinical significance of
thisfinding [65,66]. Overall, 40% (33/82) of the users showed
sustained use either on the social network alone (19/82, 23%)
or on both the therapy and social networking aspects of the
intervention (14/82, 17%), whereas 60% (49/82) of the
participants were in the low use profile. This is an important
observation, as a recent systematic search indicated a 15-day
retention rate of 3.9% and a 30-day retention rate of 3.3% for
mental health apps [60]; in contrast, 40% (33/82) of the users
in our study showed more sustained use over 155 days.
Furthermore, it isimportant to note that the low use profile did
not mean nonuse. This cluster had amean number of 12 log-ins
to Horyzons over 6 months, indicating that these young people
did engage with Horyzons but to a lesser extent than the
maintained social (mean log-ins 142) and maintained therapy
and social (mean log-ins 75) profiles. This also indicates that
log-ins are not a good indicator of intervention effectiveness,
asthe maintained social profile had a higher number of log-ins
than the maintained therapy and social profile but lower
consistent engagement with therapy content. Therefore, rather
than designing platformsto maximizelog-ins, we need to design
platforms to promote sustained engagement with the therapy
and social components.

Exploratory analyses comparing each user profile to TAU
further supported our main findings by demonstrating
statistically significant improvements in social functioning,
negative symptoms, and overall psychiatric symptom severity
for the maintained therapy and social group compared with the
TAU group. Conversely, increases in anxiety were observed
for those in the maintained social group compared with those
in the TAU group. An explanation for this may be that
worsening of outcomes may lead to increased motivation to
engage with social aspects and low motivation or perceived
competence to engage with therapeutic content. Use of the social
network was mostly moderate, with users mostly liking and
reacting to posts (indicating passive use) rather than actively
contributing via a post or comment. These findings are
consistent with a study that found passive social media use to
be associated with increased anxiety among adolescents [67].
Therefore, athough the social network may increase
engagement, as users engaged with this more consistently on
Horyzons, it is important that it is designed to reduce anxiety
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and isleveraged to increase young peopl€ smotivation to engage
with therapeutic content for continued support, to bring about
improved social and clinical outcomes. This is especially
important given the critical 5-year period for the risk of relapse
in FEP [4].

Our study confirmed that useis complex and that, although the
maintained therapy and social profile showed improvements
in outcomes, they also had higher negative symptoms at
baseline. This raises the question of whether higher negative
symptoms led to higher engagement, higher engagement led to
improvements in outcomes, or both. For example, higher
baseline symptoms may rel ate to perceived need to engage with
therapeutic content. Thisisinlinewith previous research, which
found that certain users only engaged with therapy until they
completed what was relevant for them. Pung et a [68] offered
participants self-help management strategies, similar to what
was offered on Horyzons, for example, mindfulness steps and
opportunities for social connection. Participants discontinued
use after a skill was acquired but still had access to the
intervention in case symptoms reemerged. These variousreasons
for use and disengagement may mask associationsand contribute
to mixed findings on the effectiveness of digital interventions.
Although we controlled for baseline differences and our findings
were consistent across social and clinical outcomes, we cannot
make causal inferences about the change in outcomes in our
study. Future research could address this by using multilevel
models with an autoregressive lag [69] and examining the
relationship between patterns of engagement and outcomesin
real time[70].

Limitations

It should also be noted that this study had a number of
methodological limitations. Although we controlled for baseline
differencesand key potential confounders, the findings of these
analyses need to be interpreted with caution. First, the analyses
comparing each user profile with TAU were exploratory and
nonrandomized. Second, owing to the small sample size, we
could not correct for multiple comparisons. That said, thisis
the first study to explore patterns of use in a multicomponent
digital intervention for FEP and is arguably an informative
starting point, as our results have significant clinical
implications. Future research could build upon this contribution
totheliterature by replicating these analyseswith larger sample
sizes.

Conclusions

In conclusion, our findings indicate that sustained engagement
with both the therapeutic and socia networking components of
Horyzons was key in improving socia functioning, negative
symptoms, and overall psychiatric symptom severity in young
people with psychosis. This supports the therapeutic value of
Horyzons and points to the need to capture complex patterns
of use over timeto determine key therapeutic targets and optimal
use for improved outcomes. Going forward, this can be done
inreal time, with ongoing optimization of intervention features
and management against key outcomes. Thisis a devel opment
in progress as digital interventions based on the MOST model
are currently being implemented into clinical services as part
of routine care, and novel methodologiesincluding fast iterative

JMIR Ment Health 2022 | vol. 9 | iss. 4 [e29211 | p.29
(page number not for citation purposes)


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

JMIR MENTAL HEALTH

A/B testing and artificial intelligence optimization methods will
be used to fast-track innovation and research trandation [70].
Thesefindings have real-world implicationsfor the devel opment
of multicomponent digital interventions, as well as for the
treatment of young people with psychosis through digital
platforms. Future research will need to determine how to distill

O'Sullivan et al

the contribution of specific aspects of the intervention and how
components may work together to sustain user engagement and
improve clinical outcomes. We are currently investigating this
by determining which aspects of Horyzons system use lead to
subsequent use by means of multiple convergent cross mapping.
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Abstract

Background: Schizophreniaisalifelong illnessthat requireslong-term treatment and caregiving. Family psychoeducation (FP)
has been shown to lessen caregiver burden, improve caregiver functioning, and improve outcomes in patients. However, the
impact of FP delivered specifically to caregivers on patient outcomes has not been well explored, particularly for early schizophrenia.
Furthermore, thereisalack of research examining the benefits of tel eheal th-based psychoeducation for caregivers on either patient
Or caregiver outcomes.

Objective: The Family Intervention in Recent-Onset Schizophrenia Treatment (FIRST) study is arandomized controlled trial
of patientswith schizophrenia spectrum disorders and their caregivers, which is designed to eval uate the effect of tel ehealth-based,
caregiver-focused, study-provided psychoeducation versus usua care (UC) on patient treatment failure (TF). The impact of
study-provided psychoeducation on caregiver burden is also investigated.

Methods: Eligible patientsand their designated caregiverswere randomly assigned to either the study-provided psychoeducation
(<16 sessions of tel ehealth-based psychoeducation over 6 months) or UC group, stratified by antipsychotic treatment (paliperidone
palmitate or oral antipsychotic). The major TF events (ie, psychiatric hospitalization or intervention, arrest or incarceration, and
suicide attempts) were assessed at 3, 6, and 12 months after baseline. A proportional means model using mean cumulative function
was used to assess between-group differences in the mean cumulative number of TF events over 12 months. Caregiver burden
was assessed using the Involvement Evaluation Questionnaire and 12-item Short Form Health Survey.

Results. A total of 148 pairs of participants were enrolled in the study, of whom 96 (64.9%) patients and 94 (63.5%) caregivers
completed the 12-month follow-up. The mean number of sessions in the study-provided psychoeducation group was 7.7 (SD
5.9). No differences were observed between the study-provided psychoeducation and UC groups in patient outcomes (rates of
TF: 70% vs 67%; P=.90) or measures of caregiver burden (assessment of caregiver distress and physical and mental health).
However, post hoc analyses revealed lower relapse rates in patients who received paliperidone palmitate than in those who
received oral antipsychoticsat all time points. Although the FIRST study did not meet the primary end point, several key lessons
were identified to inform future caregiver-focused, telehealth-based FP interventions. Lack of study-provided psychoeducation,
focus on caregiver-only intervention, difficulties with enrollment, and caregiver—treatment team coordination may have affected
the outcomes of the FIRST study.

Conclusions: Key insightsfrom the FIRST study suggest the potential importance of supporting sufficient caregiver engagement;
communication between clinicians, patients, and family members regarding treatment plans; and solidifying the relationship
between clinicians providing psychoeducation to the caregiver and patient treatment team.

Trial Registration: Clinical Trials.gov NCT02600741; http://clinicaltrials.gov/ct2/show/NCT02600741
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Introduction

Schizophrenia is a complex, lifelong illness that typically
develops in young adults [1] and requires long-term treatment
and caregiving, which are frequently provided by family
members|[2,3]. Caregiversoften find that caring for aloved one
with schizophreniaisdifficult and struggle with social isolation,
financial burden, and physical and emotional exhaustion [4,5].
Family psychoeducation (FP), a guideline-recommended
complement to pharmacological treatment for schizophrenia,
has been shown to lower burden and improve functioning in
caregivers and can aso lead to improved patient outcomes,
including lower rates of relapse and hospitalization [6-11].
However, FPis often unavailable or underused, partially because
of implementation barriers such as scheduling difficulties and
lack of accessto care from specialists [12-15].

To address this unmet need, web-based or telehealth-based
models of psychoeducation that offer private at-home sessions
have been developed [16-18]. Compared with usual care (UC),
web-based FPinterventionsinvolving caregiver support, patient
psychoeducation, and mutual patient—caregiver support have
been found to be successful in lowering stress, reducing
symptoms, increasing perceived social support for patientswith
schizophrenia, and improving the illness knowledge of
caregivers[19,20]. Family interventions during the early phase
of illness have been studied; however, the efficacy of FP
interventions delivered exclusively to caregivers is still being
explored.

The Family Intervention in Recent-Onset Schizophrenia
Treatment (FIRST) study was designed to evaluate the impact
of FP given specifically to caregivers on the outcomes of
patients with schizophrenia spectrum disorder under their care
and family burden. In the FIRST study, FP was delivered using
Healios Inc, doing business as MyHealios, a telehealth-based
study-provided psychoeducation (SPPE) and skills training
intervention. MyHealioswas devel oped to incorporate common
components of efficacious caregiver-oriented FP interventions
during the patients' early phase of illness; the FP program was
individualized to each caregiver to include education about
schizophrenia and its treatment and skills training to improve
communication, problem solving, and coping [21-23]. The
MyHealioslive web-based sessionswere clinician led, enabling

https://mental .jmir.org/2022/4/€32492

caregiversto access professional servicesfrom home. Thispaper
reports the primary findings of the FIRST study and outlines
other key learnings of the study.

Methods

Study Design and Patients

The FIRST study (NCT02600741) was arandomized controlled
trial of patientswith schizophrenia spectrum disorders and their
caregivers, that was conducted to evaluate the overall effect of
caregiver-focused study-provided psychoeducation and skills
training compared with UC on the number of treatment failure
(TF) events in patients (Multimedia Appendix 1). The study
design was informed by a meta-analysis of caregiver-directed
psychosocial interventions[24]. The FIRST study wasinitiated
on July 24, 2015, and completed on July 5, 2018. The study
sites were 31 community mental health centers in the United
States, which provide routine clinical care to patients with
schizophrenia. The study investigators received formal training
through an investigator meeting and other training provided by
the sponsor. Study participants were patients with diagnoses of
schizophrenia, schizoaffective disorder, or schizophreniform
disorder, aged 18 to 35 years, who were receiving paliperidone
palmitate or oral antipsychotics, as prescribed by their clinician.
Participants must have had =1 TF within 6 months of screening,
defined as psychiatric hospitalization, intensive outpatient
psychiatric treatment or partial hospitalization, psychiatric
emergency department visit, crisis center visit, mobile crisis
unit intervention, arrest or incarceration, or suicide attempt.
Caregivers were individuals who provided the patient with
assistance and care. They could be members of the immediate
or extended family, friends, neighbors, or significant others.
Caregivers were included if they were aged =218 years, had
verbal interaction with the patient =2 timesaweek, had internet
access, and had not received formal psychoeducation in the past
12 months. After screening, caregiverswere randomly assigned
in a 1:1 ratio to the study-provided psychoeducation or UC,
stratified by patient antipsychotic treatment (paliperidone
palmitate or oral antipsychotic; Figure 1). If the caregiver was
unable or unwilling to continue participation in the study, the
caregiver was not replaced; however, the patient was followed
up. If a patient withdrew from the study, both the patient and
caregiver were discontinued from the study.
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Figure 1. FIRST study design. In the FIRST study, caregivers randomized to the study-provided psychoeducation received up to 16 study-provided
psychoeducation and skills training sessions within a 6-month period. UC consisted of caregiver support that was customarily provided by the study
site (if any). FIRST: Family Intervention in Recent-Onset Schizophrenia Treatment; UC: usual care.
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Ethical Consider ations

The study protocol was approved by an institutional review
board (ID #5146C) and conducted in accordance with the
Declaration of Helsinki and was consistent with Good Clinical
Practices and applicable regulatory requirements. Patients and
their legally acceptable representatives provided written
informed consent. Further details of the study design can be
accessed on the Clinical Trials.gov page for the FIRST study
[25].

Interventions

Caregivers randomly assigned to the study-provided
psychoeducation group were invited to attend up to 16 live
web-based sessions of MyHealios, a telehealth-based FP and
skills training program for caregivers of patients with
schizophrenia over a 6-month period. Each caregiver was
assigned atrained and certified masters-level clinician who was
independent of, and had no communication with, the patient’s
UC team. All MyHeadlios clinicians received formal training
and a training manual. They also underwent a certification
process before conducting FP sessions with the caregivers
enrolled in the study. The clinician who developed the FP
curriculum and supervised the caregiver sessions was a
PhD-level clinical psychologist with expertise in FP
interventions for schizophrenia. Regular (eg, weekly)
supervision was provided to the certified clinicians throughout
the study. The adherence of clinicians to the FP and skills
training program and manual was routinely evaluated using a
10-point fidelity scale based on observations of recorded
caregiver sessions (including items such as agenda setting,
collaboration, efficient use of time, interpersonal effectiveness,

https://mental .jmir.org/2022/4/€32492

and following the structure of skills training), with fidelity
ratings provided as feedback to clinicians and incorporated into
supervision.

The MyHealios clinicians worked with the caregivers through
live web-based sessions on a one-on-one basis throughout the
program. Each session was 40 minutes in length and was
conducted on the web at a time convenient for the caregiver.
The web interface included live videos of both the caregiver
and clinician, as well as a chat window to facilitate
communication and caregiver participation in interactive
activities. The number of delivered sessions and topics were
determined jointly by the caregiver and clinician, with the
teaching information and skills individually tailored to the
caregiver. During each session, the caregiver presented problems
that arose from caring for the patient and elaborated with
specific examples. The clinician offered training and guidance
on the appropriate methods to manage the identified problems.

Sessions were planned to occur weekly at the beginning of the
program and decrease in frequency over the next 6 months as
participants learned how to apply the skillsin their day to day
lives. A total of 3 moduleswereidentified for initial completion
by dl caregivers (engagement and goal setting, communications,
problem solving and goal achievement). Caregivers could then
elect to complete any of the other modulesin any order (coping,
relapse prevention, delusions, low levels of activity,
schizophrenia, anxiety, bipolar disorder, hallucinations, crisis
identification and management, alcohol and drugs, depression,
engaging the treatment team, and treatment adherence).

The UC group received support routinely provided by caregivers
at the study sites. In both groups, patients and their caregivers
werefollowed up for <12 months after the baseline assessment.
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Assessments

Assessments, including those of TF events, were evaluated at
baseline and a 3, 6, and 12 months. Patient illness
self-management was evaluated using the self-reported [1Iness
Management and Recovery (IMR) scale[26]. This self-reported
scale contains 15 questions, each of which is answered on a
5-point Likert scale, with higher scores indicating better
recovery status. The IMR total score (range 15-75) was derived
as the sum of the 15 item scores. The severity of psychotic
symptoms was rated using the Clinical Global Impression of
Severity (CGI-S) scale [27] by a member of the patient’s
treatment team (not a family clinician) who was not masked to
the treatment assignment. The CGI-S rating scale rates the
severity of aparticipant’s psychotic condition based on a 7-point
global assessment of symptom severity from 1 (normal, not ill)
to 7 (most extremely ill).

Caregiver-reported assessments were conducted at the same
time as patient assessments. The Involvement Evaluation
Questionnaire (IEQ) [ 28] was used to measure caregiver distress,
and the 12-item Short Form Health Survey (SF-12) [29] was
used to measure overall perceived physical health (physical
component score [PCS]) and mental health (mental health
component score [MCS]). The IEQ is designed to measure the
consequences of caregiving on family members and friends of
patients with schizophrenia. All items are scored on a scale of
0 (never) to 4 (always), and thetotal scorerangesfrom 0to 108.
Higher |EQ scores indicate higher levels of caregiver burden.
The SF-12 isaself-administered 12-item questionnaire designed
to cover 8 domains of functional health status and well-being:
physical functioning, role limitations because of physical health
problems, bodily pain, general health perceptions, vitality, socia
functioning, role limitations because of emotional problems,
and mental health. These scales are scored from 0 to 100, with
higher scores indicating better health. A 1-week recall period
was used for PCS and MCS.

Safety was assessed based on reported adverse events (AES)
and serious AEs (SAEs). AEs and SAEs were reported for
patients, and only SAESs were reported for caregivers.

Medical resource utilization, including hospitalizations,
emergency department visits, and outpatient servicesfor patients
and caregivers, was recorded on a patient heath resource
utilization form by chart abstraction and an interview or
guestionnaire if datawere missing.
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Statistical Analyses

The primary efficacy end point wasthe mean cumulative number
of TF events experienced by patients over the 12-month study
period. A proportional means model using the mean cumulative
function was used to assess between-group differences in the
mean cumulative number of TF events over 12 months. The
mean cumulative function, as a function of time, was defined
as the expected (mean) number of TF events in a given time
interval since study day 1. The mean cumulative function for
recurrent events and Kaplan—Meier (for time to the first event)
analyses were performed for overall TF because of any event
and for TF because of each of the events specified in the
definition of TF. For secondary outcomes, changesfrom baseline
to 3, 6, and 12 monthsin IEQ, IMR, SF-12, and CGI-S scores
were analyzed using a mixed model repeated measures
methodology with terms for study group, time, study group by
time interaction, and baseline score. In  addition,
treatment-emergent AEs (TEAES) were presented according to
the treatment group (defined by the antipsychotic medication
at baseline: paliperidone palmitate or oral antipsychotics).

The TF rate in the control group was assumed to be 0.50 based
on a previous study with a similar end point [30]. The effect
size in terms of a risk ratio of 0.60 was obtained from a
meta-analysis of 18 randomized controlled studies examining
the effect of face-to-face psychoeducation for caregivers on
similar end points [24].

Results

Disposition

Owing to difficulties in study enrollment, recruitment was
discontinued before the target enrollment of 300 pairs was met,
resulting in underpowered statistical analyses. A total of 170
patient—caregiver pairswere screened in the study; 19 pairs had
screening failures (some with more than 1 reason for atotal of
21 screening failures[Figure 2]). Asaresult, 151 (88.8%) were
randomly assigned to study-provided psychoeducation or UC;
of these 151 pairs, 148 (98%) patient—caregiver pairs were
included in the all-randomized analysis set (study-provided
psychoeducation, n=73, 49.3%; UC, n=75, 50.7%). Of the 148
participants, 96 (64.9%) patients and 94 (63.5%) caregivers
completed 12 months of follow-up; 52 (35.1%) patients and 54
(36.5%) caregiversdiscontinued participation before 12 months
(Figure 2).
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Figure 2. Disposition of study pairsin the FIRST study. Study patient pairs comprised individuals with schizophrenia and their designated caregivers.
Patients could have =1 reason for screen failure. FIRST: Family Intervention in Recent-Onset Schizophrenia Treatment; UC: usual care.
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Demographics and Baseline Char acteristics

Patients and caregivers demographics and baseline
characteristics were generally balanced across the
study-provided psychoeducation and UC groups (Tables 1 and
2). The median patient age was 25.0 (range 18 to 35) years,
suggesting that patientswere early in their disease course; most
patients were male (111/148, 75%), White (84/148, 56.8%),
and living with family or friends (131/148, 88.5%). Of the 148
participants, at baseline, 49 (33.1%) patients were receiving
paliperidone palmitate, and 99 (66.9%) were receiving oral
antipsychotics. The mean CGI-S score was 4.2, indicating
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moderate severity of illness (Table 1). The median caregiver
age was 52.5 (range 21-76) years, with most being femae
(116/148, 78.4%), White (87/148, 58.8%), and a parent of the
patient (112/148, 75.7%). Baseline IEQ total scores, SF-12 PCS
scores, and SF-12 MCS scores were similar in the
study-provided psychoeducation and UC groups (Table 1).

Caregivers who discontinued participation early tended to be
nonparent relativeswith lower self-reported health on the SF-12
and high burden scores on the IEQ at baseline (Table 2). The
baseline demographic and clinical characteristics of the patients
whose caregivers discontinued participation by month 12 were
similar.
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Table 1. Demographics and baseline characteristics of patients with schizophrenia spectrum disorders and caregivers by study group (N=148).

Parameter Intervention®
Study-provided psychoeducation (n=73) Usud care (n=75) Total
Patients
Age (years), mean (SD) 25.3(4.7) 25.1(5.0) 25.2(4.8)
Sex, n (%)
Male 54 (74) 57 (76) 111 (75)
Female 19 (26) 18 (24) 37(25)
Race, n (%)
White 45 (61.6) 39 (52) 84 (56.8)
Black or African American 21(28.8) 31 (41.3) 52 (35.1)
Multiple or other 7(9.6) 4(5.3) 11(7.4)
Unknown or not reported 0(0) 1(1.3) 1(0.7)
Ethnicity, n (%)
Hispanic or Latino 13(17.8) 17 (22.7) 30(20.3)
Not Hispanic or Latino 60 (82.2) 57 (76) 117 (79.0)
Unknown or not reported 0(0) 1(1.3) 1(0.7)

Living status, n (%)

At home with family or friends 63 (86.3) 68 (90.7) 131 (88.5)

At home alone 5(6.8) 5(6.7) 10(6.8)

Sheltered living 2(2.7) 0(0) 2(1.4)

Other 3(4.2) 1(1.3) 4(2.7)
Diagnosis, n (%)

Schizophrenia 44 (60.3) 38 (50.7) 82 (55.4)

Schizoaffective disorder 31 (42.5) 34 (45.3) 65 (43.9)

Schizophreniform disorder 0(0) 5(6.7) 5(3.4)
Functioning, mean (SD)

IMRP total score 48.3(6.8) 49.2(7.1) 48.8(7.0)

CGI-<E score 41(11) 4.3(L1) 4.2(11)

Caregivers

Age (years), mean (SD) 52.1(11.2) 49.0 (12.5) 50.5 (11.9)
Sex, n (%)

Male 14 (19.2) 18 (24) 32(21.6)

Female 59 (80.8) 57 (76) 116 (78.4)
Race, n (%)

White 47 (64.4) 40 (53.3) 87(58.8)

Black or African American 18 (24.7) 31(41.3) 49 (33.1)

Multiple or other 7(9.6) 2(27) 9(6.1)

Not reported or unknown 1(1.4) 2(2.7) 3(2.0)
Ethnicity, n (%)

Hispanic or Latino 9(12.3) 16 (21.3) 25(16.9)

Not Hispanic or Latino 64 (87.7) 58 (77.3) 122 (82.4)

Not reported 0(0) 1(1.3) 1(0.7)
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Parameter Intervention®
Study-provided psychoeducation (n=73) Usua care (n=75) Total
Relationship with patient, n (%)

Parent? 56 (76.7) 56 (74.7) 112 (75.7)
Sibling 2(2.7) 6 (8.0) 8(5.4)
Other relative 5(6.8) 4(5.3) 9(6.1)
Spouse or partner 6(8.2) 5(6.7) 11(7.4)
Friend 3(4.1) 2(2.7) 5(3.4)
Other 1(1.4) 227 3(2.0)

| EQ® score, mean (SD)

Total 30.8 (16.4) 29.7 (17.3) 30.2 (16.8)
Tension 8.1(5.4) 6.8 (6.0) 75(5.7)
Supervision 3.1(3.3) 3.8(3.8) 3.5(3.6)
Worrying 11.3(6.2) 9.7 (5.8) 10.5 (6.0)
Urging 10.7 (5.9) 11.9(7.1) 11.3(6.6)
SF-12' Pcs? score, mean (SD)" 50.3(103) 51.7(94) 51.0(9.8)
SF-12 MCS' score, mean (SD)" 45.3(10.4) 48.7 (9.5) 47.0(10.2)

8A||-randomized analysis set (all caregivers or patients who were randomly assigned and entered the study).

BIMR: IlIness M anagement and Recovery.

°CGlI-S: Clinical Global Impression of Severity.

Yincludes stepparents, foster parents, and adoptive parents.

€ EQ: Involvement Evaluation Questionnaire.

fSF-12: 12-item Short Form Health Survey.

9PCS: physical component summary.

PFor SF-12 (PCSand MCS), there were 43 caregivers in the discontinued early group, 102 in the completed study group, and 145 in the total group.
IMCS: mental component summary.
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Table 2. Demographics and baseline characteristics of patients with schizophrenia spectrum disorders and caregivers by caregiver discontinuation
status (N=148).

Parameter Caregiver discontinuation status?
Discontinued early (n=45) Completed study (n=103) Total
Patients
Age (years), mean (SD) 25.2(4.3) 25.2(5.1) 25.2(4.8)
Sex, n (%)
Male 31(68.9) 80 (77.7) 111 (75)
Female 14 (31.1) 23(22.3) 37(25)
Race, n (%)
White 26 (57.8) 58 (56.3) 84 (56.8)
Black or African American 17 (37.8) 35(34.0) 52 (35.1)
Multiple or other 1(2.2) 10 (9.7) 11 (7.4)
Unknown or not reported 1(2.2) 0(0) 1(0.7)
Ethnicity, n (%)
Hispanic or Latino 8(17.8) 22 (21.4) 30(20.3)
Not Hispanic or Latino 37(82.2) 80 (77.7) 117 (79.1)
Unknown or not reported 0(0) 1(1.0) 1(0.7)
Living status, n (%)
At home with family or friends 41 (91.1) 90 (87.4) 131 (88.5)
At home alone 3(6.7) 7(6.8) 10(6.8)
Sheltered living 0(0) 2(1.9) 2(14)
Other 1(2.2) 3(29) 4(2.7)

Diagnosis, n (%)

Schizophrenia 29 (64.4) 53 (51.5) 82 (55.4)
Schizoaffective disorder 19 (42.2) 46 (44.7) 65 (43.9)
Schizophreniform disorder 0(0) 5(4.9 5(3.4)

Functioning, mean (SD)

IMRP total score, mean (SD) 46.0 (6.2) 50.0 (7.0) 48.8(7.0)
CGI-S° score, mean (SD) 42(1.0) 42(1.2) 42(11)
Caregivers
Age (years), mean (SD) 47.8 (13.3) 51.7 (11.2) 50.5(11.9)
Sex, n (%)
Male 9 (20) 23(22.3) 32 (21.6)
Female 36 (80) 80 (77.7) 116 (78.4)
Race, n (%)
White 28(62.2) 59 (57.3) 87 (58.8)
Black or African American 16 (35.6) 33(32) 49 (33.1)
Multiple or other 0(0) 9(8.7) 9(6.1)
Not reported or unknown 1(22) 2(1.9) 32
Ethnicity, n (%)
Hispanic or Latino 7 (15.6) 18 (17.5) 25(16.9)
Not Hispanic or Latino 38 (84.4) 84 (81.6) 122 (82.4)
Not reported 0(0) 1(1) 1(0.7)
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Parameter Caregiver discontinuation status®
Discontinued early (n=45) Completed study (n=103) Total
Relationship with patient, n (%)
Parent? 29 (64.4) 83 (80.6) 112 (75.7)
Sibling 4(8.9) 4(3.9) 8(5.4)
Other relative 5(11.1) 4(3.9) 9(6.1)
Spouse or partner 4(8.9) 7 (6.8) 11(7.4)
Friend 2(4.4) 3(2.9) 5(3.4)
Other 1(2.2) 2(19) 32
| EQ® score, mean (SD)
Total 33.2(18.2) 29.0 (16.1) 30.2 (16.8)
Tension 8.6 (6.1) 7.0 (5.6) 75(5.7)
Supervision 4.2 (4.6) 3.1(3.0) 3.5(3.6)
Worrying 10.7 (6.2) 10.5 (6.0) 10.5 (6.0)
Urging 12.1(7.2) 10.9 (6.2) 11.3 (6.6)
SF-12" PCS? score, mean (SD)" 485 (11.4) 52.0(8.9) 51.0(9.8)
SF-12 MCS' score, mean (SD)” 46.4(10.2) 47.2(10.0) 47.0(10.1)

8Safety analysis set (all caregivers or patients who entered the study).
BIMR: IlIness M anagement and Recovery.

°CGlI-S: Clinical Global Impression of Severity.

Yincludes stepparents, foster parents, and adoptive parents.

€ EQ: Involvement Evaluation Questionnaire.

fSF-12: 12-item Short Form Health Survey.

9PCS: physical component summary.

PFor SF-12 (PCSand MCS), there were 43 caregivers in the discontinued early group, 102 in the completed study group, and 145 in the total group.

IMCS: mental component summary.

Extent of Exposureto Caregiver Support and
Education Program

In the study-provided psychoeducation group, the mean number
of caregiver sessionsreceived was 7.7 (SD 5.88), and the median
was 8 (range 0-16). Of the 73 participants, 40 (55%) caregivers
who were randomly assigned to the study-provided
psychoeducation intervention group received at least half of the
modules (ie, =8 sessions); 12 (16%) caregivers did not receive
any sessions, and 7 (10%) caregivers received only 1 session;
9 (12%) caregivers received 15 training sessions, and 3 (4%)
received a maximum of 16 sessions (Multimedia Appendix 2).

https://mental .jmir.org/2022/4/€32492

Of the 73 participants, 61 (84%) caregivers received at least
one session, of whom all (n=73, 100%) received the engagement
and goal setting module, 52 (85%) received the communications
module, 40 (66%) received the problem solving and goal
achievement module, and 35 (57%) received the coping module.
The other modules were assigned to <50% of the caregivers
(Tables 3 and 4). Caregivers who received fewer sessions were
younger and more likely to be spouses or partners than those
who received more sessions (Multimedia Appendix 3). Of the
75 caregivers in the UC group, 59 (79%) received no support
services, and 7 (9%) were provided with case management or
individual counseling or therapy.
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Table 3. Summary of different modules administered to caregivers during study-provided psychoeducation (N=73)2
Caregiver-focused study-provided psychoeducation Pdliperidone palmitate (n=25b), Oral antipsychotics (n=48b), Total,
module description n (%) n (%) n (%)
Engagement and goal setting 22 (100) 39 (100) 61 (100)
Communications 18(82) 34 (87) 52 (85)
Problem solving and goal achievement 15 (68) 25 (64) 40 (66)
Coping 13 (59) 22 (56) 35(57)
Release prevention 8(36) 10 (26) 18 (30)
Delusions 7(32) 10 (26) 17 (28)
Low levels of activity 3(14) 9(23) 12 (20)
Schizophrenia 3(14 7(18) 10 (16)
Anxiety 4(18) 5(13) 9(15)
Bipolar 3(14) 2(5 5(8)
Hallucinations 3(14) 2(5) 5(8)
Crisisidentification and management 2(9) 2(5) 4(7)
Alcohol and drugs 0(0) 3(8) 3(5)
Depression 0(0) 2(5) 2(3)
Engaging the treatment team 1(5) 0(0) 1(2
Treatment adherence 0(0) 1(3) 1(2

8A|l-randomized analysis set (all caregivers who were randomly assigned and entered the study).
BA total of 12 caregivers (paliperidone palmitate, n=3; oral antipsychotics, n=9) did not receive any modules; percentages are given as a proportion of

the caregivers receiving modules.

Table 4. Summary of different modules administered to caregivers during caregiver support in usual care (N=75).

Usua care provided

Pdliperidone palmitate (n=24), n (%) Ora antipsychotics (n=51), n (%)

Total, n (%)

None 21 (88)
Case management 1(4)
Individual counseling or therapy 1(4)
NAMIP 2(8)
Group counseling or therapy 0(0)
Optiontojoin NAMI family-to-family education program 0 (0)
Live interaction 0(0)
Supportive therapy 0(0)
Website link 0(0)

38 (75) 59 (79)
6(12) 7(9)
6(12) 7(9
3(6) 5(7)
2(4) 2(3)
1(2) 1)
1(2) 1D
1(2) 11
1(2) 1D

8A|l-randomized analysis set (all caregivers who were randomly assigned and entered the study).

BNAMI: National Alliance on Mental Illness.

Efficacy

TF Events

A total of 89 TF events occurred during the study.
Approximately 37% (23/63) of participantsin the study-provided
psychoeducation group and 37% (25/67) of participantsin the
UC group had at least 1 TF dueto any event. TF rates were not
associated with baseline CGI-S scoresand did not differ between
the study-provided psychoeducation and UC groups (P=.90;
Figure 3). Most TF events were because of psychiatric
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RenderX

hospitalization (61/89, 69%) or psychiatric emergency
department visits (13/89, 15%). Post hoc analyses also showed
lower relapse rates in patients who received paliperidone
palmitate than in those who received oral antipsychotics at all
time points (Figure 4).

Exploratory post hoc analyses were performed to investigate
whether higher levels of caregiver participation in the
study-provided psychoeducation intervention were associated
with improved patient TF outcomes. There was no significant
difference in the mean number of TFs because of any event
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between caregiverswho received >8 sessionsversustheoverall  whose caregivers received at least one session than in patients
UC group (36% vs 37%; P=.76). In the study-provided of caregivers who received 15 to 16 sessions (10/13, 77% vs
psychoeducation group, TF rateswere notably higher in patients  4/12, 33%; Table 5).

Figure 3. Cumulative mean functions of treatment failure because of any event in the study-provided psychoeducation and UC groups UC: usual care.

Mean cumulative number of events

0.84 — Study-provided psychoeducation group (N=63)

0.0

--= UC group (N=67)
P=.90 r

0 30 60 90 120 150 180 210 240 270 300 330 360 390

Days since randomization

Figure 4. Treatment failure rates by antipsychotic treatment strata (post hoc analysis). Efficacy analysis set (n=130, all patients who entered the study
and had at least one postbaseline efficacy assessment). UC: usua care.
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Table 5. Summary of secondary end points: caregiver and patient secondary outcomes.

Training sessions

Number of participants, N Patientswith =1 treatment failure, n (%) Total treatment failures, n Treatment failure rate

Total 63 23(36.5) 44 0.70
0-1 13 5(38.5) 10 0.77
2-14 38 15 (39.5) 30 0.79
15-16 12 3(25) 4 0.33
were no statistically significant differences in change from
Secondary Outcomes y 99 g

baseline between groups at any time point (P>.05 for all

Caregiver IEQ total scores, SF-12 PCSand MCS scores, patient  comparisons). Similar decreases from baselinein health resource
IMR total scores, and CGI-S scoresimproved from baselineto  yse at months 6 and 12 were observed in the study-provided
the follow-up assessments for both the study-provided psychoeducation and UC groups.

psychoeducation and UC groups (Tables 6-8). However, there
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Table 6. Summary of secondary end points: health resource utilization outcomes.

Outcomes 3 months 6 months 12 months
Study-provided Study-provided Study-provided
psychoeducation ~ UC? psychoeducation  UC psychoeducation  UC

Caregiver outcomes

IEQPC change from basgline

L mean (SE)  ~2-95(159) -5.08 (1.54) -6.96 (1.59) -7.62 (1.58) -4.15 (1.96) 5,61 (2.08)
Difference (study-provided psychoeducation vs UC)
LSmean 213 213 0.66 0.66 1.46 1.46
(95%Cl)  (22510652)  (-22510652) (-3.79105.10)  (-3.7910510) (-4.21t07.13)  (-4.21t07.13)
P value 34 34 77 77 61 61

SF-12° M CS"9 change from baseline
LS mean (SE) 0.63 (1.16) 127 (1.12) 2.86 (1.07) 2.92 (1.07) 1.94 (1.34) 3.01 (1.42)
Difference (study-provided psychoeducation vs UC)

LSmean  -0.64 -0.64 -0.05 -0.05 -1.08 -1.08
(95%Cl)  (-38410256) (-3.84102.56)  (-3.07 t0 2.96) (-3.07102.96)  (-4.96 to 2.80) (~4.96 to 2.80)
P value 69 69 97 97 58 58

sF-12pPcs change from baseline
LS mean (SE) -0.59 (0.89) -0.75 (0.86) -2.38(0.87) -1.59 (0.87) -2.08 (1.17) -2.82(1.26)
Difference (study-provided psychoeducation vs UC)

LSmean  0.16 0.16 -0.79 -0.79 0.74 0.74
(95%Cl)  (—229102.60)  (-2.29102.60) (-323t10164)  (-32310164) (-267t04.15)  (-2.67t04.15)
P value .90 .90 52 52 67 67

Patient outcomes

IMR") change from baseline

LSmean (SE)  1.12(0.75) 1.04(0.72) 4.34 (0.89) 3.40 (0.85) 4.47 (0.81) 3.61(0.83)
Difference (study-provided psychoeducation vs UC)
LSmean  0.09 0.09 0.94 0.94 0.86 0.86
(95%Cl)  (—19710214)  (-1.97t02.14) (-150t03.38)  (-150103.38) (-145t03.16)  (-1.45t03.16)
P value .93 .93 45 45 46 46

cGl-s¢! change from baseline

LSmean(SE)  -0.18(0.10) -0.12(0.10) -0.24(0.12) -0.30(0.12) -0.30(0.13) -0.44(0.13)
Difference (study-provided psychoeducation vs UC)
LS mean -0.06 -0.06 0.06 0.06 0.13 0.13
(95%Cl)  (-03410022)  (-03410022) (-0.25t0037)  (-0.25100.37) (-0.22t00.49)  (-0.22t0 0.49)
P value .66 .66 .69 .69 46 46
3UC: usual care.

by EQ: Involvement Evaluation Questionnaire.

®Higher scores on the |EQ indicate a higher caregiver burden.
4S: least sguares.

€SF-12: 12-item Short Form Health Survey.

*MCS: mental component summary.

9Higher scores on the SF-12 indicate better health.

Ppcs: physical component summary.

'IMR: lllness Management and Recovery.

jHigher scores on the IMR indicate better recovery status.
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KCGlI-S: Clinical Global Impression of Severity.
IHigher scores on the CGI-Sindicate higher symptom severity.
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Table 7. Summary of secondary end points: decreases in health resource utilization (N=148).

Health resource use

Baseline, n (%)

6 months, n (%) 12 months, n (%)

Hospitalizations 46 (31)
Emergency department visits 72 (49)
Intensive outpatient treatment 11(7)

10 (7) 6(4)
17 (12) 17(12)
3(2 0(0)

Table 8. Decreasesin health resource utilization.

Health resource utilization decrease from baseline to month 12

Study-provided psychoeducation group Usua care group

Reductions in hospitalizations
Emergency department visits

Intensive outpatient treatment

62% to 21% 61% to 18%
41%t0 12% 56% to 11%
6 to O patients 5to O patients

Safety

Of the 148 patients, 84 (56.8%) reported at least 1 TEAE during
thestudy (Multimedia Appendix 4). No TEAEswere considered
to berelated to study-specific procedures. Intotal, 3 deathswere
reported (n=1, 33% suicide; n=1, 33% drug overdose; and n=1,
33% cerebral hemorrhage), al in the UC group; none were
considered related to trial-specific procedures. Safety in the
paliperidone palmitate group was consistent with the known
safety profile of paliperidone palmitate in adults, with no new
eventsidentified [31-33].

Discussion

Principal Findings and Key L earnings

No differences were observed over the 12-month study period
between the study-provided psychoeducation and UC groups
in either patient outcomes (TFs such as relapse, illness
management, and change in clinical functioning) or caregiver
outcomes (burden and physical and mental health functioning),
with both groups showing significant improvement. This study
aimed to fill the gap in the evidence base for FP by providing
information on the effects of FP delivered specifically to
caregiversusing ateleheal th-based platform. FP programs share
several common characteristics but can vary considerably in
length, setting, and content [34]. Although the results of this
study did not show a benefit of the FP intervention at the level
of exposure reached, consideration of the study limitations and
additional key insights is important for the continued
development of efficacious telehealth FP interventions.

Studies of caregiver-directed psychosocia interventions with
positive outcomes have typically been longer (mean 57 weeks)
and have provided more overall sessions (mean 28 sessions)
than this study [24]. The duration of the study-provided
psychoeducation program was also shorter than the minimum
duration of 9 months recommended for FP by some experts
[8,34]. However, other factors may have also played arolein
the null results. Among the caregivers assigned to the
study-provided psychoeducation group, there was a moderate
amount of module completion, with 55% (40/73) of caregivers

https://mental .jmir.org/2022/4/€32492

receiving >8 sessions. Although 16% (12/73) of caregivers
received either 15 or 16 sessions of the intervention, 26%
(19/73) of caregiversreceived either O or 1 session. Thefindings
of exploratory analyses suggest that the wide range of
participation in study-provided psychoeducation may have
limited our ability to detect group differences. Furthermore, for
caregivers who were engaged in  study-provided
psychoeducation, the psychoeducational modules that focused
on relapse prevention, schizophrenia, and treatment adherence
were received by <50% of caregivers despite the relevance of
these topicsto coping with arecent TF experienced by afamily
member. Therefore, limited participation in the study-provided
psychoeducation and limited attention to psychoeducation about
relapse prevention might have resulted in caregivers receiving
insufficient information to avert events such as relapses and
hospitalizations.

Most published studies on FP have eval uated model sthat include
patients in the intervention. Since the inception of FP in the
1970s, several models have evolved to meet the needs of
families, including FP and support [35,36], behavioral family
therapy [37], and multi-family group therapy [38]. Studies of
in-person family- and caregiver-focused psychoeducation
programs have shown significant benefits over UC [6,7,24]. A
meta-analysis of 18 randomized controlled trials of
caregiver-directed psychosocial interventionsfor schizophrenia
demonstrated significant improvements compared with UC in
hospitalizations, relapse, and other patient outcomes, including
visits to emergency departments, suicide attempts, and deaths
[24]. A meta-analysis of 21 randomized controlled trials of
interventions for informal caregivers found improved
experiences of caring, increased quality of life, and reduced
psychological distressamong caregivers[7]. Inthe FIRST studly,
patients were not directly involved in the study-provided
psychoeducation program, and caregivers were the primary
focus. It is possible that the inclusion of both caregivers and
patients in sessions has greater potential to improve outcomes
over treatment with UC [19,20]. Furthermore, caregivers
enrolled in the study-provided psychoeducation intervention
were expected to identify their own educationa needsand guide
treatment by selecting most of the educational modul es taught

JMIR Ment Health 2022 | vol. 9 | iss. 4 32492 | p.47
(page number not for citation purposes)


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

JMIR MENTAL HEALTH

in the program. Research has shown that individuals often
migjudge their knowledge or competence [39].

An unexpectedly large percentage of caregivers (54/148, 36.5%)
discontinued participation in the study. The most common
reasonsfor discontinuation werewithdrawal of consent (17/148,
11.5%), others (17/148, 11.5%; which included administrative
reasons [eg, lost to follow-up and nonadherence with study
procedures| and personal reasons [eg, moved out of town and
no longer serving as a caregiver]), lost to follow-up (13/148,
8.8%), and physician's decision (5/148, 3.4%). Although
caregiver demographic factors were similar between those who
discontinued the study and those who completed the study,
80.6% (83/103) of caregivers who completed the study were
parents of the patient compared with only 64% (29/45) of
caregivers who dropped out. It is possible that the parents of
patients may have been more committed and motivated to
continue the study than caregivers who were not parents of the
patient. In addition, per protocol, when a patient discontinued
participation in the study, their caregivers were aso
discontinued. This may have also contributed to the high
discontinuation rate among the caregivers.

The baseline characteristics of caregivers in the FIRST study
may help to identify caregivers who are likely to sufficiently
engage with ateleheal th-based study-provided psychoeducation
intervention and those who may need additional support to fully
engage. In a post hoc analysis of the study-provided
psychoeducation group comparing baseline characteristics of
caregiversreceiving <8 sessionswith those receiving >8 sessions
(Multimedia Appendix 3), caregiverswho received >8 sessions
were more likely to be older and parents of individuals with
schizophrenia. Furthermore, except for the IEQ subscale score
of worrying, the baseline IEQ total and subscale scores were
lower among those who received >8 sessions, indicating lower
caregiver burden. It is possible that caregivers with a higher
burden may have been too distressed to engage in the program,
regardless of the convenience of internet-based access to
interventions, and dropped out early. Asnoted earlier, caregivers
who discontinued participation within the first 12 months of
the FIRST study were also morelikely to be nonparent relatives
with poorer hedth (Table 1). This finding may help future
researchers develop strategies for adherence to treatment that
may improve attendance, engagement, and continuous caregiver
involvement.

Another limitation of this study was that the sample size was
smaller than intended, which may have affected the ability to
draw specific conclusions. In addition, patients were eligible
for enrollment only if they had experienced at least one TF
within 6 months of screening, indicating ahigh degree of clinical
severity, and the observed TF ratein the FIRST study was higher
than expected for comparabl e studieswith similar sample sizes.
The recovery period following a TF event (eg, psychiatric
hospitalization) may be a particularly vulnerable period that
requires an additional level of support not examined in this
study to facilitate better outcomes. Furthermore, the median
age of the patientsin the FIRST study was 25.0 years, indicating
that they were also early inthe course of their illness. Typically,
many patients have difficulty accepting their diagnosis[40] and
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experience high levels of stress, mood symptoms, and suicidal
ideation during early illness[6]. Therisk of relapseisvery high
during this period and can predict disease progression [6].
Implementing effective interventions early to prevent repeated
relapses may reduce the associated decline in cognition and
functioning [6].

The study-provided psychoeducation intervention was delivered
across many study sites [31], which differed in the standard
services provided for both the study-provided psychoeducation
and UC groups. Anocther limitation of the implementation of
the study-provided psychoeducation intervention is that the
clinician provided by MyHealios was not a member of the
treatment team; therefore, progress in the program was not
integrated with patient care. This also precluded the ability of
the clinician to relay potentially important clinical information
learned from the caregiver to the treatment team about changes
inthe patient’s condition (eg, emergence of early signsof relapse
and treatment nonadherence).

The results of this study coincide with a critical moment for
telehealth interventions. Although tel ehealth interventionswere
only used by 8% of Americans in 2019, engagement with
telehealth has grown dramatically in acceptance during the
COVID-19 pandemic [41,42]. For example, in a community
mental health authority in Michigan (Network180), the rates of
telehealth services increased from 5% before the pandemic to
84% during the peak of the pandemic in 2020 [43]. In addition,
many mental health professional s have recommended the ethical
use of telehealth interventionsto provide continued support and
care to patients and caregivers throughout the pandemic rather
than in-person interventions, noting that telehealth support can
bejust as effective and may result in fewer missed visits [44-46].
Insights on best practices for web-based delivery of mental
health interventions are critically needed, and new models are
under development [47]. Further research using FP methods,
taking the lessons learned from the FIRST study into account,
is warranted.

Conclusions

The findings from this study provide valuable insights into a
supplemental telehealth-based FP provided in the treatment of
patients with early-phase schizophrenia spectrum disorders
receiving paliperidone palmitate or oral antipsychotic
medication. Key insights include the potential importance of
supporting sufficient caregiver engagement; communication
between clinicians, patients, and family members regarding
treatment plans; and ensuring alink between clinicians providing
psychoeducation to patients and the rest of their treatment team.
Future studies in which telehealth interventions include
caregiver—patient sessions and multicaregiver group sessions
arewarranted [19]. Meanwhile, traditional methods of delivering
FP to caregivers and patients with schizophrenia spectrum
disorders continueto have great potential for reducing caregiver
burden and improving patient outcomes. As more telehealth
psychoeducation platforms become available, we anticipate a
continued exploration of how to adapt these important support
programs to telehealth, with the goal of increasing benefits to
patients and families.
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Abstract

Background: Technology is ever evolving, with more and more diverse activities becoming possible on screen-based devices.
However, participating in a heavy screen-based lifestyle may come at a cost. Our hypothesis was that problematic social media
use increased the prevalence of mental health outcomes.

Objective: Thisstudy seeksto systematically examine problematic social media use in youth and its association with symptoms
of depression, anxiety, and stress.

Methods. A systematic search was conducted to identify studiesin adol escents and young adults, using the databases Engineering
Village, Psycinfo, Pubmed, and Web of Science. A total of 18 studies were identified, with atotal of 9269 participants in our
review and included in the meta-analysis.

Results: Our metaregression shows moderate but statistically significant correlations between problematic social media use
and depression (r=0.273, P<.001), anxiety (r=0.348, P<.001), and stress (r=0.313, P<.001). We did not find evidence of
heterogeneity of these summary correlations by age, gender, or year of publication.

Conclusions: Thisstudy provides further evidence of the association between problematic social media use and negative mental
health among adol escents and young adults and supports future research to focus on the underlying mechanisms of problematic
use of socia media

Trial Registration: PROSPERO CRD42021222309; https://tinyurl.com/2p9y4bjx

(IMIR Ment Health 2022;9(4):€33450) doi:10.2196/33450

KEYWORDS
problematic social media use; depression; anxiety; stress

among younger populations[1]. Adolescents and young adults
represent a unique population in terms of social media users,
asthey arethefirst generationsto grow up in ahighly digitized
society. Social media use is highly normative among young
individuas: In 2016, 97.5% of young adultsin the United States
reported using at least one social media site regularly [2].

Introduction

Technology is ever evolving, with more and more diverse
activities becoming possible on screen-based devices. With this
increasing engagement in the digital world, social networking
sites have become an increasingly popular activity, especially
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However, participating in a heavy screen-based lifestyle may
come at acost. A wealth of evidence suggests higher levels of
social mediause are associated with symptoms of anxiety [3-5],
symptoms of depression [3,6-8], decreased psychological
well-being [9], lower self-esteem [3], psychological distress
[10-12], and loneliness [5]. A meta-analysis in young adults
reports a small correlation between depressive symptoms and
adolescent social media use, defined by frequency of use [13].
However, along with the evidence supporting the negative
impacts of social media use, some reports suggest there may
exist positive outcomes following use. For example, social
media use has a so been linked to higher quality of life, social
support, well-being, and reduced stress [14,15].

Aside from excessive use of social media, typically defined on
the basis of hours of use, the term of problematic use
characterizes individuals who experience addiction-like
symptoms as aresult of their social media use[5]. Problematic
social media use reflects a non—substance related disorder by
which detrimental effects occur asaresult of preoccupation and
compulsion to excessively engage in social media platforms
despite negative consequences [16]. While there exists no
official diagnostic term or measurement, Andreassen et al [17]
developed the Facebook Addiction Scale, which measures
features of substance use disorder such as salience, tolerance,
preoccupation, impaired role performance, loss of control, and
withdrawal, to systematically score problematic Facebook use.
This scale has been widely used to conceptualize problematic
use as a behaviora addiction and has therefore also been
modified to measure overall problematic social media use,
instead of focusing on Facebook specifically [18]. Similar to
high frequencies of social media use, problematic social media
use has also been associated with poor mental health outcomes
such as depression, anxiety, decreased well-being, and lower
self-esteem [1,17,19-22]. A recent meta-analysisby Cunningham
et a [23] found that problematic social mediause wasastronger
predictor of depressive symptoms when compared to the
measure of time spent on social networking sites. Therefore,
based on previous evidence, problematic social media use may
be more imperative to examine than hours spent on social media
platforms.

Researchers recognize youth and students as avulnerable group
compared to adults because their increased use of social media
isoccurring during atime of identity formation, wherethey are
freeto explore variouslife possibilities and devel op new values
[2]. Furthermore, their use occurs when critical brain circuits
involved in emotion regulation and motivation are continuing
to undergo development [24]. Associal mediaplaysalargerole
intheir day-to-day lives, patterns and frequency of use havethe
potential to become problematic. On thislevel, youth are more
at risk for facing cyberbullying [25], finding it difficult to
disengage from the mediaand alowing it to interfere with their
socia relationships [26]; this in turn puts them at risk for
experiencing negative emotional and psychosocial outcomes
[27]. Therefore, younger individuals are a vulnerable group of
social media users, and it isimportant to better understand the
outcomes for well-being that are associated with this type of
problematic social media use. Yet, the magnitude of impact
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Shannon et al

social mediahas on adolescents and emerging adults, especially
when considering problematic use, remains unclear.

With this background, we systematically examined and
summarized, with the most current evidence, the strength of
association between problematic social mediause and multiple
mental health outcomes. Specifically, we considered depressive
symptoms, anxiety symptoms, and stress. Our apriori hypothesis
was that problematic social media use adversely impacts all
mental health outcomes measured. In addition, age, gender, and
year of publication were investigated as covariates in the
relationshi p between problematic social mediause and al mental
health outcome variables.

Methods

This meta-anaysis was registered with the International
Prospective Register of Systematic Reviews (PROSPERO;
CRD42021222309). The PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) guidelines were
followed [28].

Inclusion and Exclusion Criteria

Thissystematic review included measures of problematic social
media use, with depressive symptoms, anxiety symptoms, and
stress as outcome measures, assessed by validated instruments.
The studies included were cross-sectional and provided a
measure of association between problematic use and at least
one of the mental health outcomes. Studies must have included
a measure of problematic use from the participants;, simply
indicating if the participant was a user of social media was not
acceptable (eg, grouping users vs nonusers of social media).
Social mediausewas also examined in general, without focusing
on specific activities (eg, studies looking at specific screen
content or comparisons on social media platforms, etc) or a
specific platform (eg, Facebook). Problematic social mediause
scales must have been validated to specifically measure social
media use in terms of addictive use, comprising criteria used
when measuring substance use disorders. Studiesincluded were
restricted to English language, and ages 12 to 30 years. Studies
were excluded if they only measured frequency or problematic
use of the internet in general, as social media use specifically
must have been measured. Studies were also excluded if socia
media was being used as a treatment/intervention or in a
focus-group setting. Finally, studies were excluded if they only
measured social media usein clinical populations.

Literature Search

A systematic literature search was conducted in April 2021
using the databases Engineering Village, Psyclnfo, Pubmed,
and Web of Science using the terms “social media,” “social
networking,” “mental health,” “depression,” *“depressive
symptoms,” “anxiety,” and “stress” These search terms were
used to quantify social media use in terms of problematic use.

Assessment of Quality

All eligible studies were assessed for quality using an adapted
version of the Newcastle-Ottawa quality assessment scale for
cross-sectional studies, which was used to score the risk of bias
for each study [29]. All studieswereindependently rated by HS
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and KB and given a score out of 10. Conflicts in scoring were
resolved by discussion (Multimedia Appendix 1).

Data Extraction

For each study identified as eligible, the following information
was extracted; study identification (authors, year of publication,
and country conducted), study design (sample size, age range,
mean age, gender, and questionnaire used to measure
problematic social mediause), outcome variables (questionnaire
used to measure each outcome and measure of association). See
Multimedia Appendix 1 for questionnaires used to measure
problematic use and outcome variables for each study included
in the meta-analysis.

Statistical Analysis

To quantify the association between problematic social media
use and depressive symptoms, anxiety symptoms, and stress,
we used the Pearson correl ation coefficient (r). Problematic use
was considered on a continuum, based on the score obtained
from the questionnaire used, which measures problematic use
as addiction-like tendencies. All data analysis was performed
using the statistical software Stata (Stat Corp) [30]. A random
effects model was used, asit does not assume a common effect
Size across studies. The variance of r was calculated in order to
obtain the standard error for each correlation coefficient. The
effect size in all groups of analysis had a 95% confidence
interval. Publication bias was evaluated by producing a funnel
plot, and by performing the Egger test. Age, gender, and year
of publication were investigated as covariates by adding mean
age, the percentage of male participants reported, and
publication year for each study into separate metaregression
analyses.

Figure 1. Flow chart of the search process and studies included.

Records identified in database searches
(n=2846)

v

Identification

Records after removing duplicates
(n=2410)

|
v

Records screened full text
(n=417)

Shannon et al

Ethical Consider ations

Since meta-analyses do not need Institutional Review Board
approval, the authors did not seek ethics approval.

Results

Literature Search

The literature search yielded 2846 articles, with 2410 articles
remaining after duplicates were removed (Figure 1). Articles
were screened based on titles and abstract to remove any records
that were not quantitative, did not assess one of the outcomes,
or were longitudinal. After the first screening, 417 (17.30%)
articles were considered to be eligible and were then screened
based on full text to exclude any remaining records that did not
meet the inclusion criteria. Of the remaining articles, 4 were
excluded as they were reporting results using dichotomized
continuous variables. These studies separated participants into
groups based on the scores of their respective scales, and
therefore could not be used in our meta-analysis. Additionally,
any unpublished data were obtained by contacting the
corresponding author. One study included reported statistics
distinct to two separate samples; therefore, the two samples
were coded independently [31]. Theresultsfrom Kim et al [32]
were excluded from the metaregression, as mean age was not
reported or received when contacted. The correlation from
Giordano et al [33] with problematic social media use was
reported as a combined score of depressive and anxiety
symptoms, which therefore could not be included in the
meta-analysis. However, al variables were pooled together for
the metaregression analyses, so they were included when
examining age, gender, and publication year as covariates.
Details on the final 18 studies and 9269 total participants
included are summarized in Table 1.

Records excluded based on title/abstract
(n=1993)

Records excluded:
No measure of problematic use of social media

Screening

¥

Studies included in meta-analysis
n=18

Included

https://mental .jmir.org/2022/4/€33450

(n=136)

No measure of depressive symptoms, anxiety
symptoms, or stress (n=127)

Outside age range (n=108)

Review article (n=12)

Study in clinical population only (n=5)
Longitudinal study (n=4)

Use of dichotomized continuous variables (n=4)
Study on a specific platform only (n=3)
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Table 1. Summary of included studies on the relationship between social media use and outcome variables (note that not all studies measured all three
outcomes. Giordano et al [33] assessed anxiety and depression combined and was therefore only included in the meta-regression analyses).

First author (year) Sample Femalen Maen(%) Age(years) Country Problematic Problemat- Problemat- Problematic use

size (%) range (mean) useandde- icuseand icuseand and depression
pression (r) anxiety (r) stress(r) and anxiety com-
bined (r)

Holmgren (2017) [34] 442 228 214 (48.4) 18-21 United 0.29 N/A2 N/A N/A
(51.6) (18.86) States

Wang (2018) [35] 365 190(52) 175(48) 14-18 China  0.18 N/A N/A N/A

(16.29)

Apaolaza (2019) [36] 346 179 167 (48.3) 17-26 Spain N/A N/A 0.49 N/A
(51.7) (18.73)

Hou (2019) [37] 641 477 164 (25.6) 17-25(19.9) China  0.22 0.22 0.11 N/A
(74.4)

Kircaburun (2019) 470 280 190 (40.4) 14-18 Turkey 0.03 N/A N/A N/A

[25] (59.6) (16.29)

Mitra (2019) [38] 264 164 100 (37.8) 18-25 India 0.39 N/A N/A N/A
(62.2) (21.56)

Chen (2020) [39] 437 308 129 (29.5) 16-30 China  N/A 0.29 N/A N/A
(70.5) (24.21)

Kim (2020) [32] 209 31(14.8) 178(85.2) 15-18 (N/A) China  N/A 0.20 N/A N/A

Kircaburun, Demetro- 344 282(82) 62(18) 18-25 Turkey 0.22 N/A N/A N/A

vics (2020) [40] (20.87)

Kircaburun, Grifiths 460 281 (61) 179(39) 18-26 Turkey 0.34 N/A N/A N/A

(2020) [41] (19.74)

Stockdale (2020) [26] 385 204 (53) 181 (47) 17-19 United 0.28 0.24 N/A N/A

(18.01) States

Wong (2020) [42] 300 178 122 (40.7) 18-24 Hong 0.336 0.344 0.384 N/A
(59.3) (20.89) Kong

Yildiz (2020) [43] 451 214 237 (52.5) 13-17 (155) Turkey N/A 0.58 N/A N/A
(47.5)

Brailovskaig; Lithuani- 1640 1123 517 (31.5) 18-29 Lithua= 0.305 0.329 0.246 N/A

ansample (2021) [31] (68.5) (19.09) nia

Brailovskaia; German 727 548 179 (24.6) 18-29 Ger- 0.396 0.461 0.411 N/A

sample (2021) [31] (75.4) (21.47) many

Giordano (2021) [33] 428 218 210 (49.1) 13-19 United N/A N/A N/A 0.314
(50.9) (17.38) States

He (2021) [44] 218 218(100) 0(0) 19-23(19.6) China  N/A N/A 0.23 N/A

Kilincel (2021) [45] 1142 722 420 (36.8) 12-18(15.6) Turkey N/A 0.417 N/A N/A
(63.2)

8N/A: not applicable.

between problematic social mediause and depressive symptoms
was 0.273 (95% Cl 0.215-0.332, P<.001). There was
Symptoms heterogeneity in the measures of association across the studies
When examining depression asan outcome, 11 studiespresented  (rjgure 2) with an 1=83.2%, Q?=59.69, and P<.001. Thefunnel
associations between problematic socid media use in  piot (Multimedia Appendix 1) shows slight asymmetry,

adolescents and young adults. The Center of Epidemiologic suggesting slight publication bias, however Egger’s test for
Studies Depression Scalewas most commonly used to measure  gmg||-study effects was not significant (P=.35).

depressive symptoms. The summary metaregression correlation
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Figure 2. Forest plot of depressive symptoms and problematic social media use by year.

Study Yo
ID Effect Size (95% CI) Weight
Holmgren (2017) [34] —E—O— 0.29 (0.20, 0.38)  0.08
Wang (2018) [35] —o—i 0.18 (0.08,0.28)  8.50
Hou (2019) [37] —o—i— 0.22 (0.15,0.29) 9.58
Kircaburun (2019) [25] —— i 0.03 (-0.06,0.12) 8.88
Mitra (2019) [38] i ————— 0.39(0.29,0.49) B8.37
Kircaburun, Demetrovics, et al (2020) [40] —'0"—?—- 0.22(0.12,0.32) 8.45
Kircaburun, Griffiths, et al (2020) [41] -}—0— 0.34 (0.26,0.42) 9.27
Stockdale (2020) [26] —:4— 0.28 (0.19, 0.37)  8.81
Wong (2020) [42] —;—0— 0.34 (0.24, 0.44)  8.45
Brailovskaia; Lithuanian sample (2021) [31] -5—0— 0.31(0.26,0.35) 10.60
Brailovskaia; German sample (2021) [31] i —— 0.40(0.33,046) 10.03
Overall {I-squared=83.2%, P<.001) <> 0.27 (0.21,0.33)  100.00
|
NOTE: Weights are from random effects analysis i
-AIQE 0 A4I92

Prablematic Social M edia Use and Anxiety Symptoms

When examining anxiety symptoms as an outcome, 9 studies
wereidentified measuring an association with problematic socia
media use in adolescents and young adults. The Depression
Anxiety Stress Scale was most commonly used to measure
anxiety symptoms. The summary metaregression correlation

https://mental .jmir.org/2022/4/€33450

between problematic social media use and anxiety symptoms
was 0.348 (95% Cl 0.270-0.426, P<.001). There was substantial
heterogeneity in the measures of association across the studies
(Figure 3) with an 1°=91.6%, Q°=94.75, P<.001. The funnel
plot (Multimedia Appendix 1) shows asymmetry, suggesting
some publication bias being present; however, the Egger test
for small-study effects was not significant (P=.30).

JMIR Ment Health 2022 | vol. 9 | iss. 4 33450 | p.57
(page number not for citation purposes)


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

JMIR MENTAL HEALTH

Shannon et al

Figure 3. Forest plot of anxiety symptoms and problematic social media use by year.
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Hou (2019)[37]

Chen (2020) [39]

Kim (2020) [32]

Stockdale (2020) [26]

Wong (2020) [42]

Yildiz (2020) [43]

Brailovskaia; Lithuanian sample (2021) [31]
Brailovskaia; German sample (2021)[31]
Kilincel (2021) [45]

Overall (I-squared=91.6%, P<.001)

NOTE: Weights are from random effects analysis
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Effect Size (95% ClI) Weight

|
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1
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‘

—0:— 034 (0.24,0.44) 1041

i —%— 058(0.52,064) 11.65

—+i— 033 (0.29,0.37) 1210

— 0.46 (0.40,0.52) 11.76

0.42(0.37,0.46) 11.99

+
<> 0.35 (0.27,0.43)  100.00

T
-.641

Problematic Social Media Use and Stress

Finally, when examining stress as an outcome, only 6 studies
wereidentified measuring an association with problematic social
media use in adolescents and young adults. The summary
metaregression correlation between problematic social media

https://mental .jmir.org/2022/4/€33450

RenderX

use and stress was 0.313 (95% CI 0.203-0.423, P<.001). There
was heterogeneity in the measures of association across the
studies (Figure 4) with an 12=92.6%, Q*=67.59, P<.001. The
funnel plot (Multimedia Appendix 1) shows symmetry,
suggesting no publication bias, with no significant bias from
the Egger test aswell (P=.79).
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Figure 4. Forest plot of stress and problematic social media use by year.
Study %
D Effect Size (95% Cl) Weight
1
Apaolaza (2018) [36] : —#—— 0.49(0.41,057) 16.78
Hou (2018) [37] — } 0.11 (0.03,0.19) 16.92
1
Wong (2020) [42] —:—0— 0.38 (0.29, 0.48) 16.13
Brailovskaia; Lithuanian sample (2021) [31] —— E 0.25(0.20,0.29) 17.86
Brailovskaia; German sample (2021) [31] | —— 0.41(0.35,0.47) 17.46
1
He (2021) [44] —_— 0.23(0.10,0.36) 14.84
Overall {l-squared=92.6%, P<.001) <> 0.31(0.20,0.42) 100.00
|
MOTE: Waights are from random effacts analysis i
T ; T
-57 0 57

M oder ator s of Problematic Social M edia Use

The metaregression assessing the impact of age as a covariate
on the relationship between problematic social media use and
all mental health outcomes combined showed that age was not
significantly moderating the relationships (P=.75). When
examining gender as a covariate in the relationship between
problematic social media use and all mental health outcomes,
gender did not significantly moderate the relationship (P=.25).
Finally, year of publication also did not significantly moderate
the relationship between problematic social media use and all
mental health outcomeswhen added asacovariate (P=.09). See
Multimedia Appendix 1 for metaregression plots.

Discussion

Principal Findings

This meta-analysis reports outcome measures of depression,
anxiety, and stressin association with problematic social media
use, specifically among adolescents and young adults. Thereis
evidence for a significant relationship between problematic
social mediausein youth and negative mental health outcomes,
particularly higher depression and anxiety symptoms, and
greater stress. The strongest correlation was observed with
anxiety; however, this also presented the most heterogeneity,
likely due to the variety of assessments used to quantify
symptoms of anxiety in the individual studies.

https://mental .jmir.org/2022/4/€33450

Although the correlations are moderate, this meta-analysis
providesfurther evidencefor the possible harms of problematic
social mediause. Previous meta-anal yses examining time spent
on social mediaand mental health show very small effect sizes,
with most correlations being reported below r=0.20 [46-48].
One explanation for previously small correlations observed is
the variability of social media content itself and the ways
individuals are using or viewing their social media accounts.
There has been evidence of multiple variablesthat can influence
the severity of menta health outcomes such as night
time-specific use, passive use, the number of social media
platforms, motives for using social media, and so on [3,49-52].
Problematic social media use is a distinct pattern of use
characterized by “addiction-like” symptomsbased on behavioral
and psychologica attributes. It is characterized not only by time
spent on socia media, but also by measuring the extent of
symptoms similar to a substance-related disorder, such as
withdrawal, tolerance, and dependence [22]. Therefore,
problematic social media use could represent amore clinically
meaningful behavior to direct research, asastronger relationship
is seen with adverse mental health symptoms compared to
previous studies investigating time spent on social networking
sites or screen time in general [23,53,54].

The influence of age is till highly debated with evidence
pointing toward younger social media users being more likely
to have worse mental health symptoms compared to older users
[55], whereas others have found no significant age effect with
time spent on social media [56]. Cunningham et a [23] found

JMIR Ment Health 2022 | vol. 9 | iss. 4 [e33450 | p.59
(page number not for citation purposes)


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

JMIR MENTAL HEALTH

age did not moderate the rel ationship between problematic social
media use and depression; however, this study was performed
in amainly adult sample. Likewise, in our meta-analysis, age
did not significantly moderate the relationship between the
outcome variables combined and problematic use. Thisislikely
due to the restricted age range, as the mean age between
individual studies were analogous. Higher social media usage,
along with developmental vulnerabilities, in adolescents and
young adults has been proposed to explain the higher association
with worse mental health outcomes compared to adults[57,58].
However, when looking specifically at mental health associated
with problematic social media use as a behavior, the severity
of reported problematic use symptoms may be moreimperative
to consider rather than age. Future research could directly
compare adolescents to adults to examine if a difference in
correlational strength is present, specifically when measuring
problematic use.

Gender was examined as a moderator by including the
percentage of male participants from each study into a
metaregression analysis. Gender did not significantly moderate
the relationship between problematic social media use and
mental health, suggesting the association between mental health
symptoms and problematic use of social mediais not different
between genders. Studiesincluded in this meta-analysis did not
specify if they assessed biological sex. Future research should
provide more specific results for each group for both sex and
genders to alow future meta-analyses to summarize this
information and provideinsight into gapsin the current literature
on problematic use of social media[23,51,59].

Year of publication did not significantly moderate the
relationship between problematic social media use and mental
health outcomes. Although there are increased rates of social
media use in adolescents and young adults over time, this may
not be directly pertinent in the strength of the association
between mental health and problematic use [23,60]. Year of
publication may be more indicative of the prevalence of social
media use as it increases with the growing use of technology
[60]. Along with previous data, it issuggested that mental health
symptoms associated with problematic social media use do not
appear to be worsening over time; however, longitudinal studies
exploring this specific aspect are needed.

Strengths and Limitations

This study is not without limitations. The number of studies
included in each meta-analysiswaslimited; therefore, the results
are somewhat limited in power. Secondly, the results are based
on cross-sectional correlational data. Therefore, a causd
relationship cannot be inferred from the direct impact of social
media on mental health outcomes of depressive symptoms,
anxiety symptoms, or stress. It is possible that there are likely
bidirectional effects between poor mental health and social
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mediause[61]. In addition, the research studiesincluded in the
meta-analysis used did not report assessing the presence of a
clinica diagnosis, therefore, it is unknown how many
participants already had aknown or possibleclinical psychiatric
diagnosis. This could influence the results of the outcome
variables being measured, as it is unknown if individuals are
more likely to have negative social media experiences or
consequences as a result of using social media compared to
individuals without a mental health diagnosis. Although the
included questionnaireswere previously validated, the majority
of the research relies on self-report measures, also presenting
as alimitation to the results reported.

Future Directions

Overdll, there is alack of research providing evidence on the
mental health outcomes of social mediause, particularly patterns
of problematic use in younger populations. In order to
thoroughly understand the direct implications of problematic
social media use, longitudinal studies could aid in providing
more causational conclusions, as cross-sectional methodology
islimited in its ability to draw conclusions beyond correlation
[62]. In addition to a longitudinal design, understanding the
biological basis of problematic use could contribute to
understanding vulnerability to negative mental health outcomes.
Future studies exploring the relationship between problematic
socia media and mental health outcomes would aso benefit
from including more detailed information on how participants
are using various platforms. Indeed, there are several other
scales exploring social media use that explore motivations for
and mood associated with use (eg, social mediause integration
scale), which may provide greater depth of understanding around
these associations. Finally, in traditional clinical practices for
substance use disorders, treatment is of ten based on abstinence.
For problematic social media use, total abstinence may not be
aredlistic option in today’stechnology-based culture. Therefore,
there should also be an increasing focus on identifying healthy
ways to use social mediain order to avoid the development of
problematic use.

Conclusions

The findings from this study provide further evidence of the
association between problematic social media and negative
mental health outcomes of depression, anxiety, and stressamong
adol escents and young adults. Although thereisalarge amount
of evidence pointing toward the negative impacts of social media
on mental health, there is still a need for further research to
provide conclusive results on the causal relationship and how
social media can be used without taking a toll on the mental
health of users. Considering the omnipresence of social media
among youth, more resources should be allocated to better
understand the relationship between use and mental health
symptoms and to prevent such negative outcomes.
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Abstract

Background: The use of social robots as innovative therapeutic tools has been increasingly explored in recent yearsin an effort
to address the growing need for alternative intervention modalities in mental health care.

Objective: Theaim of this scoping review wasto identify and describe social robot interventionsin mental health facilities and
to highlight their outcomes as well as the barriers and facilitators to their implementation.

Methods: A scoping review of the literature published since 2015 was conducted using the Arksey and O’ Malley’s framework.
The MEDLINE, Embase, Cochrane Central Register of Controlled Trials, and PsycINFO databases were searched, and 2239
papers were retrieved. The papersincluded were primary empirical studies published in peer-reviewed literature. Eligible studies
were set in mental health facilities and they included participants with aknown mental health disorder. The methodol ogical quality
of the included papers was also assessed using the Mixed Methods Appraisal Tool.

Results: A total of 30 papers met the eligibility criteria for this review. Studies involved participants with dementia, cognitive
impairment, schizophrenia, depression, autism spectrum disorder, attention-deficit hyperactivity disorder, and an intellectual
disability. The outcomes studied included engagement, social interaction, emotional state, agitation, behavior, and quality of life.

Conclusions: The methodological weaknesses of the studies conducted thisfar and the lack of diversity in the conditions studied
limit the generalizability of the results. However, despite the presence of certain barriers to their implementation (eg, technical
problems, unsuitable environment, staff resistance), social robot interventions generally show positive effects on patients with
mental health disorders. Studies of stronger methodological quality are needed to further understand the benefits and the place
of social robots in mental health care.

(IMIR Ment Health 2022;9(4):€36094) doi:10.2196/36094

KEYWORDS

social robots; socialy assistive robots; SARS, mental health; mental health services, dementia; autism spectrum disorder;
schizophrenia; depression; scoping review

: use of robots is increasingly popular. Indeed, robots are
Introduction becoming more prominent in the health industry, where they

Health care needs are on therise. Faced with ashortage of staff, @€ aready employed as surgery, drug delivery, and diagnosis
equipment, and funding, the quest for innovative solutions to ~ devices [1]. Lately, the use of socially assistive robots (SARs)

address these needsisthriving. Among emerging solutions, the 1S &tracting the interest of many researchers.
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SARSs (or social robots) are robots meant to provide assistance
through social interaction [2]. Their built-in sound, image, and
motion sensors enabl e them to respond autonomously to a user
and his environment [3-5]. SARs can be classified into 2
categories: companion and service-type robots. Although
companion robots offer psychological support to the patient,
service-type robots provide functional assistance to complete
daily tasks[5]. It isworth noting that while this distinction may
be found in the literature, many socia robots can be featured
in both categories. SARs, often in animal or humanoid forms,
have a variety of functionalities to engage a user’s attention
[6,7]. Animal-like robots are created to reproduce the
physiological, psychological, cognitive, and socioemotional
benefits of animal-assisted therapy without the associated
inconveniences [8-11]. Real animals can cause alergies and
evoke fear in some patients [12]. Pet robots require much less
maintenance and are considered a safer choice for therapy in a
care setting [13]. The reduced noise level, the diminished
workload requirement, and the lower costs are the additional
benefits [14,15]. Pet robots generaly fall into the category of
companion robots. Conversely, SARs embodied in a humanoid
appearance show the highest levels of acceptability and usability
among participants. These robots, with humanlike facial
features, communication modalities, and motion patterns, seem
to create amore natural interaction [16-22]. Some can converse,
play music, and display images or videos. Others may even
perform movements to demonstrate a set of physical exercises
to an audience. Humanoid robots are usually considered to be
service-type robots.

Although research is gtill inits early stages, SAR interventions
have been carried out in a number of areas in health care. In
pediatric research, studies suggest that social robots could
contribute to the reduction of pain and distress in hospitalized
children [23,24]. Other studies, including participants with
autism spectrum disorders (ASDs), aso showed that social
robots could be used to teach certain behaviors and
communication skills [25-27]. More often, studies with social
robots are conducted with a geriatric population. With this
population, it has been determined that SARs could be used to
improve physical exercise and monitor health status[28,29]. In
this respect, arecent randomized clinical trial found that social
robotsimproved the adherence to medications and rehabilitation
exercises in older adults with chronic obstructive pulmonary
disease [30].

Currently, research with SARsisfocused on their usein mental
health care. In a paper published in 2015, Rabbitt et al [7]
discussed social robots applications in mental health care.
Among numerous observations, it was pointed out that the
clinical application of social robots was limited to few
diagnoses. Indeed, numerous studies showed beneficial effects
of socia robots intervention on the quality of life and
well-being of people with dementia [5]. Other mental health
conditions were not given the same degree of consideration. It
was also noted that the quality and amount of evidence available
lacked strength. These elements were also raised in other
reviews[31,32]. Toimprove understanding of how social robots
have been used to help people in mental health care in recent
years, we conducted a scoping review to identify the outcomes,
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barriers, and facilitators of SAR interventions. Although there
have been reviews of SAR use in other health care contexts,
reviews solely focused on mental health carearelacking [33-35].
Furthermore, recent reviews on SARs have either limited the
scope of their review to a precise diagnosis, to an exact type of
robot, or to a population of certain age [36-39]. To fully
understand how social robots could be used in mental health
care, we chose to avoid such limits.

Methods

The PRISMA-SCR (Preferred Reporting Items for Systematic
Reviews and Meta-Anayses extension for Scoping Reviews)
checklist was used as a guideline to ensure the methodol ogical
transparency of this review [40]. This scoping review was
conducted following the Arksey and O’'Malley’s framework
[41]. The framework consists of the following 5 stages.

Stage 1: Identifying the Research Questions
This scoping review addressesthe following research questions:

1 What typesof social robots have been used in mental health
carein the past years?

2. What were the outcomes of social robot interventions?

3. What were the barriers and facilitators of their
implementation?

4. Based on the results of our scoping review, what aspects
require further research?

Stage 2: Identifying Relevant Studies

Eligibility Criteria

The following eligibility criteria were established to guide the
literature review:

1. Dateof publication: Thefield of roboticsis ever changing,
and improvements are made at an astonishing speed. The
limitations identified several years ago are not the same as
those currently encountered. Since we wanted an up-to-date
portrait of the use of social robotsin mental health care, we
reviewed all publications only from 2015 to the present.

2. Language of publication: The language of the studies was
restricted to English.

3. Study design: Included papers were restricted to primary
empirical studies (eg, quantitative, qualitative, or mixed
methods) published in the peer-reviewed literature.
Publications were excluded if they were considered gray
literature (eg, reports, theses, newsdl etters).

4. Setting: Eligible studieswere set in mental health facilities.
Hospital s and nursing homes were included. Studies set in
patients own homes were excluded. Studies set in schools
were also excluded.

5. Population: Participants of eligible studies had a mental
health disorder. A mental health disorder was defined as
the existence of a clinically recognizable set of symptoms
or behavior associated in most cases with distress and with
interference with persona functions according to the
International Classification of Diseases, 10th edition [42].
No restrictions were applied on the popul ation age.

6. Program of care or intervention: Eligible studies
implemented an evidence-based social robot program or
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intervention in mental health facilities. Teaching programs  Register of Controlled Trials, and PsycINFO. The search
involving social robots were excluded. For instance, strategy was developed in Ovid MEDLINE. It consisted of
interventions using robots to teach communication skills  keywords and subject headings (Textbox 1). It was subsequently
to participants with ASDs were excluded. Brain training adapted for other databases. The final search strategy was
programs where robots provided exercises to improve validated by an experienced librarian to ensure that the literature
cognition and memory in people with dementiawerealso was covered in a comprehensive manner. The electronic
excluded for the same reason. databases were first searched on March 26, 2021 and then
Search Strategy searched again on November 2, 2021.

The following electronic databases were searched using the
Ovid research platform: MEDLINE, Embase, Cochrane Central

Textbox 1. Search strategy in Ovid MEDLINE.

[psychology.fs. AND Robotics/] OR Self-Help Devices/px [Psychology] OR companion robot* OR socia robot* OR human* robot* OR robopet*
OR (Socia* adj2 robot*) OR (pet* adj1 robot*) OR (therap* adj1 robot*) OR (animal* adj1 robot*) OR non-human* robot* OR (interacti* adj1l
robot*)

AND

psychiatr* OR dementia OR schizophreni* OR autis* OR depress* OR isolat* OR solitude OR azheimer* OR mental* OR psycholog* OR anxiet*
OR Neurodegenerative Diseases/px [Psychology] OR exp Mental Health/OR exp Mental DisorderOR exp Mental Health ServicesOR Mental
Healing/px [Psychology] OR exp Psychiatry/OR psychology/OR psychology, positive/OR psychol ogy, adolescent/OR psychol ogy, child/OR cognitive
science/lOR psychology, developmental/OR psychology, clinica/OR psychology, comparative/OR psychology, educational/OR psychology,
experimental/OR psychology, medical/OR psychology, social/OR exp Autism Spectrum Disorder/OR exp Anxiety/OR exp Schizophrenia/lOR exp
Psychotic Disorders’OR exp Neurocognitive Disorders’OR exp Dementia/l OR Hospitals, Isolation/OR Depression/OR exp Anxiety Disorders/OR
Cognitive Dysfunction/

) . tested. If necessary, the criteria were redefined to ensure
Stage 3: Study Selection consistency between the reviewers. Subsequently, the full texts
Screening was carried out using the Rayyan reference ere evaluated to confirminclusion. A senior reviewer (MPP)
management tool. After duplicates were removed, 2239 titles  was consulted when consensus could not be achieved through
and abstracts were assessed for eligibility by 2 independent  discussions, and all exclusionswere documented. Thirty papers
reviewers (IG and JP). To confirm understanding of the wereincluded in the scoping review. The screening process is
eligibility criteria, screening of the first 50 papers was pilot  detailed in the PRISMA flow diagram shown in Figure 1.
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Figurel. PRISMA (Preferred Reporting Itemsfor Systematic Reviews and Meta-Analyses) flow diagram.
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Stage 4: Charting the Data

The 30 papers selected for this review were tabulated in
Microsoft Excel. A data extraction grid was devel oped, and 2
reviewers collected the data. The following datawere extracted
from the selected papers. (1) descriptive characteristics (eg,
author, year, country, publication date, setting, study design,
participants' characteristics), (2) social robot interventions and
outcomes, (3) implementation strategies as defined by the
Effective Practice and Organization of Care (EPOC) taxonomy
[43], and (4) barriers and facilitators encountered during the
implementation as defined by the Consolidated Framework for
Implementation Research (CFIR) [44]. The methodological
quality of the included studies was assessed using the 2018
version of the Mixed Method Appraisa Tool [45]. Each
publication was assessed independently by 2 raters (IG and
PPAJOP). Differencesin appraisal were discussed until consensus
was reached.

Stage 5: Collating, Summarizing, and Reporting the

Results

The characteristics of the included studies (eg, author, year,
publication date, study design/method, participants
characteristics) were described. Interventions and their outcomes
were summarized and tabulated. Tables were also used to
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RenderX

present implementation strategies as well as barriers and
facilitators.

Results

Characteristics of the Included Studies

Thirty papers were included in this scoping review
[8-10,16,18-22,46-66]. Studies used 15 different social robots.
Eighteen studies used animal-shaped robots, among which the
PARO seal robot was used most often (n=12), followed distantly
by the AIBO dog robot (n=2). Two studies also used cat robots
of different brands: JustoCat (n=1) and Joy For All (n=1). One
study used both cat and dog Hasbro robots. Finally, 1 study
used arobotic sheep. Seven studies used humanoid robots: NAO
(n=2), CommU (n=1), Kabochan (n=1), MARIO KOMPAI
(n=1), Pepper (n=1), and Telenoid (n=1). Three studies used
other types of robots: Chapit (n=1), CuDDler (n=1), and PaPeRo
(n=1). The included papers were published between 2015 and
2021 in avariety of peer-reviewed journals (5 were published
in 2015, 3in 2016, 5in 2017, 3in 2018, 3in 2019, 9 in 2020,
and 2in 2021).

Ten publications were quantitative nonrandomized studies, 8
were designed asrandomized controlled trials, 6 were qualitative
studies, 5 were mixed method studies, and 1 was a quantitative
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descriptive study. Studies were set in Australia (n=5), Japan
(n=5), Netherlands (n=3), United States (n=3), Norway (n=1),
Taiwan (n=2), Canada (n=1), China (n=1), France (n=1), New
Zedland (n=1), Spain (n=1), Sweden (n=1), and Kazakhstan
(n=1). Three publications reported on a multicenter study set
in Ireland, Italy, and in the United Kingdom.

The sample size of the included studies ranged from between
1 and 415 participants. In 2 studies, the participants were
children. In another study, participants were adults of various
ages. The other 27 publications reported on studies conducted
on a geriatric population. In accordance with the eligibility
criteria, al studies involved participants with a mental health
disorder. Twenty-four papers reported on participants with

Guemghar et a

dementia. Other studies involved participants with a cognitive
impairment (n=2), schizophrenia (n=2), depression (n=1), ASD
(n=2), attention-deficit hyperactivity disorder (n=1), and
intellectual disability (n=1). A catalog of the included papers
[8-10,16,18-22,46-66] describing studies, samples, interventions,
and main findings collected in our review is available in
Multimedia Appendix 1. The EPOC implementation strategies
discussed in each paper are compiled in Table 1. Note that the
terms “education” and “educational” do not refer to the
intervention but rather to the implementation. For example,
educationa meetings may refer to training sessionsduring which
the functions of the robots are explained to the staff involved
in the intervention.

Table 1. Effective Practice and Organization of Care implementation strategies discussed in the included papers.

Implementation

References for the included papers

Communities of practice

Continuous quality improvement
Educational games

Educational materials

Educational meetings

Educational outreach visits or academic detailing
Interprofessiona education

Local consensus processes

Managerial supervision

Patient-mediated interventions

Routine patient-reported outcome measures

Tailored interventions

[10,18,56]

[47]

[59,62,63]
[9,16,49,51,55,56,62-64,66]
[8,9,16,46,49,51-54,57,60,64-66]

[16]

[66]
[8,9,16,22,46,48,49,52,55,57,60,61,65,66]
[51,53-56]
[10,16,18,21,48,54,57,59,61,63-65]
[10]
[18,21,22,48,49,53,56,57,59,62,65,66]

Mental Health Outcomes

In most cases, studies assessed the impact of socia robots on
engagement, social interaction, emotional state, agitation,
behavior, and quality of life. The majority reported positive
results on patients' quality of life, including reduced loneliness
and isolation [18,48,51,59] and improvements in mood and
anxiety [9,18-20,48,53,56,60,61,66] and agitated behaviors
[9,47,52]. Feelings of comfort or reduced stressfollowing social
robot interventions were also described [51,52,66], although 1
study including participants with cognitive decline showed
changesin the electroencephal ogram, which wereindicative of
increased stress [50]. In some studies that focused on
participants with dementia, SARS appeared to increase social
engagement between patients, caregivers, and family members
[8,16,18,20,21,47,49,52,53,58]. Further, SARswere emphasi zed
asan alternativeto alleviate the burden of caregivers, sincethey
could free up time allowing carers to partake in other
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professional or daily tasks [16,20,47,63]. Furthermore, the use
of socia robots could enhance communication skills and
improvements in joint attention among children with ASD, as
described in the study by Kumazaki et a [22].

Barriersand Facilitatorsto the I mplementation of
Social Robotsin Mental Health Facilities

Some barriersand facilitators wereidentified in the 30 included
publications, using the CFIR asaguide to present theresultsin
an adapted form. Three of the 5 domains in the CFIR were
identified in thisstudy: intervention characteristics, which refers
to the key attributes of the intervention, called by the authors
as “technical category;” inner setting, which refers to the
features of theimplementing organization, called by the authors
as “organizational category;” and the characteristics of the
individualsinvolved in theimplementation, called by the authors
as“clinical category.” A summary of theseispresentedin Table
2.
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Table 2. Barriers and facilitators to the implementation discussed in the included papers.

Guemghar et a

Factors

References of the papers

Barriers

Organizational

Noisy environment during interaction [16,18,48]
Storage area necessary [46]
Charging necessary [46]
Hygiene measures necessary [46]
Staff/caregivers resistant to implementation [18,66]
Increased workload for staff/caregivers [8,66]
Frequency of sessions not adapted to patients’ needs [61]
Clinical
Participants with an advanced cognitive decline [18-20,54,66]
Participants with a hearing impairment [20,63]
Difficult disengagement after the robot’s removal [55]
Risk of deception [49,51,66]
Participants with a language impairment [50]
Interaction with the robot seemed infantilizing [8,51]
Participants feared the robot [22]
Partici pants misunderstood the purposes of the study [8]
Frustrating interruption of activities [57]
Technical
Robot was difficult to understand [16,21,63]
Robot’s touchscreen was difficult to use [16,48]
Robot’s voice recognition system was deficient [18,48]
Limited visibility of the robot’s screen display [21]
Robot’s speech rhythm deficient (too fast, long pauses, etc) [21,62,63]
Robot was too noisy [8,56,61]
Connection between devices was unstable [8]
Robot was fragile [8]
Robot was heavy [8,61]
Robot was too big (8]
Robot interrupted conversations [63]
Robot spoke a limited number of languages [19,48]
Facilitators
Organizational
Staff/caregivers had a positive perception of the robot [18,46,66]

Staff/caregivers received training

Staff/caregivers promoted the use of the robot

[8,9,16,22,46,49,51-55,57,60,64-66]
[46,66]

Robot was easily available [10,47]
Low cost [10,19,47]
Robot was named by participants [55]
Demonstration at the beginning of the intervention [21,53,56]
Intervention did not replace usual activities [49]
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Factors

References of the papers

Hygiene measures were easily applicable
Participants were given ownership of their robot
Cleaning protocol was developed

Sessions were carried out in a quiet separate room

Exclusion of patients uninterested by the robot

Activities with the robot were organized (eg, bingo, listening to music)

Verbal/written instructions for staff/caregivers

Length of sessions were flexible

Facilitator was present during sessions
Technical

Robot’s appearance was pleasing

Addition of stylus pen to facilitate the use of the robot’s touchscreen

Robot was easy to use, little training required
Robot was responsive to patients' touch
Robot’s speech modalities were adequate
Robot was voice- and face-activated

Robot’s sound was clear

Robot’s voice/face recognition feature was adequate

Contextual interaction (intervention within augmented reality display)

Robot had entertaining features (apps, images, music)

[51]

[10]

[66]
[8,53,54,56]
[53,54]

(53]

[53,56]

[16,56]
[8,49,56,62,63]

[10,16,18,21,22,47,51,61]
[16,48]

[21,47]

[9,47,66]

[61,66]

[21]

[10,21,22,62]

[21]

[49]

[16,18,21,48,63]

Barriers to implementation were primarily related to the
characteristics of social robots, such astheir physical attributes
(eg, weight, size, sound, overall appearance) [8,56,61].
Technical issues (eg, connection instability, fragility and
susceptibility to damages, deficient speech recognition,
complexity of operating the touchscreen and preprogrammed
functions, limited visibility of the robot’s screen display) were
mentioned as barriers [8,16,18,21,48].  Furthermore,
organizational, and ingtitutional barriers in mental health
facilities such as space allocation (eg, lack of an adequate space
for interactions with SARs, lack of storage area), background
noises during participants’ interaction, and uncertainty on how
to delineate hygiene concerns were reported [16,18,46,48].
Negative attitudes toward social robots by staff and caregivers
(eg, fear of job replacements by robots) were emphasized in 2
studies in our review [18,66]. However, some stakeholders
developed positive perceptions toward socia robots after
witnessing their positive impacts, as reported by Bemelmans et

a [67].

Most of theidentified facilitators correspond with the identified
barriers. For instance, the characteristics of the socia robots,
such as the robot’s appearance, ease of use, and technical
functions (eg, the robot’s adequate speech modalities, therobot’s
responsiveness to patients touch, the robot’s clear sound, the
robot’s appropriate voice and face recognition) were seen as
enablers[9,10,16,18,21,22,47,51,61,66]. Lessnoisy robotswere
less likely to distress the interlocutor, notably in children with
ASD [22,62]. Further, the ability to adapt the robot’s functions
to participants’ preferences and customize the modes of robot
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interaction through apps were identified as implementation
facilitators[16,18,21,48,49,59,63]. An introduction phase with
training and familiarization also facilitated greater acceptance
to social robots [16,21,22,53,56,65]. Organizational and
institutional facilitators such as easily applicable hygiene
measures, flexibility in the number and duration of sessionsto
match users needs, and appropriate and quiet spaces for
interactions were aso identified as facilitators
[8,16,51,53,54,56].

Discussion

Principal Findings

Overal, our review aimed to evaluate how social robots have
been used to influence clinical outcomesin mental health care
and the main barriers and facilitators encountered during their
implementation. Our review includes 15 different social robots,
and interventions ranged generally from positive to mixed
results, although the statistical significance was not considered
in some of the studies [8,10,20,22,51,59,62,64]. Most of the
studies had very small sample sizes, avery brief duration, and
had no follow-up measurements, which might make it difficult
to conclude about the efficacy of the interventions
[9,10,16,18,46-51,57,61,66]. In 2 of them, the intervention was
not clearly described [47,63]. These methodological limitations
werealso highlighted in previousreviews of SAR usein mental
health services[3,36].

Almost all of the studies included in this review focused on
providing comfort, well-being, and companionship to the study
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participants. Only aminority used SARsto implement aspecific
intervention to improve patients' self-management abilities or
to address psychoeducation strategies. It must be considered
that our scoping review excluded papersinvolving social robots
in teaching-learning scenarios; thus, relevant studies might be
missed. Further, most papersin our review (24 of 30) reported
on interventions with participants with dementia. With this
population, the main prioritiesin using SARswere the reduction
of neuropsychiatric symptoms aswell asthefeeling of isolation
and loneliness [9,51]. Therefore, the possibility to address
companionship and improvement in daily support might be seen
as a more relevant therapeutic benefit than self-managing
treatment, as previously described in the literature [36,68].

One study in our scoping review raised the issue of the possible
use of social robots to reduce loneliness during the COVID-19
pandemic [18]. Three different roles of SARs (ie, social utility,
social identity, and social connectivity) allow social robots to
create a supportive relationship capable of mitigating feelings
of loneliness during quarantine and lockdown contexts [69].
Their role in promoting well-being was also highlighted as a
promising avenue for those who are more vulnerable during the
pandemic, particularly older adultsand children [70]. Moreover,
it must be considered that the demographics and the clinical
characteristics of the participants influenced their needs. As
most of the selected papersincluded ol der peoplewith dementia,
some particularities of this population must be raised. Some
studies reported on participants with an advanced cognitive
decline or with language and hearing impairments, which made
it difficult to interact with the robot [18-20,50,54,63,66]. In
addition, the complexity of operating the touchscreen and
preprogrammed functions were aso highlighted in this
population [16,48]. Thus, tailoring an intervention to patients
needs by using a personalized approach is identified as an
important enabler that was also previously highlighted [36].

Assessing staff, family, stakeholders, and caregivers
perspectives about SAR usein mental health servicesisanother
relevant aspect that should be considered. Consistent with our
review, negative reactions were primarily described in some
studies [71,72], but other studies also recorded how some
stakehol ders devel oped positive perceptionstoward socia robots
after witnessing their positive impacts on patients [67,73-76].
Positive attitudes of care professionals toward SARs were
reported as key facilitators to acceptability among users [73].
All these findings are consistent with those reported in arecent
scoping review by Koh and colleagues [77]. SARs might
potentially integrate traditional mental health care apps in an
interactive social companion, providing a more engaging and
dynamic platform for users [3]. In our review, some studies
reported that the presence of different applications adapted and
personalized to participants facilitated and sustained their
engagement with therobot aswell astheir interactive behaviors
[16,18,48,61]. Combining these capabilities with active user
interaction allows SARs to deliver different interventions (eg,
psychoeducation, techniques of cognitive-behavioral therapy),
which can hel p userstake greater ownership of their own health
and well-being [3,78,79].

Although SARs have emerged as a promising approach across
thefield of mental health, they should betreated as an additional
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and complementary resourcein mental health servicesand thus,
poor substitutesfor human contact [8,18,52,80]. Ethical concerns
such as reduced human contact, emotional deception, and issues
surrounding data security, confidentiality, and information
privacy must be considered during theimplementation of SARs
in mental health services[80]. Most of the robots cannot assess
apatient’semotional state with great accuracy, and the absence
of a human professional can have a negative impact on a
patient’s adherence to a program [18,63,80]. Ideally, social
robots should remain under the supervision of trained mental
health professional s and should be used as ameans of providing
comfort, quality of life, and purposeful engagements [52,80].

Strengthsand Limitations

There are some strengths used in sustaining thiswork. First, the
methodological framework was transparent and rigorous, and
we searched multiple databases. Second, we consulted experts
inthefield of social robots aswell as mental health researchers
and professionals to emphasize the main points in each area.
Finally, the Mixed Methods Appraisal Tool was employed to
evaluate the quality of studies included in this review and a
scientific and valuable implementation tool, CFIR, was used to
guide the presentation of results. Nevertheless, this review has
several limitations. Papers that were not published in English
were excluded in this review and, as a result, relevant studies
might be missed. In addition, the review aggregated only studies
set in mental health facilities, and studies set in patients’ homes
were excluded. This fact seemed to form a bias regarding the
severity of mental health disorders that were included in this
review. Although we did not limit our search to specifically a
mental health diagnosis and did not define a specific agerange,
the bulk of our sample consisted of interventions with older
adults with dementia. Therefore, the generalizability of our
findingsis limited by study characteristics. Moreover, most of
the studies had small sample sizes, with brief and sometimes
unclear interventions and poor and heterogeneous methodol ogy,
which might make it difficult to preclude conclusions about the
efficacy of theinterventions.

Future Research and Practical Implications

Overall, our review has shown that the potential of social robots
in mental health care is broad. However, there are still many
gaps in thisfield. Since previous works on SAR interventions
have mainly focused on older adults (ie, for the treatment of
dementia) and children (ie, for thetreatment of ASD), expanding
the diagnosis would be a relevant option for the next stepsin
theresearch. Asanillustration, attention iswarranted for major
depressive disorder, which has the highest lifetime prevalence
among psychiatric disorders and is associated with high costs
for the society [81]. In our scoping review, only 1 study had
addressed the use of SARs for patients with major depressive
disorder, and it found a statistically significant reduction in
depression and loneliness and improvement in the quality of
life[55]. However, both the small sample sizeand therelatively
short duration of the intervention limit the generalizability of
their results. Further research studies with larger samples,
assessing long-term follow-up and with clear intervention
protocols are needed in this field.
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Furthermore, the use of SARs in different settings should be
raised, notably for individuals with mental health needs living
in remote areas and for thosewho feel stigmatized in traditional
mental health care settings. I n the context of rural communities
and other resource-scarce areas, SARs would allow patientsto
receive health care remotely, thereby enabling such patients to
avoid potential barriersto care such astravel or scheduling and
thusimproving patient outcomes. Further, the recent COVID-19
pandemic has highlighted telehealth’s potential in amost all
health care settings. The possible use of social robotsto reduce
social isolation during the pandemic is a significant issue that
could be explored [69,70]. Other psychotherapeutic strategies
(eg, self-caretactics) combined with SARs should beraised in
future research, which could be helpful in facilitating
engagement with self-help treatment programs and users
autonomy. Rather than developing a novel program treatment,
SARscould beintegrated into existing psychosocial approaches
to improve the effectiveness of the intervention, such as an
adjuvant in cognitive behavioral therapy. In this context, SARS
could improve in real-time the monitoring and feedback for
users through dynamic applications[7].

Tailored interventions aiming to fulfill the specific needs of a
well-defined population should be explored, and further
qualitative research (entirely user-centered) should investigate
what people expect from the social robots' roles played in
mental health care. Single-case experimental designs might be
a very useful starting point to ensure that different needs are
met (ie, clinical, users, engineers, and roboticists goals).
Improvements in methodology and study design, beyond pilot
studies, and the use of psychometrically validated measures
should also be taken into consideration.

Guemghar et a

Research that evaluates the implementation of SARs in mental
health programs and that identifiestheir barriers and facilitators
is also relevant when it comes to guiding the successful
implementation of social robots in a rea-world setting,
particularly in an organizational context (eg, policy and
government regulationsfor project planning and evaluation, the
expense of robotics and the cost-versus-benefit relationship
within services). The cost of mental disordersisalready placing
a high financial burden on individuals with mental health
problems, their families, and the society in general, and creating
cost-efficient robots seems to be a good opportunity in greatly
reducing the cost in mental health care [82-84]. Further research
in these areas, using an implementation framework, is needed.
Inall these aspects, it isessential for mental health professionals
to work closely with patients and with robotics experts (ie,
computer scientists, programmers, and engineers) to provide
critical feedback on what tasks robots can reasonably do and
which ones should be considered in the design of future
interventions.

As the demand for mental health services increases, it is
becoming imperative to find solutions to meet the growing
needs. The use of social robots is a viable solution. Despite
sometechnical flaws, advancesin robotics now makeit possible
to offer a quality service for users. Our scoping review has
highlighted the therapeutic effects of social robotsin a variety
of contexts. However, the methodological weakness of the
studies often limits the generalizability of their results. Further
studies should go beyond the framework of the pilot study in
order to target the use of social robots for a well-defined case
and to further potentiate the attributes of these technologies.
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Abstract

Background: Health researchers are increasingly using natural language processing (NLP) to study various mental health
conditions using both social media and electronic health records (EHRS). There is currently no published synthesis that relates
specifically to the use of NL P methodsfor bipolar disorder, and this scoping review was conducted to synthesize valuable insights
that have been presented in the literature.

Objective: This scoping review explored how NLP methods have been used in research to better understand bipolar disorder
and identify opportunities for further use of these methods.

Methods: A systematic, computerized search of index and free-text terms related to bipolar disorder and NL P was conducted
using 5 databases and 1 anthology: MEDLINE, PsycINFO, Academic Search Ultimate, Scopus, Web of Science Core Collection,
and the ACL Anthology.

Results: Of 507 identified studies, a total of 35 (6.9%) studies met the inclusion criteria. A narrative synthesis was used to
describe the data, and the studies were grouped into four objectives: prediction and classification (n=25), characterization of the
language of bipolar disorder (n=13), use of EHRS to measure health outcomes (n=3), and use of EHRs for phenotyping (n=2).
Ethical considerations were reported in 60% (21/35) of the studies.

Conclusions: The current literature demonstrates how language analysis can be used to assist in and improve the provision of
care for people living with bipolar disorder. Individuals with bipolar disorder and the medical community could benefit from
research that uses NL P to investigate risk-taking, web-based services, socia and occupational functioning, and the representation
of gender in bipolar disorder populations on the web. Future research that implements NLP methods to study bipolar disorder
should be governed by ethical principles, and any decisions regarding the collection and sharing of data sets should ultimately
be made on a case-by-case basis, considering the risk to the data participants and whether their privacy can be ensured.

(IMIR Ment Health 2022;9(4):€35928) doi:10.2196/35928
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Introduction

Mental Health and Bipolar Disorder

In 2018, the Lancet Commission on global mental health and
sustainable development reported that the global burden of
disease related to mental health disorders has risen in all
countries and that mental health services are frequently of a
lower quality than those provided for physical health [1]. The
2013 Global Burden of Disease study [2] described depression
asthe predominant mental health problem worldwide, followed
by anxiety, schizophrenia, and bipolar disorder, and the 2019
Global Burden of Disease study suggested that 1.2% (>815,000
cases) of the UK population has been diagnosed with bipolar
disorder [3]. Bipolar disorder isamood disorder associated with
recurring episodes of extreme moods, ranging from severe
depression to mania and with episodes lasting up to weeks at a
time. Bipolar disorder has been shown to affect psychosocial
functioning in areas of work, finance, cognition, and
relationships[4], and people living with bipolar disorder are at
a high risk for self-harm [5]. Of those diagnosed with bipolar
disorder, 10%-20% will die by suicide, and therefore, the
prevention of future episodes and the management of depressive
and manic episodes are the major goals of treatment in bipolar
disorder [6]. Itisdifficult to understand the lived experience of
bipolar disorder through clinical practice aone, primarily
because clinicians may only seetheir patients under arestricted
set of conditions and those are likely to frame any discussion
about the experiences of the patients.

Theclinical diagnosisof bipolar disorder isalengthy and costly
process that takes an average of 9 years to complete [7]. A
delayed diagnosis can have major implicationsfor misdiagnosed
individuals and may lead to inadequate or inappropriate
treatments, a greater severity and frequency of mood episodes,
and an increased risk for suicide among individuals who are
later diagnosed with bipolar disorder [8]. Considering the
economic implications, it is estimated that the total costs
associated with bipolar disorder in the United Kingdom,
including service costs and lost employment costs, could reach
£8.2 billion (US $10.6 hillion) by 2026 [9].

Natural Language Processing and Bipolar Disorder

The World Health Organization states that health systems must
do more to respond to the burden of mental health disorders
and that many people living with mental illness do not receive
the care that they need. The development of strengthened
information systems to provide evidence for population health
monitoring and mental health surveillance is 1 of the 4 major
objectives of the World Health Organization Mental Health
Action Plan 2013-2020[10]. The Lancet Commission a so stated
that digital technology can be used both to provide support and
tools to people living with mental illness and to facilitate the
screening and diagnosis of mental disorders using big data
approaches. The increasing use of social media combined with
the computational infrastructure of health care systems in the
advent of the maturation of natural language processing (NLP)
and machinelearning (ML) technologies[11] providesexciting
possibilities to investigate large amounts of data at the
population and individual level.

https://mental .jmir.org/2022/4/€35928
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Le Glaz et a [12] explained how language plays an important
role in mental health technologies and how NLP uses the
language resources available to analyze text both qualitatively
and quantitatively to provide deeper insights into these data.
NL P methods can focus on various features, including lexical
choices, syntax, and semantics, to perform tasks such as topic
modeling, clustering, and classification. Le Glaz et a [12]
described that NLP in mental health research comprises the
following four main stages: (1) corpus creation—the most
common corpora include electronic health records (EHRS),
social mediadata (eg, Reddit and Twitter posts), and transcribed
patient interviews; (2) corpus processing—extracting medical
terms or processing blocks of language using specific searches;
(3) classification methods—ML techniques including deep
learning; and (4) goal—the ultimate goal of validating a
hypothesis or studying the behavior of a specific population.

Mental health research related to bipolar disorder can benefit
from NLP methods in several ways. First, large amounts of
longitudinal datafrom health records can be analyzed to provide
population-level insights and to contribute to the creation of
semiautomated systems, for example, to improve the specificity
and speed of diagnosis[13,14]. Second, NLP methods can a so
be used for more fine-grained analyses at an individual level
by analyzing lived experience accounts of bipolar disorder. This
could include monitoring the sentiment and effect of web-based
interactions over time [15], using textual cues in web-based
communication to shed light on language featuresthat relate to
a bipolar disorder diagnosis [16], or using emotion detection
methods to learn more about how emotions fluctuate over time
[17]. Using NLP methodsin the study of bipolar disorder could
contribute to greater personalization of care through in-depth
analysis of large amounts of textual data [18] and may yield
insights that would be difficult to obtainin aformal health care
setting owing to financial and time constraints. Analyzing the
language used in nonclinical settings also provides an
opportunity to learn more about what people with bipolar
disorder say unprompted in situations that are not framed by
clinicians or researchers. Becker et al [19] suggested that there
is a need for a common language between the data science
community and the health care community. This common
language would enable data scientists to understand the
technol ogiesthat are needed and how these can beimplemented
with clients, and enable health care workers to understand
technical capabilities and the type of datathat ismost useful in
developing automated systems. Carr [20] also explained that
patient and public involvement and the incorporation of
knowledge of domain experts (such as people with personal
experience of bipolar disorder) are vital for ethical
decision-making, becauseit enablesamore robust understanding
of language and context.

Objectives

To understand how NL P methodol ogies have been used to better
understand bipolar disorder, we conducted a scoping review.
Scoping reviews enable the researcher to present an overview
of adiverse body of literature and alow for the synthesis of a
range of study designs and methodologies without narrowing
it down to afocused research question asin asystematic review
[21]. Thegoa of thisscoping review isin linewith the definition
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by Daudt et al [22], which states that a scoping review aims “to
map the literature on a particular topic or research area and
provide an opportunity to identify key concepts; gaps in the
research; and types and sources of evidenceto inform practice,
policy making, and research.”

Aninitial broad search of the published literature suggested that
no previous studies have systematically reviewed the literature
describing how NL P has been used to better understand bipolar
disorder. Although there are reviews that have focused on the
use of ML methods or big datain the study of bipolar disorder
[23,24] or theuse of ML and NLPfor mental health morewidely
[12,25,26], this scoping review focused specifically on bipolar
disorder and the application of NLP methods to this condition.

This scoping review explored how NLP methods have been
used in research to better understand bipolar disorder and also
to identify which aspects of bipolar disorder are underresearched
and could be aided by computational linguistic methods (a
definition of terms can be found in Multimedia Appendix 1
[27,28].

Thefour research questions that were used to guide this scoping
review were as follows:

1. What trends can be observed in literature? (eg, What does
theliterature talk about? Where are the data sourced from?)

2. Which NLP methods have been used in the literature?

3. What aretheclinical and practical applications reportedin
the literature?

4. What ethical considerations are present in the literature?

Methods

Overview

This scoping review was conducted with reference to the
framework proposed by Arksey and O'Malley [29], expanded
by Levac et a [30] and Daudt et al [22], and was informed by
the guidance provided in the Joanna Briggs Institute (JBI)
manual for evidence synthesis in scoping reviews [31]. This
scoping review has been reported according to the PRISMA-ScR
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses extension for Scoping Reviews) checklist [32]
and was also informed by the guidance provided in the JBI
manual for evidence synthesisin scoping reviews [33].

Search Strategy

A systematic and computerized search was conducted using 5
databases and 1 anthology: MEDLINE, PsycINFO, Academic
Search Ultimate, Scopus, Web of Science Core Collection, and
the ACL Anthology. The search was conducted between January
25, 2021, and August 27, 2021, and the search strategy was
developed with informed advice from atopic librarian. There
were no restrictions on the date of publication.

The search strategy used index terms and free-text terms to
cover two core themes: (1) bipolar disorder and (2) NLP.
Adjacency operators were used when incorporating free-text
terms to ensure the specificity of the returned results. The full
search terms are shown in Figure S1 in Multimedia Appendix
2[13-17,34-66].
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The final list of studies that were €eligible for screening was
imported into the Mendeley Reference Manager for duplicate
removal before it was uploaded to Covidence [67], which was
used for abstract and full-text screening and data extraction.
Citation chaining was conducted on the fina set of full-text
papers used in this review.

Inclusion and Exclusion Criteria

Only paperswritten in English and published as peer-reviewed
papers, full-text workshops, or conference proceedings were
included in this review. It should be noted that the need for a
faster review process has made conference proceedings the
dominant form of published research in Computer Science and
NLP[68]. To beincluded, studies needed to explicitly describe
the application of an NLP method to the study of bipolar
disorder (including those studies in which bipolar disorder was
one of multiple psychological disorders being studied, but only
when the datafor bipolar disorder were separable). Studiesthat
described quantitative, qualitative, or mixed method designs
were eligible for inclusion, and papers were only included if
they described compl eted research. Study designsand protocols
were excluded from the study.

Papers were excluded from the scoping review if they only
included an abstract and if the methodology described ML, deep
learning, or big data approaches that did not rely on language
features, for example, using magnetic resonance imaging data
for bipolar disorder classification. Systematic and scoping
review papers were also excluded from this study.

Study Selection and Screening Process

Initial screening of the titles and abstracts was conducted
independently by the lead reviewer (DH) and the second
reviewer (AW) using Covidence [67] to assess the suitability
of the studies identified during the search for inclusion in the
review. Thedligibility criteriaweretested in apilot of 25 studies
to ensure that the criteria were suitable for the review. The JBI
[33] recommends that an agreement of 75% demonstrates that
the inclusion and exclusion criteria performed well, and the
agreement between the first and second reviewers for the pilot
screening was 84%. After establishing that the éligibility criteria
were valid, the reviewers screened the remaining papers
independently and resolved any conflicts through discussion.

For all papers that passed the title and abstract screening, the
lead reviewer located the full texts and screened them for
eligibility in the review. The second reviewer (AW) screened
20.4% (23/113) of the papers at the full-text screening stage to
verify their inclusion or exclusion, and a 100% agreement was
achieved between the first and second reviewers. Data were
extracted from the final papers that were eligible for inclusion
by the first reviewer (DH) using a customized data extraction
template that was designed and implemented in Covidence [67]
and is shown in Table S5 in Multimedia Appendix 2. The data
extraction template was piloted with 3 papers by the lead
reviewer and was verified for accuracy by another member of
the review team (PR). Minor changes were recommended for
the data extraction template, including changing the phrasing
of some fields and adding two fields that measured the
reproducibility of computational linguistic papers—whether
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the authors released their code and data set with the paper. A
reviewer (DH) extracted all data from the 35 included articles.
The extracted data are available in Table S1 in Multimedia
Appendix 2.

To enhance the transparency of the research process, as
recommended by the JBI [33], the protocol for this scoping
review has been registered with Figshare and is available for
public access [69].

Analysis
A narrative synthesis[70] of theincluded studieswas undertaken
to map the literature as outlined in the research questions. The
data were presented using descriptive frequency tables and
charts and summarized according to inductively developed
objectives.

Harvey et d

Results

Overview

The initial search yielded 507 documents after deduplication.
Of these, 394 (77.7%) were excluded after title and abstract
screening because of indligibility, leaving 113 (22.2%) for
full-text review. After full-text screening, afurther 81 (71.6%)
articleswere excluded. Thereasonsfor the exclusionsare shown
in Figure 1. After full-text screening, 32 (91%) papers were
included in the review, and 3 (9%) additional papers were
included after citation screening of these papers, totaling 35
papers for inclusion in the scoping review. The results of the
search and the study inclusion process are presented in the
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) flowchart in Figure 1 [71].

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart of search history [71].
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Research Question 1: What Trends Can Be Observed
in Research Which Uses NL P to Study Bipolar
Disorder?

Publication Characteristics

This study identified 35 articles published in 25 different
sources, including journals (17/35, 49%), workshops (11/35,
31%), and conference proceedings (7/35, 20%). The publication
sources demonstrated the interdisciplinary nature of this type
of research, with the studies presenting a crossover among the
fields of health care, computational linguistics, and computer
science. The most popular source for publication was the
Workshop on Computational Linguistics and Clinical
Psychology, where 6 (17%) of the articles were published. The
remaining sources published <2 articles each and are detailed
in Table S1in MultimediaAppendix 2. Of theincluded articles,
97% (34/35) analyzed textual datain English, and 3% (1/35)
used Norwegian data.

Harvey et d

Table 1 shows the countries of publication represented by the
location of the first authors, who were predominantly located
in the United States (14/35, 40%), followed by the United
Kingdom (7/35, 20%), Taiwan (5/35, 14%), and Australia (3/35,
8%).

In terms of the discipline of the first authors, 88% (31/35) of
the articles were first authored by individuals in the fields of
NLP, computer science, and bioinformatics (ie, computational
fields), whereas only 9% (3/35) of the articleswerefirst authored
by individuals with a background in medicine or health care.
Of these 3 articles, the disciplines of the first authors included
psychiatry (n=2, 67%) and public health (n=1, 33%). Therewas
also an article for which the discipline of the first author could
not be confirmed, although the author was based at the Institute
of Psychiatry, Psychology and Neuroscience, King's College,
London, when the article was published [57].

Table 1. Thelocation of first authors (based on the location of affiliated institution).

Country (based on registered institution) of first author

Value, n (%)

United States 14 (40)
United Kingdom 7 (20)
Taiwan 5(14)
Australia 3(8)
Croatia 1(3)
United States and Belgium and Germany 1(3)
Germany 1(3)
Korea and United States 1(3)
Brazil 1(3)
Korea 13
Data Source showstheincreased use of social mediasince 2016, particularly

Figure 2 depicts the year-on-year trend in the publication of
articles related to NLP and bipolar disorder. It is apparent that
there has been an increase in the number of research articles
related to thistopic, from 1 relevant articlein 2004 to 5 rel evant
articles in 2020. From 2015 onward, interest in this topic has
remained fairly constant.

The published articles used avariety of sourcesfor their corpora,
including social media (Twitter, Reddit, support groups,
chatrooms, and LiveJourna blogs), EHRs, and a newspaper
corpus in conjunction with a fluency task wordlist. Figure 2

https://mental .jmir.org/2022/4/€35928

after the publication of the study by Coppersmith et a [38] in
2014, which used Twitter to quantify mental health signalsand
could be described as a seminal work for this area of research.
Since 2017, the only sources of dataused in thisfield of research
are Twitter, Reddit, and EHRs. The most commonly used data
source for thistype of research isReddit (15/35, 43%), followed
by Twitter (8/35, 23%) and EHRs (7/35, 20%). By including
blogs, chatrooms, and support groups as atype of social media,
27 (77%) articles relied on data from social media, 7 (20%)
used data from EHRs, and 1 (3%) used a newspaper corpusin
conjunction with afluency task wordlist.
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Figure 2. Number of studies published yearly by data source.
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Objectives of the Articles

The primary objectives of the articles were inductively
categorized into four broad categories. (1) prediction and
classification, (2) characterization of the language of bipolar
disorder, (3) use of EHRs to measure health outcomes, and (4)
use of EHRs for phenotyping. Figure 3 shows the number of
articles that were grouped into each of these objectives and
suggests that there is some overlap between these objectives.
For example, Low et a [51] used Reddit data to characterize
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trends in health anxiety and to build a ML classifier that
predicted mental health conditions.

Figure 3 suggests that the most prevalent objective was
prediction or classification related to bipolar disorder and other
mental health conditions, either from social media or using
EHRs, and the second most frequent objective was to
characterize the language of bipolar disorder and mental health.
The 2 least common objectives were to use data from EHRs to
measure health outcomes and for phenotyping.
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Figure 3. Grouped objectives of the studies. EHR: electronic health record.
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Research Question 2: Which NL P M ethodsHave Been
Used in This Research?

Because of the broad variation in the specific aims of each article
and the ever-increasing number of NLP tools available to
researchers, there is large variation in the tools and methods
that were used in theincluded papers. Thefollowing subsections
group the articles using the aforementioned 4 objectives,
describe the methods identified across the articles, and provide
a qualitative summary of the results. Table S1 in Multimedia
Appendix 2 provides more fine-grained details of the methods
and results reported for each articlein this review.

Prediction and Classification

The most frequent objective of the included articles was to use
text from social media (n=22) [15-17,34,36-44,48,49,
51,54,59-63] or EHRs (n=3) [13,14,64] for prediction or
classification purposes; for example, to predict a diagnosis of
bipolar disorder based on features in the text. Among the 25
papers categorized into the objective of prediction and
classification, 21 (84%) classified posts or usersinto a bipolar
disorder class after comparison with a control group or with
other mental health conditions. The aims of the remaining
studies included; predicting the emotional tone in a bipolar
disorder community, that is, how interactions in a web-based
community affect people[15]; predicting the future occurrence
of bipolar disorder based on a user's posts in a nonclinical
subreddit before joining a bipolar disorder subreddit [63];
performing classification to measure subreddit uniqueness[40];
and using off-the-shelf agorithms to predict the demographic
characteristics of people who self-reported a bipolar disorder
diagnosis on Reddit [44]. There was large variation in the
amount of data collected, with some authors reporting the
number of relevant users and posts or comments and some
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n=7

n=6  Characterizing the language of bipolar disorder

reporting only the number of posts or users. The number of
reported users within the bipolar disorder class varied from 50
patients with bipolar disorder listed in EHRs [14] to 19,685
Reddit users [44], and the number of reported posts or
documents varied from 1000 blog posts [16] to >21 million
Reddit posts [44].

Of the 22 studies that used social media for classification or
prediction, 59% (13/22) verified a diagnosis. In the most
rigorous cases, diagnoses were verified using detection patterns
that incorporated diagnosis keywords collected from the
corresponding Diagnostic and Statistical Manual of Mental
Disorders (DSM), 5th Edition headings [37]. In other cases,
regular expressions were used to pattern-match explicit
expressions such as | was diagnosed with bipolar or to match
mental health keywords used in bios. For the remaining articles
(n=9, 41%), the authors used al posts collected from relevant
bipolar disorder groups (eg, bipolar disorder portals on Twitter
or subreddits related to bipolar disorder) without verifying
whether the authors of these posts had received adiagnosis. The
3 studies that used EHRs to predict a diagnosis built their
classifiers on a population of individuals within the health
records who had received a previous diagnosis of bipolar
disorder. Thereliability of methods used to establish adiagnosis
from social media data should be treated with some caution,
because 9 of the articles within this review treated membership
in aforum as confirmation of adiagnosis. In readlity, forumsare
likely to include friends, family, and interested observers;
therefore, this noisy verification of diagnosis could lead to
unreliable data. Even when diagnoses are confirmed through
more rigorous pattern matching using regular expressions, there
is still a chance that users on the web may not have a genuine
diagnosis. However, as described by Coppersmith et a [38],
“Given the stigma often associated with mental illness, it seems
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unlikely users would tweet that they are diagnosed with a
condition they do not have.”

Table S3 in Multimedia Appendix 2 shows the variety of ML
model s that have been applied to the objective of prediction and
classification, and Table $4 in Multimedia Appendix 2 shows
the different features that have been used as inputs for these
models. The pooled data revealed that 19 of the articles used
ML methods (see Multimedia Appendix 1 for defining terms)
and 13 of the articles aso implemented deep learning tools
(many of the studies used a combination of both tools to
compare the accuracy of different classifiers). Logistic
regression wasthe most commonly used classifier for ML tasks,
and convolutional neural networks were popular methods for
studiesthat used deep learning. Several studiesthat implemented
a deep learning methodology (Multimedia Appendix 1) aso
reported the use of an attention mechanism within their models
(n=6). Galassi et al [72] described that the attention mechanism
is part of a neural architecture that is able to “dynamically
highlight relevant features of the input data, which, in NLP, is
typically a sequence of textual elements” The papers in this
review that incorporated an attention mechanism described
improved performance when compared with baseline methods,
because the attention wei ghts were used to demonstrate the most
important words or sentences within the text for making
classification decisions.

Thefeatures used most frequently for classification were derived
from Linguistic Inquiry and Word Count (LIWC) [73] (for
features relating to emotion and psychological state) and Term
Frequency Inverse Document Frequency (TF-IDF) vectors.
Pattern of Life (PoL) analytic features were introduced by
Coppersmith et al [38], and relay information about the patterns
and behavioral tendencies of users measured by social
interactions (eg, tweet rate and number of @mentions) and were
implemented in 4 of the studies. For studiesthat relied on deep
learning methodologies, a number of different types of word
embeddingswere used asinputsfor the models, including those
derived from Bidirectional Encoder Representations [74],
Word2vec [75], and global vectors for word representation
(GloVe) [76].

In terms of accuracy (reported as overall accuracy, precision,
recall, F; score, and areaunder the curve defined in Multimedia
Appendix 1) of the studies that aimed to classify a population
into a bipolar disorder class (n=21), the following studies
reported the highest scores (at 90%/=0.9). Chang et al [36]
reported a precision of 0.96 by using arandom forest classifier
based on TF-IDF features of Twitter users in single-task
learning. Chen et al [17] reported an overall accuracy of 91.9%
using the EMOTIVE ontology, LIWC, and Pattern of Life
featuresfor Twitter userswith alogistic regression classifier in
single-task learning. Huang et a [42] reported 95% precision
for the female class using a pattern attention mechanism in
single-task learning. Jiang et a [48] reported an F; score of
0.982 for Reddit users using a Retrieval Augmented Language
Model in single-task learning. Kim et a [49] achieved an overall
accuracy of 90.2% for Reddit users using aconvolutional neural
network model with TF-IDF Word2vec vectors for single-task
learning. Saravia et al [60] achieved a score of 96% precision
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for classifying Twitter users as having bipolar disorder using
TF-IDF features with a random forest classifier in single-task
learning, and Castro et al [13] reported an area under the curve
of 0.93 for classifying an individual as having bipolar disorder
or not using alogistic regression classifier in single-task learning
from EHR data.

There were 4 articles, which used NLP methods for alternative
classification purposes. Silveira et al [15] predicted how the
emotional states of Reddit users would change after interacting
on social media and framed this as a regression task that
outperformed the baseline by a score of at least 12.9. Their
results showed that general emotional states improved after
interacting on the web and that the emotional tone of the final
post by the thread author was generally more positive than their
initial post. Gkotsis et al [40] used an ML classifier to measure
the vocabulary uniqueness between mental health subreddits
and demonstrated that there was a shared vocabulary across 3
different bipolar disorder subreddits. Thorstad and Wolff [63]
demonstrated that future mental disorders could be predicted
with an F, score of 0.37 (which, although low, is above chance).
Their work described the possibility of building classifiers to
identify people at risk for developing mental illnesses. Finally,
Jagfeld et al [44] used hybrid modelsto predict age and gender,
which achieved 99% and 97% accuracies on their test set,
respectively, as well as an inference model for location that
achieved 78.4% test set accuracy.

The literature reports a number of successes that have been
achieved in avariety of NLP prediction tasks related to bipolar
disorder, and the heterogeneity in the methods of the papers,
their data sets, and their individual objectives reflects the wide
breadth of the field and the potential for this area of research.
The results of each study are provided in Tables S1-S3 in
Multimedia Appendix 2 with more details on the methods and
tools used.

Characterizing the Language of Bipolar Disorder

A total of 13 papers were grouped into the objective of
characterizing the language of bipolar  disorder
[16,35,37,39,40,42,44, 50,51,53,55,58,66] and used methods
to build a more fine-grained picture of the linguistic behaviors
of people living with bipolar disorder. Table S1 in Multimedia
Appendix 2 provides more information on the focus, method,
and main outcomes of each of the papers included in this
category. The main patterns that emerged from this synthesis
are described here.

LIWC was used by anumber of authorsto characterize language
[16,37,39,40,50,66]. Cohan et al [37] found that bipolar disorder
populations were significantly more likely to use first-person
singular pronouns than their control group of Reddit users
without a self-reported diagnosis, which they have suggested
correlates with the LIWC category of authenticity. Gkotsis et
al [40] a so found alarge number of first-person pronounswhen
comparing one of the bipolar subreddits (r/bipolarSOs) with
other mental health groups within their study. The authors
reported that this observation has been found in previous
research on the language of depression and also touched on the
idea of authenticity by suggesting that people with bipolar
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disorder may talk about personal issues more sincerely, which
may increase their use of personal pronouns.

In all, 2 papers reported that the bipolar disorder community
was more likely to talk about topics in the LIWC category of
Health than a control group of Twitter users [39] and other
web-based depression communities on LiveJournal blogs[16].
Yoo et al [66] identified clusters within the bipolar disorder
community that were related to emotion and negative feelings,
and their LIWC analysis also showed greater use of negative
expressions when compared with people who posted on a
depression subreddit. Kramer et al [50] described that the use
of first-person pronounswas positively correl ated with negative
emotion words and that the use of you was positively correlated
with positive emotion words. Huang et al [42] also reported that
when using their graph-based algorithm, negative emotions
were frequently used by their bipolar disorder group [42] and
described that there was a significant difference in the use of
tense between men and women in that women tended to use the
present tense | am and that men preferred the past tense | was.
Coppersmith et a [39] also described that the use of auxiliary
verbs was significant in bipolar disorder users when compared
with their control group according to the LIWC analysis.

In terms of the use of web-based social media sites, Jagfeld et
al [44] used out of the box NL P modelsto report that most users
who self-reported a diagnosis of bipolar disorder fell into the
30-49 year age range (47.5% of their data set) and were more
likely to be classified asfemale (52.2%). Thisisin contrast with
the demographic information of the general US Reddit adult
population, with 64% of population being composed of people
between the ages of 18 and 29 years and 67% of the US Reddit
users being men [77]. McDonald and Woodward-Kron [53]
focused on member role change in web-based communities
using corpus methods and showed that users became like
veterans the longer they used a web-based forum, dispensing
advice using modal declaratives such as You should consider
seeing a professional. Over the course of time, users preferred
to describe themselves as having bipolar instead of being
bipolar, and Kramer et a [50] reported in their study that users
wrote more as they spent more time on the site. Park and
Conway [55] assessed the readability of posts on Reddit over
time and reported that although the posts of people posting on
bipolar disorder subreddits were initially significantly more
difficult to read than the control group, this improved as
members participated more in the community. Rosenstein et al
[58] conducted averbal fluency task to understand how semantic
structure is affected by bipolar disorder and discovered that
people with bipolar disorder presented lower lexical diversity
and semantic coherence than the control group.

Finally, 2 papers observed how external factors can influence
the representation of bipolar disorder ontheweb. Low et al [51]
used topic modeling and sentiment analysis to compare
health-related anxiety presented on Reddit beforethe COVID-19
pandemic and during the pandemic. They demonstrated that the
bipolar disorder subreddit did not seem to have suffered from
induced health anxiety unlike other subredditsthat were affected,
such as those related to borderline personality disorder and
posttraumatic stress disorder. They reported that there was no
negative semantic change in the bipolar disorder subreddit by
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the middle of the pandemic, whereas other subreddits
demonstrated significant negative semantic changesat thispoint.
Budenz et al [35] used Twitter to collect tweets from
communication spikes caused by external events (eg, the death
of mental health advocate Carrie Fisher) to measure the amount
of stigma or support presented in the communication. Their
results showed that >67,393 (5.3% of the total sample) tweets
discussed bipolar disorder, and 64.7% (4709/7281) of the bipolar
disorder tweets that displayed stigma or support showed
stigmatizing language. This was in contrast with 4.3%
(38,336/873,590) of the tweets related to mental health and
mental illness more generally that displayed stigmatizing
language.

Using EHRs to Measure Health Outcomes

There were 3 articles that were grouped into the category of
using EHRs to measure health outcomes [56,57,65]. All 3
studies used the South London and Maudsley Clinical Record
Interactive Search (CRIS, 2021) database between 2013 and
2019 to assess different health outcomes of people diagnosed
with bipolar disorder.

Wu et a [65] used the database to investigate smoking
prevalence and the factors that influence it in populations
receiving mental health care. Using open-text fieldswith Genera
Architecture for Text Engineering (GATE) [78], the authors
created a CRIS-1E smoking application using ashallow parsing
rule-based approach to keywords. The results of this study
demonstrated that patients with schizophrenia and
schizoaffective disorder had a higher smoking prevalence than
those with bipolar disorder. Patel et a [56] used the CRIS to
assess the impact of mood instability on the clinical outcomes
of individuals receiving secondary mental health care.
TextHunter [79] was used to extract documentation related to
mood instability from unstructured free-text fields, and
supervised | earning was used to devel op support vector machine
applications that were combined to generate a binary variable
of instability. The prevalence of instability within one month
of clinical presentation was 22.6% in the bipolar disorder
population compared with 12.1%in the overall sasmple. Finally,
Ramu et a [57] extracted descriptions of insight from text fields
to determine whether poor insight recorded early after clinical
presentation could predict subsequent service use. The authors
used TextHunter [79] to create an ML agorithm based on a
sample from clinical records to predict good or poor insight or
to classify a document as irrelevant. The algorithm identified
61 patientswith bipolar disorder who had at |east onerecording
of poor insight, and the authors reported that a higher number
of hospitalization episodes, unique antipsychotics, and inpatient
dayswere al significantly correlated with poor insight.

Using EHRsfor Phenotyping

Thefinal characteristic used to group papersin thisreview was
the use of EHRs for phenotyping (n=2) [13,52], in which case
phenotyping relates to the process of characterizing or
determining the observable characteristics of an individual and
can refer to anything from a common trait, such as height or
hair color, to presence or absence of a disease [80].

JMIR Ment Health 2022 | vol. 9 | iss. 4 [e35928 | p.87
(page number not for citation purposes)


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

JMIR MENTAL HEALTH

Castro et a [13] performed EHR-based phenotyping of bipolar
disorder using EHRs to extract diagnostic data and compared
the validity of an NLP algorithm with diagnostic interviews
conducted by clinicians. The performance of the NLP algorithm
for classifying case and control patients was assessed against
DSM-IV Structured Clinical Interview for DSM-1V Disorders
gold standard interviews, and the algorithm scored a positive
predictivevalue of 0.85. Lyalinaet a [52] used EHRsto identify
the signature of 3 neuropsychiatric illnesses and to elucidate
their phenotypic boundaries. The authors used text mining to
annotate notes with concepts from 22 clinically relevant
ontologies after preprocessing and negation checking, and
enriched concepts were identified by reducing the number of
case and control notes to 1000 each. A Fisher exact test was
used to measure the enrichment within the sample. Their results
demonstrated that the symptoms related to enriched phenotypes
of bipolar disorder include migraines, irritable bowel syndrome,
sleep disorders, ulcers, and mania and that there is substantial
phenotypic overlap between bipolar disorder and schizophrenia.
It should be noted that although not eligiblefor inclusioninthis
scoping review based on the methodology used, Motaet al [81]
presented evidence to suggest that despite often sharing
psychotic symptoms such as hallucinations, hyperactivity, and
aggressive behavior, schizophrenia and bipolar disorder can
successfully be differentiated based on the analysis of dream
graphs, but psychometric scal es cannot achieve the sameresullt.
Their work could provide a framework that uses behavioral
biomarkers to drive a more objective, bottom-up search for
anatomical and physiological biomarkers [81].

Research Question 3: What Arethe Clinical and
Practical Applications of the Current Research?

It is important to understand why NLP methods have been
applied to the study of mental health conditionsand if thistype
of researchisgrounded in real-lifeimplementations, particularly
when large amounts of potentially sensitive social media data
have been used.

The articles used in thisreview cited various reasons that make
this type of study clinically relevant. Many authors have
suggested that applying NL P methodsto social mediadatacould
aid clinicians in their evaluations of bipolar disorder and that
improved suicide prevention methods could be designed by
combining ML methods and the medical community [34,39].
Sekuli¢ et a [61] stated that the high incidence of suicide in
bipolar disorder demonstrates theimportance of early detection,
and many authors suggested that applying NLP methods to
social media data could contribute to the understanding of
bipolar disorder and its detection and diagnosis
[36,37,48,49,53,54,62,63]. Coppersmith et a [38] also suggested
that using social media for large-scale data collection could
complement existing methods and potentially make individual
and population analyses quicker and cheaper. A humber of the
authors described that building avaried representation of bipolar
disorder (eg, using features such as semantic deficit or attention
weights) could provide a better understanding of the user
experience, aid in diagnosis [16,42,58,64,66], and generate
hypotheses for the clinical settings that may inform the
provisioning of appropriate therapeutic resources [51].
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Another practical application cited by the authors was the
implementation of intervention systems based on flagging social
media data for the moderator's attention [15,41,43]. Chen et al
[17] and Park and Conway [55] described how different
linguistic features can show how mental health conditions
fluctuate over time and how these could help to identify
worsening mental health. Gkotsis et a [40] suggested that
urgency markers could be implemented for targeted
interventions. Saha et a [59] reported that NL P methods could
be used to screen and monitor health groups, and Saravia et al
[60] and Silveira et al [15] suggested that socia media data
could be used to assist in the potential distribution of treatment
to populations that are difficult to reach through traditional
approaches. Ethical questions related to invasion of privacy,
particularly when referring to populations who may have
undetected menta illnesses, are raised by these possible
innovations. It must be questioned whether the collection of
datafrom social media platforms from a possibly unsuspecting
population is ethical and it is also unclear who would be
responsible for such an intervention.

In terms of the relevance of social mediaitself to people living
with bipolar disorder, Kramer et a [50] described the hypothesis
that 24 hour accessto other peopleliving with the same problem
could reduce social isolation, improve coping skills, and improve
patient knowledge about their own condition. Jagfeld et al [44]
suggested that being aware of the demographics of web-based
communities may help clinicians in recommending forums to
their clients. Budenz et al [35] also described that social media
advocacy can increase the amount of social support for people
living with bipolar disorder to minimizethe stigmatizing content
posted on the web.

Finally, considering the use of NL P and medical records, Castro
et a [13] and Dai et al [14] described that specific and predictive
diagnostic algorithms could be created to assist with the
diagnosis and to improve accuracy, achieving results that are
comparable with diagnostic interviews. Other authors
demonstrated how data, extracted using NLP, could improve
care management and demonstrated the need, for example, to
screen for the presence of instability on a routine basis or
improve the assessment of smoking behavior [52,56,57,65].

Research Question 4: What Ethical Considerations
ArePresent in the Literature?

A total of 60% (21/35) of articlesused for thereview referenced
ethical considerations, and 40% (14/35) did not reference any
ethical decision-making or design. The ethical considerations
that were implemented are shown in Table 2, and Table 3
describes how the authors managed the code and data set rel ease.
It is interesting to note that the papers published until 2016
included limited discussion regarding ethical considerations,
with only 47% (7/15) of papers published between 2004 and
2016 acknowledging ethical decision-making. In these earlier
papers, discussion was generally limited to short statements,
such as all collected data were publicly posted to Twitter
between 2008 and 2015 [39] or clarification that ethics approval
had been granted.

Ethical considerations became more frequent in papers published
from 2017 onward, with 67% (14/21) papers published in
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2017-2021 incorporating (generally much more robust) ethics
statements. The increased focus on ethics correlates with the
drive toward open science, and recent guidelines were
implemented by scientific communities, such asthe Association
for Computational Linguistics, that require authorsto upload a
checklist for responsible NLP research alongside any paper
submission [82] and to include a discussion about positive and
negative societal impacts that could stem from the research.

Several articles in this review provided a more detailed
discussion of ethical issues. Benton et a [34] suggested that
NLP models could be overgeneralized or used to identify
specific people, and Cohan et a [37] stated that risks to
individuals as a consequence of social media research should

Table 2. Ethical considerations.?

Harvey et d

always be considered. Various articles [38,55,60,61] described
that mental health analyses must be approached sensitively and
[55] also described the nature of Reddit and the throwaway
accountsthat can protect users from social discrimination. The
studies by Jagfeld et al [44] and Thorstad and Wolff [63] both
described theissue of dual usein which research can be misused
to harm the public (eg, by insurance companies) and also
suggested that apossible solution to violating user privacy would
be to inform people that the casual comments they make on
socia mediamay be mined [63]. Finally, Huang et al [42] stated
that the practical application of their proposed model would
only beused if both health care practitioners and patients agreed
to useit.

Ethical considerations

Values, n (%)

None

All user information anonymized

Ethical approval granted by relevant institution

Excerpts from data paraphrased or not published

No private tweets or protected user accounts used

Models did not include user features

URLSs and usernames containing sensitive information removed

Comply with data usage agreement

Detailed initial psychological evaluations were excluded in the interest of public privacy

14 (40)
10 (29)
9 (26)
3(9)
2(6)
1(3)
1(3)
1(3)
1(3)

@\ ote that n does not equal total sample of 35 papers as some papers appear across multiple rows.

Table 3. Dataset and code release.

Code and data set release

Values, n (%)

Data set
Availability not referenced
Not provided for ethical reasons but potentially available on request
Link to dataset or code to scrape dataset provided
Faulty link provided
Partial access provided
Code
Not released
Access provided

Available on request

15 (43)
11(31)
6(17)
2(6)
1(3)

27 (77)
7(20)
1(3)

Discussion

Principal Findings

This scoping review highlightsthe heterogeneity inthe existing
research that has used NLP methods to study bipolar disorder.
The review suggests that the literature has been produced
predominantly in the United States and the United Kingdom
(21/35, 60%) and that 66% (23/35) of the studies used Twitter
or Reddit as a source of data. The studies were predominantly
led by authors from the computational and informatics fields

https://mental .jmir.org/2022/4/€35928

(3L/35, 88%), with only 3 articles being first authored by a
health care expert. The articles were grouped into four
inductively developed objectives: (1) prediction and
classification, (2) characterization of the language of bipolar
disorder, (3) use of EHRs to measure health outcomes, and (4)
using EHRs for phenotyping, with most of the articles using
NLP methods for prediction and classification purposes. The
review suggests that using NLP for the study of mental health
and bipolar disorder specifically isagrowing field and it seems
to have been influenced by the study of Coppersmith et al [38]
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when they provided aframework for obtaining quantifiable data
in mental health research using Twitter.

The range of technologies that have been applied in the field
reflectsthe ever-increasing possibilitiesfor conducting research
on language, with the most recent articles mainly favoring deep
learning methodol ogies and word embeddings. Theresultsfrom
the existing research are varied and promising and indicate the
usefulness of NLP methods to aid in diagnosis, predict the
emotional impact of web-based interactions, characterize the
language used by people living with bipolar disorder, and use
phenotypesto better assist in care management. The 13 articles
that characterized the language of bipolar disorder provided
evidence to suggest that there are some observable linguistic
traitsthat can beidentified in apopulation with bipolar disorder;
for example, anincreased use of both first-person pronounsand
negative emotion expressions, which could be useful in
providing a better representation of bipolar disorder and
developing early detection or intervention systems.

Future Research

There are 4 areas for further research that are proposed based
on theresults of thisreview. First, Sekuli¢ et al [61] referred to
the high incidence of suicidein bipolar disorder and suggested
that early detection systems could be developed. The use of
signposting systems that could flag at-risk users for moderator
intervention also has been discussed by several authorsincluded
in this review. Considering that bipolar spectrum disorders are
associated with significant disinhibition and poor judgment,
which can lead to the commission of risky and dangerous
behaviors [83], a key area of future research should be to look
at how risky behaviors (not just suicide) are discussed. This
study would help to better understand how people living with
bipolar disorder can be supported by health care providers to
facilitate and improve their quality of life. Examples of
risk-taking behaviors referenced in the literature on bipolar
disorder include binge eating, excessive drinking, gambling,
self-injury, and risky spending [83].

Second, severa articlesdescribed the potential benefits of using
sociadl media for people living with bipolar disorder (eg,
becoming moreinformed about bipolar disorder [53], improved
emotional state after web-based interactions[15], and improved
readability scores over time [55]). Further research could be
conducted on how people living with bipolar disorder can best
be supported on the web, and specific evaluative frameworks
could be implemented for this purpose [50].

Third, although gender was not discussed in detail in thisreview,
there are some contradictory resultswith regard to the portrayal
of gender on social mediaby peopleliving with bipolar disorder.
Although Cohan et al [37] proposed that their Reddit corpus
may be gendered toward men (because of the large amount of
references to women), Jagfeld et al [44] used predictive
algorithmsto suggest that more than half of their Reddit corpus
compriseswomen and that feminine-gender—i dentifying people
with a BD diagnosis seem to be more likely to use Reddit and
disclosetheir diagnosis. This area of research was al so touched
upon by Huang et a [42] who built a set of gender-specific
syntactic patterns for bipolar disorder recognition. Further
computational linguistic research could be conducted to
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determine how gender is presented by social media users and
whether this correlates with demographic statistics for the
diagnosis of bipolar disorder. Future work may demonstrate if
there are demographic groups, which are currently
undersupported by health care services and are instead seeking
help online.

Finally, impaired social and occupational functioning in bipolar
disorder has been presented frequently in the wider literature,
although areview of the range of functioning in bipolar disorder
has demonstrated that 16% of individuals diagnosed with the
condition function at a high level and that functioning with
bipolar disorder may have been underestimated by someclinical
measures [84]. This area has not yet been explored using NLP
methods, which presents an opportunity to provide a more
balanced perspective on the wide range of waysinwhich people
live with bipolar experiences based on lived experience
narrativesthat are free from the potential ceiling effect of some
clinical measures.

Ethics

Itiscrucid that ethical design underpinsresearch that usesNLP
to study bipolar disorder, because there are serious ethical
concernsrelating to data use and anonymization and the concept
of dual use. Although the research community must uphold
rigorous ethical standards for data collection and protection,
researchers are simultaneously moving toward open scienceto
ensure transparency of research practices and to enable easy
access to the data from which important conclusions have been
drawn. Therefore, researchers are now faced with a conflict
between the objectives of the open science movement and the
need to uphold data privacy. Dennis et a [85] described that
privacy and open science are on a collision course. A number
of ideas have been proposed to manage this conflict, although
there is till no clearly defined solution [85-87]. The British
Psychological Society stated that internet-mediated research
should obtain valid consent when it “cannot be reasonably
argued that online data can be considered ‘in the public
domain’” and that any data disseminated through the research
should maintain the anonymity of the author [88]. They aso
stated that research should maximize benefits and minimize
harm (to the research participants), referring to the fourth main
principle of the Code of Human Research Ethics[89]. Friedrich
and Zesch [90] described that ethics should be integrated into
any NLP project and that NLP researchers should be mindful
of the implications of developing any language technology.
Benton et a [91] provided guidelinesfor ethical research using
social media data stating that all research should consider the
benefits and risks involved from the outset, thus enabling the
implementation of strategies to make research asrisk averse as
possible.

Theliteratureincluded in this scoping review suggeststhat there
is ambiguity around the best practice for the ethical design of
NLP methodologies, with 40% (14/35) of the articles making
no reference to ethical decision-making and a wide range of
methodologies for the articles that do. Future research that
implements NL P methods to study bipolar disorder should be
governed by ethical principles, and researchers should be aware
that the best intentions could still have potentially harmful
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consequences. Although researchers are likely to be governed
by the principals of open science, any decisions regarding the
collection and sharing of data sets should ultimately be made
on a case-by-case basis with consideration for the risk to the
data participants and ensuring their privacy.

Limitations

Although this scoping review was conducted according to a
scoping review methodology and a previous protocol, there
were some limitations that are worth noting.

First, as described throughout the review, there was large
variation in the way NL P methods were described and indexed,
and so it ispossible that somerelevant articleswere not included
in this review through the terms used in the search query.

Second, the data were extracted by only 1 reviewer because of
the relatively high number of studies identified in the data
extraction phase. An attempt was made to ensure accurate
extraction by using averified and standardized extraction form;
however, the data that were extracted and used within the
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scoping review were predominantly qualitative, so it is likely
that there could be researcher bias.
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Conclusions
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Abstract

Background: Remote measurement technologies (RMT) such as mobile health devices and apps are increasingly used by those
living with chronic neurological and mental health conditions. RMT enables real-world data collection and regular feedback,
providing users with insights about their own conditions. Data visualizations are an integral part of RM T, although littleisknown
about visualization design preferences from the perspectives of those living with chronic conditions.

Objective: Theaim of thisreview was to explore the experiences and preferences of individuals with chronic neurological and
mental health conditions on data visualizations derived from RMT to manage health.

Methods: In this systematic review, we searched peer-reviewed literature and conference proceedings (PubMed, |EEE Xplore,
EMBASE, Web of Science, Association for Computing Machinery Computer-Human Interface proceedings, and the Cochrane
Library) for original papers published between January 2007 and September 2021 that reported perspectives on data visualization
of people living with chronic neurological and mental health conditions. Two reviewers independently screened each abstract
and full-text article, with disagreements resolved through discussion. Studieswere critically apprai sed, and extracted data underwent
thematic synthesis.

Results. Weidentified 35 eligible publications from 31 studies representing 12 conditions. Coded data coalesced into 3 themes:
desire for data visualization, impact of visualizations on condition management, and visualization design considerations. Data
visualizations were viewed as an integral part of users experienceswith RM T, impacting satisfaction and engagement. However,
user preferences were diverse and often conflicting both between and within conditions.

Conclusions: When used effectively, data visualizations are valuable, engaging components of RMT. They can provide structure
and insight, allowing individualsto manage their own health more effectively. However, visualizations are not “ one-size-fits-al,”
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and it is important to engage with potential users during visualization design to understand when, how, and with whom the

visualizations will be used to manage health.

(IMIR Ment Health 2022;9(4):€25249) doi:10.2196/25249

KEYWORDS

digital health; remote measurement technology; neurology; mental health; data visualization; user-centered design

Introduction

Despite widespread interest in the use of remote measurement
technology (RMT) such as wearable devices and mobile apps
in health care settings, the design and practical implementation
of these technologies remain challenging. Designing RMT
requires a careful balance between (often conflicting)
requirements, which address technological, clinical, and
regulatory specifications, individual users needs, and
health-management goals. The result must be effective and
engaging for users and capable of supplementing health
management practices and promoting long-term adherence[1-3].
However, best practices and guidelines for RMT design are
sparse and most designs rely heavily on designers
interpretations or inferences of user preferences [4]. Emphasis
on user engagement during RM T design hasincreased in recent
years but is not yet a widespread practice [5].

Although determinants of engagement with RMT are diverse
and condition-dependent, access to and interaction with data
frequently emerge as a key factor influencing user motivation
and satisfaction with RMT [6,7]. However, data access alone
isinsufficient to achieve goalslike self-management. Data must
be organized and presented in ways that meaningfully address
questions of self-awareness and self-care [8]. To paraphrase
Few [9], agood visuaization must clearly indicate rel ationships,
accurately represent the data, enable easy comparisons, clearly
show scales and ordering of the data, and encourage people to
usethe presented information. Thisisnot trivial, as perceptions
of whether visualizations are accurate, clear, or easly
interpretable are subject to personal mindset and circumstance
[8]. Design of good visualizations for health management
requires careful consideration of user perspectives and needs
throughout the design process, ideally engaging these users
through participatory design methods [10,11]. Recent research
on health data visualization tends to focus on the needs of health
care professionals, typically with regard to electronic medical
records and other novel sources of big health data[12-14]. This
paradigm is ripe for change. The abundance and accessibility
of health data, driveninlarge part by RMT, provide individuals
with unprecedented resources to aid in condition
self-management.

Although theories and techniques exist to guide the visualization
design process[15-17], these techniques require afundamental
understanding of the purposes for and contexts in which the
desired visualizations will be used. Unfortunately, functional
guidance describing service-user perspectives and preferences
inRMT datavisualizationisscarce. A recent systematic review
explored types of visualizations shown to patients in health
research, predominantly in nondigital formats in primary care
settings [18]. However, it did not discuss individuas

https://mental .jmir.org/2022/4/e25249

perspectives on these visuaizations. It is still unclear which
data RMT users wish to access, how these data should be
visualized, for what purposesthese visualizations are used, and
which factors moderate these preferences. The aim of this
qualitative systematic review was to identify and synthesize
existing studies that report the perspectives of individuals with
neurological and mental health conditions on RMT data
visualizations. Based on identified themes and gaps in the
literature, we suggest both priorities for future research and
design considerations for RMT visuaizations, which could
enrich current service-user engagement practices.

Methods

Study Scope and Resear ch Question

This study adhered to PRISMA-P (Preferred Reporting Items
for Systematic review and Meta-Analysis Protocols) guidelines
for systematic review conduct and reporting [19,20]. We aimed
to address the question, “What are the data visualization
preferences and perceptions of people living with chronic
neurological and mental health conditions when using RMT to
manage health?’ The project’s patient advisory board, which
comprises patient advocates for depression, epilepsy, and
multiple sclerosis, was consulted during the study design and
data analysis.

Identifying Relevant Studies

This protocol was registered on PROSPERO (International
Prospective Register of Systematic Reviews, CRD42019139319)
while the review was in its pilot phase [21]. We searched
PubMed, |IEEE X plore, EMBASE, Web of Science, proceedings
from the Association for Computing Machinery Conference on
Human Factors in Computing Systems, and the Cochrane
Library for original, peer-reviewed, or gray literature published
in English between January 2007 and September 2021. Searches
included combinations of terms such as mHealth, along with
termsrelated to datavisualization and neurological disease. The
search stringsare provided in Multimedia Appendix 1. Relevant
papers were aso identified from manual searches of included
studies’ reference lists. Studies were screened in 2 stages:
abstract screening and full-text review. Eligibility criteria and
screening forms were piloted on a set of 50 abstracts and 15
full-text reviews, and criteria were clarified or amended as
needed. Two reviewers (AP, JN, SM, or DM) independently
screened each abstract. I n the case of disagreement, the abstract
automatically proceeded to the full-text stage. Two reviewers
then independently assessed each full-text paper for eligibility,
and disagreements were resolved through discussion. If no
consensus could be reached, athird member of the review team
reviewed the paper and made afinal determination. Agreement
between reviewer pairs was determined through Cohen kappa
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[22]. Deduplication, record management, and screening were
conducted in CADIMA, an open-access systematic review
software[23]. Data extraction and coding were conducted using
custom forms developed in Microsoft Word (Multimedia
Appendix 1).

Eligibility Criteria
We included studies if they met the following criteria:

« All or pat of a study population was living with a
neurological or mental health condition

«  Participants were 218 years of age

« RMT for laypeople to track, monitor, or manage their own
health was investigated

« Results of any qualitative methods or integrated syntheses
of mixed methods were reported

«  Patient perspectives on visualizations of health or wellness
data were reported

The following studies were indligible for inclusion:

« Conditions that were not neurological in nature or not
associated with mental health

«  Perspectives on interface design, intervention design, or
any component of RMT design unrelated to data
visualization

« Visudizations limited to medication adherence or
non-health-related data

«  Perspectives of caregivers, health professionals, or others
not living with a neurological or mental health condition

We adhered to Davis et d’s [24] definition of RMT, which
includes“ any technology that enables monitoring of aperson’s
health status through aremote interface,” which can then either
be transmitted to a hedth care provider or as a tool for
self-management of one's health. We purposefully remained
broad in our definition of the term “datavisualization” because
it is understood differently by different people. Therefore, we
included any format through which RMT displayed data to
service users. We defined chronic neurological or mental health
conditionsasany long-term, progressive, relapsing, or recurrent
conditionsrelated to mental health or dysfunction of the nervous
system. Neurodegenerative diseases, depression, anxiety, or
bipolar disorder, pain disorders, and sleep disorders, among
otherswereeligible. Mental health conditionswereaso eligible

Table 1. Worked examples of the data synthesis process.

Polhemus et d

if they were symptoms or comorbidities of a nonincluded
condition. This heterogeneous set of conditions allowed us to
identify themesthat may be generalizable across conditions and
othersthat are disease-specific.

Data Extraction, Critical Appraisal, and Qualitative
Synthesis

Two authors independently reread each included study and
extracted quotesrel ated to data visualization preferences. When
available, screenshots of datavisualizationswere also extracted.
To ensure that analysis remained grounded in the context of the
origina studies, data extraction forms included a detailed
description of each study’s objectives and methods, and
annotated PDFs were preserved. Studies were criticaly
appraised with the Mixed Methods Appraisal Tool [25,26]. We
then categorized studies as conceptually rich “key papers,’
“satisfactory papers,” which are methodologically acceptable
but provide only moderate value to the synthesis, and “fatally
flawed papers,” which contain major methodological flaws
[27,28]. We also noted “minima impact papers,” which
provided minimal contribution to the synthesis.

We employed Thomas and Harden’s [29] inductive approach
to thematic synthesis. Following a reading of the extracted text
and its context, 2 authors (AP and JN) independently coded
data line by line, producing a draft coding frame. The coding
frame was iteratively amended, refined, restructured and the
data recoded until no additional codes or disagreements were
identified, and categorized into “descriptive themes,” which
described the structure and content of the codes. Analytical
themes, which interpreted the coded data, were developed
through iterative rereading and discussion of the codes and
thematically organized data (Table 1). An experienced
qualitative researcher (SS) oversaw and provided input on this
process. Following thematic synthesis, we conducted sensitivity
analyses to identify potential differences between conditions.
We anayzed 4 subgroups (mental health, neurological
conditions, sleep, and pain) that arose from the patient
populations and lines of inquiry addressed by included studies.
As aform of member-checking, we consulted members of the
patient advisory board (authors PB and SB) who reviewed our
analysis and interpretations for face validity within the context
of their own experiences of RMT and condition
self-management.

Extracted text

Participants reported that the mood monitoring surveys and associated
graphical feedback were a reason to return to the app and that it increased
self-awareness of how their mood fluctuated over time and in relation to
use of the intervention content [30].

...It was really nice to look at the circle plot [the pie-chart]. When |'ve
had a hard day, | looked back on the previous day, and saw a big yellow
portion [Work and Education] and then it made senseto mewhy | felt bad
today [31].

Coding Descriptive Analytical theme

theme
o Form: Graphical  Increased self- Visualizations enable proac-
o  Self-awareness awareness tive self-management
«  Seeprogress through improved self-

awareness

o Form: Graphical  Increased self- Visualizations enable proac-
e ldentify patterns  awareness tive self-management

through improved self-
awareness

https://mental .jmir.org/2022/4/e25249
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Results

Included studies

Searches returned 2928 unique records. Of these, 177 papers
were included in full-text review and 35 were eligible for
qualitative synthesis (Figure 1). Reviewer agreement was
moderate during abstract screening (weighted k=0.45) and
substantial during full-text review (weighted k=0.79) [22]. Our
relatively low agreement during abstract screening was expected
and mitigated by reviewing the full texts of all abstracts, which
were judged eligible by at least one reviewer. Multiple papers
wereidentified for 3 research projects. the SPIRIT study (n=3)
[32-34], the MoodRhythm app (n=2) [35,36], and the
MONARCA (MONitoring, treAtment and pRediCtion of
bipolAr Disorder Episodes) project (n=2) [37,38]. For these

Polhemus et d

projects, al identified papers were analyzed as 1 study. Thus,
31 unique studies were included. The characteristics of the
included studies are summarized in Table 2 and provided in
detail in Multimedia Appendix 2. Most studies (19/31, 61%)
addressed mental health conditions. Only 2 studies specifically
investigated user perspectives on data visualizations [39,40].
All others reported on data visualization preferences within the
broader context of RMT design, evaluation, or usability. We
categorized 9 publications as key papers, 16 as satisfactory
papers, 6 as minima impact, and 4 as fatally flawed. We
identified 3 themes through content analysis: desire for data
visualization, impact of visualizations on condition management,
and visualization design considerations (Textbox 1). The final
coding frame and illustrative quotes are provided in Multimedia
Appendix 2.

Figurel. PRISMA (Preferred Reporting Itemsfor Systematic review and Meta-Analysis) flow diagram of study screening and selection. RMT: remote

measurement technol ogy.
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Table 2. Characteristics of the included studies (N=31).

Characteristics Values, n (%)2

Condition
Bipolar disorder 6 (19)
Depression 6 (19)
Sleep disorders 2(6)
Schizophrenia 2(6)
Anxiety 2(6)
Pain disorders 2(6)
Posttraumatic stress disorder 2(6)
Mixed mental health conditions 6 (19)
Parkinson disease 2(6)
Multiple sclerosis 3(10)
Motor neuron disease 1(3)
Epilepsy 13

Study design
Qualitative feedback on RMTP from afield study 15 (48)
Co-design of an RMT 10(32)
Quialitative user acceptance testing of an RMT 11(35)
Exploratory qualitative studies not associated with a specific RMT 10(32)
Quialitative studies specifically on data visualization preferences 2(6)

Qualitative methods

Mixed methods 12 (39)
Interviews 17 (71)
Open-ended surveys 4(13)
Focus groups 4(23)
Other 3(10)

8As several projects included multiple conditions, study designs, or qualitative methods, the total exceeds 100%.
PRMT: remote measurement technol ogy.

Textbox 1. Identified themes and subthemes.

Theme 1. Desire for data visualization

Theme 2. Impact of visualizations on condition management

«  Visualizations enable proactive self-management through improved self-awareness
«  Visualizations enable more effective communication with care partners

« Visualizations drive engagement with remote measurement technology

Theme 3. Visualization design considerations
«  Format

«  Context and Annotation

o  Customization

«  Moderators of visualization design preferences

https://mental.jmir.org/2022/4/e25249 JMIR Ment Health 2022 | vol. 9 | iss. 4 [€25249 | p.101
(page number not for citation purposes)

RenderX


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

JMIR MENTAL HEALTH

Desirefor Data Visualization

Usersexplicitly expressed adesire for datavisualizationsin 21
of the 31 included studies. Discussed or desired data included
mood and disease-specific symptom scores, physical activity,
sleep patterns and quality, and rhythm of daily activities. In 6
studies, RMT did not originally include visualizations of users
historic data. Participants expressed their dissatisfaction,
prompting authors to add visualizations to their designs
[32-35,38,41,42].

Impact of Visualizations on Condition M anagement

Visualizations Enable Proactive Self-management
Through I mproved Self-awareness

Participants reported turning to RMT and data visualization
tools when they required external structure or organization to
manage their conditions. This structure improved users’ recall
of their own experiences, which were perceived as valuable
owing to the difficulty of accurately reflecting on past symptoms
[30,31,35,37,41,43]. Objective visuaizations of past symptoms
also afforded them a sense of validation, making current
experiences feel morereal or trustworthy [35,41,44]. Thiswas

Polhemus et d

especially important in bipolar disorder or schizophrenia, when
symptoms could distort one's perception of reality [35,41].

Graphs and charts enabled users to identify patterns
[30,31,34-38,41-55] such as activities that prompted feelings
of wellness[31,52,55] or triggered symptoms[31,35,41,46,56].
Thus, visualization of historic data heightened service users
self-awareness, leading them to engage in more proactive
self-management [31,35-37,41,46,50,53,55]. Oncetrends were
identified, users could use their newly acquired knowledge to
avoid or pre-empt triggers, reducing the severity of oncoming
episodes [46]. This awareness gave users a sense of
accountability and level of control over their conditions[46,50]
and helped them use the management tools at their disposal
more effectively [41,50,52]. Some saw timely accessto dataas
essential to proactive self-management, especially when
identifying recent triggers or activities that may have affected
their current condition [35,36]. Over time and despite
fluctuations, visualizations helped users objectively see their
own progress, the magnitude of which they may not have fully
appreciated otherwise [30,35,41,52,57]. lllustrative quotes are
provided in Table 3.

Table 3. Illustrative quotes for visualizations improve self-awareness and enable proactive self-management.

Theme Illustrative quotes

Provide structureand organi-

...Still, respondents reported turning to external tracking via paper or technology when they need extra support, for

zation

Improverecall of past expe-
riences

Validate current experiences

Increase self-awareness,
identify patterns

Enable proactive self-man-
agement

instance, when thoughts get “ scrambled” or their mind feelstoo “ full” - sensations that are especially common during
[bipolar disorder] episodes [43].

...What | saw [inthetrial] isthat it helped me keep on track. | try to keep track of the triggers [early warning signs],
and my history - and in that way it has helped me enormously. Previously, | went into periods where | encountered
random mood swings, up and down, and | did not have any history [data] to relate to, so it kind of surprised me. But
now | can actually follow how I’'m doing - also back in time - and what caused it. It has really been great, and | think
| have been able to keep track of myself [37] (bipolar disorder).

...l amlooking for confirmation that | had similar symptomsin the past, because sometimes due to the nature of bipolar
| feel like | can't trust the emotions | have at any given moment (or their possibletriggers) and it isa relief to know that
these are patterns [35] (bipolar disorder).

... found the most valuable tool to analyze my activities. It provides an understanding of which activities helps me,
and which gives problems that | need to be aware of—or completely avoid [31] (depression).

...A majority of respondents described this awareness as an opportunity to become proactive about their condition,

hel ping them make adjustments to preempt mood episode triggers and maintain stability or at least avoid severe episodes.
Survey respondents also stated that the feedback provided by tracking keeps them accountable to themselves and that
they find visual forms of feedback particularly helpful for identifying personal behavioral and emotional patterns and

motivating positive lifestyle choices [43] (bipolar disorder).

See progress over time

...I was AMAZED when | scrolled back through the Android weeks to see how much my mood has stabilized since |

started [ medication] . The weeks themselves weren't as meaningful as the pattern over time [35] (bipolar disorder).

Visualizations Enable More Effective Communication
With Care Partners

Participants also frequently reported using or desiring to use
RMT data visudizations to communicate with health care
professionals, caregivers, and others, regardless of whether the
technology was designed for this purpose
[39,41,43-46,50-55,58,59]. Eisner et a [41] described
“ participants theorized that having access to objective data
representing their symptoms, particularly in the graph form,
might enable a shared understanding of their experiences, both
with the care team...and potentially with the general public.”

https://mental .jmir.org/2022/4/e25249

Participantsin several studiesreported using visualizationsfrom
their self-tracking apps to foster higher-quality dialogue with
their care team [39,41,43,45,46,50-52,58,60]. Visualizations
were advantageous because they improved recall of past
symptoms and relayed clinically relevant patterns that users
found difficult to describe[43,46,50,52]. Visua aids aso helped
patients make the most out of short and infrequent appointments,
especially when current health status was not representative of
the patient's experiences over previous weeks or months
[46,50,55]. Sometimes, these visualizations even served asthe
basis for defensible positions when broaching difficult topics
with their care team [41,46]. For example, 1 participant who
experienced difficulties getting acare team to take his concerns
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serioudly stated, “If you were to answer the questions and go
to the doctor and say ‘look, these are my results, you can see
clearly there's a change, and these are my experiences, that
would be substantial evidence for the doctor to then sit up and
take note” [41].

Visualizations Drive Engagement With RMT

Participants al so described how visualizations made experiences
with RMT more engaging [30,31,34,35,41,42,49,51]. Users
with bipolar disorder and insomnia suggested that data access
and visualization could entice users to engage more with the
RMT, since data and insights could be perceived as rewards
[35,49]. However, those with depression, Parkinson disease,
and multiple sclerosis warned that inappropriately designed
visualizations could be demoralizing [32,34,35,47,57,61], which
could lead to disengagement. When visuadizations were

Table4. lllustrative quotes on visudization design considerations.

Polhemus et d

unavailable, users tended to find RMT unengaging and
unmotivating. In 2 studies, the lack of personalized graphsin
early prototypes was thought to contribute to study dropout
[34,42]. Qualitative feedback in one of these studies, which
focused on narcolepsy management, led the designers to
conclude, “to keep patients motivated to use the tool over a
longer period, a persona visualization of recorded data is
required” [42].

Visualization Design Considerations

Participants often reflected on aspects of visualization design,
such asformat, the need for contextual information, timeliness,
and customization (Table 4). Health status, data literacy, and
previous experience with RMT appeared to moderate
individuals' needs and design preferences.

Theme Illustrative quotes

Visualization design

Context and annotation

Timeliness of data access

...Smilar to other personal health systemsthat use fishes and flowers as metaphors, we werelooking for an appropriate
metaphor for bipolar disorder. Many attempts were tried, including using metaphors like a scale, an equalizer, ariver,
avolcano, a dart board, and a radar, but we always had the case that some patients preferred one visualization, and
others hated it [37] (bipolar disorder).

...I'would liketo click [ points on the daily mood graph] and seewhat | did on thisday, since | was so well [31] (depres-
sion or anxiety disorder).

...l kindawish | could put alittle notein and be like, “ Thisiswhy | put this number”” | think, yeah. | guess that’s actu-
ally - it would have been really nice to have some sort of journaly type feature where | could make notes like that [34]
(bipolar disorder).

Comments mostly differed regarding the frequency of (feedback via data visualizations), again with a great range from

daily feedback to one response per month:

... Yes, one feedback per month. Or maybe every two weeks. In the case of warning signals also more frequently.
... Yes a short feedback every two days or every day.
... Yes absolutely. Once a week would be good or every two weeks. Not every day though [58] (bipolar disorder).

Customization

...Survey respondents’ approaches for tracking multiple indicators vary. Participants were divided between keeping

separatejournalsor tools, each dedicated to chronicling a particular indicator, or tracking all itemswith a single chart
or application. Sometimes, elaborate tracking setups are reported as necessary to accommodate such tracking habits
in ways technologies do not currently support [46] (depression).

Format

Studies described a variety of data visualization formats,
including line, bar, and pie charts [45,61], calendar views[31],
scales [62], mood clouds [51], traffic lights [63], and overlays
on maps [61]. Several studies reported that graphical
representationswere preferred by most participants[30,51,64],
though personal preferences varied [37,40,49]. Some users
preferred to aggregate multiple data streams in a single
visualization [31,45], while others preferred simple,
nongraphical formats such as scales or textual descriptions
[61,62]. Participants suggested that images and color were
powerful tools to make data visualizations more meaningful
and engaging [31,35,45,51,61]. However, these tools could also
trigger emotional responses that affected users self-image
[31-33,35,37,41,47,49,61].

Context and Annotation

Users a so discussed the importance of contextual information
when interpreting visualized data [31,32,34,35,42,49,50,58].
They often wished to annotate their data, thus providing
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“internal” context in the form of notes alongside anumeric score
[31,32,34,42,58]. When used in conjunction with a graphical
visuaization, these annotations could help users generate
insights, which were not evident from numeric dataalone. Such
internal context was also seen as valuable when using
visualizationsto communicate with health care providers since
it augmented users’ memoriesof past experiences[32,34,42,58].
Often, external context explaining symptom scores or
condition-specific concepts were also required to help users
interpret visualizations. This was especially important when
apps were intended for independent use, outside a health care
professional’s oversight [32,40,55]. Some participants wanted
semipersonalized feedback based on their recent scores
[34,35,49,50], which could be as simple as an occasiona
reassurance that the users’ datawere normal [50] or as complex
as personalized health management advice [34,42,46].

Timeliness
Six studies [35,36,45,55,58,63] discussed the time frame for

data access. Participants valued regular data access because it
provided them with confidence and insight as they worked to
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managetheir conditions. Preferencesvaried, including real-time,
daily, or monthly feedback. This variety was observed even
within relatively uniform user populations. Several studies
concluded that it was best to incorporate flexibility into their
designs, enabling each user to choose the time frame and amount
of datato visualize.

Customization

Participants often expressed conflicting visualization design
preferences [31,38,45,46,48,49,51,61,62], and authors noted
this as a design challenge. Unsurprisingly, the ability to
customize data visuaizations was highly desirable
[30,32-34,45,46,51,64], and personalization was seen askey to
increase long-term engagement with RMT [37]. Thisincluded
the ability to select which data to visualize [32,34,37,42,46],
how to visudizeit [37,46,51], and how often or rapidly to access
it [35,36,45,58,63]. Some users even wished to add their own
personally relevant data streams to RMT visualizations [42].
Often, users desired flexibility to manipul ate and compare data
streams, allowing exploration of one’s own dataand generation
of insights [34,45,46].

Moderator s of User Needs and Design Preferences

Health Status

Participants indicated that visualizations must be meaningful
and sensitive to users personal experiences of their health
conditions and comorbidities. Otherwise, they may
unintentionally provide negative feedback. For example, one
study on peoplewith Parkinson disease [61] visualized walking
activity as progress across a map of France. However, slow
progresswasinterpreted as negative feedback within the context
of the users mobility impairments [61]. Participants with
multiple sclerosis recommended that visualizations should be
designed to emphasize an individual’s progress against their
own goals rather than an uncontextualized or absolute score
[47]. When disease progression is tracked over the long term,
it should be visualized in a positive light and contextualized
within the resources, management strategies, and self-care
activities that individuals can continue to use to manage their
conditions [57]. Use of bright color was frequently seen as
desirable and engaging in day-to-day health management
[31,35,51], but muted colorswere perceived as preferable when
someone was acutely depressed or struggling to maintain a
routine, since harsh colors(ie, red) emphasized lack of progress
[32,33,35,51,61]. For conditionsthat caused vision impairment,
such as multiple sclerosis, legibility and color contrast were
considered important for visualizations [52,57]. Visualizations
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must also account for possible changes in health status due to
disease progression or episodic fluctuation, which may alter
user needs or functional abilities[41,42,46,47,62].

Data Literacy and “ Data People”

Participants often referred to themselves in terms of whether
they were “ data people” when describing their desired level of
complexity in visualizations. Data people tended to want more
control over their visualizations to allow self-exploration of
their symptoms and trends [45,46]. However, those who did
not identify as data people preferred simpler visualizations.
Theseindividuals also tended to question the accuracy of purely
numeric information [40,41]. This further highlights the need
for flexibility, alowing users to choose how and how much
data are displayed on a single visualization [64].

Experience With Self-monitoring

Some users described that their visualization preferences could
evolve when sdf-monitoring was practiced regularly
[34,35,40,46]. Users described devel oping their skillswith just
a few variables at first and then moving on to complex
customized visualizations with many data streams[34,35,40,46].
Once they were accustomed to tracking many variables,
self-monitoring became a mental task that no longer required
RMT or visualizations. However, users reported returning to
external tracking methods during acute phases or when
something disrupted their routines. Those who had extensive
experiencewith RMT also tended to request more customizable
features such as selecting data streams to display or requesting
personalized advice [34,46]. If customization is not available,
there is a risk of disengagement with the RMT as users
management practices evolve over time [46].

Discussion

Principal Findings

When designed appropriately, datavisualizations are perceived
as vauable, engaging components of RMT. They can be
validating and empowering, alowing users to become more
active, responsible participants in their own care. Individua
experiences of health conditions were perceived as highly
personal, leading to requestsfor contextual aids, flexibility, and
personalization. Factors such as health status, dataliteracy, and
past experiences affected user needs, thereby moderating design
preferences. Figure 2 describes the themes and relationships
identified in this study.
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Figure 2. Datavisualization as an integral personal component of health management. RMT: remote measurement technol ogy.
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Ample literature discusses scientifically derived best practices
for app interface design, engagement strategies, and intervention
designinvariousmedical conditionsand contexts[65-67]. Many
of these modern practices emphasize user engagement,
co-design, and human-centric design methodswith an emphasis
on scientific rigor [5,66,68]. In fact, many included studies
reported on app development processes that adhered to these
principles. Unfortunately, specific literature on visualization
design within the context of RM T-enabled health management
is sparse. This review aimed to address this gap. Based on our
synthesis alone, we cannot suggest concrete examples of good
design or universal design preferences. On the contrary, this
review highlighted the diversity of preferences both across and
within conditions and study samples. However, with this in
mind, we pose several recommendationsfor RMT visualization
design.

First, visualizations of personal data were consistently
considered valuable, engaging, and even necessary components
of RMT. When designed appropriately, they can be an integral
part of condition self-management. Therefore, incorporation of
datavisualizations should be considered when designing RMT.
However, designs should be sensitive to the experiences and
health statuses of their target audiences. Participants were
regularly concerned that visualizations that inadvertently
emphasized slow progress, poor health, or unattained goals
could prompt disengagement with RMT during periods of
relapse or perceptible disease progression [32-34,42]. These
warnings are consistent with the findings of Lee et al [69] who
suggest that negative emotions and subseguent reductions in
health self-efficacy reduce heal th informati on—seeking behavior
[69].

Designs should be informed by a deep understanding of the
service users needs and experiences. For example, study
participants with rapid-cycling bipolar disorder suggested that
tracking apps and visualizations were not useful to them since
most apps alowed only 1 data entry per day [42,46]. Such
mismatches between user needs and design features are
avoidableif sufficient timeistaken early in the design process
to truly empathize with service users[5]. Designers should work
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with members of the target audience to understand their lived
experiences, needs, and challenges. It is critical to engage with
potential users during the design phase to understand when,
how, and with whom data visuaizations will be used.
Fit-for-purpose visualizations can then be designed with these
factorsin mind.

Included studies repeatedly suggested that visuaizations are
not “one-size-fits-all.” Symptoms, triggers, contextual factors,
and tracking needs differ from person to person, context to
context, and timepoint to timepoint. As such, individual data
visualization preferences are highly variable and often dynamic.
This is consistent with Paterson’s [70] “shifting perspectives
model of chronic illness,” which describes how individuals
perceptions of their conditions, symptoms, and health fluctuate
between predominant feelings of wellnessand ilIness over time.
Sometimes, individual s may predominantly self-identify aswell.
In ahealth-tracking context, thismay lead service usersto track
symptomslessfrequently or focus on wellness data (eg, physical
activity, sleep) [31]. During such times, reminders of feelings
of illness prompted by symptom tracking may even be
detrimental to the service user’s self-image. However, when
feelings of control over health status is threatened, such as
during arelapse, individual stend to shift their perspectives and
morereadily identify asill [70]. During these times, individuals
may be more inclined to self-track their symptoms to identify
trends and regain control [46,50]. Owing to this interpersonal
and intrapersonal variability, flexible designishighly desirable
when it is feasible to implement. Designers should remain
mindful of sources of heterogeneity in their target audience’s
needs and subsequently identify RMT features that are most
likely to require flexibility or personalization.

We also identified areas where tensions may emerge between
user preferences and those of other stakeholders. Although this
study focused on RMT designed for individual use, participants,
especially those with mental health conditions, perceived data
visualizations astoolsto help communicate experiencesto their
care partners. However, clinicians often find it difficult to
interpret and manage the visualizations derived from RMT [71],
especially if visualizations are not standardized across the
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various apps used by patients. If visualizations are to be used
as communication tools, they must beinterpretable, meaningful ,
and actionable by those involved in patient care[72]. Otherwise,
confusion or even miscommunication may ensue, potentially
wasting valuable face-to-face time during short appointments
with health care professional s[ 73]. Therefore, engagement with
other possible users such as caregivers or hedth care
professionals may also be valuable during visualization design.

Limitations

Aswithall qualitative metasyntheses, the themesidentified here
are influenced by the topics, context, and limitations of the
included studies. All results reported here must be interpreted
asthird-order constructs[74] or interpretations of interpretations
of an individual’s original feedback. Although thisis the aim
of a meta-synthesis, it does pose limitations to remaining
grounded in the authors' and participants’ origina meanings
and contexts. As reviewers, we attempted to minimize our
assumptions during coding and synthesis by continualy
guestioning each other’s interpretations of the data. However,
we acknowledgethat isimpossibleto fully isolate our synthesis
from our own experiences and worl dviews. Study methodol ogy
was heterogeneous and the authors’ place in the data was not
always clear. Most comments on visualizations were brief and
conducted as part of alarger studies, yielding relatively shallow
data. Few studies compared preferences between multiple
visualization designs, limiting our ability to compare the merits
or relative preferences between design options. Most studies
used user experience and co-design methods, which generally
did not meet traditional expectations of qualitative research
rigor. Although we opted for broad search strategies and
sensitive review methods to identify all relevant studies, data
visualization was amost always a secondary topic in the
included papers and was not always clearly discussed. It is
therefore a possibility that our strategies did not identify all

Polhemus et d

eligible papers. Those papersthat wereincluded predominantly
reflected the perspectives of individuals with mental health
conditions, and it is unclear how these results may trandlate to
other populations.

Future Work

Few studies directly addressed research questions related to
data visualization preferences. Rather, data visualization was
usually approached as peripheral piece of a larger project.
Therefore, this review should serve as a starting point for
targeted work on health data visualization design. Additional
qualitative research on service-user data visualization
preferences is warranted, especially within the context of
neurological condition self-management. This research should
involve individuals directly through interviews, focus groups,
or other qualitative methods and should focus on generating
“thick” qualitative data that describe more specific uses and
contexts. Thiswork should verify and build upon the concepts
developed here. ldeally, this work should span multiple
conditions and generate diverse perspectives. These perspectives
should then be used to generate more detailed design
considerations and recommendations for RMT visualizations.

Conclusions

When designed appropriately, data visualizations are valuable
engaging components of RMT. They can provide structure and
insight, allowing individuals, especially those with mental health
conditions, to manage their own health more effectively.
However, visualizations are not “one-size-fits-all,” and it is
important to engage with potential users during visualization
design to understand when, how, and with whom visualizations
will be used to manage health. The considerations presented
here should serve asthe basisfor future designs and discussions
to ensure that visualizations address users needs and
preferences.
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Abstract

Background: Blended models of therapy, which incorporate elements of both internet and face-to-face methods, have been
shown to be effective, but therapists and patients have expressed concernsthat fewer face-to-face therapy sessionsthan self-guided
internet sessions may be associated with lower therapeutic aliance, lower program completion rates, and poorer outcomes.

Objective: A multisite quasi-experimental comparison study with a noninferiority design implemented in routine clinical care
was used to assess webSTAIR, a 10-module blended therapy derived from STAIR (skills training in affective and interpersonal
regulation) for trauma-exposed individual s delivered with 10 weekly therapist sessions (termed Coach10) compared to 5 biweekly
sessions (Coachb). It was hypothesized that Coach5 would be as good as Coachl10 in arange of outcomes.

Methods: A tota of 202 veterans were enrolled in the study with 101 assigned to Coach5 and 101 to Coach10. Posttraumatic
stress disorder (PTSD) symptoms, depression, emotion regulation, interpersonal problems, and socia functioning measureswere
collected pre-, mid-, and posttreatment, and at a 3-month follow-up. Noninferiority analyses were conducted on symptom outcome
measures. Comparisons were made of continuous and categorical measures regarding participant and therapist activities.

Results: Participants reported moderate to severe levels of baseline PTSD, depression, or both. Significant reductions were
obtained in al symptom measures posttreatment and at the 3-month follow up. Coach5 was not inferior to Coachl10 in any
outcome. Therapeutic alliance was at an equivalently high level across the 2 treatment conditions; completion rates and web
usagewere similar. Total session timewas substantially lessfor the Coach5 therapists than the Coach10 therapists. Both programs
were associated with alow, but equal number of therapist activities related to scheduling and crisis or motivational sessions.

Conclusions: A blended model delivered with 5 sessions of therapist support was noninferior to 10 sessionsin individuals with
moderate to severe symptoms. Future studiesidentifying patient characteristics as moderators of outcomes with high versus low
doses of therapist support will help create flexible, technol ogy-based intervention programming.

(JMIR Ment Health 2022;9(4):€33080) doi:10.2196/33080
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Introduction

Background

Meta-analyses and reviews have found that trauma-exposed
individuals receive moderate benefits for posttraumatic stress
disorder (PTSD) and depression symptom reduction from
internet-based interventions; larger effectswerefoundin studies
that included therapist support as compared to completely
self-guided approaches [1-3]. Nevertheless, internet
interventions, even those with some therapist support, do not
provide full recovery for everyone [1,3], particularly over the
long term [2], indicating the value of further exploration and
improvement in technol ogy-supported treatments. An emerging
aternative approach is the “blended intervention,” which
integratesface-to-face therapy with internet approaches. Blended
therapy is characterized by continued therapist input al ongside
internet self-help to allow greater flexibility and personalization
within the overall therapy process [4,5]. Blended therapies
provide an aternative model of care which may improve
treatment outcomes aswell asincrease engagement with mental
health services among those who prefer moreintensive therapist
guidance.

Blended therapy approaches have been found to be positively
viewed by both therapists and patients and preferred over
stand-aloneinternet programs[4-7]. To date, several casereports
and open trials of individuals with anxiety or depression have
reported that blended interventions that focus on web-based
interventions but also provide substantial therapist support are
feasible and highly acceptable to clients [8-11]. Three
randomized controlled trials (RCTs) have supported their
efficacy. An early study comparing subjects who received an
intervention to those who were placed on a waitlist found
moderate to large between-group effect sizes for clients with
social phobiawho received 9 weeks of internet-based cognitive
behavioral therapy (CBT) integrated with two 3-hour exposure
sessions and email support from a therapist [12]. An RCT of
problem-solving therapy (PST) for individuals with anxiety or
depression found that receiving web-based PST with support
was superior to being placed on awaitlist, while 3 other forms
of delivery—web alone, with support as requested, or with
weekly emails—were not [13]. Last, a 4-arm RCT, which
included patients with anxiety or depression, found that the
blended approach was superior not only to the no-treatment
condition but aso to a faceto-face-only condition and
internet-only condition [14]. The findings from the latter two
studies suggest the possibility of synergistic effectsin combining
these two intervention approaches.

Based on the above successes, investigation of blended therapies
for trauma-exposed populationsisjustified. A recent open trial
study assessed patient satisfaction and outcomes in a blended
model delivered to rural trauma-exposed veterans. The program
was entirely virtual; the patients completed the web-based
program concurrent with a face-to-face coaching session via
video conferencing [15]. The program, webSTAIR, is a
10-session, transdiagnostic, trauma-informed program derived
from STAIR (skills training in affective and interpersonal
regulation), a CBT approach with empirical support [16].
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Cloitre et a

Significant improvements in PTSD, depression, and social
functioning were obtained with moderate to large effect sizes
at posttreatment and at a 3-month follow up. Analyses of
posttreatment interviews revealed themes regarding the value
and importance of the therapists, particularly regarding their
ability to provide support, accountability, and effective tailoring
of the interventions, activities that have been described as key
therapist functions in technology-based interventions [17].

Objectives

Oneimportant long-term goal isto identify the optimal amount
of therapist support relative to self-guided work to maximize
outcomes. Both patients and therapists tend to take a“moreis
better” perspective when considering the presence of therapists
in blended treatments. Results from a Del phi survey study found
that therapists preferred that 75% of sessions be face-to-face,
while most patients preferred 50% to 60% [ 18]. M oreover, both
patients and therapists express concern that less therapist
involvement will be associated with lower therapeutic alliance,
lower completion rates, and reduced effectiveness [19,20]. To
our knowledge, however, no studies have been conducted that
consider the impact of the amount of therapist support (ie,
number of sessions) on outcomes.

The purpose of this study was to systematically assess and
compare theimpact of 2 different ratios of therapist sessionsto
self-guided work on therapeutic alliance, compl etion rates, and
symptom reduction among trauma-exposed veterans. The
specific goals of the project were (1) to replicate the results of
the first webSTAIR study by using a 1:1 ratio of therapist
sessions to self-guided web-based sessions and (2) to assess
outcomes where therapist support was reduced by 50%, (ie, the
ratio was 1.2), with 1 therapist session for every 2 self-guided
web-based sessions. The 1:1 ratio was adopted asthe anchoring
reference point for thisinvestigation based on the high patient
satisfaction ratings and the large effect sizesreported in thefirst
webSTAIR study, which used this ratio [15], and because this
ratio provided the maximum number of therapist sessionsin a
blended therapy program in which the intervention of interest
was the web-based intervention. The selection of the 1:2 ratio
was based on a pilot study that delivered webSTAIR with this
ratio, yielding significant symptom reduction with alarge effect
size[21]. That study also included posttreatment interviewsthat
identified an association between patient satisfaction and the
number of therapist sessions; veteransreported in theinterviews
that self-guided work fostered independence and mastery.

We hypothesized that providing 1 therapist session for every 2
self-guided sessions in this 10-module treatment (ie, the
webSTAIR Coach5 condition) would not beinferior to providing
1 therapist session for each self-guided session (ie, the
webSTAIR Coach10 condition) in regard to PTSD, depression,
emoation regulation, interpersonal problems, or social functioning
outcomes. We also compared therapeutic alliance, completion
rates, and web usage (measured as time in minutes) among the
participants. The amount of time therapists spent in session and
the amount of activity related to rescheduling appointmentsand
providing additional sessions as needed for crisis management
and motivational support was also compared.
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Methods

Study Design

The study was funded by the Office of Rural Hedth and
dedicated to rura veterans, with a focus on rural women
veterans, who have been identified as under-represented in
mental health services relative to both urban male and female
veterans[22]. Thiswasanaturalistic evaluation study, in which
delivery of the program was conducted as part of routine care
in mental health outpatient clinics within the Veterans Health
Administration. The study used aquasi-experimental comparison
design, in which 9 service sites were assigned to either the
Coach5 or the Coach10 condition, matched on 3 characteristics:
percentage of rural veterans enrolled in the mental health
service, projected number of veterans expected to be enrolled
in the study per month, and job description of the therapists
trained to deliver the intervention (eg, psychologist, social
worker, or mental health technician).

Procedures

Candidatesfor the program werereferred by clinical therapists.
Individualswereeligiblefor inclusion if they reported ahistory
of trauma exposure and were currently experiencing symptoms
of PTSD, depression, or both, asindicated by a positive screen
on the Primary Care PTSD Screen [23] or the 2-item Patient
Health Questionnaire (PHQ-2) [24]. Additional inclusion criteria
were an expressed willingness to complete assessment and
treatment procedures and an interest in working on improving
emotion regulation skills and interpersonal relationships.
Exclusion criteria were active suicidal or homicidal ideation,
psychosis, mania, cognitive impairment, inability to attend
regular telemental health appointments, primary substance or
alcohol use difficulties, current interpersonal violence, lack of
aprivate placeto connect for sessions, engagement in concurrent
trauma-focused treatment for PTSD, and receipt of inpatient or
residential PTSD care in the past year. Although the target
population for enrollment into the study wasrural male veterans
and rural women veterans, any veteran who satisfied the above
criteria and could not easily access in-clinic care (because of,
for example, health concerns, time constraints, or elder or
childcare responsibilities) was accepted into the program.

Outcomes

Assessment and Symptom Measures

All assessments were conducted by the study coordinator via
telephone a pretreatment, the midpoint (session 5),
posttreatment, and at the 3-month follow up. The initia
assessment included an inquiry about frequency of traumatic
events using an adapted version of the Diagnostic and Statistical
Manual of Mental Disorders, Fifth Edition (DSM-5)-derived
Life Events Checklist (LEC-5) [25]. PTSD symptoms were
measured using the PTSD Checklist for DSM-5 (PCL-5) [26],
depression was measured with the Patient Health Questionnaire
(PHQ)-9 [27], emotion regulation with the Difficulties in
Emotion Regulation Scale (DERS)-36 [28], interpersonal
problemswith the I nventory of Interpersonal Problems (11P)-32
[29], and social functioning by the brief, 21-item version of the
World Health Organisation Disability Assessment Schedule
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(WHODAYS)-2 [15,30], designated as the WHODAS-21.
Probable diagnoses of PTSD (PCL-5 score>33) and depressive
disorder (PHQ score>10) were calculated at baseline.
Therapeutic alliance was measured with the patient version of
the Working Alliance Inventory (WAI) [31].

Participant Web Usage and Therapist Timeand Activities

Usage data, such astotal number of minutes each user engaged
in webSTAIR, was a built-in analytic feature of the program.
The therapists used an online survey not integrated with the
webSTAIR siteto log the number of minutesthey were engaged
with the veterans after each session as well as the number of
times they engaged in additional interaction with the veteran
sincetheir last session. Interactionsincluded phone calls, instant
messages, and emails to reschedule appointments as well as
crisis or motivational sessions deemed clinically relevant by
the therapist. The therapists were allowed to spend up to 20
minutes for crisis or motivational sessions.

WebSTAIR Intervention

The webSTAIR program consists of 10 web-based modules
adapted from STAIR [32]. Thefirst 5 modulesreview emotional
awareness, emotion management, and distress tolerance while
the final 5 modules rai se awareness about relationship patterns
and provide interpersonal skills training regarding effective
assertiveness, interpersonal flexibility, and compassion for the
self and others. Modulesincludetext, video, and audio delivery
of psychoeducation, as well as interactive exercises and
worksheets to aid the patient in learning and practicing the
material.

Therapist Sessions and Adherence

Thetherapists followed amanual that provided instructionsfor
each session. The sessions were 45-50 minutes long and were
organized with the same general tasks and goals. Thetherapists
had 4 tasks: to clarify key concepts presented in the modules,
to reinforce engagement and enthusiasm for the material, to
help the participant tailor the skillsto their own life experiences
and concerns, and to support the participant in completing the
moduleson aweekly basis. The overall goal of the sessionswas
to hel p the participants make the most of the webSTAIR material
by reinforcing work they did independently. The Coach5
condition required that the therapists review materials from 2
modules in a session while the Coach10 condition involved
review of materials from only 1 module. Topics and content
covered by the instruction manuals did not differ between the
2 treatment conditions. The therapists completed self-reported
adherence ratings after each session. Self-reported adherence
ratings have been found to be reliable and were chosen as being
appropriate for thisresource-limited intervention approach [33].

Therapists

All webSTAIR therapists were licensed mental health staff
working in Veterans Health Administration clinics. Five were
licensed clinical psychologists, 3 were licensed social workers,
and 1 was a licensed professional mental health counselor. All
the therapists were women. Training for Coach5 and Coach10
wasimplemented separately, and each group was provided their
own manual describing the topics and content for each of their
sessions. Training also covered unique issues related to the use

IMIR Ment Health 2022 | vol. 9 | iss. 4 [e33080 | p.114
(page number not for citation purposes)


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

JMIR MENTAL HEALTH

of web-based technology in comparison to traditional
face-to-face psychotherapy. The Coach5 and Coach10 therapists
each received weekly group phone supervision sessions with
an experienced clinical psychologist and certified STAIR trainer.
The therapists also attended weekly implementation meetings
to address questions and concerns related to implementing a
web-based telemental health intervention.

Statistical Analysis Plan

Study noncompleters were defined as those who did not
complete either the posttreatment or 3-month follow-up
assessments. Pretreatment demographic variables and clinical
characteristicswere compared in the 2 treatment groups (Coach5
and Coach10) with independent samples and a 2-tailed t test
for continuous variables and the chi-square test for categorical
variables. The pretreatment demographic variables and clinical
characteristics of study completers and noncompleters were
compared with similar analyses.

We then examined linear changes in outcomes over time
separately within each treatment group. For the Coach5 and
Coach10 groups, an unconditional linear growth curve model
using Proc Mixed in SAS (version 9.4; SAS Ingtitute, Inc) was
employed to examine linear changes over time for each of the
5 outcomes. In each model, time was the sol e predictor and was
coded such that 0 equaled baseline, 1 equaled the midpoint
assessment, 2 equaled the posttreatment assessment, and 3
equaled the 3-month follow-up assessment. Both the intercept
and time were included as random effects in al models. For
each condition, within-group effect sizes from pre- to
posttreatment and from pretreatment to the 3-month follow-up
were caculated. Unlike superiority trids, where an
intent-to-treat (ITT) analysis is more conservative as it makes
2 groups more similar, for anoninferiority trial, an observed or
per-protocol analysis yields a more conservative estimate as it
exaggerates the differences between treatment groups [33].
Therefore, a series of ANCOVA models was first calculated
using the observed datato examine the treatment conditions (ie,
Coach5 and Coachl0) as predictors of each outcome at the
posttreatment assessment. Treatment-group comparisons of
posttreatment assessment outcomes were then repeated with
another set of ITT analyses that used the multiple imputation
procedures Proc M1 and Mianalyzein SAS. Respective baseline
scores and characteristics that differed between the treatment
conditions were included as covariates in all models. Similar
observed and ITT analyseswere then used to examine treatment
group differences in the 3-month follow-up assessment.

Examination of between-group changesrelative to noninferiority
margins was accomplished with 4 steps. First, noninferiority
margins (F) for the posttreatment and follow-up assessments
were calculated for each outcome using data from the initial
webSTAIR study [19]. For each outcome, we calculated the
noninferiority margin, which was 80% of the changein Coach10
from baseline to the posttreatment assessment, and then
calculated the margin from basdline to the 3-month follow-up
assessment. Second, we examined the actual difference between
Coach5 and Coachl0 in the change from baseline to
posttreatment and from baseline to the 3-month follow up using
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the differences in differences (ie, the change score) approach.
Baseline was aways coded 0, and the follow-up assessment
(posttreatment or 3-month follow-up) was coded 1. For each of
the 5 outcomes, Proc Mixed in SAS was employed with time,
treatment group, and the time by treatment group interaction as
predictors. The intercept was included as a random effect. A
significant time by treatment group interaction indicated a
significant difference between groupsin the change in outcome.
Of primary interest was the point estimate of the differencein
differences. Third, we calculated the 95% CI for each difference
in differences. Finally, we plotted the posttreatment estimate
of the difference in differences and its 95% CI relative to the
noninferiority margin.

If we consider the difference in effect between Coach5 and
Coachl0, superiority of Coachb versus Coach10 implies that
the lower bound of the 95% ClI is greater than 0. Noninferiority
of Coach5 allows the lower bound of the 95% CI to extend
below 0, so long as it remains above the noninferiority margin
and so long as the upper bound of the 95% ClI is greater than 0.
In the case that the lower bound of the 95% CI falls below and
the upper bound of the 95% CI falls above the noninferiority
margin, the study result isindeterminate. Finally, inferiority of
Coach5 versus Coachl10 is implied if the upper bound of the
95% Cl falls below the noninferiority margin [34]. All analyses
involved 2-sided significance testing and were conducted in
SAS. Effect sizes were aso calculated.

A series of 2-tailed independent samplet tests were conducted
to examine mean differences between Coach5 and Coach10 in
(2) participant therapeutic alliance score, (2) number of modules
completed by participants, (3) average amount of time spent (in
minutes) per module and in total across all modules, (4) total
therapist time spent (in minutes) providing treatment, (5) number
of times the therapist made a phone call, texted, or emailed to
reschedule an appointment, and (6) the humber of times the
therapist provided an additional session to address a crisis or
enhance motivation. The chi-sguare test was used to examine
the difference between Coach5 and CoachlO in program
completion rate.

Ethics Approval

This project was funded by the Department of Veterans Affairs
Office of Rural Health. All proceduresinvolvedin the evaluation
were reviewed and exempted by thelocal academic institutional
review board (APPO3HO08).

Results

Participants

Given the quasi-experimental design, we wished to assess the
similarity of the 2 conditionsin enrollment rates and participant
characteristics. Asindicated by the Consolidated Standards of
Reporting Trials (CONSORT) chart (Figure 1), there were no
differences between the 2 treatment conditions in enrollment
numbers, attrition rate from screening to baseline assessment,
or from baseline assessment to program enrollment. The
percentages in each box in the figure represent the amount of
attrition that occurred relative to the previous step in the study.
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Figurel. CONSORT chart for Coach5 and Coachl10 conditions.

Coachb screen

N=207

|

Coachb baseline
n=101
(51.21%)

Coach5 welcome module
n=86
(14.86%)

Coachb5 module 5
n=72
(16.28%)

Coach5 midtreatment assessment

n=65
(9.73%)

Coach5 module 10

n=59
(9.24%)

Coach5 posttreatment assessment

n=49
(16.95%)

Coach5 3-month follow up

n=45
(8.17%)

There were no differences in sociodemographic characteristics
between the 2 treatment conditions in age, gender, ethnicity or
minority status, education, or employment status. The baseline
symptom profiles were also similar (Table 1). The average age
of the participants was 44.11 years (SD 11.73) with arange of
22-77 years. Participants who identified as women were the
largest gender represented, followed by men and then
transgender individuals: 60.4% (122/202), 38.6% (78/202), and
0.5% (1/202), respectively. The majority of the participants
63.9% (129/202) had some college education or a high school
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Coach10 screen

N=202

!

Coach10 baseline
n=101
(50.00%)

Coach10 welcome module
n=85
(15.85%)

Coach10 module 5
n=67
(21.18%)

Coach10 midtreatment assessment

n=62
(7.47%)

Coach10 module 10

n=55
(11.30%)

Coach10 posttreatment
assessment
n=46
(11.37%)

Coach10 3-month follow up

n=40
(13.05%)

diploma and 45.5% (92/202) were working full- or part-time.
A total of 39.6% (80/202) of participantsidentified asamember
of a racial or ethnic minority group. Treatment symptom
measures did not differ between the 2 conditions with the
exception of the WHODAS-21 results (Table 1). The
participants who received Coach5 had higher WHODAS-21
scores (mean 49.38, SD 16.34) compared to those who received
Coachl10 (mean 44.97, SD 15.01; t,5,=2.00, P=.047). Baseline
WHODAS-21 scoreswereincluded as acovariate in subsegquent
outcome models that compared treatment groups.
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Table 1. Comparison of sociodemographic and baseline clinical characteristics of Coach5 and Coachl0 participants.

Variable Overall, N=202 Coach5, n=101 Coachl10,n=101 P value (t test or chi-square test)
Completed study, n (%) 100 (49.5) 54 (52.5) 47 (46.5) 40
Age, mean (SD) 44.10 (11.73) 44.96 (11.54) 43.06 (11.90) .25
Gender, n (%) .08
Male 78 (38.6) 33(32.7) 45 (44.6)
Female 122 (60.4) 67 (66.3) 55 (54.5)
Transgender 1(0.5) 0(0) 1(1
Race, n (%) A2
White 122 (60.4) 59 (58.4) 63 (62.4)
Black or African American 37(18.3) 19 (18.8) 18 (17.8)
Asian 2(1) 1(1) 1(2)
Hispanic, Latino(a) 11 (5.6) 6 (5.9) 5(4.6)
Multiracial 17 (8.4) 13 (12.9) 4(4)
Other? 13 (6.4) 3(3) 10 (9.9)
Education level, n (%) 47
Some high school 1(0.5) 1(1) 0(0)
Earned high school degree 25(12.4) 12 (11.9) 13(12.9)
Some college/2-year degree 104 (51.5) 56 (55.6) 48 (47.5)
Earned 4-year degree 51 (25.3) 24 (23.8) 27 (26.7)
Postgraduate degree 21(10.4) 8(7.9 13(12.9)
Employment status, n (%) .26
Full-time 73(36.1) 31(30.7) 42 (41.6)
Part-time 19 (9.4) 11 (10.9) 8(7.9)
Not currently working 62 (30.7) 31(30.7) 31(30.7)
Retired 48 (23.8) 28(27.7) 20 (19.8)
Relationship status, n (%) A2
Married/partnered 115 (56.9) 52 (51.5) 62 (62.4)
Single 38(18.8) 22(21.8) 16 (15.8)
Divorced 47 (23.3) 25 (24.8) 22(21.8)
Widowed 2 22 0(0)
Baseline outcomes
PCLP total score, mean (SD) (range 2-78)  50-66 (15.52) 50.85 (16.09) 5047 (1501) .86
PHQE total score, mean (SD) (range 2-27)  15:64 (5.40) 15.96 (5.38) 15.32 (5.44) 40
DERS total score, mean (SD) (range49-169)  108.74(25.19)  10872(26.11)  108.75(24.36) .99
11P-32° score mean (SD) (range 0.22-331) 186 (0.53) 1.90 (0.53) 1.83(0.53) .38
WHODAS-2' total score (SD) (range0-81)  47-17 (15.81) 49.38 (16.34) 4497 (1501) .05

80ther included American Native Indian, Alaskan Native, Pacific Islander, Middle Eastern, and North African.
bpCL-5:; posttraumatic stress disorder checklist for DSM-5

®PHQ-9: Patient Health Questionaire-9

dDERS: Difficultiesin Emotion Regulation Scale

€11P-32: Inventory in Interpersonal Problems-32

\WHODAS-21: brief version of World Health Organization Disability Assessment Schedule-2.
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A total of 86.1% of participants (174/202) had a probable
diagnosis of PTSD regardless of depression status and 86.6%
(175/202) had a probable diagnosis of depression regardless of
PTSD status. A total of 80.2% (162/202) had both disorders
and 12.4% (25/202) had either one or the other, yielding atotal
of 92.6% (187/202) of the participantswith at least one probable
disorder. The study was completed by 49.5% (100/202) of
participants. Compared to noncompl eters, the completers were
older (mean age46.11 yearsvs41.95 years, P=.01), morelikely
to rent versus own their home (97/100, 97% compared to 89/102,
87.3%; P=.01), morelikely to bewhite (69/100, 69% vs 53/102,
52%; P=.01), and more likely to live in rural or highly rural
locations (53/100, 67% vs 53/102, 52%; P=.03) Study
completers and noncompleters were similar in al other
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demographic and pretreatment variables (P>.05 for all values,
data not presented).

Symptom Outcomes

Table 2 presents the observed mean for each outcome over time
aswell aswithin-group changes from baseline to posttreatment
and from baseline to the 3-month follow up, organized by
treatment group. All outcomesfor both the Coach5 and Coach10
groups were significantly improved at the posttreatment
assessment and the 3-month follow up relative to baseline.
Furthermore, a series of ANCOVAS, controlling for baseline
differences in WHODAS-21 scores, revedled no difference
between the Coach5 and Coachl0 groups in any of the 5
outcomes at the posttreatment assessment or at the 3-month
follow up (see Table 3). ITT analysesrevead ed identical findings.

Table 2. Repeated measures tests and within-group effect sizes for the Coach5 and Coach10 groups.

Outcome measure Baseline: Coachb, Posttreatment: Three-month follow  Within-group baseline  Within-group baseline
n=101; Coach10, Coach5, n=49; up: Coachb5, n=45; to posttreatment to 3-month follow up
n=101 Coach10, n=46 Coach 10, n=40

Pvalue Cohend Pvaue Cohend
(95% ClI) (95% Cl)
PCL -5%score, mean (SD)
Coach5 50.85 (16.09) 40.04 (19.50) 39.96 (19.84) <001 0.66(038 <001 0.67(0.37-
0.94) 0.97)
Coach10 50.47 (15.01) 34.59 (19.66) 35.20 (19.42) <001 1.04(0.73- <001 1.00(0.67-
1.35) 10.33)
PH Q-9bscore, mean (SD)
Coach5 15.96 (5.38) 12.39 (7.13) 12.58 (6.26) <001 0.65(0.32- <.001 0.62(0.28-
0.98) 0.96)
Coach10 15.32 (5.44) 9.91 (6.77) 10.35 (6.76) <.001 0.65(0.26- 0.003  0.90 (0.55-
1.03) 1.24)
DERS-36°score, mean (SD)
Coach5 108.72 (26.11) 90.51 (29.71) 88.13 (26.80) <001 0.69(037- <001 0.69(0.35-
1.00) 1.02)
Coach10 108.75 (24.36) 88.07 (26.07) 85.85 (25.95) <001 0.83(051- <001  0.92(0.56-
1.16) 1.28)
IIP-32dscore, mean (SD)
Coach5 1.90 (0.53) 1.67 (0.62) 1.58 (0.65) .002 0.43(0.15- <.001  0.59(0.33-
0.70) 0.85)
Coachl0 1.83(0.53) 1.47 (0.65) 1.54 (0.65) <.001 0.67(0.36- .001 0.54 (0.26-
0.72) 0.81)
WHODAS-21%score, mean (SD)
Coach5 49.38 (16.34) 44.14 (17.70) 42.46 (18.83) .001 0.32(0.06- <.001  0.42(0.17-
0.57) 0.66)
Coach10 44.97 (15.01) 35.43 (19.33) 35.03 (18.62) .04 0.62 (0.30- .04 0.65 (0.35-
0.95) 0.95)

3PCL-5: posttraumatic stress disorder checklist for DSM-5
PPHQ-9: Patient Health Questionaire-9

°DERS: Difficultiesin Emotion Regulation Scale

41p-32; Inventory in Interpersonal Problems-32

SWHODAS-21: brief version of World Health Organization Disability Assessment Schedule-2
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Table 3. Between-group effect sizes at posttreatment assessment and 3-month follow up.

Coach 5 vs Coach 10 at 3-month assessment

F test (df)  Treatment group P value Cohen d (adjusted)

Outcome measure Coach 5 vs Coach 10 at posttreatment assessment
Ftest (df)  Treatment group P value Cohend (adjusted)

PCL-5total score 0.06(1,91) .81 0.05

PHQ-9° total score 0.07(1,91) .80 0.05

DERS-36° total score  0-05(1,91) .83 0.05

NP-329 meanscore  0.03(1,91) .87 0.03
WHODAS-21%tot~ 0-27(1,92) .60 0.11

score

0.01(181) .93 0.02
0.05(181) .82 0.05
069(181) .41 0.18
3.00(181) .09 0.38
031(182) .58 0.12

8pCL-5: posttraumatic stress disorder checklist for DSM-5
bPHQ-9: Patient Health Questionaire-9

°DERS: Difficultiesin Emotion Regulation Scale

d1p-32: Inventory in Interpersonal Problems-32

SWHODAS-21: brief version of World Health Organization Disability Assessment Schedule-2

Tests of Noninferiority

Figure 2 showsthe Clsfor the mean differencein scoresfor the
5 outcome measures between conditions for the completer
sample at posttreatment assessment. If Coachl0 is superior to
Coachb, the difference in the change score is negative. The
value of F (shown as the dotted vertica ling) is the
predetermined minimum clinically significant difference (ie,
the margin of noninferiority). For 4 of 5 outcomes, the lower
bound of the 95% CI was less than 0 and yet also greater than
the margin of noninferiority (ie, itisin the shaded area) and the
higher bound of the 95% CI was greater than 0, which indicates
noninferiority of Coach5 with respect to CoachlO in

improvement from baseline to posttrestment assessment. For
the I1R, the lower bound of the 95% CI was less than O but also
less than the margin of noninferiority (ie, it crossed the margin
of inferiority), which indicates inconclusive results.

When examining changes from baseline to the 3-month follow
up, the lower bound of the 95% CI was within the shaded area
for PCL-5, DERS-36, |1P-32, and WHODAS-21, indicating the
noninferiority of Coach5 with respect to CoachlO in
improvement from baseline to the 3-month follow up for these
4 outcomes. Conversely, for the PHQ-2 the lower bound of the
95% Cl waslessthan the margin of noninferiority (ie, it crossed
the margin of noninferiority), which indicates inconclusive
results.

Figure 2. Noninferiority figures for 5 outcomes. PCL-5: posttraumatic stress disorder checklist for DSM-5; PHQ-9: Patient Health Questionaire-9;
DERS: Difficulties in Emotion Regulation Scale; I1P-32: Inventory in Interpersonal Problems-32; WHODAS-21: brief version of World Health

Organization Disability Assessment Schedule-2.
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Therapeutic Alliance

The average WAI score in the Coach5 and Coach10 conditions
was not significantly different, with a mean of 6.66 (SD 0.49)
and 6.54 (SD 0.50) respectively (t1,g=1.34, P=.18). The score
for WAL itemsranged from 1 to 7, with ahigher scoreindicating
abetter relationship. Theresults of this assessment indicate that
participants’ perception of the working alliance with their
therapistswas very high, and equally so, acrossthe 2 conditions.

Completion Rates

The total number of modules completed by the Coach5 and
Coach10 groups did not differ (6.88, SD 4.19vs6.66, SD 4.11,
respectively; t,0,=0.37, P=.71). The percentage of participants
who completed half of the program (up to and including the
fifth module) did not differ between the Coach5 (72/101, 71.3%)
and Coachl10 (67/101, 66.4%) groups. The total percentage of
participants who completed all 10 modules also did not differ
between the Coach5 (59/101, 58.4%) and Coachl0 (52/101,

51.5%) groups (x,=0.93, P=.32).

Web Usage

Coachb participants spent an average of 31.07 minutes (SD
8.30) per module with time per module ranging from 43.66 to
18.80 minutes. Coach10 participants spent an average of 33.06
minutes (SD 11.05) per module with arange of 38.98 to 14.36
minutes. The average amount of time participants who
compl eted the program spent on the website was 341.83 minutes
(SD 160.46) for Coach5 and 363.63 (SD 160.46) for Coach10.
The difference in total time spent on the program between the
2 conditions was not significant (t,g =2.02, P=.16).

Therapist Session Time and Activities

Asexpected, the Coach5 therapists spent significantly lesstime
than the Coach10 therapistsin session time (t,g=28.44, P<.001),
with the Coach5 therapists spending an average of 332.67
minutes (SD 49.10) across the 5 coaching sessions and the
Coach 10 therapists spending an average of 505.09 minutes (SD
111.79) across al 10 sessions. The number of contacts (phone
cals, instant messages, or emails) did not differ between the
Coach5 and the Coach10 therapists, with values of 2.83 (SD
3.28) and 2.02 (SD 2.85), respectively. The number of phone
cals for interventional purposes (crisis management or
motivational interventions) was low and did not differ between
the Coach5 (M 1.10, SD 1.65) and Coachl0 therapists (M 0.62,
SD 1.06).

Therapist Adherence Ratings

The adherence rating indicates the percentage of intervention
items that were completed by the therapist in each session.
Overdll, the average adherence ratings were high and were
statistically similar across both the Coach5 (M 0.90, SD 0.14)
and Coach10 conditions (M 0.97, SD 0.06).

Discussion

Five sessions of therapist support for a transdiagnostic
trauma-informed intervention, delivered to veterans with
moderate to severe symptoms of PTSD, depression, or both was
found to be noninferior to a 10-session delivery approach across

https://mental .jmir.org/2022/4/e33080
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several outcomes. Participants obtained significant benefits
from webSTAIR with both conditions. In addition, therapeutic
alliance was strong and did not differ between 5-session and
10-session delivery. Thetime participants spent on the program
was equivalent, as was the completion rate. This study
demonstratesthefeasibility and effectiveness of blended models
in routine clinical care for patients with moderate to severe
symptoms. It also contributes to the exploration of the therapist
role in technology-based intervention and provides parameters
regarding the amount of therapist support that is associated with
good outcomes for patients.

Symptom reduction was significant for PTSD, depression,
emotion regulation, interpersonal problems, and overall
functioning at both posttreatment and a 3-month follow up for
both treatment conditions and was associated with
predominantly moderate to large effect sizes. Most of the
measures demonstrated noninferiority at both posttreatment and
follow up. Two measures, interpersonal problems and
depression, were associated with some variability, indicating
either noninferiority or an inconclusive result depending on the
timepoint. However, overal, all 5 outcomes for the Coach5
group were not inferior to the Coach 10 group at any time point.

On average, participants spent approximately 30 minutes per
module and completed about 6 to 7 modules. The percentage
of participants who completed the entire program (ie, al 10
modules) was 58% (59/101) for the Coach5 group and 51%
(51/101) for the Coach10 group. The level of success that this
represents is unknown. Because the project was an evaluation
program, not a research study, there were no special efforts
made to retain participants in the project (eg, ensure before
enrollment that a participant had no plans for long travel or
hospitalization that might disrupt completion), as would occur
in a research study. RCTs of internet-based interventions for
PTSD populations have reported drop-out rates of 25%, and by
this measure, the completion ratesin this study are inferior. On
the other hand, in studies of naturalistic use of technology-based
interventions, retention rates appear to fall to 20% by the fifth
session [35], and by this measure, our completion rate is
superior. Additional studies are needed to determine the
completion rates associated with blended therapies delivered
inaclinical service context.

It is notable that the large majority of patients enrolled in the
program reported severe symptoms of PTSD, depression, or
both, with the overwhel ming majority (187/202, 92.6%) meeting
criteriafor aprobable diagnosis of one or the other disorder and
over 80% (162/202) meeting a probable diagnosisfor both. The
results indicate that either of these blended approaches is
effective and safe for highly symptomatic patients. It is often
thought that technology-based therapies are most appropriate
primarily for individuals with low to moderate symptoms.
Technology-based programs have typically been introduced
into mental health services as part of “stepped care” delivered
to enrolling patients whose symptoms are relatively mild or as
part of maintenance care once face-to-face treatment has been
completed. Our findings indicate that technology-based care
with therapist support is effective even for severely affected
patients. It is interesting to speculate whether referral of
relatively severe patients to this program by clinical therapists
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was motivated by knowledge of high level of therapist
involvement. The blended therapy model may introduce a new
way of thinking about mental health care that provides high
quality careto patients but reduces therapist burden in terms of
time and effort.

The overall noninferiority of Coach5 compared to Coach10
provides therapists and mental health services reassurance that
areduction in therapist time does not lead to areduction in good
outcomes for patients or in the relationship with the patient.
Therapists have been concerned that reduction in therapist time
might lead to increased need to manage crisis events [19,20],
representing areduction in quality of care for patientsand their
well-being aswell asa“hidden cost” in regard to therapist time
and effort. However, the Coach5 and Coach10 programs were
associated with arelatively low need for additional support and
intervention, with therapists in both conditions reporting on
average 1 phone session per patient and 3 contacts related to
rescheduling of sessions in addition to the technology-based
program.

Finaly, the finding of noninferiority may be viewed as
counterintuitive if one assumes a “dose-response” effect in
psychotherapy treatment, where more therapist intervention is
better. We anchored the study to a 1:1 ratio of therapist session
to self-guided work. This ratio represents the maximum dose
of therapist support in a program in which the technology
intervention isprimary. Its sel ection was supported by evidence
from previous studiesindicating the success of thisratio [ 15,36].
The absence of worse outcomes with areduction in the number
of therapist sessions can be interpreted in several ways.
However, one possibility is that there are mechanisms at work

Cloitre et a

other than an additive dose-response effect. For example, it is
possible that self-guided work and the therapist sessions made
unique and complementary contributions to the program
outcomes and may ultimately have provided greater benefits
than therapist-only or internet-only approaches [18]. Evidence
for thisview is supported by qualitative analysesfrominterviews
completed in one of our earlier studies [21], which found that
the self-guided work facilitated a sense of autonomy and
mastery, while the therapist sessions provided emotional and
practical support as well as clarity in tailoring the tools to
specific problems and life experience. The potential presence
of adynamic, reciprocal relationship between these 2 treatment
components deserves further investigation via assessment of
cross-lagged effects and identification of underlying mechanisms
of change.

The strengths of this study include the delivery of the treatment
in ausual care context, provided by clinic staff and delivered
to trauma-exposed patients with relatively severe and diverse
symptoms and problems. Two limitations of the study are the
absence of randomization, which could have resulted in
unidentified patient factors influencing outcomes, and the
potential lack of generalizability of the findings from veterans
to other trauma-exposed populations. Future studies are
warranted eval uating other combinations of therapi st-supported
and self-guided work and delivery to different trauma
populations. In addition, studies identifying patient
characteristics as moderators of outcomes in high versus low
doses of therapist support will help create flexible
technology-based intervention programming that facilitates
engagement of a greater number of individuals and tailoring of
therapist time and attention relative to client need.
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Abstract

Background: Binge eating is a subjective loss of control while eating, which leads to the consumption of large amounts of
food. It can cause significant emotional distress and is often accompanied by purging behaviors (eg, meal skipping, overexercising,
or vomiting).

Objective: The am of this study was to explore the potential of mobile sensing to detect indicators of binge-eating episodes,
with aview toward informing the design of future context-aware mobile interventions.

Methods: This study was conducted in 2 stages. The first involved the development of the DeMMI (Detecting Mental health
behaviors using Mobile Interactions) app. As part of this, we conducted a consultation session to explore whether the types of
sensor datawe were proposing to capture were useful and appropriate, aswell asto gather feedback on some specific app features
relating to self-reporting. The second stage involved conducting a6-week period of data collection with 10 participants experiencing
binge eating (logging both their mood and episodes of binge eating) and 10 comparison participants (logging only mood). An
optional interview was conducted after the study, which discussed their experience using the app, and 8 participants (n=3, 38%
binge eating and n=5, 63% comparisons) consented.

Results: The findings showed unique differencesin the types of sensor data that were triangulated with the individuals' episodes
(with nearby Bluetooth devices, screen and app use features, mobility features, and mood scores showing relevance). Participants
had alargely positive opinion about the app, its unobtrusive role, and its ease of use. Interacting with the app increased participants
awareness of and reflection on their mood and phone usage patterns. M oreover, they expressed no privacy concerns as these were
alleviated by the study information sheet.

Conclusions: This study contributes a series of recommendations for future studies wishing to scale our approach and for the
design of bespoke mobile interventions to support this population.

(JMIR Ment Health 2022;9(4):€32146) doi:10.2196/32146

KEYWORDS
eating disorder; binge eating; mental health; mobile sensing; context-aware computing; NAP; EMA; mobile phone

https://mental.jmir.org/2022/4/e32146 JMIR Ment Health 2022 | vol. 9 | iss. 4 |€32146 | p.124
(page number not for citation purposes)


mailto:roisin.mcnaney@monash.edu
http://dx.doi.org/10.2196/32146
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MENTAL HEALTH

Introduction

Background

Binge eating is classified as a distinct period during which an
individual experiences a subjective loss of control over eating,
eats notably more or differently than usual, and feels unable to
stop eating or limit the type or amount of food eaten [1]. It is
thought to affect approximately 5% of women and 4% of men
worldwidein someform over their life course[2]. Binge eating
is a precursor for, and is symptomatic of, clinical eating
disorders, including bulimia nervosa and binge eating disorder
[3]. In bulimia nervosa, binge eating is typicaly followed by
the purging of caloriesfrom the body in an attempt to counteract
abinge eating episode—for example, through vomiting, use of
laxatives or diuretics, extreme dieting, or excessive
exercise—whereas individuals with binge eating disorder do
not engage in purging practices [4]. Binge eating is often a
hidden behavior conducted in secret [ 5] and can lead to extreme
feelings of shame, worthlessness, and lack of control, which
can have major impacts on an individual’s mental health and
emotional well-being [6]. Research has shown that clinical
binges (ie, from those with an eating disorder diagnosis) yield
the same subjective experiences before and after the binge as
those reported from a nonclinical binge eating episode [7].

Anxiety and depression are prevalent in people with binge-eating
behaviors [8-10], and research indicates that binge eating is
used as a strategy for regulating negative affect (often used as
an umbrellaterm to refer to emotive experiences such as mood,
emotion, impulses, and stress response [11]). In addition, as
people with binge-eating behaviors are often within the normal
to obese BMI category range [12], people in this population
report feelings of being unworthy of mental health support and
not identifying themselves as having an eating disorder. All
this, paired with the secretive nature of binge-eating behaviors,
means that the identification and treatment of binge eating are
particularly challenging [5].

A growing body of literature has identified opportunities for
mobile sensing (ie, the collection and use of data collected from
sensors embedded within mobile devices such as smartphones)
to detect mental health behaviors such as schizophrenia [13],
bipolar disorder [14], and depression [15]. With the exception
of the study by Juarascio et al [16], who looked at heart rate
variability asarisk predictor for emotional eating episodes, ho
research has explicitly investigated the potential for mobile
sensing in relation to disordered eating behaviors. Thisis an
underexplored area of research, which has significant
opportunities for (1) identifying the contextual and situational
factors associated with binge-eating episodesand (2) providing
improved access to support and behavior prevention through
context-aware interventions [17,18].

Our research aimed to contextualize the experiences of people
engaging in self-identified episodes of binge eating, with or
without subsequent purging activities, by understanding the
types of activities that a person might be engaging with in and
around the occurrence of an episode. As this was a
first-of-its-kind exploratory work, we used a broad range of
mobile sensorsthat already exist in mobile phones (eg, location
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sensors can indicate whether someone is spending alot of time
at home; movement sensors can give us an idea of how much
activity a person has been engaging in; app usage sensors can
indicate how much time someone is spending on social media
or healthy eating and fitness apps). We asked participants to
provide daily self-reports of their mood (collected in both the
morning and evening) and to self-report any episodes of binge
eating (logged through a button pressto capture the time of the
episode, with the option of providing further information in the
form of free-flowing text). This provided us with a measure of
thedifferencesin behavioral features extracted from smartphone
data on days with and without incidents of binge eating in an
attempt to inform future context-aware mobile interventions to
support this popul ation.

We describe the devel opment of the DeMM I (Detecting Mental
health behaviors through Mobile Interactions) app, which was
refined in consultation with service users. We then describe a
6-week remote study of 20 participants (10 with experiences of
binge eating and 10 without any mental health issues, who
reported twice daily mood logs and acted as a comparison
group). Our contributions from this paper are three-fold: (1)
first, we provide a set of reflections around the challenges of
conducting work with the binge-eating population and the
benefits of remote, anonymous engagement; (2) second, we
provide unique insights into the successes and challenges
surrounding our mobile sensing approach (from a pilot study
perspective) and how this might be better scaled in the future
for larger-scale studies over longer periods; and (3) finally, we
provide a set of recommendations for the design of future
context-aware interventions aimed at supporting people
experiencing binge-eating behaviors.

Use of Ecological Momentary Assessment for
Monitoring Mood and Binge Eating

Cross-sectional and longitudinal studies are useful for
understanding the long-term risk factors of poor mental health,
including those that contribute to binge eating (see the study by
Burton and Abbott [19] for review). However, they are much
less useful for understanding the more immediate contextual
and situational factorsthat directly contribute to fluctuationsin
mood that accompany binge-eating behavior. Ecological
Momentary Assessment (EMA) techniques are better able to
provideinformation on these contextual factors. EMA involves
the recording of problematic moods, thoughts, and behaviors,
aswell asthe eventsthat immediately precede them, to identify
predictive patterns. Although early EMA involved the use of
paper-based diaries, more recent research has used digital tools
(eg, mobile phones and web-based apps) to gather rea-time
self-reported data. Data collected through digitally enhanced
EMA not only have the potential to enhance the understanding
of binge eating in research settings but can also be used in
therapeutic settings, as well as by individuals, to better
understand and monitor individual patterns related to poor
mental health. Indeed, a large proportion of smartphone apps
specificaly for binge eating [20-23], aswell asfor mental health
[24-30], typicaly involves self-reporting and repeatedly
prompting participants over time [31]. Such mobile monitoring
apps are typically well-received by young people[32].
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EMA relieson the self-report of affective states; however, there
is much heterogeneity in the way these affective states are
measured. The self-report questions used in smartphone-based
EMA areoftenliteral trandationsof clinical tools[24,26,33,34].
For example, The Positive and Negative Affect Scale (PANAYS)
involves participants indicating the extent to which they are
experiencing 10 types of positive (eg, alert) and negative (eg,
upset) affect using 5-point Likert scales [35]. Although the
original PANAS s generally considered too long to be applied
with high frequency in EMA [36], subscales and shortened
forms have been delivered using smartphone EMA with good
response rates, even when used multiple times daily [33].
Furthermore, other approaches have attempted to reduce the
burden on participants through the use of visual scales. For
example, the Self-Assessment Manikin uses 3icon-based scales
to measure pleasure, arousal, and dominance [37]. In their
original form, the icons are abstract outlines of a human-like
figure; however, other implementations have also used more
realistic representations [26]. Studies have found preferences
for these briefer visual scales when compared with more
repetitive traditional EMA [26,38].

M aobile Sensing Approaches for Supporting Mental
Health and Binge Eating

The ubiquity and sensing capabilities of smartphones make
them attractive tools for the passive collection of multimodal
sensor data 24/7. Compared with EMA, they are objective, less
burdensome, have a higher temporal resolution, and provide
rich data streams to infer aspects of users’ social context and
behavior in naturalistic conditions[39,40]. Research has shown
the potential of these datato monitor and support mental health
conditions, including depression [15,38,41-44], schizophrenia
[13,45-48], bipolar disorder [14,49-53], stress [54-58] and
anxiety [59-62]. Typicaly, behavioral features (metrics
quantifying aspects of individuals' routines and activities) are
computed from smartphone and wearable data, and their role
in tracking, classifying, or predicting events of interest (eg,
depressive states and hospital readmission) is explored via
analytical methods. Clinical scales, medical records, and
patient-reported outcomes are often used as the ground truth to
validate models built on top of behavioral features. However,
to the best of our knowledge, only Juarascio et al [16] explored
mobile sensing in the context of eating episodes associated with
negative emations. They monitored 21 people with clinically
significant emotional eating behaviors for 4 weeks using a
wrist-worn device. The results showed that time and frequency
domain features of heart rate variability could be used to classify
30-minute periods with and without emational eating episodes
better than chance. Although they showcased the importance
of wearable datain supporting binge-eating monitoring, patient
perspectives on mobile sensing and the role of smartphone
phone data remain unexplored.

For eating disorders more broadly, research has shown that
smartphone apps could increase patients access to treatment
[18] because of the anonymity they afford when considering
the barriers people face in seeking clinical help (eg, shame and
fear of stigma) [5]. Furthermore, in light of near-ubiquitous
smartphone use in modern society, these devices are uniquely
positioned to support access to resources by promoting
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help-seeking and self-management behaviors [18,63].
Smartphones can enable personalized monitoring, which can
aid in the identification of high-risk situations derived from
behavioral and situational contexts extracted from multimodal
data. Alongside their capabilities for digital intervention
provision, they offer apowerful platform for delivering support
at optimal times[17,18]. Currently, there are a number of apps
designed primarily for people with disordered eating behaviors
that have been studied in the literature, including Recovery
Record and RiseUp [18,64]. Both apps use self-monitoring
techniques and provide users with a set of coping strategies to
try. In particular, Recovery Record uses EMA to facilitate
self-monitoring [65,66] and has some features that are similar
to the DeMMI app (eg, the ability to track mood and episodes
of binge eating). However, this requires a significant amount
of active tracking from the user (ie, daily diaries, logging of
meals, and the feelings surrounding them), which can be a
laborioustask. Our study isinterested in how passive approaches
to monitoring can be leveraged, alowing us to potentialy
automatically detect contextual or Situational triggers for
episodes of binge eating. This would ultimately remove some
of the tracking burdens from the user and provide indications
of where digital interventions might be best positioned to help
them. As afirst step toward this goal, our study explores the
individual differences in smartphone behavioral features
between days with and without binge-eating episodes, framed
around the experiences and needs of our users, as well as the
current and future challenges faced by the maobile sensing
community in detecting binge-eating episodes and delivering
digital interventions.

Methods

Overview

This study was conducted in 2 stages. The first involved the
development of the DeMMI app. As part of this, we conducted
a consultation session to explore whether the types of sensor
data we were proposing to capture were seen as useful and
appropriate, aswell asto gather feedback on some specific app
features relating to self-report. The second stage involved
conducting a 6-week period of data collection with 10
participants experiencing binge eating (logging both their mood
and episodes of binge eating) and 10 comparison participants
(logging only mood).

First, we present the ethical considerations of this study. We
then present the 2 stages of research separately, first describing
the devel opment of the DeM M | app before moving on to discuss
our fieldwork study methods and findings.

Ethical Considerations

Ethical approval for thiswork was obtained from York St John,
United  Kingdom, University  Ethics  Committee
(RECPSY00012), and the study adhered to the British
Psychological Society ethical guidelines. The activities for the
stage 1 consultation session were constructed collaboratively
within the research team, which was made up of a clinica
mental health professional and multiple highly experienced
researchers with expertise in engaging people with a range of
mental health issues in qualitative workshops and interviews.
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The session was led by one of these experts and supported by
an experienced postgraduate student working in the field of
disordered eating and self-harm. Both facilitators were careful
in creating an open and nonjudgmental space during the
sessions. In stage 2, the research team created a safeguarding
protocol before the commencement of remote participant
recruitment. Participants were fully informed that their data
were not being actively monitored and that the research team
members were not mental health professionals. However, we
conducted weekly well-being checks via WhatsApp or SMS
text messaging (depending on participant preference) during
the study. These asked participants how they were managing
with the study and offered them an opportunity to reach out for
support if required. Although we did not have any requests for
support during the study, we were prepared to point the
participants to local services.

Phase 1: DeMMI App Development

Overview

Given the sensitivity of the data we wanted to collect, as well
as an acknowledgment that reporting on disordered eating
behaviors might, in itself, be considered a trigger, we first
conducted a consultation to (1) gain an understanding of early
perceptionstoward the datawe intended to collect with the app;
(2) gather ideas on the best ways of collecting self-reported data
in a sensitive way; and (3) understand any specific opinions
potential users might have around the rate of data capture,
anonymity, and offers of support. We report the main insights
drawn from this consultation to provide context for our design
decisions before moving on to describe the DeMMI app itself.

Consultation Activity

We engaged service users (n=2) from York, United Kingdom,
in a consultation session to develop and iterate key design

Vegaet a

decisions related to the DeMMI app. One of the service users
had lived experience of binge eating, and the other had lived
experience of self-harm (as a parallel project aimed to explore
the feasibility of DeMMI app use among individuals who
self-harm). The consultation explored the participants
perceptions of mobile data collection through both passive and
active means. In terms of passive data capture, we explored
participants general perceptions of mobile sensed data
collection and sought specific feedback on the intended data
collection proposed within the study—specifically, how they
felt about us collecting potentialy invasive sensor data. To
facilitate this activity, we used a bespoke What You Do/What
We See resource (Figure 1; the full resource can be viewed in
Multimedia Appendix 1), which showed participants the output
of every sensor. We discussed each sensor in turn and responded
transparently to any questions. In terms of active data capture,
we explored participants’ general perceptions of using apps to
log mood and behavior, as well as their specific feedback on
our proposed app |ogging mechanismsinthe DeMMI app. There
were 2 specific features for which we wereinterested in gaining
feedback. First, we were interested in understanding service
users' perspectives on the use of the PANAS (which is widely
used in EMA research with the general population [33-35]) to
assess mood multiple times each day. Second, we were
interested in the use of a 1-click logging mechanism of
binge-eating episodes based on the oops button developed by
Tulu et a [67]. During the session, datawere audio recorded to
allow the team to listen back to the session; however, as we
only had 2 participants, we did not thematically analyze the
data. Instead, we took notes during the session and
cross-checked all key findings with the participants.

Figure 1. Example of one of our What You Do/What We See slides used to explain to participants what smartphone data we wanted to capture (ie, the
participants’ interaction) and exactly what we would see from this interaction. Slides were created to represent the following: app notifications, app
use, typing, battery, calls, SM Stext messages, data sent or received, screen locks or unlocks, time zone, Wi-Fi nearby devices, Bluetooth nearby devices,
ambient light, weather, location, ambient noise, and activity recognition data.
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The key findings from the consultation may be summarized as
follows:

1. Participantswere generally positive about the use of mobile
sensing data for research and intervention purposes,
identifying multiple beneficial uses, including trigger
identification, improved (ie, more accurate and less
effortful) behavioral logging, crisis management to prompt
positive behaviors, and supported self-reflection. Any
concerns they had regarding passively sensed mobile data
(eg, that's creepy) were overcome once data privacy had
been reassured using the What You Do/What We See
activity.

2. Discussions of the oops feature were mixed and led to
modifications. Participants liked the idea of an easily
identifiable, user-friendly, and low-effort button to quickly
and efficiently record any incidences of problem behavior
but felt that labeling this as Oops was condescending,
whereas Log was found to be more amenable. Participants
also described how this method of behavior logging could
be improved by allowing the optional entry of descriptive
text—either at the time of making the log or afterward—so
that they could add additional contextual information.

3. Finaly, participants expressed concerns regarding the use
of the PANAS, both in terms of the content of the scale and
the frequency of its proposed use in the study (eg, If | had
to do this three times a day, it would be a bit of a trigger
for me...Just theword, ashamed, likeif | had to go over that
threetimesaday, | probably wouldn’t doit, to be honest”).

Vegaet a

A simple way of logging mood (eg, using smiley faces)
was suggested as a preferable alternative.

DeMMI App Development

The DeMMI app is based on the AWARE [68] client for
Android 7.0 or newer, which we used to collect smartphone
sensor data 24/7 from 14 sensors. The AWARE framework is
an open-source mobile sensing platform used in context-aware
mobile computing research. We collected data on accel erometer
readings, app use, notifications, battery, Bluetooth, calls,
keyboard events, ambient light, locations, SM 'S text messages,
physical activity, screen power events, screen touch events, and
Wi-Fi data. On the basis of our consultation, we modified the
client to allow participants to log binge-eating episodes using
a Log episode button placed below a textbox for open-ended
feedback related to the episode (see the | eft screenshot of Figure
2); both were shown after tapping on the main body of a
persistent notification labeled “DeMMI. Tap to log an episode.”
Participants were also able to log their mood using a scale with
emoji faces, ranging in expression and color, to visualy
represent affective states on a 5-point scale ranging from very
positive (represented by a very happy, smiling face) to very
negative (represented by avery sad face; seetheright screenshot
of Figure 2). This scale was automatically shown on screen
every day at 9 AM and 9 PM, and as soon as a participant tapped
a face, the app logged the choice and hid the instrument. We
provided a Not Now button so that participants could ignore the
prompt and allowed them to report their mood outside the
scheduled times by tapping the bottom area of the persistent
notification labeled as“LOG MOOD.”

Figure 2. Screenshots of our button to self-report episodes (I€eft), the persistent notification that allowed participants to open the episode and mood
reporting screens (middle), and the mood reporting strings with 5 face emojis (right).
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Phase 2: Fieldwork

The COVID-19 Context

This study was conducted with participants|ocated in England,
United Kingdom, between June 1 and August 14, 2020, as the
COVID-19 lockdown restrictions were gradually eased. Before
this point, individuals had not been permitted to leave home
except for limited purposes (eg, shopping for essentia items,
exercise, and medical care), and al nonessential shops, libraries,
places of worship, and playgrounds were closed. During the
time of our study, changing restrictions permitted individuals
from =1 household to meet outdoors in groups of 6 while
maintaining 2 m socia distance (June 1), whereas individuals
living alone could form asupport bubblewith 1 other household
(June 13). From July 4, the premises reopened with strict social
distancing and hygiene measuresin place, and gatherings of up
to 30 people were allowed both inside and outside private
dwellings. Those facing disordered eating behaviors are thought
to be particularly vulnerable during the pandemic. A study by
Branley-Bell and Talbot [69] found that the COVID-19
pandemic had a profound negative impact on people with eating
disorders, whereas Schelgl et a [70] found that 49% of patients
reported a deterioration in eating disorder symptoms because
of the COVID-19 pandemic, and 47% of binge-eating group
patients reported an increase in binge-eating symptoms.

Participants

Participantswererecruited viaseveral channels, including social
media, the regional branch of a UK-based mental health charity
(York Mind), and York St John University research participant
recruitment forums. The study was advertised as a mobile
sensing study for mental health, recruiting participants aged
>18 yearswho currently residein the United Kingdom and have
an Android phone as their primary device. Participants were
recruited into two categories: (1) those with experiences of binge
eating, defined as “ Eating an amount of food that you consider
excessive, usualy very quickly during a single session, eating
until you feel uncomfortably full, eating when you're not
hungry, eating alone, eating secretly, and feeling depressed,
guilt, ashamed or disgusted after eating. This is often, but not
always, accompanied by behavioursto counter the binge-eating
(e.g. skipping meals, vomiting, over-exercising)” and (2) those
with no current mental health difficulties (comparisons).
Participants with experiences of binge eating were not required
to haveaclinical diagnosisto take part in the study. Participants
registered their interest by either directly emailing a designated
member of the research team or completing aweb-based form.
Prospective participants were emailed the study information
sheet and consent form and could ask any questions via email
or phone call. All participation in the study was conducted
remotely. A total of 20 participantstook part in the study (n=10
[50%] with experiences of binge eating and 10 [50%] with no
history of mental health issues). All participants were aged
between 18 and 36 (mean 25) yearsand were almost exclusively
female (with 1 malein each group).

Study Methods

Once recruited into the study, the participants were sent an
onboarding pack viaemail. Thisincluded alink to the DeMMI
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app Android Application Package (an Android package file
format allowing the app to be downloaded via the link) and a
set of step-by-step instructions for downloading, opening,
optimizing battery life, and setting permissions on the app
(Multimedia Appendix 2). Instructions on how to join the study
with auniqueidentifier were also provided, aswereinstructions
on how to log mood, log episodes, and uninstall the app.

Participants were asked to run DeMMI for atotal of 6 weeks
but wereinstructed that they could uninstall the app at any time,
and following removal, all collected datawould be deleted from
their phone. All participants were asked to log their mood twice
aday (at 9 AM and 9 PM), and the binge-eating group was
asked to log any episodes of binge eating using the Log episode
button, with the option to provide free-text information regarding
the episode. To enhance engagement in the study and ensure
that safeguarding protocols were being followed, participants
were contacted once aweek via SM S text messagesto flag any
potential problems. Following the study, participantswere given
the opportunity to take part in an optional interview to discuss
their experiences during the study and provide any feedback
regarding how we might improve the app functionality in the
future. The interviews were conducted via telephone or video
call (depending on participants’ preferences).

Data Analysis

Quantitative

Smartphone behavioral feature analysis was conducted on the
data collected from the binge-eating group, with comparisons
across days that an episode had been reported and days that an
episode had not been reported. We used the Reproducible
Anaysis Pipeline for Data Streams (RAPIDS) [71,72] to
preprocess, clean, and extract behavioral features from the
smartphone data collected with the AWARE framework.
RAPIDS isareproducible pipelinethat allowsfor the processing
of mobile sensing data. According to our protocol, every
participant had to be monitored for 42 days (ie, 6 weeks);
however, in practice, their smartphones could run out of battery,
our sensing app could crash, or it could have issues
synchronizing the data. Therefore, we expected some of these
daysto be missing all, most, or some of the data. We measured
the quality of our smartphone data through the concept of valid
sensed days; we labeled a sensed day asvalid if we had 8 hours
of datawith at least 30 sensed minutes each. A sensed minute
is a 60-second window with at least one row of data from any
smartphone sensor.

Once the data were processed, we used the Nonoverlap of All
Pairs (NAP) index [73] to measure the probability that a
behavioral feature value drawn at random from any episode day
would exceed that of afeature value drawn at random from any
nonepisode day. The NAP analysis provided an indication of
effect size and offered directions for future work that might use
such sensor-driven approaches in the context of binge eating.

Qualitative

All freetext episode logs collected during the study were
collated and subjected to content analysis [74] to explore any
recurrent themes of discussion across participants that might
provide future directions for focus. Our analysis involved
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assigning codes to the lines of the data and grouping them into
themes. Theinterviewswereall audio recorded and transcribed
verbatim. Interview transcriptswerethematically analyzed using
a deductive approach that saw codes created at the paragraph
and sentence level [75].

Results

Overview

In this section, we describe and summarize the smartphone data,
mood survey notifications, mood scores, and collected
binge-eating episode data. To explore the relationship between
smartphone data and binge-eating episodes, we computed 12
behavioral features related to socia interaction and physical
activity acrosslocation, Bluetooth, physical activity, and screen
sensor dataand analyzed the difference in their values between
days with and without self-reported binge-eating episodes. We
have shared the code of our mobile app and analysis pipeline
to enable the reproduction of our methods [76,77].

We present our analysis in 3 parts. We first ook at the entire
cohort of datafor all 20 participants (both the comparison group
and the binge-eating group) and provide an outline of thevalid
sensed daysthat we were ableto collect (providing anindication
of how long participants in both groups engaged in the study
before deleting the app and how well the software functioned
inrelation to collecting the sensor data). Within this cohort level
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data, we also provide a comparison of mood scores across all
20 participants to explore whether there was any difference
between mood reporting across the 2 groups. In the second part,
welook specifically at the binge-eating dataand the differences
in sensor data collected on days when an episode was reported
versus days when an episode was not reported. Wefirst provide
acontent analysis of binge-eating episodes and then discussthe
NAP analysis conducted. Finally, we report the interview data
across both groups, focusing on the usability and acceptability
of our approach and the app itself.

Part 1: Entire Cohort Data

Valid Sensed Days Across All Participants

Participantswere asked to keep the app running on their phones
for 6 weeks (approximately 42 days). In relation to study
engagement, the 2 groups were relatively similar; the
binge-eating group had a total of 395 total days with the app,
with 20% (2/10) deleting the app before the end of the study
(PO2BE after 15 days; PO6BE after 36 days). The comparison
group had atotal of 397 days with the app, with 10% (1/10) of
participants del eting the app before the end of the study (P13C
after 5 days). There were some differences in the valid sensed
days; however, the binge-eating group had 72.4% (286/395) of
valid sensed days compared with the comparison group, which
had 61.7% (245/397) of valid sensed days. See Table 1 for a
full breakdown of the data.

Table 1. Participantsin the binge eating (N=395 days) and comparison groups (N=397 days) along with the number of days they were monitored and

the number of valid sensed days.

Participant 1D Group Dayswith theapp, N Valid sensed days, n (%)
PO1BE Binge eating 45 0(0)
PO2BE Binge eating 15 12 (80)
PO3BE Binge eating 44 42 (95)
PO4BE Binge eating 43 31(72)
POSBE Binge eating 41 38(93)
POGBE Binge eating 36 6 (17)
PO7BE Binge eating 43 38(88)
POSBE Binge eating 43 39 (91
PO9SBE Binge eating 43 41 (95)
P10BE Binge eating 43 40 (93)
P11C Comparison 44 31 (70)
P12C Comparison 44 35(80)
P13C Comparison 5 0(0)
P14C Comparison 43 40 (93)
P15C Comparison 44 9(20)
P16C Comparison 44 20 (45)
pP17C Comparison 43 42 (98)
P18C Comparison 43 2(5
P19C Comparison 44 27 (61)
P20C Comparison 43 39 (91
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Mood Logs Across All Participants

Mood logs were collected twice daily at 9 AM and 9 PM.
Overdl, the hinge-eating group logged their mood when
prompted by our app natifications with a log rate of 87.1%
(548/629 times). The comparison group logged their mood at
ahigher rate of 90.4% (638/706 times).

However, as seen in Table 2, the binge-eating group had lower
overall positive mood scores and was more likely to score their
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mood as negative (64/596, 10.7% compared with 17/671, 2.5%
in the comparison group) or very negative (19/596, 3.2%
compared with 0.4%, 3/671 in the comparison group). The
binge-eating group was also morelikely to report alower mood
log in the mornings (34/298, 11.4%) and evenings (39/298,
13.1%), reporting negative or very negative scores compared
with comparisons (6/330, 1.82%, and 14/330, 4.2%).

Table 2. Count of mood score categories from O (very positive) to 4 (very negative) for the comparison and binge-eating groups.

Mood Score Binge-Eating Group Comparison Group
0 Very Positive 34 52

1 Positive 335 453

2 Neutral 144 146

3 Negative 64 17

4 Very Negative 19 3

We computed the rate between the number of mood surveys
displayed on the screen and the number of surveys that should
have been triggered (2 per sensed day). Our participants had a
mean trigger rate of 92.9% (986/1062; SD 10, minimum 59.4,
maximum 100), which shows our surveys were delivered
reliably. We also calculated the rate between the number of
surveys that were answered and the surveys displayed on the
screen. We obtained an average answer rate of 88.4 (SD 6.71,
minimum 67.5, maximum 96.2), suggesting that our mood
survey instrument was easy to use, which was further confirmed
by the fact that the number of ignored surveys was on average
1.3 per week throughout the study’s 6 weeks. We also gave
participants the opportunity to report their moods outside the
scheduled time. Thisfunctionality was rarely used, with atotal
of 95 self-initiated mood reports and an average of 5 responses

(SD 5.9, minimum 0, maximum 18) across all participants.
However, we highlight that 26% (25/95) of these surveys were
used to correct a previous self-reported mood score (defined as
any new report made within 2 minutes of the previous one).

Part 2: Binge-Eating Data

Episode Logs

We had 98 episodes reported across our 10 participants in the
binge-eating group (Table 3). Most logs occurred in the evening
between 6 PM and midnight (41/98, 42%) or in the afternoon
between noon and 6 PM (35/98, 36%), with a smaller number
occurring in the morning between 6 AM and noon (14/98, 14%)
and a very small number occurring late at night between
midnight and 6 AM (8/98, 8%).

Table 3. The total number of episode logs (N=98) and episodes logged with additional text for al binge-eating group participants.

Participant ID Episode logs, n (%) Episodes logged with additional text (n=62), n (%)
PO1BE 6 (6) 0(0)
PO2BE 3(3) 0(0)
PO3BE 9(9) 309
PO4BE 6(6) 2(3
POSBE 8(8) 7(11)
POGBE 23(23) 23(37)
PO7BE 19 (19) 18 (29)
POSBE 16 (16) 2(3)
PO9BE 6 (6) 5(8)
P10BE 2(2) 2(3)

Of the 98 episode logs, 36 (37%) were recorded without any
additional text. We conducted a content analysis of the
remaining 63% (62/98) of self-reported episodeswith additional
text to explore any related themes of reporting that cut across
participants. It should be noted that some episodes involved
multiple themes. There were six overarching themesidentified
from our content analysis: (1) perceived lack of control, (2)
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emotions, (3) invasive negative thoughts, (4) disordered eating
behavior explicitly reported, (5) situational influence, and (6)
behavior avoided.

We had 36 explicit reports of binge-eating behavior across
participants:
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| waswatching movies and binged snacks even though
i’m not hungry [POSBE]

Made coffee muffins when partner was out. Ate 6 in
arow. [PO6BE]

massively over-snacked after not eating much lunch
at 12pm [POSBE]

There were 17% (6/36) of reports that displayed a perceived
lack of control:

tried really hard to not binge, but couldn’t stop mysel f
[PO3BE]

I’'m on my own and | can't sleep, and | can't stop
snacking [ POSBE]

Invasive negative thoughts were also explicitly reported 33%
(12/36) times. “Self-critical thoughts. Strong emotions”
(PO4BE); “fedl like failure” (PO6BE); and “I'm having really
bad intrusive thoughts :(" (PO9BE). Moreover, participants
reported on their feelings and emotions after a binge-eating
episode; “feeling quite ashamed now” (PO3BE), “feel useless
and angry,” and “Feel disappointed and dumb” (PO6BE).
Participants also reported 15 situational influences, which led
them to disordered eating behaviors:

Had to do a job interview today but didn’t go to plan
[PO3BE]

jeans| had ordered arrived today. They didn’t fit and
all 1 wanted to do was sit and cry and eat but |
couldn’'t because | wasn't alone [POSBE]

every time | see an ad for that massive popcorn
chicken from KFC | wanna binge eat the entire thing
[PO6BE]

Finally, there were 17% (6/36) of remaining reports related to
disordered eating behaviors that were avoided, despite the
thought processes around binge eating being there, because of
factors such as not being alone or because of the
acknowledgment of the negative effects of the disordered eating
behavior:

want to make myself sick in the bathrooms but it's
empty and I’ m scared my partner will hear. [PO6BE]

didn’t realise how much | waseating till | finished...]
but | amtrying to stop purging asit isstarting to have
negative physical effects [PO3BE]
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In the case of POGBE, there were several reporting incidents
that were framed positively (5/36, 14%):

Feel good didn't have cake etc at cafe as | would
100% scoff and eat too much and feel ill likei usually
do [PO6BE]

This may have been perceived as a restraint in relation to the
avoidance of abinge-eating episode; however, it isworth noting
that the deliberate restriction of food can aso be problematic
and a prelude to binging.

Smartphone Data on Episode Versus Nonepisode Days

PO1BE had only 2% (1/45) valid days, PO2BE had 93% (14/15)
of valid days, and PO6BE had only 17% (6/36) valid days; as
such, they were excluded from our behavioral feature analysis.
Thisleft us with the remaining 70% (7/10) of participants. We
explored the difference in magnitude between days when our
participants did and did not report an episode in relation to two
self-reported mood scores (thoselogged in the morning between
6 AM and noon and those logged in the evening between 6 PM
and midnight), as well as 12 behavioral smartphone features
extracted in daily segmentsthat span midnight to midnight. We
included the following smartphone features: geographical
location variance, total distance traveled, radius of gyration,
time at home, stationary (to moving) ratio, the total stationary
time, number of distinct Bluetooth devices sensed around the
phone, number of screen unlocks, total screentime, timeof first
screen use, total number of mobile apps used, and the entropy
of al mobile appsused (awider variety of apps produce ahigher
entropy value). The sensors that provide these features, a
layman'’s description, and the implementation of these features
can be found in the RAPIDS documentation [71].

Weframed our problem as 7 n-of-1, or single-case, experiments
with aternating AB phases. A phase is formed by consecutive
dayswithout binge-eating episodes, whereasaB phaseisformed
by consecutive days with binge-eating episodes. Overall, 82%
(36/44) of the B phases across all participants were 1 day long
(mean 1.3, range 1-4 days). The A phase across all participants
(N=48) was, on average, 5 days long (range 1-28). Table 4
shows the breakdown of the average phase length and range for
each participant.

Table 4. Average length (days) of phase A (no episode; N=48) and phase B (episode; N=44).

Participant ID A phases, n (%) A phases length, mean (range) B phases, n (%) B phases length, mean (range)
PO3BE 7 (15) 5.1 (1-10) 6 (14) 1.3(1-2)

PO4BE 6 (13) 6.3 (1-21) 5(11) 1(1)

POSBE 6 (13) 55 (1-13) 6 (14) 1.3(1-3)

PO7BE 9(19) 3.1(1-9) 9 (20) 1.7 (1-4)

POSBE 11 (23) 2.6 (1-7) 11 (25) 1.3(1-3)

PO9BE 6 (13) 6.3 (1-14) 5(11) 1(1)

P10BE 3(6) 13.7 (1-28) 2(5) 1(1)

We used the NAP index [73] to measure the probability that a  will exceed that of afeature value drawn at random from any

behavioral feature value drawn at random from any phase B
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Pustejovsky et al [78], concatenating al (1-N)A phasesinto a
single A phaseand all (1-M)B phasesinto asingle B phase and
setting a confidence threshold of 0.95 and an expected direction
of improvement given by the sign of the standardized mean
difference of A and B values ([meang —mean,]/SD4 g))-

In Table 5, we share the behavioral features of each participant
that had aNAP medium effect (an index between 0.66 and 0.92)
or aNAP strong effect (an index between 0.93 and 1) [73]. Only
the strong effects belonging to P10BE were statistically
significant after adjusting for multiple tests within participants
using the Benjamini and Hochberg method [ 79]. PO4BE, POSBE,
PO7BE, and P10BE self-reported feeling worse on days when
they binge ate; PO4BE had morning mood at a medium effect;
PO5BE and PO7BE had evening mood at a medium effect; and
P10BE had evening mood at a strong effect. POSBE, POSBE,
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and PO9BE had screen features with a medium effect (POS8BE
and PO9BE used or unlocked their phones less on days when
they binge ate). PO3BE had app entropy with a medium effect
(he or sheused awider variety of apps on dayswhen they binge
ate). PO4BE and P10BE had time at home with amedium effect
(they spent more time at home when they binge ate). PO4BE,
PO5BE, and P10BE had a medium and strong effect for total
distance (PO4BE traveled more and the others 2 less in days
when they binge ate). PO9BE and P10BE had a stationary time
and ratio with a medium effect (they moved around less when
they binge ate). Finally, P1OBE had location variance and radius
of gyration with a strong effect (he or she traveled less when
they binge ate) and unique Bluetooth devices with a medium
effect (he or she was arguably around fewer people or public
places when they binge ate).

Table 5. Smartphone features that showed a medium or high NAP? effect between phases A and B of participants that binge eat.

Participant ID Feature Standardized mean  NAP (SE) NAP, 95% ClI NAP effect Adjusted P
difference value

PO3BE App entropy 0.67 0.69 (0.2) 0.46-0.84 Medium 45
PO4BE Time at home 0.64 0.73(0.9) 0.46-0.89 Medium 45
PO4BE Mood morning 0.62 0.68 (0.1) 0.41-0.86 Medium 45
PO4BE Total distance 0.38 0.67 (0.16) 0.40-0.85 Medium 45
POSBE Total distance -0.58 0.73(0.12) 0.51-0.87 Medium .29
POSBE Mood evening 0.79 0.69 (0.13) 0.47-0.85 Medium .29
POSBE Screen unlocks 0.36 0.67 (0.08) 0.45-0.83 Medium .33
PO7BE Mood evening 0.70 0.68 (0.08) 0.50-0.81 Medium .25
POBBE Screen unlocks -0.63 0.69 (0.08) 0.51-0.83 Medium .29
PO9BE Stationary time 0.79 0.68 (0.16) 0.41-0.86 Medium A4
PO9SBE Screen time -0.81 0.67 (0.16) 0.41-0.85 Medium 44
P10BE Mood evening 1.67 0.99 (0.02) 0.58-1.00 Strong .046
P10BE Radius of gyration -0.46 0.98 (0.02) 0.57-1.00 Strong .046
P10BE Location variance -0.32 0.98 (0.02) 0.57-1.0 Strong .046
P10BE Total distance -0.68 0.98 (0.02) 0.57-1.0 Strong .046
P10BE Stationary ratio 1.47 0.91 (0.09) 0.5-0.99 Medium .07
P10BE Time at home 1.01 0.88 (0.06) 0.46-0.98 Medium .09
P10BE Bluetooth devices -0.88 0.83(0.07) 0.42-0.97 Medium A3

3NAP: Nonoverlap of All Pairs.

Part 3: Poststudy Interviews

Poststudy interviewswere optional. Among the 10 binge-eating
group participants, 3 (30%) consented to the poststudy interview;
among the 10 comparison participants, 5 (50%) provided
consent. Of the 20 participants, this provided atotal of 8 (40%)
interviews for analysis. Interviews lasted between 14 and 42
minutes each, were conducted via telephone, and were audio
transcribed for later deductive thematic analysis. A total of 45
codes were initially created and then further grouped into
themes. There were four overarching themes identified: (1)
positive and negative impacts of lockdown, (2) phone habits,
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(3) mood and episode logging, and (4) the usability of the
DeMMI app.

Positive and Negative | mpact of Lockdown

In the interviews, participants were asked how their moods
might have changed during the lockdown. Most participants
discussed their mood negatively, with both groups reporting
fluctuations in their mood during the lockdown and possibly
triggering episodes for those in the binge-eating group:

| was doing a lot worse when lockdown got really
bad. [PO9BE]

it was very much up and down... [P13C]
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| definitely think it’s been alot more up and down...as
soon as something tiny goes wrong...I would have
like a full-on breakdown. Then I’ [l comfort eat, have
a binge or start like picking at myself [PO7BE]
Several recurring themes were noticed in the interviews, which
were related to the negative impacts of the lockdown on on€e's
mood. Some participants highlighted feelings of hopelessness
and that the uncertainty of the situation was causing stress and
anxiety:

It can feel quite hopeless as we don't know when it
will change [P10BE]

I think like everyone, it’shad a negative impact...there
was that sort of novelty factor and we weren’t quite
sure how long it was gonna last. [P11C]

it was definitely a bit more scary, and because we
didn't know how long it was gonna go on for. A bit
unsettling...that was a bit stressful [P15C]

However, there were also some positives reported by both
groups. Approximately 25% (2/8) of participants mentioned
how the lockdown had encouraged them to have better time
management, as the time usually spent getting ready and
commuting to work could be used to spend more time with
people around them and participating in activities that they
enjoyed, such as exercising and volunteering:

there'sbeen alot of benefits of lockdown...I managed
to get into a nice little rhythm once my routine kinda
reset [P15C]

it's[lockdown] given everyone afocuswhichin some
ways has helped my social anxiety, |I've been
volunteering which | wasn't before [P10BE]

Furthermore, although some participants highlighted that being
able to exercise “makes [them] feel good and it kinda like
refreshes and resets [them]” (P1C), for members of the
binge-eating group “not being able to go and do exercise as
much, just feeling very tired all day” (PO7BE) was often seen
as a cause of stress that could trigger a vicious cycle of
binge-eating episodes and dietary restrictions. Despite this, the
same binge-eating group participant reported how having regular
face-to-face socia interactions during and after the lockdown
led to a positive impact on their mood:

if I go into placement. | work well, it's a good day,
but if I'mat home it’s not a good day [PO7BE]

However, with lockdown limiting face-to-face contact,
participants in this group could be at an even higher risk of
triggering a binge-eating episode.

Phone Habits

Long periods of staying at home during apandemic, with limited
knowledge of the virus, were seen to take atoll on participants
mental health, and with restrictions on socializing, participants
discussed beginning to form new habits, especially with their
phone and social media use. During the lockdown, most of the
participants reported a noticeable increase in their phone use:

I’ ve been on my phone a lot since lockdown started.
[PO9BE]
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| definitely use my phone a lot more than | used to...I
wouldn’t have done as much if I didn’t have as much
freetime as| do now. [P15C]

| would say that | was probably spending a bit more
screen time in lockdown...Not having that structure.
[P14C]

A participant clarified that this was not because of taking part
in the study:

| think it’s more lockdown that’s increased my phone
behaviours not really the app. [PO7BE]

The major causes for this change in phone use behaviors noted
by many participants were procrastination and boredom,
particularly as the lockdown period was during the summer
break for university students and/or some participants were
forced to take a break from work:

Alot more procrastination, just not really using it for
anything useful. [PO7BE]

I’minto the habit when I’ m not doing anything, I'm
much more procrastinating on my phone than | used
to be. [PO9BE]

| was using that a lot more, and maybe even out of
boredom. [P13C]

maybe out of boredom a little bit and maybe just out
of habit aswell. [P14C]

A few participants also discussed the negative impact of social
media and phone use on one’s mental health:

the increase in my phone usage probably contributed
to the decline in my mental health. [P10BE]

when I’m on social media and | see negative things.
So, when | get news alerts it's always negative...|
think Twitter was the worst for me...when everything
was going on with coronavirus and like the Black
Lives Matter movements...everything really made me
feel down and depressed. [P17C]

Moreover, 60% (3/5) of the comparison group participants
discussed the positive impact of using the DeMMI app:

it made me think about my use of social media or
being on my phone and if | thought that correlated
with my mood...I was thinking about how work
affected my mood, rather than my usage of my phone.
[P14C]

| did think about phone usage as well because when
| was thinking about what the app is sort of looking
at, | would reflect and think that actually | probably
use my phone alot more than | thought | did. [P13C]

I noticed how often | was using my phone, and | was
quite conscious of it in the first couple of days, | did
notice patterns in my mood too. [P15C]

This seemingly led some participants to reflect on how their
phone use correlated with their mood.
Mood and Episode Logging

The binge-eating group participants were asked to expand on
what they felt triggered them to experience an episode and how
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they classified an episode during the study (it should be noted
that the comparison group was only instructed to log their
mood). For one participant, the impact of social relationships
on the occurrence of episodes was noted, and the passing of a
close family member had affected their mood:

in terms of the binge eating...Cause, my boyfriend at
the time...we had some sort of issues [PO7BE]

probably about 6 weeks ago there was a big
trigger...my uncle had been ill for a while...And then
he died about 6 weeks ago [PO7BE]

Other binge-eating group participants noted that “intrusive
thoughts’ (PO9BE) and “the increase in my phone usage
probably contributed to the decline in my menta health”
(P10BE), which might trigger episodes of binge eating. In the
interviews, participants were also asked whether they noticed
any patternsin their behavior. Approximately 67% (2/3) of the
binge-eating group participants also noticed that their mood had
improved with the return of social interactionsand having more
occupied time:

S0 now it's a lot less time for overthinking and
worrying about things, and moretimeto actually just
be doing stuff. [PO7BE]

None of the participants in the comparison group reported any
concerns with mood logging. On the other hand, one of the
binge-eating group participants found it invasive at times
because of logging in a public environment:

Sometimes it was annoying because | wanted to ook
at my phone for something else. Sometimes if | was
with someone, | didn’t want them to see what | was
clicking so | didn’t do it. [P10BE]

However, another binge-eating group participant noted that the
app provided them with a level of accountability over
binge-eating episodes:

having to log it and recording my episodes has
actually been really helpful as like a deterrent,
especially for my binge eating. Because it was giving
me some accountability for doing it and if | do binge
eat then | have to record it. | actually think that it
made my like threshold for having an episode a little
bit higher. [PO7BE]

Usability of the DeMMI App

When discussing the usability of the DeMMI app, participants
mostly provided positive feedback for the app. Many participants
commented that it was*“easy to use” (P13C, P14C, P15C, P17C,
and P10BE). Some of the participants elaborated on the
user-friendly aspects of the app:

I liked [how] you could just click on the notification
bar and then just tap to add episode [PO7BE]

I liked how it popped up with the pop up telling you
to log your mood now. Because otherwise 100% |
would have forgotten. [PO9BE]

The main issue reported by the participants was related to the
app crashing. Approximately 25% (2/8) of the participants
commented the following:
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| had a lot of issues with the app force closing and
not knowing if it was still running, | don’t thinkin the
end | could enable all the features of it. [PO7BE]

The only thing that did happen, was occasionally

when | was browsing the web, so not really when |

was using any apps, it would occasionally say the

app wasn't responding. [P15C]
Participants provided several specific examples of feedback
that could be used to improve the app in the future. 50% (4/8)
of participants proposed an option for additional mood logs; a
participant suggested the following:

Maybe one around lunch time and one around evening
maybe? [PO9BE]
Another elaborated with a similar suggestion, saying the
following:

Because there was lots of days where in the morning
and evening | would put a neutral or a happy face,
then in the middle | would dip to close to having an
episode but not quite have an episode. [PO7BE]

P10BE commented that they would like the ability to adjust the
time of the mood logs:

I am often only just up by 9am or till asleep, so
checking in later for a mood score would have been
better...sometimes | needed to urgently look at
something on my phone, so | clicked off it quickly
without thinking and missed logging it.
All of the binge-eating group participants could see the benefits
of afuture app versionto identify or predict apotential episode,
aswell asthe addition of mindfulness and relaxation exercises,
safe practices, or positive affirmations:

even it's just recognising you're about to have an
episode...| think that might in itself even be a bit
useful. Like giving the accountability before and after.
[PO7BE]

if | pre-put in somelike songs or something that | like
and then it would identify it and then prompt you to
play the song, rather than needing to go and think
about oh I’'m going to put on some relaxing music.
Or maybe some exercise which uses your mind a bit
to distract you. [PO7BE]

Maybe if you could tailor them to what you find
useful. | wouldn't like an app to tell me what to do.
Maybe if you'd set up a reminder to do mindfulness
or something. [P10BE]

like positive affirmations...Like, a flowchart on what
to do. [PO9BE]

Finally, the participants were asked about privacy concerns
regarding automated data collection by the app. Most
participants voiced no privacy concerns.

| kinda trusted the study [P13C]
Moreover, 25% (2/8) of participants explained as follows:

but if this was just another app on the app store for
sure | would be having privacy concerns. [PO9BE]
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no [ concerns| because | wastold you could see what
apps and stuff were open, but you couldn’t see any
messages. | wasworried initially when | was signing
up to the study, but after | read everything and
emailed you it made me feel a bit better about it.
[P17C]

Further open questions were asked surrounding the clarity of
the information sheet that was distributed to the participants.
Most participants were satisfied with the level of information
that was provided to them to understand the purpose of the study
and how their data would be collected and handled:

| didn’t have any concerns or anything about that...I
thinkit wasvery clearly set out, | don’t think anything
stood out particularly. [P14C]

No [concerng], | was really happy with it...in terms
of privacy there was nothing that really stood out in
the information sheet that | was, ooh I'm not sure
about that or | don’t understand that...it was all pretty
straight forward. [P14C]

Several participants further highlighted the importance of
explicitly discussing data privacy and security within the study:

the information sheet where they were pointing out
the privacy settings, | think that stood out the most to
me. Because that was the information that | wanted
to know the most before | started the study. [P17C]

| did at first, just in terms of there’ s so much data that
you can really get passively from someone’'s
phone...But | knew what was being done with the data,
so | wasn’t too concerned about it. [P15C]

Discussion

Principal Findings

Our preliminary quantitative results suggest that every
participant had various smartphone features that were
meaningfully different between days with and without
binge-eating episodes. This, inturn, could encourage researchers
to investigate fully data-driven approaches to find hidden links
between smartphone behavioral features and these episodes
either via interpretable or black box predictive approaches.
However, our qualitative work paints a more nuanced image of
theresearch needed to deliver effective, safe, and ethical digital
interventions.

Per ceived Episode Indicators

In the feedback attached to the self-reported episodes,
participants described a variety of affective states, comorbid
mental health disorders, socia interactions, and daily life
experiences that either preceded or happened during their
binge-eating episode. These findings correspond with the
existing literature surrounding binge-eating episodes, which
has also identified these factors as potential antecedents of
binge-eating episodes [80]. We refer to these as indicators
because of their predictive potential and are keen to emphasize
that indicators are not necessarily causa contributors to
binge-eating episodes. It may be that they are provoked by the
latent trigger itself; for example, calling a relative for support
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may co-occur with binge eating but might not necessarily cause
abinge eating episode. Keeping in mind that the basic premise
behind a digital intervention based on mobile data is to find
behaviors that can be measured to deliver treatment before,
during, or after abinge-eating episode, it iscrucial to understand
and catalog these indicators independently of their causal role.

Theidiosyncratic nature of theindicatorsidentified in this study
warrants further examination in the form of a longitudinal
observational study, which can help clarify the relevance,
scalability, and focus of quantifying indicators using maobile
data (in our case, screen unlock time, app entropy, time at home,
stationary-to-location ratio, total distance, stationary time, screen
unlocks, evening mood score, and time of the first screen
unlock). For exampl e, ascenario where most of theseindicators
arerelated to affective states or mental health disorders such as
depression would support theideaof leveraging previousworks
on general or personalized mobile monitoring of these constructs
[81]. Under a different scenario, if most of these indicators are
related to situational influences such as social interactions with
certain people, work activities, or leisure activities, then it is
likely that models to detect these events will have to be highly
personalized, given the differences in people’s routines. For
example, researchers might have to monitor digital
communication between participants and specific relatives or
friends or adapt to people's work, school, or leisure settings
(monitoring sleep patterns, drinking patterns, and physical
activity). In practice, there might not be clear-cut lines among
affect, mental health, and situational influences, as the latter is
likely to affect the former, and a participant could report
episodes around both types of indicators, however, some might
be easier to quantify using smartphone or wearable data (see
the Computation Amenability of Indicators section).

It is also worth noting that the idiosyncratic nature of the
indicators we identified might reflect the idiosyncratic nature
of binge eating more broadly. In this study, we defined binge
eating in inclusive terms, did not state that it must form part of
a specific diagnosis (eg, bulimia nervosa and binge-eating
disorder), did not exclude binge eating that is comorbid with
other mental health conditions (eg, anxiety), and did not specify
whether binge eating must occur in the presence or absence of
purging. Previous EMA research suggests that different factors
may be more or less important to different clusters of
participants. For example, a review by Dingemans et a [82]
found differences in the affective dynamics associated with
binge eating with purging compared with binge eating without
purging. Thus, the previously described work on binge-eating
indicators would benefit from collecting this information to
understand whether there are commonalities among certain
participant clusters.

Frequency and Life Span of Episode Indicators

We need to understand how often and for how long these
indicators happen such that researchers focus their efforts on
the most common ones for a participant or a cluster of
participants. It is possible that the time a person is exposed to
or experiences an indicator will vary and that their relevance
fluctuates over time. The former means that the timescale at
which mobile data are analyzed will depend on the indicator
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(eg, should we look at anxiety levels in days or hours in the
past?), and the latter impliesthat model swill haveto adapt over
timeto changesin peopl €’ sroutines and personal circumstances
(eg, if being alonetriggers binge-eating episodes, what happens
when ayoung adult moves to live on their own after sharing a
house with other people during university?). Further compacting
this issue, research examining binge-eating episodes has
suggested that they may not necessarily be discrete events. More
specifically, Wilson and Sysko [83] discuss how binge eating
may be best thought of interms of binge-eating daysrather than
binge-eating episodes. Thisis especially important when binge
eating occurswithout purge behavior, as purge behavior isoften
considered a clear indicator that an episode has finished [84].

Severity and Impact of the Episodes Around Certain
Indicators

Paying particular attention to the situational influence indicators
(eg, being alone or having an argument with aloved one), itis
unclear (1) how often they are aproxy for binge-eating episodes
(and their likelihood of triggering afal se positiveintervention);
(2) whether the severity of the episodesthey pinpoint issimilar,
as measured by objective means (such as the amount of
consumed food, its nutritional value, or the duration of the
binge) or subjective means (such as the extent to which they
experiencealack of control); and (3) whether the psychological
and physical impact of such episodesis similar across episodes
(eg, people might not always engage in purging behaviors after
an episode). Researchersand patients might prefer to investigate,
guantify, and monitor the indicators that pinpoint episodeswith
the most negative effects. Our lightwei ght approach to episode
logging was well-received by the participants, who provided
additional text in 63% (62/98) of the cases. L everaging natural
language processing approaches to gain a better understanding
of specific indicator types and their severity of impact on the
person is apromising direction for future work.

Computation Amenability of Indicators

We expect to be able to quantify and detect each indicator to a
different degree using smartphone or wearable data. In our
study, we computed smartphone features that measured
constructswe considered to be roughly related to the indicators
reported by our participants. However, once researchers have
a better idea of the breadth and depth of indicators in a
population, they can decide which behavioral features might be
more relevant and need to be extracted. For example, it might
be very difficult to measure or anticipate the effect of daily
activities such as shopping on body image (PO3BE); however,
if it turns out that a considerable number of binge-eating
episodes occur around body image issues, then we could focus
on measuring the affective state induced by them. Alternatively,
research has indicated that some individuals may engage with
certain apps (eg, calorie-tracking apps) in different ways around
binge-eating episodes [1]. Similarly, certain episodes could
happen around indicators related to physical activity, Sleep
disorders, or communication patternsthat previous research has
had positive results quantifying using smartphones and
wearables[47,59,85-87], which are amore direct measurement
of the observed phenomena compared with affect and
psychological constructs.
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Intervention Candidates for Episode Indicators

Once a relevant indicator is identified and can be reliably
measured, the next question ishow to interveneto try to prevent
binge-eating episodes from occurring and/or provide support
for its duration. There is a pressing need for effective
binge-eating interventions. The currently available treatments
areonly effectivefor up to 50% of individual s with binge-eating
disorders and 30% of individual s with bulimianervosa[88,89].
Of these treatments, the most commonly prescribed is cognitive
behavioral therapy (CBT), which involves restructuring an
individual’s thoughts, feelings, and behaviors to support more
productive outcomes and reduce binge-eating occurrences[90].
Although CBT is typically delivered in therapeutic settings,
research has begun to consider its potential when delivered
remotely through smartphones (akin to a self-help tool) [17].
Initial research inthis space suggeststhat smartphone-enhanced
CBT can be as effective as therapist-led CBT and may be even
more effective in attaining some outcomes, such as meal
adherence [22]. Such smartphone-based approaches may also
be useful at the subclinical level, where individuals binge eat
and experience significant distress without a diagnosis.

Thereare several types of interventionsthat may be appropriate
for in situ delivery in response to the mobile sensed occurrence
of an indicator. These interventions can be loosely categorized
as (1) prompting and (2) self-management, both of which may
be compatible with the CBT framework. Prompting
interventionsrefer to those that are aimed at nudging participants
to change their behavior, prompting self-reflection that helps
put things in perspective, or even making them consciously
aware that an indicator that is typically associated with their
binge-eating behavior has been detected. Self-management
refers to interventions that support participants by providing
access to web-based toolsthat foster positive mental or physical
health. These web-based tool s could take many forms, including
the automatic recommendation of activities aimed at
de-escalating the situation (such asdistraction activities available
in appslike Calm Harm or Recovery Record); support messages
that are meaningful for the individual; or open communication
channels to family, friends, or health care providers that the
participant agrees to. Indeed, our participants provided similar
recommendationsfor activitiesthat might support theminfuture
app iterations during the poststudy interviews. Our empirical
program suggests that such interventions would need to be
personalized to the participant, consistent with previous work
on the design of smartphone-based interventions to support
mental health [91]. This personalization could be achieved with
the support of atherapist (ie, atherapist-mediated intervention)
or be self-led (ie, a self-help approach).

TheRisks, Cost, and Effectiveness of an | ntervention

Researchers must systematically consider the cost-effectiveness
of prompting, self-management, and other types of interventions.
Thistype of analysis has been conducted for HIV [92], physical
activity [93], smoking [94], acohol consumption [95], and
CBT-guided self-help interventions for binge eating [96] and
should take into account the time and expertise that these kinds
of digital interventions would demand from participants and
their health care providers [17]. In addition, researchers need
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to be aware of therisks of delivering an intervention when it is
not needed, failing to deliver an intervention when previous
deliveries have been successful and participants rely on them,
delivering an intervention aimed at disrupting a particular
indicator that in turn puts the participant at risk of engaging in
situations that could still trigger an episode (eg, suggesting
someone to avoid texting a relative without knowing that this
could make them anxious and in turn provoke an episode), and
thelong-term side effects of following certain interventions (eg,
spending less time outside). Designing future solutions that
actively consider responsible innovation and the possible
negative consequences of certain app features will help avoid
unintended consequences [1].

Intheend, it isfair to assume that binge-eating monitoring and
digital interventionswill need to account for the frequency, life
span, and computational amenability of the episodes’ indicators
and find a trade-off between the severity and impact of such
episodes and the goal, cost, risk, and the effectiveness of
candidate interventions. This sensor-informed context could
support people and their therapistsin identifying the triggers of
their binge-eating episodes or simply augment the nondigital
strategiesthey already use. Aswith other formsof retrospective
self-reporting [97-99], the consequences of showing participants
historical contextual information, the validity of these reports,
and cognitive biasesthat might comeinto play should be studied.
To our knowledge, this is an open problem in binge-eating
research.

Usability and Acceptance

Although we wanted to know how to improve the functionality
of theDeMM I appin our interviews, wedid not set out to follow
ausability engineering method for evaluating usability. Usability
discussions were organically gathered from the interviews and
identified as one of the themes in our qualitative analysis. At
thisearly stage of our research, when we were simply collecting
data as unobtrusively as possible, we wanted participants to
have minimal tasksto complete when interacting with the app;
they were only expected to log episodes and/or mood. Poor
system usability has been highlighted as one of the factors
affecting patient acceptance of health technologies [100]. As
such, we envision the need to conduct usability evaluations such
as heuristic evaluation and end user testing when the DeMMI|
app is further developed to include intervention-based
functionality. End user testing examines how users conduct
certain tasks or follow processes and is mainly focused on user
experiences within the system [101]. Heuristics evaluation is
conducted by usability experts and is concerned with the
assessment of the system against a set of heuristic guidelines
[102]. This type of usability engineering method would be an
essential step when end users are expected to navigate through
the app and engage with intervention-based content to support
them in managing their disordered eating behaviors. Future
work should adapt usability evaluation approaches taken, for
example, by Honary et al [103] and Or and Tao [101], which
are recommended for digital health solutions.

Reflectionson Approachesto Participant Engagement

Participant insights played a pivotal role in uncovering the link
between mobile data and binge-eating occurrence. That said,
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participant engagement was a significant challenge that we
experienced in this study. Our most successful recruitment
medium was an Instagram campaign in which 177 people
responded viaemail. However, only 15 (8.5%) people consented
to participate after receiving the study information, and of those
15, only 10 (67%) installed our app. This low recruitment rate
could be caused by concerns surrounding the sharing of maobile
data that has the potential to expose web browsing and
communication habits. However, as noted in both our
consultation and poststudy interviews, and echoing the findings
fromthe study by Honary et al [91], participantswere generally
satisfied with the information we had provided relating to how
we would capture and use their sensor data through our What
You Do/What We See resource, which we have made available
for reuse (Multimedia Appendix 1). Theclarity and transparency
regarding what could be considered invasive data capture were
enough to aleviate participants’ initial concerns, and we greatly
suggest that future researchers use a similar approach in their
research to increase participants’ literacy surrounding mobile
sensed data. Furthermore, only 30% (3/10) of our binge-eating
group participants agreed to be interviewed at the end of the
study. This could be an exception, given our low number of
participants but could also be linked to the shame and fear of
stigmareported by those who binge eat [5]. Exit interviews are
an important part of the research process; therefore, moving
forward, we aim to explorethe potential of questionnaire-based
exit interviews that may be perceived by participants as more
confidential.

Limitations

This was an exploratory study aiming to explore the type of
mobile sensing datathat might be relevant for detecting episodes
of binge eating. We acknowledge the limitations of our small
sample size (20 participants), which makes it difficult to
conclude any definitive findings, particularly given the
individual differences between the participants. However, this
preliminary study was conducted to inform the design of future
larger-scaletriasin this space. Given what we now know about
participants’ engagement with the study, their acceptance of the
methods, and their willingness to provide self-reported data,
we are confident that a larger-scale study would be feasible. In
addition, our study monitored a UK-only cohort of peoplewith
binge-eating behaviors, limiting our results’ generalizability to
other contexts. During the study, our participants’ general
behavior might not be representative of their usual routines
because of mobility limitations during the COVID-19 lockdown.
Our smartphone monitoring app was only compatible with
Android and stopped collecting sensor data on 20% (4/20) of
our participants’ phones, likely because of asoftware bug related
to data synchronization, which, as it is, could limit the
deployment of future studies using the same app. The
exploratory nature of our study calls for the collection of data
from multiple smartphone sensors. However, this might have
influenced our low initial consent rate compared with the
number of people initialy interested in participating. Clearer
study information materials provided early in the recruitment
process and amore constrained sensing approach might aleviate
thislimitation.
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Conclusions

We conducted a preliminary analysis of the differences in
smartphone-based behavioral features between days with and
without binge-eating episodesto explore the feasibility of using
mobile sensing to detect these events. We contextualized the
experiences of people who binge eat and reflected on the
challenges and opportunities for working with this population.

Vegaet a

In addition, we discussed the need to understand participants
personal and socia contexts preceding and accompanying their
binge-eating episodes to be able to weigh the benefits,
congtraints, and risks of monitoring them using smartphones,
aswell asthe implications of leveraging the insights extracted
from these data sources to plan for safer and more effective
digital interventions.
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Abstract

Background: Anxiety isrising acrossthe United States during the COVID-19 pandemic, and social distancing mandates preclude
in-person mental health care. Greater perceived control over anxiety has predicted decreased anxiety pathology, including adaptive
responses to uncontrollable stressors. Evidence suggests that no-therapist, single-session interventions can strengthen perceived
control over emotions like anxiety; similar programs, if designed for the COVID-19 context, could hold substantial public health
value.

Objective: Our registered report evaluated a no-therapist, single-session, online intervention targeting perceived control over
anxiety in the COVID-19 context against a placebo intervention encouraging handwashing. We tested whether the intervention
could (1) decrease generalized anxiety and increase perceived control over anxiety and (2) achieve this without decreasing
social-distancing intentions.

Methods: We tested these questions using a between-subjects design in a weighted-probability sample of US adults recruited
viaa closed online platform (ie, Prolific). All outcomes were indexed via online self-report questionnaires.

Results: Of 522 randomized individuals, 500 (95.8%) completed the baseline survey and intervention. Intent-to-treat analyses
using al randomized participants (N=522) found no support for therapeutic or iatrogenic effects; effects on generalized anxiety
were d=—0.06 (95% Cl —0.27 t0 0.15; P=.48), effects on perceived control were d=0.04 (95% CI —0.08t0 0.16; P=.48), and effects
on social-distancing intentions were d=—0.02 (95% Cl —0.23 to 0.19; P=.83).

Conclusions: Strengths of this study included alarge, nationally representative sample and adherence to open science practices.
Implications for scalable interventions, including the challenge of targeting perceived control over anxiety, are discussed.

Trial Registration: Clinical Trials.gov NCT04459455; https://clinicaltrials.gov/show/NCT04459455

(JMIR Ment Health 2022;9(4):€33473) doi:10.2196/33473

KEYWORDS

anxiety; COVID-19; single-session intervention; SSI; perceived control; intervention; mental health; control; online intervention;
telemedicine; telehealth; scalable

: care workers [2], their family members [3], and the general
Introduction population [4] in China during the COVID-19 pandemic’s
Background escalation, 24%-33% of people met criteria for an anxiety

disorder. These rates are roughly double the point prevalence

Social isolation, looming threats of infection, and declining e of anxiety disordersfrom a previous representative sample
confidence in our abilities to cope have been spurred by the [5].

COVID-19 pandemic [1]. For many, this cocktail of stressors
has led to increased anxiety. Based on large surveys of health
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Likewise, levels of anxiety symptoms appear to be rising among
US citizens. The COVID-19 pandemic has had wide and
enduring negative effects on the mental health of individuals
across the life span [6]. In a nationally representative survey
conducted March 11-15, 2020 (n=1216), 32% of American
adults reported worry dueto COVID-19 had negatively impacted
their mental health, and thisrate climbed to 45% when the same
guestion was asked in another nationally representative sample
conducted March 25-30, 2020 (n=1226) [7].

Certainly, not all of these shiftsreflect increasesin pathol ogical
anxiety (versus situation-appropriate worry), but reasonsremain
for seriousclinical concern. Increased time spent worrying about
COVID-19 relates to more severe anxiety pathology—»both in
health care workers[8] and the general populationin China[9].
Increased anxiety symptoms could also have negative public
health effects during a pandemic. For example, 28% of people
with anxiety disorders seek treatment in emergency rooms each
year [10], frequently dueto somatic symptomswith no medical
cause (eg, panic symptoms like unspecified chest pain) [11].
Asanxiety ratesincrease, so too could these often-unnecessary
hospital visits, further exacerbating patient burden in already
overwhelmed emergency medicine departments. Identifying an
intervention to facilitate independent coping with
anxiety—ideally, one that is brief and easily scalable—could
help mitigate negative effects of increasing anxiety nationwide.

Perceived control, or one’s subjectively felt ability to control
on€e'senvironment and inner experiences, prospectively predicts
lower distress during and following numerous uncontrollable
stressors, from experiencing sexual assault [12] to recovering
from breast cancer surgery [13] and a heart attack [14]. If one
perceives control over their ability to reduce anxious responses
(eg, racing thoughts, pounding heart), theory suggests that one
islikely to experience less distress, regardless of actual control
[15,16]. Empirical evidence consistently supports this idea.
Individuals reporting lower perceived control of their internal
experiences exhibit higher levels of anxiety (ranging from
nonclinical to clinical levels), regardless of objective levels of
control [17,18]. Adultsin community and nonclinical samples
reporting lower perceived internal control have shown higher
prevalence rates of anxiety disorders and more severe anxiety
symptomatology versus those reporting higher levels of
perceived interna control [19-21]. With respect to prospective
associations[22], lower levelsof perceived internal control have
predicted higher future anxiety symptom severity in adults
(including both social and generalized anxiety severity).
Likewise, a meta-analysis exploring low perceived control as
a transdiagnostic risk factor for anxiety disorders [23] found,
across studies and diagnoses, perceived control was negatively
linked with both trait and pathological anxiety severity.
Experimental evidence suggests that one can reliably decrease
anxiety related to low perceived internal control by increasing
one's capacity to ater their own thoughts, emotions, and
experiences—for instance, by teaching specific skills or
strategies to manage inner experiences [24-27].

During the present pandemic, one’s perceived control over the
circumstances may be (and remain) understandably low: No
individual can dow itscourse single-handedly. In fact, perceived
control of one's environment is largely unrelated to anxiety
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following circumstantial stressors (eg, undergoing basic military
training) [28]. However perceived control over one’'s own
anxiety may remain high—and can be augmented—even amid
uncontrollable circumstances like a psychiatric hospitalization
[29]. In contrast with perceived control over one's environment,
perceived control over on€'s own anxiety is negatively
associated with generalized anxiety symptoms, even after
controlling for the Big Five persondity traits [22], and
prospectively predicts fewer daily internalizing symptoms over
the course of a month [30]. Psychosocial treatments such as
intensive psychiatric hospitalization [29] and acceptance and
commitment therapy [31] appear to increase perceived control
of anxiety, and these increases are associated with declinesin
anxiety symptoms during treatment. Although we cannot be
certain perceived control will demonstrate the same links to
anxiety symptoms during a population-level uncontrollable
event (eg, a global pandemic), it is a promising preliminary
target for intervention. Importantly, preliminary evidence
suggests that a self-administered, online, and single session
intervention (SSI) can increase perceived control over emotions
like anxiety from pre- to postintervention [32], in turn predicting
decreasesin anxiety severity 9 months later [33].

SSIsconsistently demonstrate similar effect sizesto multisession
therapies on mental health outcomes [34-36]. Meta-analytic
evidence also indicates self-administered, online SSIs yield
similar effect on mental health outcomes as therapist-directed
SSIs [34,37]. Brief interventions that teach simple, repeatable
skills, such as goal setting, may exert larger effects on
psychopathology compared with “information-only” and
norm-referencing interventions [37]. In fact, early research
identifies a combination of (1) normalizing experiences via
neuroscientific explanations of mental health difficulties (with
care to not communicate these difficulties are thereby inherent
and unchangeable[38]), (2) providing testimonialsfrom others
to reinforce this norm and introduce examples of repeatable
skill use, and (3) empowering participants as hel pers by asking
them to practice the repeatable skill during the session and share
their advice for how to implement the repeatable skill with
others [39], as potentidly helpful components of
self-administered SSls. This format alows for “minimal”
interventions that retain efficacy [40-42]. Indeed, interventions
as short as 5 minutes can improve mental health—related
outcomes [37], consistent with findings that interventions of
similar length can improve academic performance [43] and
increase later egalitarian actions[44]. Thisintervention format
can aso more effectively scale up to meet the mental health
needs of large numbers of people than traditional face-to-face
therapy or longer online treatments [45,46].

Online, self-administered SSIs are also more easily, rapidly
testable in representative samples than interventions requiring
clinician contact (either in-person or remotely). Clinical trials
of mental health treatments are generally underpowered [47]
and nonrepresentative of the general population [48]. In larger,
more representative clinical trials of clinician-dependent
treatments, the recruitment process often requires several years
[49]. This timeline is wholly incompatible with testing
interventions to mitigate harms of immediate crises, including
the COVID-19 pandemic. Rather, such tests require
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interventionsthat may be evaluated rapidly, iterated if necessary,
and disseminated appropriately while the pandemic is still
ongoing. Online, self-administered SSIsfulfill these criteria, as
thereis evidence weighted-probability samples can be collected
in 2 to 3 days for survey research [50], and SSlIs found to be
efficacious could be disseminated immediately, and broadly,
online[51]. Even if participants are half aswilling to complete
an SSI program embedded within a survey, compared with a
survey on its own, baseline data collection could still be
completed in less than 1 week.

We therefore evaluated whether an online, self-administered
SSI designed to strengthen perceived control over anxiety in
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the context of the COVID-19 pandemic (Contain COVID
Anxiety) increased perceived control over anxiety immediate
post-SSI and decreases general anxiety 2 weekslater more than
a placebo, handwashing-plan SSI (Remain COVID Free) in a
weighted-probability sample of the United States (n=500, See
Multimedia Appendix 1 for thefull text of both SSIs). See Table
1 for al confirmatory hypotheses and guidelines for
interpretations of results.

Our primary hypothesis concerned whether the Contain COVID
Anxiety SSI decreased generalized anxiety symptoms 2 weeks
later more than the placebo SSI.
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Table 1. Designtable.

Question and hypotheses Samplingplan  Apalysis plan? Interpretation given to different outcomes
(eg, power anal-

ysis)®

Doesthe Contain COVID Anxiety SSI b decrease generalized anxiety symptoms from baseline to 2 weeks later more than the placebo SSI
Remain COVID Free?

H1: Generdized anxiety decreases more H1: n=400for  H1: Test for assumptionsand apply Support for H1: If the P value for condition
when participants are randomized to the 95% power transformations as necessary. Take is<.0167 in the H1 linear model and the
Contain COVID Anxiety SS| than when the 2-week follow-up generalized ~ 95% CI for the difference in generalized
participants are randomized to the Remain anxiety mean and enter it asthede- anxiety is negative and does not include O
COVID Free placebo SSI. pendent variable in alinear model ~ when participants are randomized to the
with the baseline generalized anxi- Contain COVID Anxiety SSI, wewill reject
ety mean and treatment conditionas HO and interpret the study as supporting
predictors. Contain COVID Anxiety decreasing gener-
alized anxiety more than the placebo SSI
Remain COVID Free. Lack of support for
H1: If the P value for the equivalence test
described in the “ Support for HO” section
i5>.0167, we will interpret the study as
producing evidence that the Contain COVID
Anxiety SS| is neither superior nor equiva-
lent or inferior to the Remain COVID Free
SSI at decreasing generalized anxiety.
HO: Generalized anxiety either doesnotin- HO: n=150 for  HO: Test for assumptionsand apply  Support for HO: If the P value for condition
crease more when participants are random- - 95% power transformations as necessary. Take is<.0167 in the H1 linear model and the

ized to the Contain COVID Anxiety SSI
than when participants are randomized to
the Remain COVID Free placebo SSI, or
generalized anxiety increases more when
participants are randomized to the Remain
COVID Freeplacebo SSI than when partic-
ipants are randomized to the Contain
COVID Anxiety placebo SSI.

H1.: Perceived control over anxiety increases H1: n=350 for

more when participants are randomized to
the Contain COVID Anxiety SSI than when
participants are randomized to the Remain
COVID Free placebo SSI.

95% power

the 2 weeks later generalized anxi-
ety mean and predict it with the
baseline generalized anxiety mean.
Enter the mean and SD of the stan-
dardized residuals from that model
for when the condition is Remain
COVID Free and the mean and SD
of the standardized residuals from
that model when the condition is
Contain COVID Anxiety into abe-
tween-groups equivalence test with
equivalence bounds of d=—0.66 to
d=0.33.

H1: Test for assumptions and apply
transformations as necessary. Take
the post-SSI perceived control over
anxiety mean and enter it asthe de-
pendent variable in alinear model
with baseline perceived control over
anxiety mean and treatment condi-
tion as predictors.

95% ClI for the difference in generalized
anxiety is positive and does not include O
when participants are randomized to the
Remain COVID Free SSI or the P value or
intervention order is>.0167 inthe H1 linear
model, we will run the between-groups
equivalence test described in the analytic
plan for HO. If the equivalence test has a P
value <.0167, we will interpret the results
as indicating the Contain COVID Anxiety
SSI was equivalent or inferior to the Remain
COVID Free SS| at improving generalized
anxiety. Lack of support for HO: If the P
value for the equivalence test described in
the “ Support for HO” section is >.0167, we
will interpret the study as producing evi-
dencethat the Contain COVID Anxiety SSI
isneither superior nor equivalent or inferior
to the Remain COVID Free SS| at decreas-
ing generalized anxiety.

Doesthe Contain COVID Anxiety SSI increase perceived control over anxiety from baselineto immediately post-SSI more than the placebo
SSI Remain COVID Free?

Support for H1: If the P value for condition
is<.0167 in the H1 linear model and the
95% CI for the difference in perceived
control over anxiety is positive and does not
include O when participants are randomized
to the Contain COVID Anxiety SSI, wewill
reject HO and interpret the study as support-
ing Contain COVID Anxiety increasing
perceived control over anxiety more than
the placebo SSI Remain COVID Free. Lack
of support for H1: If the P value for the
equivalence test described in the “ Support
for HO" sectionis>.0167, we will interpret
the study as producing evidence that the
Contain COVID Anxiety SSI is neither su-
perior nor equivalent or inferior to the Re-
main COVID Free SSI at improving per-
ceived control over anxiety.
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Question and hypotheses Sampling plan  Apgl ysis plan® Interpretation given to different outcomes
(eg, power anal-
ysi9?
HO: Perceived control over anxiety either  HO: n=150 for ~ HO: Test for assumptionsand apply  Support for HO: If the P value for condition
does not increase more when participants ~ 95% power transformations as necessary. Take is<.0167 in the H1 linear model and the

are randomized to the Contain COVID
Anxiety SSI than when participants are
randomized to the Remain COVID Free
placebo SSI or perceived control over anxi-
ety increases more when participants are
randomized to the Remain COVID Free
placebo SSI than when participants are
randomized to the Contain COVID Anxiety
placebo SSI.

the post-SS| perceived control over
anxiety mean and predict it with the
baseline perceived control over
anxiety mean. Enter the mean and
SD of the standardized residuas
from that model for when the condi-
tionisRemain COVID Freeand the
mean and SD of the standardized
residuals from that model when the
intervention order is Contain
COVID Anxiety into a between
groups equival ence test with equiv-
alence bounds of d=—0.63to d=0.21.

95% CI for the difference in perceived
control over anxiety is negative and does
not include 0 when participants are random-
ized to the Remain COVID Free SSI or the
P value or intervention order is>.0167 in
the H1 linear model, we will run the be-
tween-groups equivalence test described in
the analytic plan for HO. If the equivalence
test hasa P value <.0167, we will interpret
theresults asindicating the Contain COVID
Anxiety SS| was equivaent or inferior to
the Remain COVID Free SSI at improving
perceived control over anxiety. Lack of
support for HO: If the P value for the
equivalence test described in the “ Support
for HO" sectionis>.0167, we will interpret
the study as producing evidence that the
Contain COVID Anxiety SSI is neither su-
perior nor equivalent or inferior to the Re-
main COVID Free SSI at improving per-
ceived control over anxiety.

Does completing the Contain COVID Anxiety SSI have an association with social distancing intentions statistically equivalent to 0?

H1: Social distancing intentions do not in-
crease or decrease pre-Contain COVID
Anxiety SSlsto immediate post-Contain
COVID Anxiety SSI.

HO: Social distancing intentions either in-
crease or decrease pre- to immediate post-
Contain COVID Anxiety SS|

H1: n=154 for
95% power

HO: n=156 for
95% power

H1: Test for assumptions and apply
transformations as necessary. Enter
the mean and SD of the social dis-
tancing intention composites at
baseline and post-Contain COVID
Anxiety SSI (only among people
who were randomized to the Con-
tain COVID Anxiety) into a paired
equivalence test with equivalence
bounds of d=-0.33 to d=0.33.

HO: Test for assumptions and apply
transformations as necessary. Enter
the mean and SD of the social dis-
tancing intention composites at
baseline and post-Contain COVID
Anxiety SSI (only among people
who were randomized to the Con-
tain COVID Anxiety) into a paired
t test.

Support for H1: The P value for the paired
equivalence test described in the analysis
plan column is <.0167. We will interpret
thisresult as support for the hypothesis that
socid distancing intentionsare not increased
or decreased pre to post both Contain
COVID Anxiety (even if the paired t test
for HO in the analysis plan column also has
aP vaue <.0167).

Support for HO: The P value for the paired
equivalencetest inthe analysis plan column
is>.0167, and the P value for the paired t
test in the analysis plan column is <.0167.
We will interpret this result as supporting
the hypothesis that social distancing inten-
tions either increased or decreased as the
result of completing the Contain COVID
Anxiety SSI. Wewill examinethedirection
of the effect by looking at the direction of
the effect size (positive effect size=in-
creasein social distancing intentions; nega-
tive effect size = decrease in social distanc-
ing intentions).

8Refer to the R code on the open science framework page for the power analysis and analysis plan [52].
bssl: & ngle-session intervention.

Hypothesis 1

We expected alarger decreasein generalized anxiety symptoms
from immediately pre-SSI to 2 weeks later when participants
were randomized to the Contain COVID Anxiety SSI instead
of the placebo SSI. This pattern of resultswould indicate alarger
decrease in generalized anxiety symptoms occurs pre-SSl to 2
weekslater in the Contain COVID Anxiety SSI compared with
the placebo SSI.
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We al so tested whether the active SSI Contain COVID Anxiety
can be deployed at scale without reducing intentions to engage
in social distancing. Socia distancing remains the most potent
known nonpharmacological intervention to reduce the spread
of the SARS-Cov-2 virus [53]. Directly testing whether
completing Contain COVID Anxiety hasthe negative side effect
of reduced socia distancing intentions, which could in turn
predict reduced social distancing behaviors [54], is crucia to
determining whether the intervention can be responsibly tested
and disseminated at scale. Thus, we devel oped thisintervention
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with an eye toward not undermining socia distancing intentions.
However, socia distancing intentions were not a direct target
of the intervention, so we aso did not expect to see an increase
in these intentions as a result of completing the intervention.

Hypothesis 2

We hypothesized that engaging in the Contain COVID Anxiety
SSI would have an association with pre- to post-SSI change in
socia distancing intentions that is statistically equivalent to 0.
This pattern of results would indicate completing the
intervention is not meaningfully associated with intentions to
socialy distance.

Wewere also interested in whether the SSI designed to increase
perceived control over anxiety did, in fact, increase perceived
control over anxiety immediate post-SSI more than the placebo
SSl.

Hypothesis 3

We expected a larger increase immediate pre- to immediate
post-SSI in perceived control over anxiety to occur for
participants randomized to the Contain COVID Anxiety SSI,
relative to those randomized to the placebo SSI. This pattern of
results would indicate a larger increase in perceived control
over anxiety occurs pre- to post-Contain COVID Anxiety SSI
compared with the placebo SSI.

Present Study

This study tested the efficacy of decreasing generalized anxiety
symptoms (Hypothesis 1) and increasing perceived control of
anxiety with the Contain COVID Anxiety SSI in a nationally
representative sample (Hypotheses 1 and 3) and the safety of
testing and making the SSI available at scale (Hypothesis 2).
This is a crucia step toward providing open-access,
evidence-based resources to help the US population more
effectively cope with their anxiety during the COVID-19
pandemic.

Methods

Ethics Information

The study was approved by the Institutional Review Board
(IRB) of Stony Brook University under protocol #2020-00204.
Asrequired by US law, a description of this study is available
at Clinicatrials.gov. We have also included a CONSORT
checklist in Multimedia Appendix 2.

Participants and Design

We recruited a sample of 500 participants representing a
weighted-probability sample of the United States through
Prolific, an online platform connecting researchers and
participants. Prolific is designed specifically for use in the
scientific research context, unlike older online crowdsourcing
platforms (eg, Mechanical Turk) that were designed for broader
use (eg, by marketing and advertising companies to outsource
labor) [55,56]. To address particular needs of the academic
research community, Prolific provides estimates of the available
population for a given study, enables confidential collection of
human subjects data, allows for prescreening and exclusion of
participants based on individual study criteria, preventsduplicate
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responses by limiting users to one Prolific account that is
verified by built-in data quality checks using cookies and 1P
address, and directly facilitates longitudinal datacollection[56].
Upon signing up viaProlific to volunteer for scientific research
studies (ie, click a button on the Prolific website that reads,
“Participate: Take part in engaging research, earn cash, and help
improve human knowledge!”), Prolific users provide
sociodemographic and personal background information; they
then receive invitations via email to take part in studies for
which they qualify, whenever such studies are made available
by research teams around the world. To date, Prolific has been
used in hundreds of psychological scientific studies, including
many focused on adults experiencing mental health problems
[57,58]. Prolific alows for informed consent to be provided
digitaly. In this study, individuals volunteered to participate
by providing digital informed consent within an online Qualtrics
survey developed by the study team, after being presented with
an IRB-approved study information and consent form. This
consent form included all relevant information about the
benefits, risks, and compensation related to study participation.
University affiliation (Stony Brook University) was visible to
participants on consent forms and on the first page of both SS
programs (Contain COVID Anxiety SSI and the placebo Remain
COVID Free SSl). Once auser completed the study, the project
was no longer viewable on their Prolific account.

This study’ sweighted-probability samplewas stratified on age,
sex, and ethnicity. To help further maximize the generalizability
of our findings, there were no prescreening inclusion nor
exclusion criteria other than having a Prolific ID, being at least
18 yearsold (ableto provide consent), and residing in the United
States. However, study participation required access to, and
comfort using, a device connected to the Internet. We also
recruited 8 pilot participants from the Prolific platform before
recruiting this weighted probability sampleto ensure datawere
being collected properly, and these pilot participants datawere
not used in confirmatory analyses of this study. All pilot data
are available on the open science framework page [52].

We conducted intent-to-treat analysesincluding all participants
who were randomized to a study condition (n=522, see [52]).
We sought to prevent missing data by requesting responses to
each question (with a reminder at the end of each page if
participants had not answered a question) and imputed missing
data using the expectation-maximization and bootstrapping
algorithm implemented with Ameliall in R [59].

We used a between-subjects design; participants were
randomized to receive either the active Contain COVID Anxiety
SSI (50% allocation) or the placebo Remain COVID Free SSI
(50% allocation). The sequence determining randomization of
condition was automatically generated using the randomizer
within Qualtrics Survey Software (no blocking was used for
this randomization), making the randomization process
double-blind. Totriple-blind our analysis process, the last author
(JS) downloaded the data from Qualtrics and recoded the
variable indicating to which SSI the participants were
randomized before sending the data to the first author (MM)
who performed the primary analyses. Therefore, the primary
analyses were conducted without the knowledge of which
condition iswhich.
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Power analyses were conducted using a“ smallest effect size of
interest” approach, where we aimed to be powered to detect the
smallest effect size corresponding with a subjectively
meaningful difference in participants experiences [60]. For
hypothesis 1, using simulations conducted in R, we determined
we would need a sample size of 400 for 95% power to detect
the smallest effect size of interest for this hypothesis (d=0.33,
as determined by a conservative estimate from a previous SSI
for general anxiety). For hypothesis 2, using the TOSTER
package in R, we determined we would have >95% power to
detect whether the beginning to end effect of the Contain
COVID Anxiety SSI on social distancing intentionsfallswithin
the equival ence bounds of d=—0.33 to d=0.33 with an n of 250.
We chose these equivalence bounds based on not wanting any
negative side effects on social distancing intentionsto be greater
than the smallest effect size of interest for our primary outcome
(general anxiety). For hypothesis 3, using simul ations conducted
in R, we determined we would have >95% power to detect the
smallest effect size of interest, d=0.21, the smallest change in
perceived control dueto anintervention to predict later decreases
in anxiety observed in previous SSI work at n=500 [33]. We
retained greater than 95% power by both recruiting enough
participantsto account for 20% attrition at the 2-week follow-up
and using multiple imputation techniques to carry out an
intent-to-treat approach. Further, we also conducted sensitivity
tests for each hypothesis to examine the range of estimates of
the effects observed if all missing data are assumed to be in
either the 75th or 25th percentile of change for each key
variable—thereby quantifying what our estimates would look
likeif our data were not missing at random due to unobserved
confounders. See the publicly available code for the power
analysis[52].

Procedure

The entire procedure was conducted online via the Qualtrics
Survey Platform, which participants were linked to directly
from Prolific. After providing informed consent, participants
spent approximately 8 minutes filling out pre-intervention
guestionnaires including demographics, depression symptoms,
generalized anxiety symptoms, self-hatred, access to mental
health treatment, and COVID-19—related stressors.

Immediately following answering these questions and
immediately prior to the SSI intervention, participants completed
the Anxiety Control Questionnaire-Emotion Control (ACQ-EC)
scale, the Hand Washing I ntentions scal e, and several questions
about socia distancing asked in national surveys to measure
their beliefs about the intentions of others to engage in social
distancing behaviors like avoiding public spaces and private
gatherings.

The participants were then randomized to and spent
approximately 8 minutes completing one of the SSls described
in the following sections (which one depended on the number
generated by the random sequence from the Qualtrics
randomizer described in the previous paragraphs), immediately
followed by approximately 2 minutes completing the ACQ-EC
scale, the Hand Washing Intentions scale, several questions
about social distancing from astandardized Centersfor Disease
Control and Prevention (CDC) item bank, and the
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comprehension questions. They werethen sent to aProlific link
for compensation (with an incentive of US $2.17 for the
20-minute survey, or US $6.50 per hour) and reminded of the
follow-up survey 2 weeks later. Participants also received a
reminder through the Prolific platform 2 weeks later to
participate in the 2-minute follow-up survey containing a
measure of generalized anxiety symptoms, perceived control
over anxiety, and an anchor-based question (see [60]) to help
determine the smallest subjectively noticeable difference in
generalized anxiety symptoms over 2 weeks. They were then
debriefed, provided with mental health resources, and sent to a
Prolific link for compensation (US $0.22 for the 2-minute
survey, or US $6.50 per hour). We focus here on describing
scales directly related to confirmatory hypotheses and quality
checks. See Multimedia Appendix 1 for alist of questionnaires
included.

M easures

Anxiety Symptoms

The Generalized Anxiety Disorder-7 (GAD-7; [61]) measures
clinical anxiety symptom severity, based on diagnostic criteria
for generalized anxiety disorder. The GAD-7 includes 7 items
asking respondents how often, during the last 2 weeks, they
werebothered by each of 7 anxiety symptoms. Response options
are“not at all,” “several days,” “more than half the days,” and
“nearly every day,” scored as 0, 1, 2, and 3, respectively; thus,
total sum-scores may range from 0 to 21, and average scores
range from 0 to 3. The GAD-7 has shown adequate reliability
and strong convergent validity with other anxiety scales [61].
The GAD-7 is frequently used in large-scale treatment and
dissemination studies as ageneric measure of changein anxiety
symptoms [62].

Perceived Control Over Anxiety

The ACQ-EC [19] measures how much perceived control
participants have over their anxiety, the primary outcome of the
study. It is one of the 3 validated subscales of the Anxiety
Control questionnaire and contains 4 items (eg, “I am able to
control my level of anxiety.”) rated on a0 (“ Strongly Disagree”)
to 5 (“Strongly Agree”) scale. The potential mean scores of the
scale (the score of interest for testing hypothesis1 at all 3times
points) therefore range from O to 5. The scae has a
well-validated factor structurein anonclinically selected sample,
is strongly associated with anxiety and depression symptoms,
and has demonstrated good internal consistency in previous
investigations [19].

Social Distancing I ntentions

The following Social Distancing Intentions questions, the
secondary outcome of the study, are part of a standardized item
bank provided by the CDC [63]: All start with “ Starting today,
for how long do you believe others would be willing to engage
in the following behaviors?’ and then “Avoid going out to a
restaurant, bar, or club,” “Avoid going to a family gathering
like a birthday party or wedding or funeral,” or “Avoid going
to a socia gathering with friends, peers, or coworkers (not
including relatives)” on a scale from 1 (“Less than a month”)
to 4 (“4 months or more”). As validated measures for social
distancing intentions do not yet exist, we propose to use these

IMIR Ment Health 2022 | vol. 9 | iss. 4 [e33473 | p.151
(page number not for citation purposes)


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

JMIR MENTAL HEALTH

guestions given these items are drawn from a standardized item
bank provided by the CDC to better facilitate cumulative science
(as other researchers will also utilize these items). At the
suggestion of a reviewer, we changed the wording of these
questions to ask about participants’ beliefs about others
willingness to engage in these behaviors to reduce potential
social desirability biasin responding. The potential mean scores
of the scale (the score of interest for testing hypothesis 2 at both
time points) therefore range from 1 to 4.

Comprehension Questions

We used comprehension questions as an initial quality check
to ensure participants comprehended the core messages of both
SSlIs. These questions go beyond traditional attention check
items, which can be answered incorrectly even by attentive
participants [64]. Following each intervention, we asked 2
multiple choice questions with 4 potentia response options—1
correct answer, 1 incorrect answer that contains material from
the intervention not relevant to answering the current question,
and 2 incorrect responses referencing material not contained in
theintervention. The exact questions can befound in Multimedia
Appendix 1. We initially required at least 75% of participants
to answer both comprehension check questions correctly
following the Contain COVID Anxiety SSI to pass the quality
check, though see the “Comprehension Check Questions’
section for further discussion as these questions did not appear
to index intervention fidelity in this context.

Single-Session I nterventions

Contain COVID Anxiety SSI

This active SSI  was developed following current
recommendationsfor evidence-based SSI design to target mental
health—related outcomes [39]. Participants first received
normalizing scientific information (including neuroscience
findings) that help explain why increased anxiety during the
COVID-19 pandemic is a typica response. They then read
testimonialsfrom 3 other people in the United States who have
applied a 3-step action plan for coping more effectively with
their anxiety. These 3 steps were (1) reminding themselves
increased anxiety isatypical response during a pandemic before
writing down some anxiety-provoking eventsthey can’t control
and some anxi ety-provoking eventsthey can control, (2) picking
one of the anxiety-provoking events they can control, and (3)
deciding on 1 small step to cope more effectively with the
anxiety-provoking event they can control chosen in step 2.
Participants were then empowered as helpers by us asking for
their permission to share their action plan with others to help
them more effectively cope with pandemic-related anxiety. The
entire intervention took approximately 8 minutes and was
completed entirely within the Qualtrics survey platform.

Remain COVID Free SS|

This placebo SSI was developed to mirror the structure of the
Contain COVID Anxiety SSI, discuss COVID-19—related
content, and do so without as many of the potential active
ingredients of effective SSIs. Participants received scientific
information about how soap kills the SARS-CoV-2 virus but
no neuroscience information related to behaviors or behavior
change. Participantsweretold didactically that thereisonly one
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way to wash their hands effectively, by following this 3-step
plan: (1) deciding onl10 times a day to wash their hands, (2)
putting reminders in their calendar or setting alarms on their
phoneto remind them to wash their hands, and (3) singing happy
birthday to their favorite celebrity twice while washing their
hands. They then read 3 testimonials from other people who
had implemented this plan, but they did not make a plan
themselves. They therefore also did not have the opportunity
to share their plan to prosocially help others. The entire
intervention took approximately 8 minutes and was completed
entirely within the Qualtrics survey platform.

Analysis Plan

Testing Participant Dropout

We first tested for dropout from the study due to intervention
assignment. For example, people could differentially drop out
when receiving the active Contain COVID Anxiety. Thus, we
tested for differential dropout using a z test of differential
proportions, in which we compared the proportion of people
who dropped out before completing the study (0= No, 1 = Yes)
as afunction of treatment condition (0 = Remain COVID Free,
1 = Contain COVID Anxiety). If the P value for this test was
<.05, we planned to interpret that dropout as dependent on
condition assignment and preregistered that we would not be
able to interpret the effects of intervention assignment on
outcome (ie, we would not be able to test Hypotheses 1 and 3).
If the P value was >.05 for this test, we preregistered that we
would assume dropout was not dependent on condition
assignment.

Data Aggregation for Hypothesis Testing

We then created 2 separate scores for the GAD-7 to reflect
baseline and 2 weeks post-SSI scores by taking the mean of the
7 items at each time point (score range at each time point: 0-3).
We then created 2 separate scores for the ACQ-EC to reflect
baseline and immediate post-SSI by taking the mean of the 4
items at each time point (score range at each time point: 0-5).
We aso calculated the mean of the 3 Social Distancing
Intentions questions (score range at each time point: 1-4) at
baseline and immediate post-SS| to cal culate composite social
distancing intentions scores. Following the creation of these
composites, we imputed any missing data using the
expectation-maximization and bootstrapping agorithm
implemented with Ameliall in R[59]. These imputed data sets
allowed for more conservative intent-to-treat analyses than
listwise deletion or last-observation carried forward [65]. We
imputed as many data sets asthere were percentages of missing
datafor an outcome—rounding up to the next highest percentage
(eg, If 2.4% of datawere missing on an outcome, we created 3
imputed data sets). This process allowed usto retain high power
even in the presence of missing data [66].

Consistent with best practices, we included all predictors from
the statistical model (baseline value of imputed outcome, either
perceived control over anxiety or social distancing intentions,
and intervention order) and all baseline variables expected to
be associated with the outcome variable (for generalized anxiety
and perceived control over anxiety: Inventory of Depression
and Anxiety Symptoms Dysphoriamean score, having received
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mental health treatment in the past 12 months or not, and
self-hate scale mean score; for socia distancing intentions: age,
gender [male, female, nonbinary], education level, and income
level). Imputed data were analyzed using the tidyver se package
in R [67]. Cohen d effect sizes and 95% Cls for analyses were
calculated using t values for the treatment effect obtained from
the analyses with the MOTE package in R [68]. We also
conducted sensitivity analyses for all 3 hypotheses, in which
all missing datafor confirmatory outcomes were assumed to be
in the 25th or 75th percentile of change in those outcomes
observed in the sample. These analyses allowed us to examine
the potential range of estimates for our hypotheses if we
assumed the data were not missing at random but were instead
impacted by unobserved confounders. See Multimedia A ppendix
3for the full imputation code and analytic strategy.

Testing Hypothesis 1

We tested whether the Contain COVID Anxiety SSI decreased
scoresonthe GAD-7 immediately pre-SSI to 2 weekslater more
than the Remain COVID Free SSI using a linear regression
approach. We entered baseline GAD-7 score and condition as
predictors of the follow-up GAD-7 mean score. We expected
to see alarger decrease in GAD-7 score when the participants
were randomized to Contain COVID Anxiety SSI compared
with when they were randomized to the placebo Remain COVID
Free. This pattern of differences would indicate a decrease in
generalized anxiety disorder symptoms to a greater extent due
to the Contain COVID Anxiety SSI compared with the Remain
COVID Free SSI. We preregistered that a P value <.0167 (to
Bonferroni correct for multiple comparisons) for condition in
alinear model with alarger decreasein GAD-7 occurring when
randomized to the Contain COVID Anxiety SSI would allow
us to reject the null hypothesis that the difference between
conditions was 0. We planned to confirm the pattern of
differences by examining the sign of the condition coefficient
and descriptive pattern of means based on condition. See Table
1 for all aternative interpretations of results.

Testing Hypothesis 2

We tested whether completing both interventions had an effect
on social distancing intentions statistically equivalent to O using
a pared-equivalence test. We entered baseline and
postintervention social distancing intentions mean scores and
SDsinto a paired-equivalence test with equival ence bounds of
d=-0.33to d=0.33. We preregistered that a P value <.05 would
allow us to rgect the null hypothesis that the effect of
completing both interventions was statistically different from
0. If the P value for this pared-equivalence test was
nonsignificant, we preregistered that we would run a paired t
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test with baseline and postintervention social distancing
intentions scores to determine if the association of the Contain
COVID Anxiety intervention on social distancing intentions
was significantly different from 0. We preregistered that if the
P value was <.0167 (to Bonferroni correct for multiple
comparisons), we would regject the null hypothesis that there
was no difference pre to post within the active SS| intervention.
See Table 1 for all alternative interpretations of results.

Testing Hypothesis 3

We tested whether the Contain COVID Anxiety SSI increased
scores on the ACQ-EC more than the Remain COVID Free SS|
using a linear regression approach. We entered baseline
ACQ-EC scores and condition as predictors of immediate
post-SSI ACQ-EC score. We expected to see alarger increase
in ACQ-EC score when the participants were randomized to
the Contain COVID Anxiety SSI compared with when they
were randomized to the placebo Remain COVID Free SSI. This
pattern of differences would indicate an increase in perceived
control over anxiety to a greater extent due to the Contain
COVID Anxiety SSI compared with the Remain COVID Free
SSI. We preregistered that a P value <.0167 (to Bonferroni
correct for multiple comparisons) for condition in alinear model
with alarger increase in ACQ-EC occurring when randomized
to the Contain COVID Anxiety SSI would alow us to reject
the null hypothesis that the difference between conditions was
0. We planned to confirm the pattern of differences by
examining the sign of the condition coefficient and descriptive
pattern of means based on condition. See Table 1 for all
alternative interpretations of results.

Results

Participant Demographics

Of the 529 participants who began the survey, 522 participants
were randomized to achieve the weighted-probability sample
of 500 (7 participants exited the survey prior to randomization,
and 22 participants exited the survey prior to completion of the
baseline survey; ie, 94.5% and 95.8% completion rates among
individuals who started the baseline survey and among those
who were randomized, respectively). All demographics for all
randomized participants are reported by treatment condition in
Table 2. Participants in both groups were experiencing, on
average, mild anxiety (GAD-7 sum scores of 5.25-5.39), which
weresimilar to the GAD-7 values assumed in our apriori power
analysis(5.73). The sample appeared to be representative of the
United States in terms of gender, age, and race/ethnicity. All
responses were collected between September 13, 2020, and
September 29, 2020.

JMIR Ment Health 2022 | vol. 9 | iss. 4 |e33473 | p.153
(page number not for citation purposes)


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

JMIR MENTAL HEALTH Mullarkey et al

Table 2. Demographics by treatment condition.

Demographics Treatment received
Active Contain COVID Anxiety (n=261) Placebo Remain COVID Free (n=261)
Age (years), mean (SD) 46.02 (15.65) 46.19 (15.71)

Race/ethnicity, n (%)

American Indian and/or Alaska Native 0(0) 1(0.4)
Asian 19(7.3) 16 (6.1)
African American 31(12.0) 39 (15.0)
Hispanic or Latino/a 16 (6.1) 11 (4.2)
Native Hawaiian or Pacific |slander 1(0.4) 0(0)
White, non-Hispanic 187 (72.0) 190 (73.0)
More than one race 4(1.5) 3(11)
Other 3(L1) 1(0.4)
Gender, n (%)
Agender 2(0.8) 2(0.8)
Genderqueer or gender fluid 3(1Y 0(0)
Man 127 (49.0) 129 (49.0)
Trans man 3(11) 1(0.4)
Woman 125 (48.0) 129 (49.0)
Other 1(0.4) 0(0)
Sexual orientation, n (%)
Asexual 6(2.3) 5(1.9)
Bisexual 20 (7.7) 18 (6.9)
Gay 3(1Y 7(2.7)
Heterosexual 218 (84.0) 220 (85.0)
Leshian 2(0.8) 2(0.8)
Pansexual 3(L1) 6(2.3)
Queer 5(1.9) 2(0.8)
Questioning or unsure 2(0.8) 0(0)
Other 2(0.8) 0(0)
Unknown 0(0) 1(0.4)
Education, n (%)
L ess than high school degree 1(0.4) 2(0.8)
High school degree 27 (10.0) 29 (11.0)
Some college, no degree 74 (28.0) 67 (26.0)
Associate degree 26 (10.0) 31(12.0)
Bachelor’s degree 77 (30.0) 99 (38.0)
Master's degree 46 (18.0) 24(9.2)
Professional degree 4(15) 4(15)
Doctorate 6(2.3)2 5(1.9)
Annual income (US $), n (%)
Less than 10,000 17 (6.5) 14 (5.4)
10,000-19,999 24(9.2) 22 (8.4)
20,000-29,999 29 (11.0) 28 (11.0)
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Demographics Treatment received
Active Contain COVID Anxiety (n=261) Placebo Remain COVID Free (n=261)
30,000-39,999 23(8.8) 24(9.2)
40,000-49,999 21(8.0) 33(13.0)
50,000-59,999 26 (10.0) 25 (9.6)
60,000-69,999 15 (5.7) 24(9.2)
70,000-79,999 28 (11.0) 20 (7.7)
80,000-89,999 15 (5.7) 10(3.8)
90,000-99,999 15 (5.7) 12 (4.6)
100,000-149,999 27 (10.0) 30 (11.0)
150,000 or more 21(8.0) 19(7.3)
Relationship status, n (%)
No current relationship 101 (39.0) 118 (45.0)
Relationship, not living together 25(9.6) 20(7.7)
Relationship, living together 24 (9.2 22 (8.4)
Engaged 3(11) 3(1)1)
Married 108 (41.0) 98 (38.0)
Has children, n (%) 117 (45.0) 127 (49.0)
Health insurance covers mental health, n (%) 195 (75.0) 196 (75.0)
Received psychotherapy in the past year, n (%) 56 (21.0) 54 (21.0)
Received medication for mental health in the past year, n (%) 56 (21.0) 54 (21.0)
Perceived need for mental health treatment in the past year, n 87 (33.0) 89 (34.0)
(%)
Baseline IDAS2 Dysphoria (1-5), mean (SD) 2.00(0.90) 2.09(0.92)
Bassline GAD-7° (0-3), mean (SD) 0.75(0.74) 0.77(0.75)
Baseline self-hate (1-7), mean (SD) 2.07 (1.65) 2.20 (1.59)
Baseline perceived control over anxiety (0-5), mean (SD) 2.88 (1.34) 2.85(1.29)
Baseline Hand Washing Intentions (1-7), mean (SD) 5.08 (1.59) 5.01(1.61)
Baseline socia distancing intentions of others (1-4), mean (SD) 2.27 (1.12) 2.32(1.12)

3 DAS: Inventory of Depression and Anxiety Symptoms.
bGAD-7: Generalized Anxiety Disorder-7.

Testing Participant Dropout

There was no evidence participants were significantly more
likely to drop out of either condition at the 2-week follow-up
(25/261, 9.6% dropped out from the Remain COVID Free SSI,
and 18/261, 6.9% dropped out from the Contain COVID Anxiety
SSI; P=.34). However, there was some evidence participants
dropped out during the baseline survey significantly more often
if they were randomized to the Contain COVID Anxiety SS|
(20/261, 7.7% dropped out) versus the Remain COVID Free
SSI (1/261, 0.4%; P<.001). Therefore, weinterpreted the results
for hypotheses 2 and 3 (which involve immediate
postintervention outcomes) under conditions in which dropout
is not presumed to be random (ie, a sensitivity test in which
those who dropped out are assumed to change far more or less
than average; seethe preregistered sensitivity test in the publicly
available code [52]). We also conducted this sensitivity test for
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Hypothesis 1, as unmeasured confounding can occur even if
dropout does not significantly differ between conditions. All
participants who were randomized were included in the
intent-to-treat analyses (n=522).

Testing Comprehension Questions

During our piloting of the Prolific platform (as outlined in our
preregistered message), we noticed a substantial portion of
participants were not answering the comprehension check
guestions correctly despite providing face-valid qualitative and
guantitative data. We updated our comprehension check
guestions to attempt to align them more with completing the
intervention with fidelity. However, among all participantswho
were randomized to the Contain COVID Anxiety SSI and
answered a comprehension check question, 52.3% (126/241)
answered both comprehension questions correctly. To examine
whether this phenomenon was a function of the questions or
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lack of fidelity to the intervention, we developed a systematic
qualitative coding system focused on fidelity for each qualitative
responsein the Contain COVID Anxiety SSI group. To be coded
as having a high-fidelity qualitative response, the participant
had to respond not only to the prompt with related content (a
more general comprehension check) but also to the prompt as
instructed (eg, aresponse enumerating concrete coping strategies
to aprompt instructing participantsto validate their own anxiety
would be marked as a low fidelity response; see the publicly
available code for the full qualitative coding system for fidelity
check [52]).

We double-coded a random 20% of intervention responses (48
participants with 6 responses each, effective n=288) and found
87.13% average fidelity across these participants responses.
Further, answering both comprehension check questions
correctly shared only 0.01% of the variance with each
participant’s fidelity score across their qualitative responses.
We therefore determined that the comprehension check
guestions were poor indicators of completing the intervention
with fidelity and chose to proceed with our planned analyses.

Testing Hypothesis 1

In full intent-to-treat analyses with all participants who were
randomized (n=522), we did not find support for the alternative
hypothesis (t5,;=—0.71, P=.48; d=—0.06, 95% Cl —0.27 t0 0.15)
and did find support for the null (noninferiority to placebo)
hypothesis (t5,0=3.76, P<.001). These results were unchanged
when we conducted a sensitivity test to determine whether
results differed when participants who dropped out were
assumed to have (1) experienced GAD-7 changes in the 25th
percentile of the sample or (2) experienced GAD-7 changesin
the 75th percentile of the sample (see publicly available code
for the sengitivity tests for all hypotheses [52]). Therefore, we
found evidence in favor of the placebo (Remain COVID Free
SSI) being equally strong or stronger than the active condition
(Contain COVID Anxiety SSI) in reducing generalized anxiety
2 weeks later. These results held when these tests were
conducted in only the weighted-probability sample (n=500) and
for only participants who answered both comprehension
questions correctly (n=387). Within-group effect sizesindicated
small but nonzero increases in generalized anxiety in both the
Contain COVID Anxiety (t,g=2.00; d,=0.12, 95% CI 0.002 to
0.25) and Remain COVID Free (ty5,=2.41; d,=0.15, 95% ClI
0.03 to 0.27) groups.

Testing Hypothesis 2

To make it possible to generate fully invertible matrices
necessary to produce imputations, participant gender was
dropped from the imputation model. Inthis case, the aternative
hypothesiswas operationalized asachangein socia distancing
intentions of others pre- to immediate post-Contain COVID
Anxiety being statistically equivalent within a range of d of
—0.33t0 0.33, while the null hypothesis was operationalized as
achangein social distancing intentionsin the same circumstance
falling outside the effect range of d from —0.33 to 0.33. In fulll
intent-to-treat analyses with all participants who were
randomized to the Contain COVID Anxiety SSI (n=261), we
found support for the alternative hypothesis (t,5,=4.63, P<.001)

https://mental .jmir.org/2022/4/€33473

Mullarkey et al

and did not find support for the null hypothesis (t,g=0.70,
P=.48; d=0.04, 95% CI —0.08 to 0.16). However, these results
changed to unclear support for either the null or aternative
hypothesis when we conducted a sensitivity test to determine
whether results differed when participants who dropped out
were assumed to have experienced (1) socia distancing
intentions of others changesin the 25th percentile of the sample
or (2) socia distancing intentions of others changesin the 75th
percentile of the sample. Therefore, we found evidence that the
participants in the Contain COVID Anxiety condition were
statistically equivalent to participants in the Remain COVID
Free condition in experiencing changes in socia distancing
intentions, though thisresult could be influenced by unmeasured
confounding in participant dropout. These results held when
these tests were conducted in only the weighted-probability
sample (n=250) and in only participants who answered both
comprehension questions correctly (n=126). See the publicly
available code for the sensitivity analysis[52].

Testing Hypothesis 3

In full intent-to-treat analyses with all participants who were
randomized (n=522), we did not find support for the alternative
hypothesis (t5,;=—0.21, P=.83; d=—0.02, 95% Cl -0.23t0 0.19)
and did find support for the null (noninferior to placebo)
hypothesis (t5,,=2.40, P=.001). However, these results changed
to unclear support for either the null or aternative hypothesis
when we conducted a sensitivity test to determine whether
results differed participants who dropped out were assumed to
have experienced (1) ACQ-EC changes in the 25th percentile
of the sample or (2) ACQ-EC changes in the 75th percentile of
thesample. Therefore, wefound evidencein favor of the placebo
(Remain COVID Free) being equally strong or stronger than
the active condition (Contain COVID Anxiety) in increasing
perceived control over anxiety immediately postintervention,
though this result could be influenced by unmeasured
confounding in participant dropout. These results held when
these tests were conducted in only the weighted-probability
sample (n=500) and in only participants who answered both
comprehension questions correctly (n=387). Within-group effect
sizes were negligible in both the Contain COVID Anxiety
(t,60=1.03; d,=0.06, 95% CI —0.06 t0 0.19) and Remain COVID
Free (t,50=1.63; d,=0.10, 95% CI —0.02 t0 0.22). Seethe publicly
available code for the sensitivity analysis [52].

Discussion

Principal Findings

Compared with a placebo control, a self-guided SSI for US
adults did not improve short-term generalized anxiety or
perceived control over anxiety during the COV1D-19 pandemic.
This high-powered randomized controlled trial (RCT), which
used a nationally representative US sample, also demonstrated
that this intervention did not worsen short-term generalized
anxiety or perceived control. There was aso statisticaly
equivalent to zero iatrogenic movement within the intervention
condition of beliefsin others’ willingnessto social distance.
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Comparison With Prior Work

Interest in the use of brief, e-mental health interventions has
increased substantially during the COVID-19 pandemic across
the general adult population [69], and alarge magjority of these
toolshave minimal or no empirical support [70]. Evenface-valid
interventions containing evidence-based components may not
necessarily improve mental health outcomes, and many mental
health applications are used only once [71]. In this sample, a
SSI for acommunity sample of adults, containing components
associated with both proximal and longer-term mental health
improvements in adolescents, did not lead to anxiety-related
improvements above and beyond a placebo control. These
differences could be due, a least in part, to sample
characteristics: This study’s sample was older and more
age-diverse than those for whom other self-guided SSIs have
improved perceived control, anxiety, and depression [32,42,51],
and participantswererecruited from the broader US community
rather than a clinically high-risk subgroup. Further, prior
well-powered trials of SSIs targeting adults have significantly
improved non-anxiety  outcomes—such as  positive
psychotherapy expectancies [72] and positive parenting
behaviors and distress tolerance in high-symptom individuals
[73]—but self-guided SSI effectson clinical outcomesin adults
outside of substance and alcohol use problems [37] have not
been previoudly explored. It isalso possiblethat theintervention
tested by this study was simply not therapeutically effective,
but that other interventions targeting similar outcomes in a
similar sample may still be.

Accordingly, these results are thefirst to suggest that perceived
control over anxiety and generalized anxiety symptomsmay in
fact bedifficult to movein general adult samplesviaself-guided
SSls, at least in this nationally representative sample.
Within-group effect sizes for perceived control over anxiety
was negligible in both the active and placebo conditions, in
contrast to within-group SSI effects seen in trials targeting
adolescents. Further, nonzero increases were observed in
generalized anxiety symptoms in both the active and placebo
conditions over 2 weeks. Therefore, it is not the case that
participants benefited from either condition (a placebo effect)
but rather that they benefited from neither condition on targeted
outcomes.

This design did not contain a wait list control condition, and
we cannot explicitly rule out that receiving either light-touch
intervention would have resulted in a smaller increase in
generalized anxiety disorder symptoms compared with receiving
nothing. This pattern of within-group effect sizes(ie, increasing
generalized anxiety symptoms over time in both conditions) is
consistent only with potentialy preventative, as opposed to
therapeutic, on average effects compared with “no treatment”
control. Although wefound no evidence of iatrogenic movement
on socia distancing intentions of otherswithin our SSI, the lack
of iatrogenic effects in other e-mental health interventions
cannot be guaranteed without testing those outcomes directly.
E-mental health applicationshold promisein increasing mental
health treatment access, [74] and well-powered tests of
effectiveness must accompany (or ideally precede) dissemination
if wewish to reduce overall mental health burden (eg, reducing
subclinical anxiety symptoms) across general adult populations
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rather than solely the number of people without mental health
support. Further, especially in the context of apandemic, direct
tests of iatrogenic outcomes should be included as primary
outcomesin tests of single-session and light-touch mental health
interventions.

We would like to propose 2 complementary paths toward
building and understanding the impacts of effective SSIs for
anxiety in adults, based on the results of this trial, which may
generalize to evaluations of other light-touch interventions as
well. First, given substantial heterogeneity in individual-level
responses to any mental health intervention (including the SSI
tested here), we recommend that researchers and program
developers collect data necessary to build predictive models of
individual-level response to SSIs. Predictive models require
much larger sample sizes than typical clinical trials collect to
identify subgroups of best responders. For example, recent
simulation studies demonstrated that clinical trials may need as
many as 500 participants per treatment arm to recover reliable
predi ctions about who would benefit most from which treatment
(ie, questions of moderation effects; [75])—far larger than
typica mental health treatment RCTs (average n=52) [76].
Triasof self-guided SSIs create opportunitiesto quickly recruit
large samples while retaining a rigorous experimental design.
These larger sample sizes, combined with advances in feature
engineering, could facilitate nuanced and definitive analyses
regarding which individuals will (or will not) benefit from an
extremely light-touch intervention. Such analyses could help
situate self-guided SSIs within a stratified care system [77],
where (for exampl€) adults more and lesslikely to benefit from
low-intensity support for anxiety are referred directly to the
best-fit level of care.

Second, we recommend the systematic incorporation of
qualitative and user-experience data into trials of self-guided
SSls. It has been posited that SSIs targeting adolescent mental
health problems may show acceptability and efficacy, at least
in part, because they do not “fedl” like interventions to
youth—that is, they are designed to be nonstigmatizing to users
[39]. However, systematic qualitative data around participants
experiences with SSIs for mental health are scarce, and this
hypothesis has not been systematically tested. Collecting and
analyzing qualitative and user experience datacould clarify how
people view self-guided SSls as similar or different to
longer-term and face-to-face interventions and whether these
perceptions differ across distinct populations (eg, youth versus
adults, given that many elements of youth-directed SSI design
were devel oped through a devel opmentally specific lens). User
experience data may be analyzed using both qualitative (eg,
grounded theory) and quantitative (eg, topic modeling) methods
to leverage this important information as much as possible
during iterative intervention development.

Limitations

There are certainly limitationsto what this study can conclude.
First, this study was conducted during the COVID-19 pandemic,
and it is unclear whether the nonzero increases in generalized
anxiety within both groups reflected the many structural
challenges of pandemic conditions (which a self-guided SSI
cannot change) or would have occurred regardless. Examination

IMIR Ment Health 2022 | vol. 9 | iss. 4 [e33473 | p.157
(page number not for citation purposes)


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

JMIR MENTAL HEALTH

of within-group effect sizesin self-guided SSl trials conducted
after the COVID-19 pandemic ends should examine whether
negligibleto dightly increasing within-group effect sizes persist
for clinical anxiety in unselected adult samples. Other work
suggeststhat certain outcomes, such as parenting behaviorsand
distress tolerance, may be modifiable via self-guided SSlIs in
high-symptom adults even during the pandemic [73]. Second,
our origina quality check measure—3 multiple-choice
comprehension check items, created specifically for this
trial—proved invalid asagauge of intervention fidelity, sharing
only 0.01% of variance with a subsequently developed, more
rigorous, qualitatively coded intervention fidelity metric. This
improved qualitatively coded fidelity measure showed that
participants were highly successful in completing the
interventions as intended, per their written responses to
within-program prompts. Thus, it isunlikely the null resultsare
dueto thelack of participants engaging with and understanding
the intervention content. It is also possible that the study’s
sample, while representative of the US public across
demographic variables, was subject to selection bias owing to
their participation in Prolific. Additionally, should these SSIs
be disseminated outside of an RCT context (ie, not posted as a
paid research opportunity on Pralific), it is possible that a
different pattern of results may emerge. Finally, although we
did not observe differential dropout for our primary outcome 2
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weeks |ater, there was higher dropout in the intervention group
thanin the placebo group during the baseline session containing
the interventions. This pattern fits with sensitivity tests
indicating that, if dropout did not occur at random, our statistical
conclusions about perceived control over anxiety and the social
distancing intentions of others become unclear. However, across
all other sensitivity analyses, we found support for the null
hypotheses, and within-group effect sizes would remain
negligible regardless of dropout across conditions. Finally, this
study was conducted in a US context, and its results cannot be
assumed to generalize to other countries.

Conclusions

Compared with aplacebo control, an 8-minute, self-guided SSI
for US adults did not improve short-term generalized anxiety
nor perceived control over anxiety during the COVID-19
pandemic. Additionally, neither condition yielded any iatrogenic
movement in a key public health behavior (assumed social
distancing intentions of others). Our rigorous methods and
well-powered sampl e bolster confidence in these results, which
carry direct implicationsfor future research on self-guided SSIs
for mental health problems—both for anxiety in adultsand more
broadly. As with so many interventions targeting complex,
individual-level problems, key questions for SSI research
remain: “which intervention, for whom, and under what
circumstances?’ [8].
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Abstract

Background: Text mining and machine learning are increasingly used in mental health care practice and research, potentially
saving time and effort in the diagnosis and monitoring of patients. Previous studies showed that mental disorders can be detected
based on text, but they focused on screening for a single predefined disorder instead of multiple disorders simultaneously.

Objective: The aim of this study is to develop a Dutch multi-class text-classification model to screen for a range of mental
disordersto refer new patients to the most suitable treatment.

Methods: On the basis of textual responses of patients (N=5863) to a questionnaire currently used for intake and referral, a
7-class classifier was developed to distinguish among anxiety, panic, posttraumatic stress, mood, eating, substance use, and
somatic symptom disorders. A linear support vector machine was fitted using nested cross-validation grid search.

Results: The highest classification rate was found for eating disorders (82%). The scores for panic (55%), posttraumatic stress
(52%), mood (50%), somatic symptom (50%), anxiety (35%), and substance use disorders (33%) were lower, likely because of
overlapping symptoms. The overall classification accuracy (49%) was reasonable for a 7-class classifier.

Conclusions. A classification model was developed that could screen text for multiple mental health disorders. The screener
resulted in an additional outcome score that may serve as input for aformal diagnostic interview and referral. This may lead to
amore efficient and standardized intake process.

(IMIR Ment Health 2022;9(4):€21111) doi:10.2196/21111

KEYWORDS

supervised text classification; multi-class classification; screening; mental health disorders; computerized CBT; automated intake
and referral

: past years[1]. Annual studies show that between 2010 and 2016,
Introduction these disorders accounted for approximately 18%-19% of the
Background global burden of disease, measured in yearslived with disability

i , [2]. The proportion of people living with amental disorder has
Mental and substance use disorders such as anxiety, mood,  yemgined practically unchanged in recent years (approximately
alcohol and drug use, eating, and depressive disordershavebeen 15 64, 17,696, and 19% for the global, European, and Duttch
listed among the leading causes of global disability over the
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populations, respectively). However, because of population
growth, absolute numbers of people diagnosed with a mental
disorder haveincreased by 72 million globally and by 2 million
in Europe between 2010 and 2016. For the Netherlands, despite
an initial decrease in numbers by 15,000 from 2010 to 2014,
there was an increase by 4000 between 2014 and 2016.

This growing number of people requiring mental health care
each year makes preventing and detecting mental disorders,
implementing early interventions, and improving treatments
and mental health care access to public health and research
priorities [3,4]. Mental health disorders are usually treated
through medication or psychotherapy such as cognitive
behavioral therapy (CBT), of which psychotherapy isgenerally
seen as the first-line treatment [5]. However, mental health
treatments are often underused [6] or delayed for many years
[7]. Especially in low- and middle-income countries, thereisa
huge treatment gap in mental health care; 75% of the people
experiencing anxiety, mood, impulse control, or substance use
disorders remain untreated [8]. The reasons for this could be
individual patient factors (eg, embarrassment, lack of time, and
geographic influences); provider factors (eg, underdetection
and lack of skill intreating mental health problems); or systemic
factors such as limited access to, or limited availability of,
mental health providers, resulting in waiting lists [6].

Thiscallsfor more efficient, accurate, and accessible screening
and treatment methods [9,10]. Modern technologies are
increasingly recognized as a means of improving the
accessibility of care and advancing the assessment, treatment,
and prevention of mental health disorders. Creative, low-cost
approaches should be wused to increase access to
(trauma-focused) CBT and other treatments [11]. An example
of such an approach is web-based self-help, which is an
increasingly available alternative for a range of disorders.
Web-based self-hel p can be therapist-guided or not, and although
some studies reported equal effects for guided and unguided
web-based treatment (eg, for social anxiety disorders [12] and
depression [13]), most research endorses the importance of at
least minimal, regular therapist guidance in psychological
interventions [14,15]. Web-based therapist-guided treatment
such as computerized CBT is found to be approximately as
effective as face-to-face treatment for several mental health
disorders (eg, depression, anxiety, and burnout) [16-18].

Inthe Netherlands, 1 party offering web-based, therapi st-assisted
CBT isInterapy, aweb-based mental health clinic approved by
the Dutch health regulatory body. Interapy conducts screening,
treatment, and outcome measurement on the web. Patient intake
and diagnosis is performed using validated self-report
instruments, followed by a diagnostic interview by telephone,
after which patients are referred to a protocolled
disorder-specific treatment. The treatment consists of a fixed
set of evidence-based homework assignments provided through
the Interapy platform and uses standardized instructions that
are tailored to the patient by a therapist. After submitting the
homework assignments, the patient receives asynchronous
personal feedback and new instructions [14].

This form of web-based therapy generates large quantities of
digital text data to be processed manually by the treating

https://mental .jmir.org/2022/4/€21111
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therapist. Textual data contain a lot of information that could
be used more efficiently in the screening and treatment process
through the application of text mining techniques. Text mining
is generally used to automatically explore patterns and extract
information from unstructured text data [19]. There is alarge
body of literature on text mining applications in the field of
psychiatry and mental health; 2 recent systematic literature
reviews provide a useful overview of the scope and limits,
general analytic approaches, and performance of text miningin
this context [20,21]. Abbe et a [20] concluded that text mining
should be seen as a key methodological tool in psychiatric
research and practice because of its ability to deal with the
ever-growing amount of (textual) mental health data derived
from, for example, medical files, web-based communities, and
social media pages. However, despite the amount of data that
are generated, assembling large, high-quality mental health text
data sets has been found to be difficult [21]. With regard to the
analytic approach, in most studies, predictive models are
devel oped using supervised learning algorithms such as support
vector machines (SVMs) and verified using k-fold
cross-validation [21].

A way in which text mining can be put to use in mental health
care practice concerns the detection of mental disorders.
Previous studies showed that text mining can be used
successfully in screening for posttraumatic stress disorder
(PTSD) and depression [22,23]. He et a [22] developed an
automatic screening model for PTSD using textual features
from self-narratives posted on a forum for trauma survivors.
On the basis of a set of highly discriminative keywords and
word combinations extracted from the narratives using text
mining techniques, they developed a text classifier that could
accurately distinguish between traumasurvivorswith and those
without PTSD. They concluded that automatic classification
based on textual featuresis a promising addition to the current
screening and diagnostic process for PTSD that can be easily
implemented in web-based diagnosis and treatment platforms
for PTSD and other psychiatric disorders. Neuman et a [23]
developed an automatic screening system for depression using
a depression lexicon based on metaphorica relations and
relevant conceptual domains related to depression harvested
from the internet. This lexicon was used to screen texts from
open questions on amental health website and a set of general
blog textsfor signs of depression and wasfound to classify texts
that included signs of depression very accurately.

Although both studies showed the technical potential of
automatic text classification in screening for mental disorders,
they applied a proxy or a self-reported diagnosis instead of a
direct, formal diagnosis by a psychiatrist as the classification
criterion. In addition, both studies developed abinary classifier
that focused on recognizing only a single specific disorder
(PTSD or depression) at atime, which isthe casein most studies
that apply text mining to detect mental disorders [20,21].
However, in practice, for many patientswho register with mental
health complaints or sign up for web-based treatment, it is not
clear beforehand which disorder they should be screened for.
In this case, a multi-class classifier, screening for multiple
different mental disorders at once, would be more useful than
a binary classifier screening for only a single prespecified
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disorder. Finally, it is pointed out that most natural language
processing tools are currently designed for exploring English
texts [20]. Although, indeed, text mining and language
processing tools are mainly devel oped for the English language,
the methods and techniques underlying the text analysis process
are not necessarily language dependent. The development of
models for different languages depends mainly on the
availability of training and testing corpora and not so much on
the methods and techniques used, as will be demonstrated in
this study.

Objectives

This study investigates if and to what extent automatic text
classification can improve the current web-based intake
procedure of a Dutch web-based mental health clinic. The
current intake questionnaire (see Methods section) consists of
open and multiple-choice questions. The multiple-choice
answers are converted to scores on four scales (somatization,
depression, distress, and anxiety) as well as estimates of
symptom severity, required level of care, suicide and psychosis
risk, and drug dependence. These scores|ead to an automatically
generated indicative referral advice. Thisadvice and the answers
to the open questions are used by the therapist as input for the
subsequent diagnostic telephone interview to arrive at aformal
diagnosisand referral advice. However, the current questionnaire
does not cover all disorders for which treatment is offered by
Interapy, and the textual answers to the open questions remain
to be processed and interpreted by the therapist. An automatic
text screener may provide the therapist with more specific
additional information, making theintake process more efficient
and standardized.

Therefore, a multi-class text-classification model has been
developed to screen for a range of different mental disorders
with the aim of referring newly registered patients to the most
fitting treatment. The focus is on a selection of treatments
currently offered by Interapy for anxiety and panic disorders,
PTSD, mood disorder (including depressive disorders), eating
disorder, substance use disorders, and somatic symptom
disorders. These will be referred to, respectively, as Anxiety,
Panic, PTSD, Mood, Eating, Addiction, and Somatic throughout
therest of this paper. The treatment choice was made based on
the amount of text data that was readily available from the
Interapy database at the time of this research. This study adds
to existing research in that (1) the patients in our sample have
an official clinical diagnosis made by a therapist; (2) our data
set consists of patientswith avariety of mental health disorders,
enabling us to develop a multi-class text classifier; and (3) the
derived texts and the resulting classifier are in Dutch and as
such provide an example of non-English text mining efforts
applied in mental health care research and practice.

Methods

M ethods Overview

The multi-disorder screening model was developed based on
text and questionnaire data collected through the web-based
intake environment of Interapy. This section describes the
methods and techniques used to develop the supervised
text-classification model and evaluate its performance.
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Data Set

We used pretreatment scores on a self-reported questionnaire
and text data derived from 3 open questions collected within
the web-based intake environment. The patients are Dutch adults
and adolescents who were referred to one of Interapy’s
web-based treatments by their general practitioner and diagnosed
by atherapist. All participants have given permission for their
treatment data to be used for anonymized research by Interapy
to improve and evaluate their treatments through informed
consent. The electronic patient database was queried in July
2017. For each treatment, all available data were retrieved,
excluding incomplete or double entries. For treatmentsfor which
large quantities of datawere available, arandom sample of 1100
patients was drawn to distribute the available data across the
classes more evenly.

Web-Based Questionnaire

After signing up, new patients were asked tofill in the Digitale
Indicatiehulp Psychische Problemen (DIPP; Digital Indication
Aid for Mental Health Problems) questionnaire, an approved
and validated decision support tool developed by Interapy and
the HSK group, a national organization for psychological care
in the Netherlands [24,25]. The DIPP questionnaire consists of
the Dutch version [26] of the Four-Dimensional Symptom
Questionnaire  [27,28], complemented with several
multiple-choice and open questions. The 4D Symptom
Questionnaire contains 50 multiple-choi ce questions measuring
distress, depression, anxiety, and somatization, which are
dimensions of common psychopathology [27]. The
complementary questionsrelate to current symptoms, treatment
goals, anamnesis, psychosisrisk, substance use, and medication.
The DIPP questionnaire was originally developed, validated,
and publishedin Dutch. A trand ated version of the questionnaire
is provided in Multimedia Appendix 1. The answers to the
following three open questions were used to develop the
text-classification model:

1. Canyou briefly describe your main symptom or symptoms?

2. What would you like to achieve with atreatment?

3. Have there been any events (such as a divorce, loss of jaob,
or accident) that, in your opinion, affect your current
symptoms, and if so, what are they?

Theinformation collected through the DI PP questionnaire results
in scores on four scales: somatization, depression, distress, and
anxiety. Each patient is then assigned a weight to indicate
symptom severity and level of care (no care, general practice
mental health care, basic mental health care: short, basic mental
health care: moderate, basic mental health care: intensive, and
specialist mental health care). The outcome is verified by a
semistructured diagnostic interview over the telephone, which
results in a formal referral advice and diagnosis. Intake,
diagnosis, referral, and treatment are al conducted by a
CBT-certified health psychologist.

Automated Text-Screening M odel

Supervised Classification

To screen future textual answers on the 3 open questions of the
DIPP questionnaire for the presence of anxiety and panic
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disorders, PTSD, mood disorders, eating disorders, substance
addiction, or somatic symptom disorders, a supervised
multi-classtext classifier was developed. It iscalled asupervised
classifier because it was devel oped based on an existing set of
text fragments provided with the correct diagnostic labels. The
answersto all 3 questions were combined into 1 text document
per patient. The formal referral advice based on the DIPP
guestionnaire scores and the diagnostic interview was used as

Wiegersmaet a

the diagnostic |abel to be predicted by the model. The classifier
is multi-class because the model refers each input text to 1 of
multiple classes: the 7 disorders present in the input corpus.
The development of a supervised classification model follows
a2-phase strategy: amodel-training phase and alabel-prediction
phase. This section explains the steps taken in each phase. The
complete classification procedureis shown graphically in Figure
1

Figure 1. Supervised text classification model procedure. In the training phase, the model is trained on labeled feature sets extracted from the input
texts. In the prediction phase, the trained model is used to predict labels for new, unlabeled feature sets extracted from the input texts.

Feature
selection:
o Feature « Stop word )
£ | Labeled | | extraction: «Minimal Labeled Machine
= - — —>| learning
® input * Represent document feature sets .
= . algorithm
*Vectorize frequency
* Chi-square
Preprocessing: test
* Tokenize l
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z Feature Feature
= extraction selection :
'-‘E’ Un_labeled iz b using Ji using || Unlabeled | | Text_ || Predicted
= input feature sets classifier label
& learned learned
parameters parameters
. respectively [32]. The vectorization schemes refer to the
Training

During training, text features (words or word combinations) are
extracted from each input text, converting the texts to labeled
feature sets. These labeled feature sets are used as input for the
machinelearning algorithm, which generatesamulti-classmode!
by selecting the most informative features for each class.

Preprocessing

Standard preprocessing steps such as tokenization (splitting
textsinto separate tokens such aswords, numerical expressions,
and punctuation) and normalization (removing punctuation,
converting capital |etters to lowercase letters, and stripping off
accents) were applied to process all texts at theword level [29].
All wordswere brought back to their core, meaning-baring stem
using the Snowball Stemmer, a standard stemming algorithm
available for many languages, including Dutch [30]. The
resulting set of words for each input text is termed the
vocabulary and consists of tokens, al used words or word
combinations, and types, al unique words or word combinations
used [31].

Feature Extraction

To convert the resulting vocabul aries to feature sets suitable as
input for the machine learning al gorithm, the dimensionality of
the feature space was reduced by feature extraction and feature
sel ection techniques. For feature extraction, different document
representation and vectorization schemes were compared. The
document representations considered were unigrams, N-grams,
and N-multigrams, which are single words, sequences of N
words, and variable-length sequences of maximum N words,
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specified term weights, for which we used normalized term
frequency [33] or term frequency—inverse document frequency
[34].

Feature Selection

Stop word removal, minimal document frequency, and the
Pearson chi-square test were used to select the most informative
features. Stop word removal was considered because stop words
are generally not expected to contribute to the meaning of the
text [29], although other studies contradict this[35]. In addition,
words that only occur sparsely throughout the compl ete corpus
(document frequency) may also be removed [36]. The most
informative features (features with the highest chi-square val ues)
arefound by ranking features based on their Pearson chi-square
value, acommon and highly efficient method that measuresthe
independence among corpora by comparing the observed and
expected feature occurrences in each class [33]. The optimal
number of features to select is determined by an exhaustive
parameter grid search, which will be further explained in the
section Analytical Strategy.

Machine Learning Algorithm

The selected features and their corresponding labels from the
training set form the labeled feature sets that were used asinput
for the machine learning algorithm. The SVM [37] was used
because this is a high-performing and robust classification
algorithm that deals well with high-dimensional data such as
text [36]. As SVMs were originaly intended for binary
classification tasks, multi-class (K-class) classification tasks
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were split into K binary classification tasks following the
one-against-all (O-a-A, aso known as one-versus-rest) or the
one-agai nst-one (al so known as one-versus-one) decomposition

strategy.

The one-against-one strategy, which compares each pair of
classes separately [38,39], is generally considered a better
approach when dealing with classimbalance, as was present in
our data set. However, this strategy requires substantially more
computational resources because many pairwise SVMsneed to
betrained. Wetherefore applied the widely used O-a-A strategy,
which compares each single class with the remaining classes
[38,39]. This strategy isthe most commonly used, thanksto its
computational efficiency and interpretability. To compensate
for the class imbalance, a class-weighting scheme was used
where classes were weighted to beinversely proportional to the
classfrequenciesin the complete data set (as proposed by King
and Zeng [40]). This puts more emphasis on the information
extracted from the smaller classes and prevents the highly
present classes from overshadowing the classification model.

The SVM with O-a-A strategy was implemented in the linear
support vector classifier within the LIBLINEAR library
developed by Fan et a [41]. Finally, 2 hyperparameters could
be optimized for the SVM model: the kernel parameter y[42],
which controls model flexibility [43], and the regularization
parameter C, which controlstraining and testing error [42]. We
used alinear kernel asiscommon in text classification [36] and
optimized the regularization parameter in the grid search (see
Analytical Strategy).

Prediction

During prediction, text features of new, unlabeled input texts
were extracted and converted to feature setsfollowing the same
strategy used during training. Following the O-a-A approach,
wefitted 7 SVMs, 1 for each disorder, alternately comparing 1

Wiegersmaet a

of the 7 classes (the positive class) to the remaining 6 (together
forming the negative class). As described by James et a [44],
thisresultsin 7 separate binary classification models, each with
their own parameters 3o, B1; ---,Bpk, With k denoting the K" class
and p the number of learned parameters. Each new, unlabeled
input text x was provided with the class label for which the
confidence score Byc+PByXq+BaXot+BuX, was the largest.
This showed that there was a high level of confidence that the
input text belonged to this class and not to one of the other 6
classes.

Confusion Matrix

The performance of the classifier was measured by comparing
the predicted labels with the known labels for each class using
aconfusion matrix. A confusion matrix displays the instances
inthe predicted classes per column and the true classes per row,
directly visualizing the number of correctly labeled documents
on the diagonal and the errors (mislabeled documents) in the
surrounding cells[31]. Table 1 shows the confusion matrix for
a7-class classifier with classes A-G.

The number of true positivesfor class A (TP,) were the number

of times a document was labeled with A and the true label was
indeed A. Thefalse positivesfor class A (FP,) weretheinstances

that were incorrectly labeled by the classifier as A, whereasthe
true label was not A. This was calculated for class A by using
the following formula:

EgatEcatEp atEg atEratEca

The false negatives for class A (FN,) were the instances with

true label A for which the classifier predicted a different label.
Thiswas calculated for class A by using the following formula:

EastEactEaptEAetEArTEAc

Table 1. Confusion matrix for the 7-class classifier: comparison of true and predicted class labels for classesA-G.

True |abel Predicted |abel

Classy Classg Classc Classp Classg Classe Classg
Classp TP 5 2P Eng Eac Eap Eag Ear Eac
Classg EsA TPgP Esc Esp EsE EsF Esc
Classc Eca Ecp PP Ecp Ece Ecr Ece
Classp Epa Epp Epc TPpP® EpE Epr Epc
Classg Eea =] Eec Eep TPEP Eer Eec
Classg Era Erg Erc Erp Ere TPEP Erc
Classg Eca Ecs Ecc Ecp Ece Ecr PP

3TP: true positive.

bThe values on the di agonal (initalics) show the correctly predicted class |abels. The off-diagonal values show the prediction errors.

Performance Metrics

The correct predictions (TPsand TNs) and errors (FPsand FNs)
were then used to calculate performance metricsfor each class.
Bird et al [31] define severa metrics, the simplest of which is
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accuracy, ameasure for the proportion of correctly labeled input
textsinthetest set. Therecall, also called sensitivity or TPrate,
indicates how many of the text documents with atrue (known)
positive label were identified as such by the classifier and is
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calculated for each class by using the following formula:
TP/(TP+FN). The precision (also known as positive predictive
value) is calculated for each class by using the formula
TP/(TP+FP) and concernsthe proportion of positively predicted
text documents where the true (known) label was indeed
positive. The harmonic mean of the precision and recall, 2 x
(PrecisionxRecall)/(Precision+Recall), is the F; score. The
overall performance scoresfor the classifier were calculated by
averaging the performance scores of all classes (ie, al 7 binary
SVMsthat werefitted following the O-a-A approach). We used
weighted macroaveraged scores because this accountsfor class
imbalance; as this method gives equal weight to each class, it

Wiegersmaet a

prevents the most occurring classes from dominating the model
[45].

Analytical Strategy

To prevent model evaluation bias, different subsets of the data
were used to train, validate, and test the model. A nested k-fold
cross-validation strategy was adopted, using a 5-fold
cross-validated grid search in theinner loop for model selection
and 5-fold cross-vaidation in the outer loop for model
evaluation (see Figure 2 for a schematic representation). To
make sure all classes were represented in each fold in
approximately the same proportions asin the compl ete data set,
stratified sampling [46] was used in both cross-validation loops.

Figure 2. Nested 5-fold cross-validation scheme. The validation strategy consists of an inner and an outer 5-fold cross-validation loop. In the inner
loop an exhaustive parameter grid search is conducted using data from the development set to select the best combination of parameter settings. The
selected model is then tested on the held-out test set from the outer loop to evaluate final model performance. Both loops are being iterated 5 times,
alternately using each fold as test set (outer loop) or validation set (inner loop) once.
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For the outer loop, the data set was first split into 5 folds,
aternately defining 4 folds as the development set for model
selection and setting aside 1 fold as atest set for assessing final
model performance and generalization. To optimize the different
model parameters, an exhaustive parameter grid search was
conducted in the inner loop. In this grid search, al possible
combinations of parameter values were fitted on the dataset in
search of the combination resulting in the highest performance
score. The following model parameters and parameter values
were compared:

« Choice of representation scheme: unigrams, bigrams,
trigrams, or 3-multigrams

« Term weights: term frequency or term frequency—inverse
document frequency

«  Stop words: included or excluded

«  Minimal document frequency: 1, 2, 3

« Optima number of features: ranging from 1 to 500,
increasing with steps of 20

+ Regularization parameter C: 1, 2, 3, 10, 100, 1000

https://mental .jmir.org/2022/4/€21111

The search can be guided by any performance metric. We used
the F, score because thisis the preferred metric when working
with imbalanced data sets. The grid search aso uses a 5-fold
cross-validation approach, splitting the development set into 5
folds, alternately using 4 folds for training and the remaining
fold for validation. This is repeated until every fold has been
used asthe validation set once. The parameter combination that
resulted in the highest mean weighted F, score over al
validation sets was selected as the final model. The
generalization performance of the selected model was estimated
by again calculating the mean weighted F; score, but thistime

over al test sets from the outer cross-validation loop.

Text-Classification Tool

The process of model development by means of nested stratified
k-fold cross-validated grid search is fully automated in a blind
text-classification tool developed by the authors. This tool can
be used to develop and test a text-classification model on any
available text data set without human insight into the data set
(hence blind). It can be installed and used locally. After
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installation, no external packages are required; therefore, there
is no need to send sensitive information over the internet for
external text processing or analysis. An extensive description
of the tool, the model development process, and the results on
different test data setswill be published in aforthcoming paper
by the authors. The tool was applied and described previously
in amaster’sthesis [47].

Ethics Approval

This study was approved by the Behavioral, Management, and
Social Sciences Ethics Committee of the University of Twente
(approva number 220089).

Table 2. Peatient and lexical characteristics (N=5863).
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Results

Data Set

Table 2 shows the demographic characteristics and DIPP
questionnaire results of the patients and the lexica
characteristics of their documentsfor each class. Theclasslabels
are Addiction (substance use disorders), Panic (anxiety disorders
with panic attacks), Anxiety (anxiety disorders without panic
attacks), PTSD, Mood (mood disorders, including depressive
disorders), Eating (eating disorders), and Somatic
(undifferentiated somatoform and other somatic symptom
disorders).

Addiction Anxiety Panic PTSD? Somatic Mood Eating Total
Variable (n=197) (=1100)  (n=1100)  (n=1016)  (n=1100)  (n=1100) (n=250) (N=5863)
Demographic characteristics
Gender, n (%)
Female 18 (9.14) 362(32.91) 394(35.82) 498(49.02) 500 (45.45) 265(24.09) 180 (72) 2217 (37.81)
Male 34(17.26)  176(16) 174(15.82) 119(11.71) 197(17.91) 166(15.09)  8(3.20) 874 (14.91)
UnknownP 145(73.60) 562 (51.09) 532(48.36) 399(39.27) 403(36.64) 660 (60.82) 62 (24.80) 2772 (47.28)
Age(years), mean  37.9(15.0) 365(14.2) 36.3(138) 365(131) 412(11.7) 39.2(14.4)  30.8(10.0) 37.7(13.6)
(SD)
DIPP® questionnaire results: 4DSQd scales, mean (SD)
Anxiety 5.8(5.3) 8.0 (5.0) 11.9(55)  9.3(6.3) 5.8(4.9) 6.6 (5.3) 5.8 (5.6) 8.1(5.8)
Depression 3.9(3.8) 33(3.0) 41(3.7) 4.8(3.8) 35(3.1) 6.3(3.7) 4.4(3.8) 4.4(3.7)
Distress 19.0(84) 192(75) 205(76) 236(69) 215(69) 23.7(6.8) 191(82)  215(75)
Somatization 105(6.8) 111(66) 153(69  147(74) 136(67) 12.6(6.9) 124(7.1)  133(7.1)
Level of care, n (%)
No care 15 (7.61) 62 (5.64) 28 (2.55) 31(3.05) 61 (5.55) 55 (5) 13 (5.20) 265 (4.52)
General practice 46 (23.35) 198 (18) 165 (15) 90 (8.86) 171(1555) 183(16.64)  19(7.60) 872 (14.87)
Basic: short 11 (5.58) 127 (11.55) 92 (8.36) 93 (9.15) 110 (10) 102 (9.27) 8(3.20) 543 (9.26)
Basic: moderate 4(2.03) 90 (8.18) 69 (6.27) 41 (4.04) 84 (7.64) 34(3.09) 7 (2.80) 329 (5.61)
Basic: intensive 23(11.68)  340(30.91) 340(30.91) 244 (24.02) 457 (4155) 283(25.73) 29(11.60)  1716(29.27)
Specialist 98(49.75)  283(25.73) 406(36.91) 517(50.89) 217(19.72) 443 (40.27)  174(69.60) 2138 (36.47)
Lexical characteristicss  55.1(55.0) 71.7(69.5) 68.0(1035) 75.1(157.0) 70.9(749) 655(752)  76.4(724) 69.9(98.2)

words (N), mean (SD)

3PTSD: posttraumatic stress disorder.

bFor patients who entered the study through their general practitioner, the gender is not registered; as such, gender is unknown for a large group of

patients.

°DIPP: Digitale Indicatiehulp Psychische Problemen (Digital Indication Aid for Mental Health Problems).

d4DSQ: Dutch 4D Symptom Questionnaire. For the 4DSQ, trichotomized 5-point scal e responses on each subscale are reported (see the study by Terluin
et a [27] for the exact scoring method). Scores are considered moderately elevated (>10, >2, >8, >10) or strongly elevated (>20, >5, >12, >20) for

distress, depression, anxiety, and somatization, respectively.

The demographic information (Table 2) shows that for those
patients whose gender is known, more women than men had
registered for all treatments except for Addiction. The mean
age of the sample was 37.7 (SD 13.6) years, where patients
treated for eating disorders were considerably younger (mean
30.8, SD 10.0 years) and patients treated for somatic disorders
dightly older (mean 41.2, SD 11.7 years). The DIPP
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guestionnaire results show that patients in treatment for panic
attacks had the highest anxiety and somatization scores
compared with those in other treatments. Patients treated for
mood disorders scored higher on the depression and distress
scale than those treated for other disorders. From the lexical
characteristics, it can be concluded that the texts written by
patients treated for addiction were considerably shorter: the
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mean number of words was 55.1 (SD 55.0) compared with an
overall mean number of words of 69.9 (SD 98.2) for the
complete sample. Patientswith PTSD and eating disorderswrote
relatively longer answers (mean 75.1, SD 157.0, and mean 76.4,
SD 72.4, respectively).

Screening M odel

Overview

Inthe exhaustive grid search in theinner 5-fold cross-validation
loop, all possible combinations of parameter valueslistedinthe

Table 3. Best parameters selected by exhaustive grid search.

Wiegersmaet a

Analytical Strategy section were compared to find the model
with the highest performance score. This resulted in a linear
support vector classifier with aweighted F; score of 0.471. The
selected model consisted of 470 unigrams (single words)
weighted by term frequency. For this model, stop words were
excluded and the sel ected keywords had to occur in at |east one
of the documents in the training set. The optimal value found
for the regularization parameter C was 1. An overview of the
selected model parametersis presented in Table 3.

Parameter Best value
Remove stop words Yes

Minimal x? documents 1
Representation scheme Unigrams

Term weight Term freguency
Select kP best features 470
Regularization parameter C 1

8: number of documents a feature should be present in.
Bk: number of most informative features selected.

Most | nformative Features

The 50 most informative unigrams (from hereon referred to as
“keywords’) arelisted in Table 4. The keyword column contains
the trandlated English keywords, followed by the Dutch stemmed
keywordsin parentheses. Thelarge chi-square values and highly
significant P values (when applying the O-a-A strategy,
chi-square value >3.84 is required to indicate significant
differences[P<.05]) show that there are significant differences
between the observed and expected frequencies with which the
keywords occur in texts written by patients with different
disorders. These keywords are considered informative and were
therefore included in the model. The remaining columns show
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the frequency with which each keyword occurs in each class
(classes being the disorders for which the patients are being
treated). For each keyword, the classin which it occurs most is
presented in italics. This shows that especialy for the eating
disorder, many highly distinctive keywords were found: 22 of
the 50 keywords have the highest frequency of occurrence in
Eating. Some keywords have a high occurrence in several of
the classes; for example, the word fear occurs often in the
classes Panic (N=574), Anxiety (N=411), and PTSD (N=205).
Of thetop 50, none of the keywords occursthe most in Anxiety,
and only a few have the highest occurrence in Mood and
Addiction.
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Table 4. The 50 most informative features (keywords) of the multi-class classifier with the highest chi-square values and significant (P<.05) P values.

English keyword (Dutch stem) ~ Chi-square (dfy Pvalue  Addiction® Anxiety? Eating® Mood®  PTSD®  Panic®  Somatic®

food (eten) 437.0 (1) <.001 1 18 218°¢ 19 20 32 22
binge (eetbui) 407.3 (1) <.001 0 3 121 3 3 0 2
fear (angst) 126.6 (1) <.001 17 411 25 98 205 574 82
eating disorder (eetstoornis) 100.9 (1) <.001 0 1 33 1 3 1 1
panic attacks (paniekaanvall) 96.6 (1) <.001 0 13 2 12 21 196 11
to vomit (brak) 93.1 (1) <.001 0 6 28 0 2 0 4
bulimia (boulimia) 78.4 (1) <.001 0 1 26 0 0 0 0
eating pattern (eetpatron) 75.8 (1) <.001 0 0 24 2 1 0 1
weight (gewicht) 69.9 (1) <.001 0 0 26 4 1 0 3
to throw up (overgev) 62.2 (1) <.001 2 16 39 0 1 19 4
panic (paniek) 57.7 (1) <.001 8 42 4 22 49 185 23
eat (eet) 53.4 (1) <.001 2 6 33 2 4 7 2
drink (drink) 48.0 (1) <.001 20 5 2 8 2 9 1
eating behavior (eetgedrag) 444 (1) <.001 0 0 14 0 0 0 0
nightmares (nachtmerries) 42.3(1) <.001 0 7 0 6 78 8 1
binge (vreetbui) 40.9 (1) <.001 0 0 12 0 0 0 0
work (werk) 39.5 (1) <.001 30 214 26 238 172 232 531
past (verled) 37.4(1) <.001 5 74 11 65 188 73 47
healthy (gezond) 36.8 (1) <.001 4 21 50 30 17 37 20
overeating (overet) 35.6 (1) <.001 0 0 9 0 0 0 0
sense (zin) 34.5 (1) <.001 20 41 17 198 78 56 103
to lose weight (afvall) 30.6 (1) <.001 2 1 21 6 3 3 3
eating problems (eetproblem) 30.3(2) <.001 0 0 11 0 2 1 2
scared (bang) 30.1 (1) <.001 13 205 2 65 131 206 54
to attack (aanvall) 29.5 (1) <.001 2 6 1 8 22 74 7
to compensate (compenser) 28.3(1) <.001 0 3 11 0 0 0 0
fat (dik) 28.2 (1) <.001 0 3 12 2 3 3 1
anxious (angstig) 27.6 (1) <.001 6 152 8 62 102 168 43
tired (moe) 27.2 (1) <.001 12 66 10 145 88 66 214
panic attack (paniekaanval) 27.1(1) <.001 1 2 0 1 3 55 3
drug (drug) 26.3(1) <.001 14 5 3 5 4 6 3
raped (verkracht) 23.6 (1) .001 1 2 3 0 44 6 4
accident (ongeluk) 23.0(2) .001 7 26 1 20 87 30 24
overweight (overgewicht) 229(1) .001 0 1 8 2 1 1 1
to smoke (blow) 226(1) .001 10 1 1 0 6 0 0
hyperventilation (hyperventilatie) 22.5 (1) .001 2 3 0 2 4 51 7
tired (vermoeid) 225(1) .001 7 33 4 60 35 38 134
acohol (alcohal) 225(1) .001 15 9 5 6 4 6 5
abuse (misbruik) 21.1(2) .002 5 9 0 6 53 6 4
obsession (obsessie) 21.1 (1) .002 0 2 6 0 0 0 0
flashback (flashback) 20.7 (1) .002 2 1 0 4 27 1 0
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English keyword (Dutch stem) ~ Chi-square (dfy Pvalue  Addiction® Anxiety? Eating® Mood®  PTSD®  Panic®  Somatic®
eating (eten) 20.2 (1) 003 0 0 5 0 0 0 0
heavy-headed (lustelos) 20.0 (1) 003 9 40 6 105 27 23 74
control (control) 19.6 (1) 003 9 53 49 45 36 102 38
ate (geget) 19.3 (1) 004 0 0 7 1 0 0 0
underweight (ondergewicht) 189(1) .004 0 0 6 1 0 0 0
nutrition (voeding) 189(1) .004 0 2 9 1 1 0 0
gloomy (somber) 18.6 (1) 005 3 P 6 112 P 40 38
normal (normal) 184 (1) .005 8 58 55 44 83 105 63
addictive (versav) 17.9 (1) 007 10 4 4 3 2 1 4

30ccurrence frequencies for each feature in each class (disorder).
bpTSD: posttraumatic stress disorder.

®The frequency for the class in which it occurs the most is presented in italics.

Performance Metrics

Table 5 reports the performance scores of the final model for
each class. Themodel performsespecially well in screening for
eating disorders. The high precision (0.75) for this class means
that 75% (41/55) of the patients whom the model classified as
having an eating disorder were indeed referred to a treatment
for eating disorders by the therapist. The high recall (0.82)
shows that 82% (41/50) of the patients who were referred to a
treatment for eating disorders by the therapist were also
identified as such by the model. The model screens the least

effective for addiction and anxiety. Only 25% (13/52) of the
patientswho were classified by themodel ashaving an addiction
and 44% (77/175) of the patients with anxiety were aso
identified as such by the therapist. Of the patients referred to
treatments for addiction and anxiety by the therapist,
respectively, only 33% (13/40) and 35% (77/220) were also
found by the model. The overall accuracy of the classifier is
0.49, meaning that 49.28% (578/1173) of the predictions made
by the model were correct. For a 7-class classifier this exceeds
random guessing, which would be 14% (1/7).

Table 5. Performance metrics final model: per class and average performance scores for the final model (N=1173).

Disorder Patientsin test set, n (%) Precision Recall F score Overall accuracy®
Addiction 40 (3.41) 0.25 0.33 0.28 _b

Anxiety 220 (18.76) 0.44 0.35 0.39 —

Eating 50 (4.26) 0.75 0.82 0.78 —

Mood 220 (18.76) 0.44 0.50 0.47 —

PTSDS 203 (17.31) 057 052 0.54 —

Panic 220 (18.76) 0.57 0.55 0.56 —

Somatic 220 (18.76) 0.46 0.50 0.48 —

Weighted average N/AY 0.50 0.49 0.49 0.49

8Accuracy isthe overall accuracy of the classifier averaged over all classes.
bData not available for separate classes.

®PTSD: posttraumatic stress disorder.

dN/A: not applicable.

Confusion Matrix

The confusion matrix in Table 6 contains the absolute counts
and normalized values (counts corrected by the number of
documents present in each class, in %) for the true and predicted
labels. The normalized values are the most useful because these
indicate the proportion of correctly predicted labels for each

https://mental .jmir.org/2022/4/€21111

class, independent of the class sizes. The normalized valueson
the diagonal show that the classifier screensthe best for Eating
(41/50, 82% correct), followed by Panic (121/220, 55%), PTSD
(105/203, 51.7%), Somatic (111/220, 50.5%), Mood (110/220,
50%), Anxiety (77/220, 35%), and Addiction (13/40, 32.5%).
Of the 1173 patients in the test set, this screener referred 578
(49.28%) to the correct treatment.
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Table 6. Confusion matrix for the 7-class classifier: absolute and normalized values (%) for the true versus predicted class labels.

True disorder Predicted disorder

Addiction Anxiety Eating Mood PTSD? Panic Somatic
Addiction (N=40), n (%) 13 (32.5) P 3(7.5) 1(2.5) 8(20) 3(7.5) 3(7.5) 9(22.5)
Anxiety (N=220), n (%) 11 (5) 77 (35) 6(2.7) 33(15) 27 (12.3) 41 (18.6) 25(11.4)
Eating (N=50), n (%) 1(2) 1(2) 41 (82) 4(8) 1(2) 0(0) 2(4)
Mood (N=220), n (%) 11 (5) 26 (11.8) 0(0) 110 (50) 14 (6.4) 10 (4.5) 49 (22.3)
PTSD (N=203), n (%) 2(1) 18 (8.9) 0(0) 36 (17.7) 105 (51.7) 19 (9.4) 23(11.3)
Panic (N=220), n (%) 4(1.8) 27 (12.3) 3(1.4) 24 (10.9) 18(8.2) 121 (55) 23(10.4)
Somatic (N=220), n (%) 10 (4.5) 23(10.5) 4(18) 37(16.8) 16 (7.3) 19 (8.6) 111 (50.5)

3PTSD: posttraumatic stress disorder.

bThe diagonal cells show the correctly predicted labels (in italics). The off-diagona cells show the prediction errors for each class.

The normalized confusion matrix is plotted in Figure 3 to give
a more direct visual presentation of which classes are being
misclassified. The darker the blue tones, the higher the
proportionsin that cell. The perfect classifier would have adark

blue diagonal line, surrounded by white cells. The plot confirms

that Eating is rarely misclassified. Most confusion occurs for
Addiction, which is often mislabeled as a mood or somatic
disorder. In addition, mood and somatic disorders are often
confused with each other, as are panic and anxiety disorders.

Figure 3. Normalized confusion plot. Visual presentation of the true versus predicted class |abels. The darker the tone, the higher the proportion in the

corresponding cell. PTSD: posttraumatic stress disorder.

Addiction

Anxiety |

Eating |

Mood

True label

PTSD

Panic }

Somatic

T I 0.8

https://mental .jmir.org/2022/4/€21111

XSL-FO

RenderX

Predicted label

IMIR Ment Health 2022 | vol. 9 | iss. 4 [e21111 | p.173
(page number not for citation purposes)


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

JMIR MENTAL HEALTH

Final Model Evaluation

The 5-fold cross-validation grid search was conducted 5 times
intheinner loop, iteratively using 4 of the 5 folds from the outer
loop as the development set once. This resulted in 5 weighted
F, scores: one for each final model selected in the inner
cross-validation loop that was tested on the test set in the outer
cross-validation loop. The weighted F; scores for the 5 outer
test folds were 0.49, 0.49, 0.47, 0.46, and 0.47. The scores are
relatively close to each other, meaning that the classifier
generates stable results. The mean weighted F, score over the
5 iterations was 0.48 (SD 0.01). This is the estimated
generalization performance, the performance that can be
expected when thefinal model isapplied to new datasetsinthe
future.

Discussion

Principal Findings

This study aimsto improve theintake procedure of aweb-based
mental health therapy provider by using multi-class text
classification to automatically screen textual answers on open
guestions from an intake questionnaire for arange of different
mental health disorders. The resulting classification model
turned out to be especialy effective in screening for Eating,
correctly identifying 82% (41/50) of the patients with an eating
disorder. This is comparable to binary classifiers in previous
studies, for example, for PTSD (80% correct; performance score
for the SYM model based on unigrams) [22] or depression (84%
correct) [23]. The correct classification rates for the other
disorders were substantially lower: Panic, 55% (121/220);
PTSD, 51.7% (105/203); Mood, 50% (110/220); Somatic, 50.5%
(112/220); Anxiety, 35% (77/220); and Addiction, 32.5%
(13/40), resulting in an overall accuracy of 49.28% (578/1173).
This is a reasonable score for a 7-class classification model,
athough not high enough to make strong and accurate referrals
for all treatments.

The difference in performance is also reflected in the selected
keywords, of which many are highly discriminative for Eating.
For example, simple words such as food, binge, weight, or
bulimia are clearly related to eating disorders while sparsely
being used in texts written by patients with other disorders. For
the remaining disorders, the keywords found are more generally
related to fears and feelings and occur morein all classes except
for Eating and thus are less discriminative. For example, fear
and scared are selected as keywords for Panic, but they also
have high occurrencesin Anxiety and PTSD. Senseisakeyword
for Mood, but it isaso highly used in texts written by patients
with somatic disorders, whereas the somatic keyword tired is
also used often in textswritten by patientswith amood disorder.
Asaresult, themodel could not accurately differentiate between
mood and somatic disorders as well as between panic and
anxiety disorders. None of the 50 most informative keywords
was related mostly to Anxiety, for which one of the lowest
classification performances was reported.

The reasons for the overlap in keywords for different disorders
may be symptom overlap (in case symptoms are part of the
defining symptom set of multiple disorders) and nonspecificity
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of defining symptoms (in case symptoms also occur regularly
in persons without the disorder), both issues resulting from
definitional choices made in the Diagnostic and Statistical
Manual of Mental Disorders, Fifth Edition [48]. For example,
PTSD has overlapping symptom criteria with depression,
generalized anxiety disorder, and panic disorder [49]. When
(future) patients are asked to describe their most important
symptoms (1 of the 3 open intake questions, the answers to
which were used to develop our model; Multimedia Appendix
1), because symptoms for several disorders overlap, it is not
surprising that descriptions and thus keywords for these
disorders will also overlap.

Thelow screening performancefor Addiction could be because
only avery small number of patientswith addiction were present
in the data set (n=197), and as such the machine learning
algorithm was provided with inadequate training data for this
class. However, for Eating, not many more patients were
included (n=250), and for this class the classifier performed
very well. Another reason could be that patients in Addiction
were found to write shorter texts; on average, the mean number
of words used by patients in the Addiction class is 55.1 (SD
55.0) versus an average of 69.9 (SD 98.2) over al classes and
even 76.4 (SD 72.4) for the Eating class (Table 2). This shows
that patients with an eating disorder provide a more extensive
description of their symptoms, treatment goals, and anamnesis
than patients with addiction. Because of this, less information
isavailable for Addiction than for Eating, which makesit hard
for the machine learning algorithm to learn key featuresfor this
class.

The results further show that the classifier has difficulty
differentiating mood from somatic disorders and panic from
anxiety disorders. For mood and somatic disorders this can be
explained by the fact that most patients with somatic disorders
are commonly found to have an underlying mood disorder [50].
The difficulty in distinguishing between panic and anxiety
disorders could be because panic disorder is actually classified
as a type of anxiety disorder in the Diagnostic and Statistical
Manual of Mental Disorders, Fifth Edition [51]. Despite the
underlying similarity, we expected that panic disorders could
be easily distinguished from anxiety disorders because of their
distinctive characteristics. Although the classifier found quite
a few significant keywords for Panic (eg, fear, panic attack,
and panic), these words also occurred often in texts written by
patients with Anxiety and PTSD and thus were not
discriminative enough. In contrast, none of the top 50 keywords
had the highest frequency of occurrence in the Anxiety class,
meaning no highly discriminative keywords were found for
Anxiety. AsPanic and Anxiety are closely related, merging the
2 classes into one would probably improve the performance of
the screener. However, this would reduce the practica
applicability of the screener becausethe goal isto refer patients
to the most suitable treatment offered by the health care
provider, which offers separate treatments for Panic and
Anxiety.

Theoretical and Practical Contributions

First, this study extends the findings of previous research on
text-classification applications in mental health care in that it
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investigates the use of amulti-class classifier instead of abinary
classifier, which is predominantly used [20,21]. Thisway it is
possible to screen for multiple disorders at once, without the
need to make prior assumptions regarding the type of disorder
a new patient signs up with. Second, this study shows an
application of text mining and natural language processing
applications originally developed for English text to
non-English, in this case Dutch, mental health data. Although
most of the scientific publicationsin this areafocus on English
dataand tools[20,21], most underlying processes and techniques
are not language dependent and as such can be easily applied
to non-English texts. Finally, our data set contained high-quality
classlabels, consisting of official clinical diagnoses made by a
therapist, enabling us to compare the labels predicted by the
classifier to an official gold standard instead of a proxy. The
quality of the labels is highly important for the performance,
validity, and clinical applicability of the developed model, and
acquiring large, high-quality mental health text data setsisfound
to be challenging [21].

For the web-based mental health provider, the developed text
screener provides an additional outcome score that can be used
as input for the automatically generated indicative diagnosis
and for the formal diagnostic interview by the therapist.
Although the overall performance of the classifier still needs
to be improved, the classifier was able to distinguish eating
disorders very well. As an eating disorder is currently not
reported as a separate scale in the DIPP questionnaire (which
reports on anxiety, depression, distress, and somatization), the
text screener provides additional information that was not
available from the multiple-choice questions.

This study further shows how text mining, specifically text
classification, can add value to current (web-based) mental
health care practice because it can be used for more efficient
screening, intake, or treatment referral. Asdescribed previoudly,
mental health problems often remain undiagnosed and untreated.
This can partly be attributed to the fact that most people are
only seen by primary care providers who do not aways
recognize mental health conditions because of comorbidity
between physical and psychological diseases. Magruder et al
[8] therefore propose that primary care clinicians should receive
more training on the recognition of these conditions. However,
even after being diagnosed, patients often remain untreated
because of the scarcity of health care resources. To scale up the
mental health workforce, the World Health Organization [52]
has proposed to shift caregiving to mental health workers with
lower qualifications or even lay helpers under the supervision
of highly qualified health workers [8]. An alternative way of
reducing the workload for mental health workersisto increase
the use of modern technologies in screening, providing
treatment, and monitoring treatment outcomes. Instead of (or
in addition to) extra training for primary care providers, an
automatic screening tool could aso aid in the recognition of
mental health problems, and instead of shifting care to
lower-qualified or lay helpers, mental health providers could
be supported by modern technology. The automatic screener
described in this paper should be seen as an example of this.
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Limitations

An important limitation of our classifier isthat it isnot capable
of dealing with comorbidity. Comorbidity isanimportant issue;
45% of the patients with psychiatric disorders are reported to
meet the criteriafor =2 disorders within the same year [48]. As
stated earlier, it isnot unusual for patients with somatic disorders
to have an underlying mood disorder [50], whereas mood
disorders are commonly found to co-occur with anxiety
disorders [48]. Substance use disorders are also often found to
co-occur with other mental health disorders; for drug use
disordersin particular, high associationswith anxiety (especialy
panic disorder) and affective (mood) disorders have been
reported [53-55]. The main limitation of this study is that
although the multi-class classifier can screen for multiple
disorders at once, it does not take into account the possibility
that a patient can have a combination of multiple disorders
simultaneously (comorbidity). This may explain why the
screener did not prove to be very capable when it came to
distinguishing between some disorders, which indicates the
need for amulti-label classifier that can screen for combinations
of disordersinstead of only a single disorder.

Another limitation may be the fact that we used a blinded tool
to develop the automatic screening model. Some might state
that to develop amodel, at least someinsight into theinput data
is required to actively monitor the development process.
However, the tool was tested and applied in a previous study
by the authors and in amaster’sthesis[47] in which the process
and outcomes were confirmed. Thistool enabled usto work on
sensitive information without any insight into the textual content,
on a local computer, and without the need to send the
information over theinternet for processing and analysis, thereby
reducing not only therisk of privacy issues, but also the risk of
possible confirmation bias because of prior knowledge.
However, by using atool, oneislimited by the choice of models
and parameters made beforehand during the development of
the tool. Adding to, or changing, the tool’s settings based on
new insightsis quite laborious because this requires devel oping,
updating, and installing a new version. Therefore, we chose to
use acommon and proven classifier and analytic approach [21].

Yet another limitation could be the definition of the classesand
class imbalance. The classes used in this study are defined by
the specific diagnoses for which treatment is offered by the
mental health clinic Interapy, instead of symptomatology. The
performance of the classifier might be improved by grouping
together comorbid disorders or disorders with overlapping
symptoms (eg, combine somatic and mood disorders or panic
and anxiety disorders). However, because this would decrease
the practical usability of the screener, we chose to keep these
classes separate. Model performance may aso be influenced
by class balance (or imbalance), that is, the extent to which the
texts are evenly distributed across the classes. The classes
Addiction and Eating were strongly underrepresented in our
data set, and despite the use of class weights and stratified
samples, performance for the Addiction class especially was
poor. In contrast, the highest performance was reported for the
Eating class; therefore, it seemsthat aslong as the text content
is discriminative enough, even small samples may provide
enough information to make strong predictions.
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Future Research

Future research should focusfirst of all onimproving the overall
performance of the classifier. The current screener does not
show a high enough performance for all classes, which might
be solved by trying aternative classification algorithms or
machine learning strategies such as a multi-label strategy to
deal with comorbidity. In addition to adopting a multi-label
approach, exploring a multistage learning system also seems a
useful next step. Multistage models (eg, cascade classifiers) use
a staged decision process in which the output of a model (the
first stage) is used as the input for a successive model (the
second stage), and so on. Multistage models are widely used in
medical practice, and physicians use this approach for the
stepwise exclusion of possible diagnoses [56]. Several studies
show that multistage classifiers outperform the single-stage
classifiersgenerally used in supervised multi-class classification
tasks; for example, in the prediction of liver fibrosis degree[57]
and in distinguishing among levels of dementia [56]. For our
screener it could be useful to first classify the disorders into
more general groups of (possibly) overlapping disorders,
grouping Anxiety, Panic, and PTSD in 1 class and Mood and
Somatic symptom disorders in another while keeping Eating
and Substance abuse disorders separate, followed by a more
specialized classification model to distinguish among the
specific disorders within the groups. This prevents the best
predictable class (in our case, Eating) from dominating the
machine learning process. In addition, because one of the
problems was finding (enough) discriminative keywords for
some of the disorders, adding additional open questions to the
web-based intake procedure to collect more text data may be
helpful. Adjusting the questions by focusing less on symptoms
(which are found to overlap for some disorders) and focusing
instead on aspects possibly more defining for each disorder may
also lead to more discriminative keywords and consequently
better models.

Second, further uses of text mining and machine learning in
mental health care practice should be explored. Text mining
can be (and is) used for many more activities during and after
treatment; for example, in analyzing patient—physician or
patient—carer communication [58] or in evaluating treatments
by capturing patients’ opinionsfrom comments on theweb [59].
In addition, text mining can also be used to assess factors and
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processes underlying recovery of, for example, patientswith an
eating disorder [60]. A new application for text mining in
e-mental health practice could be to use it as atool to support
therapists by offering suggestionsfor patient-specific feedback.
The current computerized CBT process as used in this study
consists of sequential homework assignments covering common
CBT interventions. On the basis of the content of these
assignments, therapists offer standardized feedback and
instructions, including motivational techniques, adapted to the
needs and situation of the patient [14]. It would be interesting
to examine whether we could use text mining to automatically
highlight sections in the assignments that require attention or
that may indicate a positive or negative change in behavior.

Conclusions

Thisstudy showed that automatic text classification canimprove
the current web-based intake and referral procedure of a Dutch
mental health clinic by providing an additional outcome score
to be used as input for the indicative referral advice and the
formal diagnostic interview. Automatically generating an
additional indicator based on the textual input may lead to a
more efficient and standardized intake process, saving time and
resources because the text no longer needs to be processed and
interpreted by the therapist. As such, automatic text screening
could be a step in the right direction for solving patient,
systemic, and provider factors underlying the underdetection
of mental health disorders and underuse of available mental
health treatments [6]. The overall complaint-discriminating
quality of the screener still has to be improved, but the good
detection performance with regard to eating disorders in this
study (and with regard to PTSD and depression in other studies)
shows that text-based screening is a promising technique for
psychiatry. This paper contains multiple recommendations for
research pathsthat could improve this complaint-discriminating
quality of text screeners (eg, using stratified analysis techniques
when symptoms overlap complaints). Altogether, the technique
is getting closer to implementation in genera practice, where
it definitely could be of great value. Especialy in areas around
theworld with alimited number of mental health care workers,
automatic text classification could be helpful. It could savetime
that is now spent on screening and assessment of patients, time
that could be used for counseling and treatment.
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Multimedia Appendix 1

Thetrandated Digitale | ndicatiehul p Psychische Problemen (DIPP; Digital Indication Aid for Mental Health Problems) questionnaire
used for the web-based intake of new patients. The DIPP questionnaire was originally developed and validated in Dutch [24].
The DIPP questionnaire startswith the Dutch version of the4D Symptom Questionnaire [26-28], followed by additional questions
regarding current symptoms, treatment goals, anamnesis, psychosis risk, substance use, and medication.
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Abstract

Background: Severa studies have shown the benefits of coordinated specialty care (CSC) for individuals with first episode
psychosis; however, pathways to care are marred by lack of knowledge, stigma, and difficulties with treatment engagement.
Serious games or video interventions may provide away to address these factors.

Objective: This study focuses on qualitative results of a randomized controlled trial comparing OnTrack>The Game (OTG)
with recovery videos (RVS) on engagement, stigma, empowerment, hope, recovery, and understanding of psychosis in clients
receiving CSC. Clinicians are also interviewed regarding their perceptions of the interventions and suggestions for improvement.

Methods: A total of 16 clients aged 16-30 years, with first episode psychosis attending a CSC program in New York State, and
9 clinicians participated in the qualitative interviews. Interviews were analyzed using the rapid identification of themes from
audio recordings method.

Results: For clients, themes included relatability of game content, an increased sense of hope and the possibility of recovery,
decreased self-stigmaand public stigma, increased understanding of theimportance of socia support, and increased empowerment
in the OTG group. Clinicians had a preference for RV and provided suggestions for dissemination and implementation.

Conclusions: Themesthat may help inform future research in thisarea, particularly regarding dissemination and implementation
of OTG and RV, emerged.

Trial Registration: Clinical Trials.gov NCT03390491; https://clinicaltrials.gov/ct2/show/NCT03390491

(IMIR Ment Health 2022;9(4):€33526) doi:10.2196/33526
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Introduction

Background

Schizophrenia can be a debilitating illness that affects
approximately 20 million people worldwide[1]. Severa studies
have demonstrated the benefits of intensive early intervention
programs, known in the United States as coordinated specialty
care (CSC), for individuals with nonaffective first episode
psychosis (FEP) [2-4]. However, treatment engagement can be
challenging [5,6] and pathways to care are affected by stigma,
symptom misattribution, and preference for self-management
[7]. Thereisaneed for toolsthat can help engage young people
in treatment; reduce stigma; increase the understanding of
psychosis, empowerment, and hope; and promote personal
recovery.

A recent review has proposed the role of serious gaming as a
way to promote engagement of individuals with psychosis,
particularly if the game has a clear goal and involves service
users in game development [8]. Serious games are those that
have a clear educational purpose, can provide individuals with
the opportunity to engage in decision-making for real-world
situationsin asafe environment, and help them envision positive
future events and roles[8]. These games al so have the potential
to motivate individuals to engage in treatment and provide an
avenue for disseminating mental health information in amanner
that is nonthreatening or portrayed in a more casual and easily
accessible way, rather than through formal clinician—patient
contact [9]. A recent study by Ferchaud et a [10] has shown
that self-identification with avideo game avatar with psychosis
reduced the desire for socia distance from individuals with
mental illness, thereby, providing the opportunity to reduce
stigma. However, the impact of serious games on individuals
with psychosis needs further examination, particularly owing
to adearth of randomized controlled trials (RCTS) in this area
[11].

In aprevious pilot study, we devel oped and tested a prototype
of OnTrack>The Game (OTG), acomputer-based role-playing
game for individuals with FEP. We asked 20 individuals who
are enrolled in OnTrackNY, a CSC program for individuals
with FEP, to test the game in one 45-60—-minute sitting [12].
The gameincluded a customizable character, queststo practice
real-world skills, information about FEP, and videos
emphasizing stories of hope and recovery with individualswho
have experienced FEP (ie, recovery videos [RVS]). The RVs
have been previously shown to be effective in reducing public
stigma in cross-sectional [13] and longitudinal [14] RCTs.
Results from the OTG pilot study suggested a significant
increase in positive attitudes toward recovery; however, we did
not detect significant differences in hope, empowerment, and
engagement. Moreover, qualitative results indicated that
individuals found the community setting of OTG, educational
components, and RVs to be the most helpful, and participants
noted that playing OTG has the potential to translate to
real-world decision-making.

In this study, we refine and augment OTG using clinician and
client feedback (eg, Youth Advisory Board composed of
individuals with FEP) and test it in an RCT comparing the
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short-term (2 months) and long-term (5 months) effectsof OTG
versus RVs on engagement, stigma, empowerment, hope,
recovery, and understanding of psychosis. RVs are chosen as
the comparison group owing to pilot study participants reporting
RV's as the most valued game feature [12]. In this study, we
want to determine whether the videos alone were producing an
effect on our domains of interest or if the videos embedded in
the game in addition to other game elements were creating an
effect. RCT results will be presented separately. This paper
focuses on the qualitative findingsfrom OnTrackNY client and
clinician interviews.

Objectives

The study aims to gain a better understanding of clients
experiences with the game or videos, including technical
difficulties, what was helpful, what could be improved, and
impact on the study variables of interest, and clinician’s

impressions of the game’'s impact on clients and ideas for
dissemination and implementation.

Methods

Development of OTG

Inthe pilot study, we created aprototype of OTG, agame based
in afictional town where a player with psychosis has their own
apartment and can go to school, work, mental health clinic,
park, movie theater, and gym [12]. OTG included quests to
practice real-world skills and opportunities to collect coins,
information about FEP, and videos with stories of hope and
recovery (ie, RVs that are in the comparison condition). Our
team used participant feedback from the pilot study and the
Youth Advisory Board to refine and augment the game. We
held 3 web-based meetings with the Youth Advisory Board.
For some members, technol ogy was a challenge; thus, our team
also provided the opportunity for members to offer written
feedback about the game. On the basis of the feedback, we
improved the game’s functionality (changing to anew platform
that allows mobile use and devel oping a smartphone interface),
included more quests and interactions with nonplayer characters,
expanded the video library, added more customization features
to the main character (hair, facial features, and body type), and
provided rewards for collecting points such as opportunitiesto
upgrade the avatar’s outfit and decorate their apartment. We
also included an in-game computer with links to information
about psychosis, treatment options, and wellness strategies.

As modifications were made, the Center for Social Innovation
development team used Agile methodol ogi es, working in 2-week
sprints. Partners at OnTrackNY were included in weekly
planning meetings to enhance and facilitate communication and
stakeholder buy-in. Thiswas critical to the development of the
final product. Several times, modifications recommended by
the Youth Advisory Board or that emerged from the pilot data
were overruled by OnTrackNY partners to avoid content that
could be traumatizing or viewed as offering treatment within
the game. For example, in a scenario where the player had to
decide what to do if a barista gives him the wrong drink at a
coffee shop, we decided not to include topics such as having
the player feel overwhelmed by noise and crowding inthe coffee
shop. At times, this created a shift away from situationsin the
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gamethat were viewed asmorerealistic by reviewers, however,
our team deferred to clinically trained staff at OnTrackNY to
make this determination. OnTrackNY staff relied on
evidence-based approaches to create materials and dialogues
for the game. For example, a stress management handout
included deep breathing, progressive muscle relaxation, and
visualization. In dialogues with other nonplayer characters,
socia skills training principles were used, including how to
have a casual conversation, how to ask for something, and how
to assertively express needs. Other recommendations, such as
the Youth Advisory Board's observation that OTG would be
enhanced by playing with other people, were beyond the scope
and budget of this project.

Quests provided opportunities to engage in decision-making
and view potential consequences of these decisions. For
example, in one scenario, the player was given the wrong drink
at a coffee shop and had to decide how to respond, and in
another, the player had to decide whether to engage in a social
interaction with a neighbor. These scenarios provided
individualswith the opportunity to practice social skills, seethe
outcomes of potential responses, and receive immediate
feedback in a safe environment mimicking potential real-world
situations, designed to promote empowerment, hope, and
recovery. Resources avail able on the in-game computer and the
RV's triggered throughout the game (and comprising the RV
condition) provided opportunities for psychoeducation and
promoted stories of hope and recovery in individuals with
psychosis. All these additionswere aimed at addressing stigma,
engagement, hope, recovery, and knowledge about psychosis.

RV Condition

The RV, present in both comparison conditions, comprised 24
videos, each with duration of 3-5 minutes, featuring individuals
who received treatment in OnTrackNY and their relatives. These
individuals shared their experiences living with psychosis and
the challenges and successes they experienced during the
recovery process. For example, in a video, a young man with
psychosisand his mother described his symptoms during illness
onset, the benefits of connecting with treatment, his current
participation in work and school, and positive responses from
others when he shared his experience.

Thesevideosarefreely availableto patientsand familieson the
New York State Psychiatric Institute Center of Practice
Innovations website; however, they are not formally part of
treatment asusual. A shortened 90-second version of the videos
has been tested in previous RCTs and has shown reduced public
stigma in an MTurk general population sample immediately
after the intervention [13] and at the 30-day follow-up [14]. In
the tested video, ayoung woman with schizophrenia described
her symptoms during illness onset; her current daily difficulties,
including experiencing attenuated psychotic symptoms; and her
ability to participate in work and maintain meaningful
relationships. Similar to other contact-based stigma reduction
interventions, which provide opportunities to engage in live or
video-based contact with a presenter with mental illness, the
video provided participants with the opportunity to engage in
video-based socia contact with an individual who exhibited
some attenuated symptoms of psychosis and was ableto function
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well in her social and occupational roles, thereby, potentially
disconfirming preconceived notions about individuals with
psychosis and reducing stigma[15].

Recruitment

Recruitment for the quantitative study of 159 individuals with
FEP (ie, clients) occurred between April 18, 2019, and
December 30, 2020. Participants completed a baseline
assessment and follow-up assessmentsat 2 monthsand 5 months
after enrollment. Participants were initially recruited from 18
clinical sites in the OnTrackNY network, a CSC program in
New York State. Owing to recruitment challenges imposed by
the COVID-19 pandemic, 35.8% (57/159) of participants were
recruited via the web from various CSC programs across the
country. Inclusion criteria were the following: a diagnosis of
nonaffective psychosisand receiving servicesat aCSC program,
aged 16-30 years, can speak English, ableto givefully informed
consent, accessto the internet with aPC or tablet (sites provide
access to computers or tablets on-site if thisis a barrier), and
access to email. Participants provided consent, which included
a question that asked whether they would give permission to
be contacted to participate in a qualitative interview at a later
time.

Study participants were randomly assigned to the OTG or RV
intervention. Participants were provided basic instructions on
how to access and navigate the intervention to which they were
assigned and were given 2 months to play the entire game or
watch all RVs. They were also encouraged to use OTG or RV
on aweekly basisthroughout that 2-month period. Our research
team collected analytic data on the extent to which each
participant accessed OTG or the RV site and the content within
each site. Data reflect cumulative use and indicate that
approximately 30.2% (48/159) of the participants accessed the
sites they were assigned. Inconsistent use, possible reasons for
lack of use, and overall implications will be discussed in a
subsequent manuscript on outcomes related to the study. For
qualitative interviews, the team used purposive sampling,
examining use data to identify individuals with a range of
exposure to the intervention. Interviewing participants who
varied in product use allowed the team to identify barriers to
and facilitators of use.

For the qualitative study, a subsample of participants from the
OTG and RV groupswho agreed to be contacted were recruited
between July 22, 2020, and December 1, 2020. We planned to
enroll 20 clientsin 1:1 ratio (eg, 10/20, 50% OTG participants
and 10/20, 50% RV participants). Of the 42 individuals who
provided consent to be contacted for the qualitative study, 93%
(39/42) were contacted, and 41% (16/39) of them agreed to
participate in the interview (5/16, 31% in the RV group and
11/16, 69% in the OTG group). Of the 23 participantswho were
contacted but did not participate, 13% (3/23) had difficulties
with scheduling, 35% (8/23) declined, and 52% (12/23) did not
respond or had invalid contact information. Unfortunately, we
faced difficulties in engaging participants from the RV group.
Some RV participants indicated they did not want to stay
involved in the study after finding out they would not be able
to play OTG and some participants did not want to complete
additional assessments.
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A total of 9 clinicians from CSC programs (n=1, 11% with a
client in RV group and n=8, 89% with clientsin both OTG and
RV groups) were enrolled in the qualitative study between June
25, 2020, and August 31, 2020. Somecliniciansinvolved inthe
study chose not to participate in the qualitative interviews.
Inclusion criteria were being a licensed mental professional
providing care in aNew York CSC program and working with
aclient participating in the quantitative study.

Ethics Approval

All procedures were approved by the New York State
Psychiatric Institute Review Board (protocol #7643) and the
trial was registered on Clinicaltrials.gov ID # NCT03390491.

Qualitative I nterviews

Interviews were conducted by 2 trained research assistants
(Terriann Nicholson and Sapna Mendon-Plasek) via WebEx
(Cisco) and were audio-recorded. Interviews lasted
approximately 30 minutes, and OnTrackNY participants were
compensated US $25. Clinicians were not compensated. Brief
semistructured interview guides were used for participants and
clinicians. Client interview questionswere intended to el aborate
on quantitative measures and included questions about the

Textbox 1. Client qualitative interview questions and domains assessed.

Jankowski et &l

game's influence on treatment engagement; recovery;
empowerment; hope; understanding of psychosis; and stigma,
which was divided into self-stigma and public stigma
Self-stigma encompasses the judgments and negative beliefs
peopleinternalize or hold about themselves[16]. Public stigma
encompasses the attitudes and feelings expressed by many
people in the public toward individuals with psychosis [16]. It
involves identifying differences, connecting those differences
to stereotypes, and separating groups by those stereotyped
differences. Questions corresponding to each domain are
included in Textbox 1. Additional questions were related to
potential technical difficulties, most favorite and least favorite
aspects, frequency of use, relevance to experiences with
symptoms and treatment, and recommendations for
improvement.

Clinician interviews included questions about the following:
whether the game or videos were discussed in the session, most
helpful or least helpful aspects, perceived changes in client
interactions with the team and their attitudes, whether they
would recommend the game or videosto other clients, perceived
barriers to client use, ways to encourage individuals to use the
products, and recommendations for improvement.

Engagement

«  Thinking back to before you started playing the game or using the recovery video site and after, has your participation in treatment and other

support services changed?

Recovery

. Let'stalk about your feelings about recovery before playing the game or using the videos website and after. When you think back, have there
been any changesin how you think or feel about recovery or do you feel the same?

Empower ment

« Did playing the game or using the videos site help you think about ways to speak up for yourself?

«  Didyou think more about how you can participate in and make decisions about your treatment?

Hope

. Let'stak about your hope for the future and your treatment before playing the game or using the videos site and after. When you think back,
have you felt any changes in your hopefulness for the future or do you feel the same?

Under standing of psychosis

«  How was the content relevant to your own life and experiences with your symptoms and treatment?

« Didyou learn anything about your symptoms or treatment?

Self-stigma

. After playing the game or using the videos site, did you feel differently about yourself?

Public stigma

«  How do you think the game or videos site portrayed individuals living with mental illness?

Data Analysis

For qualitative data, the rapid identification of themes from
audio recordings method was used [17]. Similar to procedures
in our pilot study [12], asummary template was created by one
of the authors (FM) with the predetermined interview codes
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described above. Codes for the client data included the
following: treatment engagement, recovery, stigma,
empowerment, hope, understanding of psychosis, how often
game or videos were used, likes and dislikes, and technical
difficulties. Codes for clinician data included the following:
most and least helpful aspects of game or videos, changes
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observed in the client, barriers and waysto improve engagement,
whether they would recommend the game or videos, and
additional feedback. Upon completion of interviews, the authors
listened to the recordings and documented key messages and
relevant quotes. Then, the data were categorized into common
themes across study conditions and differences across study
conditions and respondent roles. Some themesreflected a priori
topics from the template and others emerged directly from the
interviews. Another author (ED) revised the proposed codes,
added new themes, and synthesized the results. Both coders
used afocused coding approach to determine which topics arose
often and which represented unusual or particular concerns.
Disagreements between coders were resolved by discussion
among all authors.

Jankowski et al

Results

Sample Characteristics

On the basis of self-reported data from participants in the
qualitative subsample, the clients mean age was 21.81 years,
and 56% (9/16) of the them were men. Participants identified
asBlack or African American (6/16, 38%), White (5/16, 31%),
and Asian (1/16, 6%), and approximately half of them were
Hispanic (7/16, 44%). There were no significant differences
between RV and OTG groups a basdline (Table 1). All
participantswerefrom New York CSC sites. Demographic data
were not collected for clinicians.

Table 1. Demographic characteristics for recovery video and OnTrack>The Game groups.

Characteristics Treatment group Comparison
OnTrack>The Game  Recovery videos
group (n=11) group (n=5) Chi-squaretest (df)  t test? (df) P value
Sex, n (%) 0.04 (1) N/AP 84
Men 6 (55) 3(60)
Women 5 (45) 2 (40)
Age (years), mean (SD) 21.55 (4.01) 22.40 (1.95) N/A 0.57(13.79) .58
Race, n (%) 1.9(3) N/A .60
White 3(27) 2 (40)
Black or African American 5 (45) 1(20)
Asian 109 0(0)
Unknown 2(18) 2 (40)
Ethnicity, n (%) 0.04 (1) N/A 84
Yes, Hispanic or Latino 5 (45) 2 (40)
Not Hispanic or Latino 6 (55) 3(60)

A 2-tailed t test.
BN/A: not applicable.

Similar Themesfor Clients Across Study Conditions

Overview

The analysis generated data related to 6 main themes (Textbox
2). Thefirst 4 themes demonstrate the benefits of client exposure
to OTG and RV content. Theseincluded (1) accessto depictions
of relatable experiencesthat provideindividual swith psychosis
with models of possibility, (2) increased sense of hope for the
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future and the ability to advance through recovery, (3) decreased
self-stigmaand public stigma, and (4) increased understanding
of the importance of family and social support and their
inclusion in the treatment process. The fina 2 themes
demonstrate differences between user experiences in the OTG
and RV conditions. Improved empowerment wasidentified only
by OTG participants, and clinicians strongly valued use of RV's
over OTG with clients.
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Textbox 2. Key themes and subthemes identified.

Jankowski et al

OnTrack>The Game (OTG) and recovery videos (RVs) arerelatable.

OTG and RVsimprove feelings of hope for the future.

their lives as aresult of their participation.

OTG and RVs decrease self-stigma and public stigma.

A circle of support isimportant.

your treatment.

Improved empower ment isidentified only by OTG participants.

«  Thistheme did not emerge for RV participants.

Clinicians strongly value use of RVsover OTG for clients.

. Thevast mgority of OTG or RV participants report that the content is relatable to them and other individuals with psychosis.
« OTGand RV provide accurate representation of real-life experiences and daily challenges for individuals with psychosis.
«  OTG provides helpful tools for self-reflection for individuals with psychosis.

«  Thevast mgjority of OTG participants report that the game increasestheir sense of hope for their future and their ability to live, work, and advance

« Themagority of RV participants report that the RVs increase their sense of hope for their future and their ability to advance through recovery.

« OTGand RV participants report a slight decrease in both self-stigma and public stigma.

«  Although most OTG and RV participants report a decrease in self-stigma and public stigma, there are some mixed results. For example, some
OTG participants note that individuals with psychosis are portrayed “too favorably” by the game.

« OTG and RV participants report an increased understanding of the importance of family and social support.

« OTG and RV participants report an increased understanding of the importance of involving the people who are part of your support system in

«  Most OTG respondents report that the game increases their feelings of empowerment.

« All clinician respondents would recommend the RVsto future clients.

«  Slightly more than half of the clinicians would recommend OTG to future clients.

Relatability

Most study participants reported that both OTG and RVswere
relatable. Totally, 64% (7/11) of the OTG participants and 80%
(4/5) of the RV participants reported that they related to the
content and felt enhanced feelings of connection and
understanding after engaging with it. Participants provided many
examples of the potential for this content to enhance feelings
of connection and understanding. They reported feeling less
lonely or isolated. OTG and RV participants also reported that
OTG or RV provided accurate representation of rea-life
experiences and daily challengesfor individual swith psychosis.
Furthermore, OTG participants reported that the game provided
helpful tools for self-reflection for individuals with psychosis:

[The RVS| help identify some of the struggles that
come with psychosis and gives helpful tools to help
with challenges, especially parts that talk about
disclosure and when it’'s appropriate to share. [RV
participant]

Seeing daily activities in the midst of anxious
situations, made conventional life more relatable.
Learned a lot about myself, a great tool to be
reflective. [OTG participant]

| fedl different. | feel hopeful for the future. The goals
in the game, such as getting up and taking care of
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yourself, made me more aware of what | was doing
daily. [OTG participant]

I mproved Feelings of Hope

Most of both OTG and RV participants (15/16, 94%) reported
increased fedlings of hope. All the OTG participants (11/11,
100%) noted an increased sense of hope for their future and
increased their ability to live, work, and advance their lives as
a result of their participation. OTG aided participants in
addressing some of their self-doubt and beginning the process
of overcomingit. Of the 5 RV participants, 4 (80%) participants
reported that the RV sincreased their sense of hope for the future
and their ability to advance through recovery:

They had a diagnosis and still continued their life; at
the beginning, | thought ‘that’s it, I’'m not going to
live a normal life’; now | feel proactive and amin
school; looking at participants in the game helped.
[OTG participant]

They've been through episodes, but overcame them,
continue living their life -- that made me fedl like |
can live a life. [OTG participant]

I am more hopeful after watching the videos, and
pretty much whenever | have connection with
participants with mental illness. It made me realize
that there is always another side no matter what
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difficulty you are going through...I feel more hopeful
when | see success stories and | see the artwork they
create. It reinforced the things | knew before. Even
if you arein hell thereislight at the end of the tunnel.
[RV participant]

Decreased Self-Stigma and Public Stigma

Most OTG and RV participants reported increased positivity
and adecrease in both self-stigmaand public stigmaas aresult
of playing OTG and watching the RVs. In all, 73% (8/11) of
the OTG participants and 100% (5/5) of the RV participants
noted that exposure to content that portrays individuals with
psychosis positively, as complex people with talents and goal s,
not only helped them to cope with their own diagnosis but also
to judge others with mental illness less harshly:

It gave me positivity that mental illness is nothing

bad. Whatever happened, | went through it and

survived. [OTG participant]

[Individuals with psychosis] were portrayed very

positively and honest and genuine. They spoke very

openly about their experiences and how they

overcameit. When | finished all the videos, | reflected

on what | saw and heard on the videos and it was

very inspiring. | felt very happy and positive about it,

seeing people in my age group going through the

same struggles and overcoming it. [RV participant]
Although most OTG and RV participants reported a decrease
in self-stigma and public stigma, some OTG participants
reported that the game portrayed individuals with psychosis
“too favorably.” They suggested that OTG include content where
charactersare struggling or not feeling well, which would allow
those players to see examples of how those characters practice
self-care and help themselves come out of difficult situations:

Thegamedidn't really show what happensin my own
mind. It didn’t portray the individual’s feelings and
thoughts outside of communicating with others. It was
portrayed too positively. Nothing was negative or
showed obstacles. [OTG participant]

The Importance of a Circle of Support

Many OTG and RV participants reported an increased
understanding of the importance of family and social support
for individuals with psychosis. Furthermore, participants
reported an increased understanding of the importance of
involving the people who are part of your support system in
your treatment. Both the OTG and RV's emphasize the pivotal
importance of relationshipsin healing and recovery. The content
encourages users to identify family, friends, partners, groups
(eg, support groups, study groups, and sports teams), mental
health and healing practitioners (eg, primary clinician, peer
specialist, and acupuncturist), mentors (eg, leader of a youth
group, work supervisor, friend of the family, and teacher or
professor), support animals, and any other outlets that are
supportive. RVs and an activity sheet helped users consider the
people who are part of their circle of support and develop
effective ways to strengthen those rel ationships:
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[The RVs] made me realize the importance of a
support system. It affected my treatment because
prior, when | had symptoms | isolated [ my] self and
psychosisis hard to understand. So, a support system
was important because it helped bring back reality.
[RV participant]

Differences Across Study Conditions

Although several similar themes were identified across OTG
and RVs, important differenceswere also evident. Most notable
were participants' perspectiveson theimpact of theinterventions
on empowerment. The theme of empowerment did not emerge
for RV participants. Of the 11 OTG participants, 10 (91%)
participants noted that OTG increased their feelings of
empowerment in treatment by showing examples of how to
speak up during treatment and elsewhere and by presenting
models of possibility in the form of these characters who are
dealing with some of the same challenges as our participants
and still building rich, fulfilling lives:

Even before | was involved with treatment, the game
showed me | have to be involved—hel ped me become
involved in decisionsthat doctorswere making about
me. [OTG participant]

| actually have a say in my treatment; the game hel ped
merealizethat | haveto advocate for myself and have
to be honest, | can control what happens in my
treatment. [OTG participant]

Differencesin Clinician and Client Perspectives

The most notable difference between clinician and client
perspectives of theinterventionswas related to the value of RVs
and OTG. Clinicians overwhelmingly stated that they would
recommend RVs over OTG to clients, however, client
preferences were mixed. All the clinicians interviewed during
the study (9/9, 100%) noted that they would recommend the
RV's to future clients, but only 56% (5/9) of them stated that
they would recommend OTG. They cited issues such as
difficulty for clients to access adequate computers and internet
and computer skillsof clientsasbarriersto use. They aso noted
that OTG graphics and technology had become outdated and
the graphics were not well-suited for the key audience: “ Some
clients were uncomfortable with OTG’s graphics and felt they
were intended for ayounger audience” [clinician participant].

Clients also reported some challenges with gameplay. Some
clients had difficulty in understanding how to move from one
level to another:

| would complete a task and when | went back it
would be erased and | would have to repeat a task
that was already completed. [OTG participant]

Sometimes choices weren't clear, so participants had

to choose every option just to advance. [OTG

participant]
Although clinicians found more value in the RV's, results were
mixed at the client level, and some participants shared that they
found it difficult to find time to watch the RVs and that the
videosthemselveswere“too long.” Furthermore, theinterviewed
clients had a more positive view of OTG than the interviewed
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clinicians. Clients expressed enthusiasm about many different
facets of OTG: being able to create or personalize their own
character, the game's portrayal of the decision-making process
and the ability to make decisions within the game, and the
game's messaging around communication skills and how to
manage daily-life commitments.

Additional Implementation Considerations

Overview

I n addition to themes described above, important considerations
should be made for adoption and implementation of OTG and
RVsinthefield. The research team asked clinicians to provide
suggestions regarding how to improve client engagement with
the products tested in this study. The suggestions described
below will steer future implementation and help our team
maximize resources and achieve wider reach with OTG and
RVs.

Intheir suggestions, clinicianswere considering two questions:

(1) How can OTG and RV s be made more accessibleto clients?
and (2) How can OTG and the RVs be integrated into clients

overall treatment plans?

Accessibility

To make OTG and RV's more accessible, clinicians suggested
providing access to computers or tablets for clients, hosting a
demonstration of OTG and RVs on the OnTrackNY website,
having on-site peers disseminate OT G and RV swhile providing
access to computers or tablets, and making OTG and RV
resources available to families of clients using the technology
so they can encourage them to use the products. Clinicians also
had recommendations for making OTG and RVs easier to find.
For example, they suggested setting up an Instagram page for
OTG and RVsthat clients could follow or, perhaps, advertising
with videos that feature individuals who have played the game
to build some familiarity. In addition to suggesting the creation
of social media accounts for OTG and RVs, clinicians also
suggested having OnTrackNY advertise OTG and RV's more
in their social media campaigns.

I ntegration With Services

Clinicians provided suggestions for seamless integration of
OTG and RVsinto the clients' treatment. They recommended
using OTG and RVs as training tools when onboarding
providers; enabling providersto use OTG and RV, so that they
can help orient clientsto the technology and discuss how it fits
into their treatment; playing the game or watching the RVs
during home visits; and providing examples of peer feedback
from other participants who have used OTG and RV, so that it
feels more recognizable. Clinicians also suggested using OTG
and RVs to facilitate communication during early sessions,
when rapport is still being built: “Sometimes it is hard for
participants to talk and it would be nice to be able to play the
game” [clinician participant].
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Discussion

Principal Findings

This study qualitatively examined the impact of OTG and RVs
on engagement, stigma, empowerment, hope, recovery, and
understanding of psychosisin clients receiving CSC. Common
themes for clients included relatability, increased hope and
possibility of recovery, decreased self-stigmaand public stigma,
and increased understanding of the importance of family and
social support, and OTG participants reported increased
empowerment. Clinicians strongly preferred RV's and offered
suggestionsfor dissemination and implementation for both OTG
and RV's, including providing clients with computers or tabl ets,
advertising the products through social media or a website,
having familiesfacilitate dissemination, and using the products
during onboarding of providersand during initial sessionswith
clients.

Relatability of content was an expected finding as a Youth
Advisory Board was involved in game development and
refinement, and feedback was incorporated from pilot
participants. The newest iteration of the gameincluded resources
about FEP and more family and friends characters and provided
the option for charactersto make poor decisions and experience
the consequences of those decisions [12]. A notable and
interesting finding included that some OTG participants believed
that the game portrayed individuals with psychosis “too
favorably.” This finding suggests that participants would like
to see a balance of positive and negative experiences that
individuals face.

The positiveimpact the games or videos had on improving hope
and reducing both self-stigmaand public stigmaare a so notable.
These findings are consistent with previous research, which
found that the RV's led to reduced public stigmain the general
population [13,14]. Previous gaming research al so suggests that
video game avatars have the potential to reduce stigmathrough
transportation into the story line and identification with the
avatar [10]. Itispossible that exposureto content that portrayed
individuals with psychosis in a positive light and allowed
participants to take on the identity of this character equipped
them with the ability to cope with their own diagnosis and be
less stigmatizing toward others with mental illness. This may
have aso contributed to the increased sense of hope noted by
participants.

A finding that emerged outside our predetermined themes
included an increased understanding of the importance of social
support and their involvement in treatment. Previous research
suggeststhat social support is particularly important during FEP
and can correlate with low levels of positive symptoms and few
hospitalizations[18]. In addition, alarge number of individuals
with psychosis have poor perceived support and are susceptible
to feelings of loneliness and anxiety [19]. The game or videos
may encourage participants, particularly those who tend to
withdraw when they are symptomatic, to stay connected with
individuals in their sociad network and involve them in
treatment.
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It was interesting to note that the theme of empowerment
emerged in OTG but not in the RV group. Although this may
have been owing to insufficient sasmple size in the RV group,
it isalso possible that specific game elements, such as providing
knowledge, supporting behavior, and providing skills training,
contributed to increased empowerment [20]. The game provided
knowledge about psychosis and provided individuals the
opportunity to learn from stories of other individuals with
psychosis through the RVs. It also taught participants skills
applicable to daily life, such as assertiveness, and supported
behavior by providing players with choice in dialogues with
nonplayer characters and direct feedback on these choices.
Although the RV group also provided knowledge and skills
training in the form of handouts and the videos, the supportive
behavior component was lacking, as participants did not have
the opportunity to engage in a choice and immediately see
consequences or receive corrective feedback.

Notable findings also emerged regarding dissemination and
implementation; clinicians had a preference for RV over OTG,
but clients did not. Clinicians cited access issues, lack of
computer skills, outdated and immature graphics, and lack of
understanding of how to move from one level to another as
common reasons. It was surprising that interviewed clients had
a more positive view of the game. Clinicians may have
overestimated how much these factors were impacting
participants or the participants experiencing difficulties may
not have participated in interviews. In the future, as clinicians
may be the ones introducing OTG and RV to clients, it is
important that they feel the materials arerelevant and accessible
to participants.

Importantly, many of the issues that were described reflect
challenges identified by the Nonadoption, Abandonment,
Scale-up, Spread, and Sustainability framework, which aimsto
help researchers predict and identify challenges in the
implementation of technology in health care [21]. Factors to
consider when implementing new technologies include the
complexity of the health condition being treated, consumers
sociocultural aspects that influence product use (eg, lack of
access to computers), ease of use of the product and esthetics
(eg, clunkiness), perceived value of the product, whether staff
and consumers are willing or able to adopt the product,
organizational capacity and readiness, work involved in product
implementation, and wider ingtitutional and sociocultural context
influencing spread and sustainability [21]. To address concerns
in our study regarding access and use, clinicians suggested
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providing participants with technological devices, having
demonstration versions or having a peer, family, or clinician
aid in dissemination; and using social media to advertise the
products. Suggestions to have peers or clinicians aid in
dissemination are consistent with callsfor digital navigatorsto
aid in the integration of technology into health care [22].
Although providing clients with technological devices may not
be the most cost-effective solution for all clinics, these resources
are available in OnTrackNY clinics. Clinicians also suggested
that OTG and RV could be used to facilitate rapport-building
and communication during initial treatment engagement.
Perhaps, clients and clinicians could watch the videos or play
the gametogether or they could be assigned as between-session
homework and various topics could be discussed during the
following session.

Limitations

This study had some limitations. The small sample of clients
and clinicians may limit the generalizability and reliability of
study findings. The small number of individualsinthe RV group
made it difficult to determine whether the difference in
empowerment observed in the OTG was owing to the
intervention or whether this theme would have emerged in the
RV group aso. Another potential limitation is that as all the
participants were enrolled in OnTrackNY and werein different
stages of treatment, it was unclear whether findingsthat emerged
were owing to the interventions or being part of a treatment
program. In addition, both groups had access to the same RVs
(with RVs embedded within OTG); thus, it is difficult to
distinguish differences that might have emerged from both
groups.

Conclusions

It isimportant to note that despite these limitations, clear themes
emerged that can help generate hypotheses and future research
in this area. This study was able to highlight similar and
differing themes in the experiences of clients and cliniciansin
using OTG and RV. Future research should aim to explore the
dissemination and implementation of OTG and RV and the
impact of these interventions on participants who are not
enrolled in FEP programs. Other studies should also explore
the differential impact of the intervention on clients at various
stages of treatment and the impact of these products on family
members or individual s without psychosis. The findings of our
guantitative study will be reported separately.

[PDE File (Adobe PDF File), 1226 KB - mental_v9i4e33526_appl.pdf |
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Abstract

Background: Health and social care staff are at high risk of experiencing adverse mental health (MH) outcomes during the
COVID-19 pandemic. Hence, there isaneed to prioritize and identify waysto effectively support their psychological well-being
(PWB). Compared to traditional psychological interventions, digital psychological interventions are cost-effective treatment
options that allow for large-scal e dissemination and transcend social distancing, overcome rurality, and minimize clinician time.

Objective: Thisstudy reports MH outcomes of aConsolidated Standards of Reporting Trials (CONSORT)-compliant parallel-arm
pilot randomized controlled trial (RCT) examining the potential usefulness of an existing and a novel digital psychological
intervention aimed at supporting psychological health among National Health Service (NHS) staff working through the COVID-19
pandemic.

Methods: NHS Highland (NHSH) frontline staff volunteers (N=169) were randomly assigned to the newly developed NHSH
Staff Wellbeing Project (NHSWBP), an established digital intervention (My Possible Self [MPS)]), or awaitlist (WL) group for
4 weeks. Attempts were made to blind participantsto which digital intervention they were allocated. Theinterventionswerefully
automated, without any human input or guidance. We measured 5 self-reported psychological outcomes over 3 time points: before
(baseline), in the middle of (after 2 weeks), and after treatment (4 weeks). The primary outcomes were anxiety (7-item General
Anxiety Disorder), depression (Patient Health Questionnaire), and mental well-being (Warwick-Edinburgh Mental Well-being
Scale). The secondary outcomesincluded mental toughness (Mental Toughness Index) and gratitude (Gratitude Questionnaire-6).

Results. Retention rates mid- and postintervention were 77% (n=130) and 63.3% (n=107), respectively. Postintervention, small
differences were noted between the WL and the 2 treatment groups on anxiety (vs MPS: Cohen d=0.07, 95% Cl —0.20 to 0.33;
vs NHSWBP: Cohen d=0.06, 95% CI —0.19t0 0.31), depression (vs MPS: Cohen d=0.37, 95% CI 0.07-0.66; vsNHSWBP; Cohen
d=0.18, 95% CI —0.11 to 0.46), and menta well-being (vs MPS: Cohen d=-0.04, 95% CI —0.62 to —0.08; vs NHSWBP: Cohen
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d=-0.15, 95% CI -0.41 to 0.10). A similar pattern of between-group differences was found for the secondary outcomes. The
NHSWBP group generally had larger within-group effects than the other groups and displayed agreater rate of change compared
to the other groups on all outcomes, except for gratitude, where the rate of change was greatest for the MPS group.

Conclusions: Our analyses provided encouraging results for the use of brief digital psychological interventions in improving
PWB among health and socia care workers. Future multisite RCTs, with power to reliably detect differences, are needed to

determine the efficacy of contextualized interventions relative to existing digital treatments.

Trial Registration:

(JMIR Ment Health 2022;9(4):€34002) doi:10.2196/34002

ISRCTN Registry (ISRCTN) ISRCTN18107122; https://www.isrctn.com/ISRCTN18107122

KEYWORDS

eHealth; public health; depression; anxiety; well-being; mobile hedlth; intervention studies; staff; occupational health; NHS;

intervention; support; COVID-19; randomized controlled trial

Introduction

Background

Mental health (MH) has been deteriorating both globally and
across the U.K. during the COVID-19 pandemic, with
large-scale population studies reporting increased prevalence
of depression and anxiety [1]. There are concernsthat the public
health crisis has disproportionately impacted the well-being of
specialized populations, including health and social careworkers
(HSCWs) who provide valuable health care services. HSCWs
exhibited high levels of preexisting MH problems before the
COVID-19 pandemic [2-5], and recent evidence suggests that
this group is at increased risk of experiencing worsening MH
outcomes as a direct result of the COVID-19 pandemic [6-9].
MH problems in this population can affect morale and quality
of care [5], which could have particularly devastating
consequences for health systems because many parts of the
world have been overwhelmed by the burden of COVID-19.

The magjority of the general public [10] and hedlth care staff
[11] with common MH conditions do not access professional
help, despite the existence of effective psychological treatments.
Common reasons include a lack of service availability
(especialy in rural and remote areas), problems recognizing
symptoms, treatment cost, and time constraints [11]. For
HSCWs, the stigma surrounding mental illness and concerns
about confidentiality have been identified as major barriers to
accessing treatment and recovery, which can affect the quality
of care HSCWs provide to patients[11,12]. Although research
is ongoing, these barriers to treatment and downstream
consequences for HSCWs, their families, and their patients
appear to have been exacerbated by working through the
COVID-19 pandemic [13].

Interventions designed to improve MH and psychological
well-being (PWB) could help to mitigate the adverse effects of
the COVID-19 pandemic on the well-being of HSCWs [8].
Digital psychological interventions overcome social distancing,
rurality, and already overburdened clinician time constraints.
Furthermore, digital interventions have a low cost relative to
traditiond psychological interventions, have dready been widely
used [14], are generally popular with users, and can be accessed
anonymously at the user's convenience. Evidence-based and
rigorously tested digital interventions could alow for arapid,
economical, and large-scale dissemination of urgently needed

https://mental .jmir.org/2022/4/e34002

psychologica support for frontline staff working through the
COVID-19 pandemic and its aftermath.

The past decade has seen digital psychological interventions
being tested and validated in controlled and long-term follow-up
studies, and the number of mobile MH interventions that are
availableisincreasing rapidly. User reportsindicate asignificant
increase in these apps downloaded during the first year of the
COVID-19 pandemic in the U.K. [15] and in the U.S. [14].
Although validated digital interventions have been shown to be
clinically efficacious, with effect sizes similar to that of
traditional or face-to-face therapy [16], there is little research
into the efficacy of such treatment approaches for frontline
HSCWs who have been working through the COVID-19
pandemic [17]. Furthermore, the majority of digita
psychological interventions during the public health crisishave
been focused on decreasing symptoms associated with
psychopathology (ie, depression and anxiety); few have been
designed with end-user input (patient and public involvement
[PPI]) and oriented toward enhancing PWB [17]. Given the
unprecedented scale of the COVID-19 pandemic’s burden on
HSCWs, specialized and contextual interventions are needed
to support the MH of this population [18].

This Study

This study aims to provide preliminary evidence on the use of
digital psychological interventions to support frontline staff
psychological health in the context of the COVI1D-19 pandemic.
In apilot randomized controlled trial (RCT), we evaluated the
use of 2 smartphone apps designed to support PWB against a
control condition (waitlist [WL]): (1) My Possible Self (MPS)
[19], which is a well-established validated app with a track
record of showing significant improvements in depression,
anxiety, and stress in users over a short period [19], together
with good user satisfaction rates; (2) the National Health Service
(NHS) Highland Wellbeing Project (NHSWBP), which is a
PPI-informed, brief, fully automated, and context- (COVID-19
pandemic) and population-specific (frontline staff) digital
psychological intervention built on the MPS model and
wireframe to promote PWB among HSCWs.

We predicted that symptoms of depression and anxiety would
decline among users randomly allocated to receive digital
psychological interventions, while mental well-being would
increase, relative to the WL group. Two positive psychology
concepts shown to mitigate the negative effects of depression
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and anxiety and promote positive adaptation in the face of
adversity (eg, what frontline staff are facing while working
through a pandemic) that are amenable to change are mental
toughness (MT) [20] and gratitude [21]. We al so predicted that
use of digital psychological interventions would increase MT
and gratitude. Although we predicted both digital interventions
to yield improvements relative to the WL group, we expected
that the NHSWBP group would show greater rates of
improvements because it is designed specifically for the
COVID-19 context. To the best of our knowledge, this is the
first trial to examinefully automated, brief digital psychological
interventions aimed to support the psychological heath of
frontline staff working through the COVID-19 pandemic.

Methods

Eligibility Criteria

Participants were required to meet the following criteria: UK
resident, aged 18 years and over, working in the NHSH as a
health or socia care worker during the COVID-19 pandemic,
and owning an internet-enabled mobile phone. Both clinical

(doctors, nurses, alied hedth professionals) and nonclinical
(eg, administrators) staff were eligible.

Sample, Setting, and Procedure

Given that this was a pilot trial being conducted in a limited
time, the sample size targets were based on pragmatic factors
rather than an expectation of having the power to enable
detection of the expected effect sizes. Participantswererecruited
locally and online between July and September 2020. Data
collection took place at the beginning, middle, and end of the
pilot RCT intervention phase, which ran from September to
October 2020. Recruitment was conducted digitally by NHSH
human resources, which included emails and electronic
newsletters. Further recruitment was conducted via general
physician (GP) practice managers, as well as heads of
departments in primary and secondary care. A secondary level
of recruitment was conducted on social media; a page for the
study was created on Twitter, Facebook, and Linkedin. Paid
advertisements were also used on Facebook and Linkedin to
promote the study. Across all recruitment routes, interested
individuals were directed to a secure data collection website via
aweblink, wherethey first reviewed information about the study
and provided electronic consent to participate. Eligible
participants then completed a baseline survey, after which they
were randomized to a condition. All participants were asked to
complete follow-up surveys after the first 2 weeks of the
intervention (middle) and 4 weeks after baseline following
completion of the intervention period. At each assessment point,
participants accessed the survey via aweblink sent to them in
an email message. Demographic and basic clinical information
was collected during the baseline survey, which included age,
gender, place of work, job type, level of education, years of
experience, previous psychiatric diagnosis, and whether the
person was working directly with COVID-19 patients.

This study was part of the Scottish Government's Rapid
Research into COVID-19, and time restrictions limited
recruitment activities; it was not possible to extend recruitment
activities or product development beyond the grant’s funding
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time frame. Written informed consent was provided by all
participants. The RCT was approved by the NHS Health
Research Authority (20/SW/0098) and registered at the ISRCTN
Registry (ISRCTN18107122). Theintervention phase ran from
September 7 to October 5, 2020, during the start of the second
wave of the COVID-19 pandemic in Scotland.

Design
A mixed factorial repeated measures design was used, with full
randomization to 3 parallel groups.

Randomization

A research assistant not involved in the RCT randomized
participants after baseline using computerized simple
randomization. Allocation was either to the MPS, NHSWBP,
or WL group. Participants received advice of their group
assignment by email. Participants were blinded to which
intervention they received by styling the 2 interventions and
communications to participants similarly. Participants
downloaded the same app from thei Tunes/App Store/Play Store,
and a code was sent back to them to initiate the intervention
that they received.

Interventions

My Possible Self

MPS (version 2.0.0) is atried and tested, NHS-approved [22]
smartphone well-being app with a validated track record of
showing significant improvements in depression, anxiety, and
stressin its users over ashort period [19]. It isfully automated
and freely availableto NHS staff. Thisintervention has modules
that cover avariety of topics and can be accessed in any order,
including coping effectively with depression and anxiety,
enhancing happiness, improving sleep quality, and practicing
mindful ness.

NHS Highland Staff Wellbeing Project

The NHSWBP is a PPI-informed, brief, fully automated, and
context- (COVID-19) and population-specific (NHSH frontline
staff) digital psychological intervention (smartphone app) based
onthe MPS. It utilizesthe tried and tested cognitive behavioral
therapeutic (CBT) and positive psychological techniques
delivered via the MPS [19] smartphone app’s modules. There
were a number of ways in which the NHSWBP app differed
from the MPS app. First, the NHSWBP was presented as a
coherent narrative with a fictiona character, a Scottish nurse
named |ona, who guided participantsthrough the linear narrative
of the app and its interventions. Participants also received
automated text messages from lonato engagethem inthe overall
narrative and to motivate continued engagement with the
intervention. Second, the NHSWBP was designed following
PPI feedback, which included input about which MPS modules
were most relevant, the duration of the modules, and the
coherence and flow of the presentation format. Third, the
NHSWBP provided linksto local and national 24-hour support
services. Similarly to the MPS, participants were ableto monitor
and record their mood and levels of distress or well-being, add
notes, and identify and record triggersfor low mood and anxiety.
The intervention lasted for 4 weeks and consisted of 2 parts:
part 1 (duration 2 weeks) focused on increasing participants
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happiness, resilience, and well-being, and part 2 (duration 2
weeks) focused on managing low mood and anxiety effectively.
The NHSWBP was codesigned by the University of the
Highlands and Islands (UHI), the NHSH, and the software and
technical team that supports the MPS app. The NHSWBP was
designed using the MPS app platform and participant
communication system, owing to its established track record
and NHS approval .

Primary Outcomes

Postintervention was the primary timepoint for all outcomes.
Depression

The Patient Health Questionnaire (PHQ-9) [23] was used to
measure depression. The 9 items ask participants to consider
how bothered they have been over the past 2 weeks according
to each statement (eg, “feeling tired or having little energy”).
The questionnaire score ranges from 0 to 27; each question is
given a 4-point response (0O=not at all to 3=nearly every day).
The questionnaire has demonstrated diagnostic validity [23].
This measure has been used extensively in the U.K. [24] and
internationally [25] to measure levels of depression in various
population settings during the COVID-19 pandemic.

Anxiety

The 7-item General Anxiety Disorder (GAD-7) [26] scale was
used to measure anxiety. Similar to the PHQ-9, each item asks
the respondent to consider the statement based on how much
they have been bothered over a 2-week period (eg, “feeling
nervous anxious or on edge”). Each item is scaled from O (not
at all) to 3 (nearly every day), with atotal score range of 0-21.
A number of studiesduring the COVID-19 pandemic have used
the GAD-7 to measure levels of anxiety in various UK and
international population settings, including in frontline staff
working through this pandemic [8,24].

Mental Well-being

Mental well-being was measured using the Warwick-Edinburgh
Mental Well-being Scale (WEMWABS) [27]. The scale consists
of 14 items used to measure subjective well-being and
psychological functioning. Thewording of each item ispositive
and aimed to address positive aspects of MH. Responses are
completed using a 5-point scale (1=none of thetimeto 5=all of
thetime); thetotal score rangesfrom 14 to 70. The WEMWBS
has been validated for use in the U.K. [27] and has been used
internationally [28] and in the U.K. [29] to measure the MWB
of HSCWs during this pandemic.

Secondary Outcomes

Mental Toughness

The Mental Toughness Index (MTI) [20] was used to measure
MT. The 8 items (eg, “I can find a positive in most situations”)
arerated using a 7-point response format (1=false, 100% of the
time, to 7=true, 100% of the time), with responses combined
for atotal MT score. Studies involving samples from different
countries (eg, Australia, South Africa) [20,30-32] have adduced
evidence that supports the construct validity (eg, convergent,
criterion) of the MTI. In prior studies, internal consistency
reliability estimates for the MTI have been =0.87 [30,31,33].
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Gratitude

Participants completed the Gratitude Questionnaire-6 (GQ-6)
[34], whichisa6-item measure of dispositiona gratitude. Items
(eg, “I have so much in life to be thankful for”) are rated on a
7-point response format (1=strongly disagree to 7=strongly
agree), 2 of which are reverse-scored. Evidence from studies
involving diverse samples[34-36] supportsthefactoria validity
of the GQ-6 as a measure of the grateful disposition that is
conceptually distinct from related constructs (eg, hope,
optimism). Internal consistency reliability values reported in
previous research have been 20.82 [34-36].

Statistical Analyses

Statistical analyses and data manipulations were implemented
using R (R Core Team) [37]. Baseline characteristics of
participants randomly alocated to the 3 intervention groups
were compared using the chi-squaretest. The effects of the MPS
and NHSWBP interventions on psychological measures were
examined using intention-to-treat (ITT) analyses that included
datafrom all participantswho completed the baseline assessment
and any follow-up assessment. No imputation was used for
missing data. Standard regression model s assume independent
observations. To adequately account for the dependencies in
the data, we adopted the linear mixed modeling (LMM)
approach [38] for the analyses of the data. This approach is
appropriate for studying the relationships and sources of
variationin the data set. It usesall available dataand efficiently
handles missing data, thereby avoiding listwise deletion. LMM
models all sources of variation in the data and avoids the need
for dataimputation. Each psychological outcome was modeled
asafunction of time, treatment group, and their interaction and
adjusting for random effects due to individual differences and
repeated observations from each participant. The models allow
for each participant to have a different tragjectory. Model
parameters were estimated using the restricted maximum
likelihood. The best model was selected using the likelihood
ratio test. Based on the chosen model, margina means were
estimated and multiple comparisons of groups by time
interaction tests conducted using sets of Tukey-adjusted
interaction contrasts [39]; degrees of freedom were calculated
using the Kenward-Roger test [40].

The effects were tested at a significance level of .05, adjusted
depending on the number of contrasts in multiple tests. Cohen
d was calcul ated by standardizing the mean difference of within
and between groups using the square root of the sum of all the
variance components from the mixed models. This is to
adequately represent the study design and account for all sources
of variation in data[41,42].

Linear regression slopes of each psychological measure were
modeled as a function of time, treatment, and time-treatment
interaction. Pairs of the slopes were then compared using the
Ismean approach of Lenth (2016) to determine the intervention
that brought about a higher rate of change in the mean of the
psychological measures [43]. This analysis used data for the 3
time periods and modeled the average trend for each of the
measured outcomes. A second analysis adjusted for the baseline
by entering the baseline values of the outcome of interest as a
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covariate in the mixed effect model that also included
group-time intervention as a fixed effect.

Results

Randomization and Study Attrition

Details of enrolment into the trial, organized according to the
Consolidated Standards of Reporting Trials (CONSORT)
guidelines [44], are shown in Figure 1. Of the 225 people who
expressed an interest in the study, completed dligibility screening
information, and provided consent to participate, 54 (24%) did
not complete the baseline questionnaire and 2 declined to
participate (0.9%). These 56 individuals were excluded from
the analyses, leaving astudy sample of 169 (75.1%) participants.
The distribution of participant characteristics at baseline and
postintervention isreported in Table 1. Participantswere mostly
female (n=149, 88.2%) and nurses (n=48, 28.4%), doctors
(n=39, 23.1%), allied hedth professionals (n=21, 12.4%),
administrative staff (n=16, 9.5%), hedlth care assistants (n=8,
4.7%), carers (n=6, 3.6%), and other HSWCs (n=31, 18.3%).

Figure 1. Details of enrolment into the trial.

De Kock et al

At baseline, 53 (31.4%) of the 169 participants met the criteria
for low mental well-being (WEMWBS score<40), 51 (30.2%)
met the criteria for possible depression (PHQ-9>10), and 46
(27.2%) met the criteriafor possible anxiety (GAD-7=10).

The 3 groups did not differ on the professional, demographic,
and clinical history variables assessed at baseline (P>.05). The
rate of attrition for the total sample was 23.0% in the middle of
theintervention and 36.7% at postintervention assessment. Rates
of attrition across the demographic, professional, and clinical
characteristics of the participants are presented in Table 1.
Participants who worked fewer hours per week and were not
employed in administrative positions (eg, doctors) were more
likely to drop out during the intervention (al P<.04).
Postintervention, attrition in the MPS (47.1%) and NHSWBP
(43.3%) groups was higher (x%,=9.89, P=.01) compared to the
WL group (20.7%). In all 3treatment conditions, there waslittle
evidence of baseline differences on the demographic,
employment, and clinical history variables between participants
who were retained and those who dropped out of the study (all
P>.05).
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Table 1. Distribution of participant characteristics at baseline and postintervention.

Characteristic Baseline (N=169), n (%) Postintervention (N=107), n (%)  Attrition rate
Gender
Female 149 (88.2) 94 (87.9) 0.37
Male 20 (11.8) 13 (12.1) 0.35
Age (years)
18-25 4(24) 4(37) N/A?
26-30 10 (5.9) 4(37) 0.60
31-40 31(18.3) 16 (15.0) 0.48
>40 124 (73.4) 83 (77.6) 0.33
Education level
Undergraduate or lower 65 (38.5) 40 (37.4) 0.38
Postgraduate or higher 104 (61.5) 67 (62.6) 0.36

Type of employment

Nurse 48 (28.4) 30(28.0) 0.38
Doctor 39(23.1) 21 (19.6) 0.46
Allied health professional 21 (12.4) 12 (11.2) 0.43
Administrative 16 (9.5) 13 (12.1) 0.19
Carer 6 (3.6) 4(3.7) 0.33
Health care assistant 8(4.7) 4(3.7) 0.50
Other 31(18.3) 23(21.5) 0.26

Year s of employment experience

<2 14 (8.3) 11 (10.5) 0.21
2-5 13(7.8) 8(7.6) 0.38
510 21 (12.6) 10 (9.5) 0.52
>10 119 (71.3) 76 (72.4) 0.36

Workplace
Community, GPP, and PC® 73(43.7) 41(39.0) 0.44
Hospital 74 (44.3) 51 (48.6) 0.31
Other 20 (12.0) 14 (13.3) 0.30
N/A N/A 1(L0) N/A

Hour s wor ked/week
<20 8(4.7) 3(2.9) 0.62
20-30 31(18.3) 18 (16.8) 0.42
30-40 100 (59.2) 61 (57.0) 0.39
>40 30(17.8) 25(23.4) 0.17

Work with COVID-19 patients
No 129 (77.2) 84 (80.0) 0.35
Yes 38(22.8) 21(20.0) 0.45

Level of disruption

No disruption 3(1.8) 1(0.9) 0.67
Minor 15(8.9) 10(9.3) 0.33
Moderate 65 (38.0) 41 (38.3) 0.37
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Characteristic Baseline (N=169), n (%) Postintervention (N=107), n (%)  Attrition rate
Major 66 (39.0) 40 (37.4) 0.39
Severe 20 (12.0) 15 (14.0) 0.25
Shielding
No 145 (85.8) 93 (86.9) 0.36
Yes 7(4.2) 5(4.7) 0.29
Family member is shielding 17 (10.1) 9(8.4) 0.47

Psychiatric disor der
No 131 (77.5) 78 (72.9) 0.40
Yes 38(22.5) 29 (27.1) 0.23

3N/A: not applicable.

bGP genera physician.

°PC: primary care.

Outcomes groups. Figure 2 depicts these scores for the 3 groups on the
u primary and secondary outcome measures at baseline,

Table 2 reports the observed mean scores for each outcome at  mjdintervention, and postintervention.
baseline, midintervention, and postintervention in the 3 treatment

Table 2. Descriptive statistics for outcomes at baseline, midintervention, and postintervention in each treatment condition.

Outcome MPS? mean (SD) NHSWBP®, mean (SD) WLC, mean (SD)
Anxiety
Basdline 7.16 (5.60) 7.77 (4.87) 7.43 (5.10)
Midintervention 6.45 (5.03) 6.74 (4.69) 7.35(5.23)
Postintervention 6.89 (5.71) 5.85 (3.66) 6.72 (5.59)
Depression
Basdline 6.76 (5.04) 7.60 (4.31) 7.80 (5.23)
Midintervention 5.74 (4.31) 7.23 (5.47) 8.00 (5.06)
Postintervention 5.18 (3.27) 5.68 (4.39) 7.56 (6.26)

Mental well-being

Basdline 475 (10.2) 45.3 (8.65) 44.3(10.1)

Midintervention 50.3 (9.75) 46.9 (8.68) 44.8 (10.4)

Postintervention 487 (10.2) 48.2(7.38) 46.1 (11.1)
MTY

Basdline 40.7 (8.04) 39.3(6.84) 37.9(9.81)

Midintervention 40.7 (9.10) 39.3(9.55) 36.8(9.20)

Postintervention 39.7 (9.80) 41.3(8.33) 39.0 (10.5)
Gratitude

Basdline 27.3 (3.46) 26.2 (3.35) 26.7 (3.73)

Midintervention 27.9(3.63) 27.1(4.14) 26.2 (4.30)

Postintervention 28.2 (4.23) 27.1(4.24) 27.2(3.72)

3MPS: My Possible Self.

PNHSWBP: National Health Service Highland Staff Wellbeing Project.
CWL: waitlist.

IMT: mental toughness.
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Figure2. Effect size plot for the 3 conditions on the primary and secondary outcome measures at baseline, midintervention, and postintervention. MPS:
My Possible Self; NHSWBP: National Health Service Highland Staff Wellbeing Project; WL: waitlist.
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Mean scores across all outcomes indicated higher levels of
functioning in the MPS group compared to the NHSWBP and
WL groups at baseline. The NHSWBP group saw the largest
increase in mental well-being scores across groups between
baseline (mean 45.3[SD 8.65]) and postintervention (mean 48.2
[SD 7.38]).

Levelsof depression decreased from baseline to midintervention
for both MPS and NHSWBP groups, while the WL group in
contrast saw a rise in depression scores from baseline (mean
7.80[SD 5.23]) to midintervention (mean 8.00 [SD 5.06]). Mean
levels of depression for the MPS and NHSWBP groups
continued to decrease over time, with the NHSWBP group
showing the largest decrease from 7.60 (SD 4.31) at baseline
to 5.68 (SD 4.39) postintervention. The WL group showed a
dight decrease in levels of depression at the postintervention
measurement (mean 7.56 [SD 6.26]).

Levels of anxiety decreased across al groups from baseline to
postintervention. The WL group showed a consistent decrease
in anxiety levels from baseline (mean 7.43 [SD 5.10]) to
midintervention (mean 7.35 [SD 5.23]) to postintervention
(mean 6.72 [SD 5.59]). The MPS group indicated adecreasein
levels of anxiety from baseline (mean 7.16 [SD 5.60]) to
midintervention (mean 6.45 [SD 5.03]) and a dlight increase
postintervention when compared to midintervention (mean 6.89
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[SD 5.71]). Baseline levels of anxiety were highest in the
NHSWBP group (mean 7.77 [SD 4.87]), and this group also
evidenced the greatest decreasein anxiety |evel s postintervention
(mean 5.68 [SD 4.39]).

Levels of gratitude in the MPS group increased from baseline
to midintervention to postintervention. Mean gratitude scores
in the NHSWBP group increased from baseline to
midintervention and then remained constant postintervention.
The WL group saw aslight decrease in levels of gratitude from
baseline (mean 26.7 [SD 3.73]) to midintervention (mean 26.2
[SD 4.3]), with an increase noted postintervention (mean 27.2
[SD 3.72)).

Levelsof MT in the NHSWBP group remained constant from
baseline (mean 39.3 [SD 6.84]) to midintervention (mean 39.3
[SD 9.55]), before increasing dlightly postintervention to 41.3
(SD 8.33). For the MPS group, these levels aso remained
constant from baseline (mean 40.7 [SD 8.04]) to midintervention
(mean 40.7 [SD 9.10]), before decreasing postintervention (mean
39.7 [SD 9.80]). For the WL group, MT levels decreased from
baseline (mean 37.9 [SD 9.81]) to midintervention (mean 36.8
[SD 9.20)), beforeincreasing to 39.0 (SD 10.5) postintervention.
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Standar dized Effect Size

The between- and within-group effect sizes (standardized mean
difference) on the primary and secondary outcomes cal culated
using observed means are presented in Tables 3 and 4.
Postintervention, between-group effect sizes were small to
medium for the primary (NHSWBP vs MPS Cohen d=0.19 to
—0.20; WL vs MPS Cohen d=-0.04 to 0.36; WL vs NHSWBP
Cohen d=0.06 to —0.18) and secondary outcome measures. The
results showed a consistent pattern of greater improvementsin
depression, anxiety, well-being, MT, and gratitude among
participants in the digital intervention groups (MPS and
NHSWBP) postintervention compared to the WL group.

Postintervention, asmall difference was noted between the WL
and the 2 treatment groups on anxiety (vs MPS: Cohen d=0.07,

Table 3. Between-group effects calculated using observed means.

De Kock et al

95% CI -0.20 to 0.33; vs NHSWBP: Cohen d=0.06, 95% ClI
—0.19 to 0.31), depression (vs MPS: Cohen d=0.37, 95% ClI
0.07-0.66; vs NHSWBP: Cohen d=0.18, 95% CI —0.11t0 0.46),
and mental well-being (vs MPS: Cohen d=—0.04, 95% CI —0.62
t0—0.08; vs NHSWBP: Cohen d=-0.15, 95% CI —0.41t0 0.10).
The NHSWBP group generally had larger within-group effects
than the other groups. Within-group effects for both MPS and
NHSWBP groups ranged from small to medium based on
observed means (M PS Cohen d=—0.31t00.25, NHSWBP Cohen
d=-0.381t0 0.24). For the WL group, within-group effectswere
generaly small for the primary outcomes (Cohen d=-0.12 to
0.16) and small to medium for the secondary outcome measures
(Cohen d=0.13-0.27).

Between-group ef-  Anxiety, Cohend (95% Depression, Cohend

Mental well-being, Co-

Gratitude, Cohen d

fects ) (95% Cl) hen d (95% Cl) MT2 Cohend (95%Cl) (95% Cl)

NHSWBPPvsMp® 0.01(-026t00.28)  0.19(-012t0050)  —0.20(-0.48t00.08) -0.07(-041t00.27)  -0.26 (-0.57 t0 0.06)
WLYvsMPS 0.07(-0.20t00.33)  0.37 (0.07-0.66) ~0.04(-0.62t0-0.08) -0.31(-0.64100.02) -0.28 (-0.58 t0 0.02)
WL vsNHSWBP ~ 0.06(-0.19t00.31)  0.18(-0.11t0046)  -0.15(-0.41100.10) -0.24(-0.55t00.07)  -0.02(-0.32t0 0.27)

3MT: mental toughness.

PNHSWBP: National Health Service Highland Staff Wellbeing Project.
°MPS: My Possible Self.

WL : waitlist.

Table 4. Within-group effects calculated using observed means.

Anxiety, Cohen d

Depression, Cohen

Mental well-being,

MT? Cohen d (95%

Gratitude, Cohend

Within-groups effects (95% ClI) d (95% ClI) Cohend (95% Cl)  CI) (95% CI)
MPSP
Postintervention vs. baseline  -0.05(-0.72t00.63) -0.31(-1.08t00.46) 0.11(-0.58t00.80) 0.13(-0.97t00.72) 0.25(-0.54t0 1.04)
Postintervention vs. midinter-  0.07 (-0.60t0 0.75) -0.11(-0.87t00.66) -0.14(-0.83t00.55) 0.13(-0.97t00.72) 0.08 (-0.70to0 0.87)
vention
NHSWBP®
Postintervention vs. baseline  -0.32(-0.94t00.29) -0.38(-1.08t0.32) 0.27(-0.36t00.90) 0.24 (-0.53t01.01) 0.22(-0.50t0 0.94)
Postintervention vs. midinter-  -0.15(-0.77t00.47) -0.30(-1.00t00.39) 0.12(-0.51t00.75) 0.24(-0.53t01.01) -0.01(-0.73t00.70)
vention
wL®
Postintervention vs. baseline -0.12(-0.67t00.43) —0.05(-0.67t00.58) 0.16(-0.40t00.72) 0.13(-0.56t00.81) 0.13(-0.52t00.77)
Postintervention vs. midinter-  -0.11(-0.66t00.45) -0.09(-0.71t00.54) 0.12(-0.44t00.68) 0.25(-0.44t00.94) 0.27(-0.37t00.91)
vention
3\ T: mental toughness.
BMPS: My Possible Self.
°NHSWBP: National Health Service Highland Staff Wellbeing Project.
WL : waitlist.
treatment, and time-treatment interaction, each group

Comparing the Rate of Change per Condition

Table 5 shows the rate of change observed due to the
interventions by comparing the trends in the effect size plot.
When the gradient of the slopes of linear regression of each
psychological outcome was estimated as a function of time,

https://mental .jmir.org/2022/4/e34002

demonstrated improvements in average scores on all the 3
outcomes over the study period. Although thetest for differences
between the slopes of each group did not reach statistical
significance (P>.05), the rate of improvement in anxiety,
depression, and mental well-being was largest among those in
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the NHSWBP group. The WL group evidenced the smallest
rate of change on each of the 3 outcomes.

For the secondary outcome measures, the average scores for
MT increased inthe NHSWBP and WL groups, whereasadlight

De Kock et al

decline was found in the MPS group. The rate of increase in
MT was greatest in the NHSWBP group. We a so observed the
average scores for gratitude to increase for al 3 groups, with
the greatest rate of increasein the MPS group. The smallest rate
of increase in gratitude was found in the WL group.

Table 5. Response trends comparing baseline to postintervention in each treatment condition.

Outcome Effect estimate (SE) 95% Cl
Anxiety

MPS?2 -0.05 (0.66) -1.35t01.26

NHSWBP -0.79 (0.61) -1.98t00.41

WL -0.35 (0.55) -142100.72
Depression

MPS -0.76 (0.62) —1.99t0 0.48

NHSWBP —0.94 (0.57) —2.06t00.18

WL -0.18 (0.51) —1.19t00.83
Mental well-being

MPS 1.11(1.22) -1.29t0 3.50

NHSWBP 1.62(1.11) -057t03.81

WL 0.88 (0.99) —1.07t0 2.83
M

MPS -0.54 (1.15) —2.80t0 1.71

NHSWBP 0.97 (1.04) -1.08t0 3.02

WL 0.52 (0.94) -1.33t02.37
Gratitude

MPS 0.59 (0.50) -0.39t0 1.57

NHSWBP 0.39 (0.45) -0.49t01.28

WL 0.23 (0.40) —-0.56t0 0.84

a\PS: My Possible Self.

PNHSWBP: National Health Service Highland Staff Wellbeing Project.
SWL: waitlist.

dMT: mental toughness.

Program Adherence

Adherence, defined as the extent to which participants engaged
with theintervention, was examined for both the NHSWBP and
MPS groups with respect to average interactions per user.
Adherence was deemed to be good for both digital interventions,
with participantsin the NHSWBP group interacting, on average,
37.4 times with the intervention (more than once per day, on
average) during the month-long intervention, whilethoseinthe
MPS group interacted, on average, 37.5 times. None of the
adherence indices correlated with demographic, clinical history,
and primary and secondary outcome data obtained at baseline.
No harmful or unintended effects were reported by the
participants.

Post hoc Power Calculation

Instead of using the observed effect size to calculate the post
hoc study power (which could introduce bias) [45], we used the

https://mental .jmir.org/2022/4/e34002

observed sample size and a fixed threshold for power and
significance and calculated the smallest effect size that could
be reliably detected with our sample size. By using this
approach, together with our study design, we found that our
study could detect an effect size of at |east f=0.27 at 80% power.

Discussion

Principal Findings

We conducted a novel pilot RCT to evaluate 2 brief, fully
automated digital health interventions in a sample of frontline
staff working through the second wave of the COVID-19
pandemic. Thetrial proceeded successfully during challenging
circumstances in the shadow of the second wave of the
COVID-19 pandemic in the UK. Our low-cost study
demonstrated that it was possibleto recruit 169 people working
in a small NHS board within a short duration and deliver a
technically innovative intervention on amodest financial budget.
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The NHSWBP app was designed with end-user (PPI) input and
worked well throughout, with good adherence and no major
flaws or bugs, nor evidence of harm reported by the participants.
Furthermore, the WL control design was effective at retaining
participants (who otherwise might havelost interest in the study
and dropped out if it wasjust a no-treatment control rather than
aWL). We also accumulated rich background data that could
stinidentifying the possible drivers of dropout, which could
be used to modify the design of the intervention to improve
retention in alarger future trial. Although this was a pilot trial
that we conducted during a prescribed limited time with a
relatively small sample size, the findings of this study provide
encouraging resultsfor futurefull trials of digital psychological
interventions that are designed to support the MH and PWB of
HSCWs who are working under conditions of extreme stress.

There are 3 key findings of interest in this study. First, the
primary outcomes investigated showed decreases in levels of
depression (NHSWBP and MPS groups) and anxiety (NHSWBP
group) when compared to the WL group. The rate of decrease
in depression and anxiety symptoms was the greatest among
those exposed to the NHSWBP intervention. Our results also
indicate that the individual s exposed to the digital interventions
and WL conditions experienced an increase in mental
well-being, with the rate of increase again shown to be the
greatest for those exposed to the NHSWBP intervention.

Second, for the secondary outcomes investigated, our results
showed increases in MT for the NHSWBP and WL groups,
with therate of increasein M T again being the greatest for those
exposed to the NHSWPB intervention. All groups experienced
an increase gratitude over the treatment period, with the rate of
change being the greatest for those exposed to the MPS
intervention. Overall, our results show greater rates of symptom
improvementsin the digital intervention groupsthan inthe WL
condition. Concerning gratitude, our efforts add on the new
research direction that investigates how it can be enhanced to
be favorable to MH outcomes [46]. With regard to MT, our
study adds to a growing field suggesting that M T could buffer
the negative effects of depression and anxiety and promote
adaptive MH outcomes [47]. Our research addsan interventional
design and avoids the commonly used cross-sectional designs
used to investigate gratitude [46] and MT [48]. Our pilot
intervention showed promise in terms of both the traditional
view of clinical psychology (ie, anxiety, depression) and also
with regard to the science of positive psychology and character
strengths [49].

Third, our results also provide preliminary support for the
development or modification of digital interventions to be
context specific, as of the 2 interventions tested, the NHSWBP
showed greater rates of symptom improvement. Future trials
assessing context-specific digital interventions for specialized
populations in larger samples are warranted, as there is good
reason to believe those larger studieswill demonstrate efficacy.
The digital nature of these interventions was seen to be safe,
cost effective, and rapidly modifiable to context. The future
application of similar, context-specific, robustly tested
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interventions could be scal able to other contextswith MH human
resource needs [50].

Limitations and Future Research Directions

There are severa limitations of this study that need to be
acknowledged. First, participants included a small sample of
HSCWs from a single NHS site. Although the magjority of
respondentswere female, this does not differ dramatically from
the gender composition of thewhole HSCW workforcein NHS
Highland [51]. As our objective was to gather preliminary
evidence on the potential benefits of 2 digital interventionsin
this population, the study was not powered as an efficacy trial,
and so Cls around estimated effects were wide (indicating the
small sample may have contributed to statistical uncertainty)
and the findings may not be generalizable to other populations
and HSCWs living in other contexts. Second, the treatment
period was restricted to 4 weeks, and it is possible that changes
in MH and PWB reguire more engagement in the intervention
materials. In addition, some outcomes may change more
gradually and require alonger period to improve. For example,
gratitude exercises can orientate a person to experience more
grateful emotions, but it could take more than 4 weeks for
changes in dispositional gratitude to emerge. Future research
would dowell to track and monitor whether gainsthat are made
during treatment are maintained or change over time. Third, the
MPS app was publicly available for download throughout the
duration of our study, and participants were not restricted to
use other modalities or medications during this pilot, which
raises the possibility that treatment effects might be
cross-contaminated. Fourth, the attrition rate postintervention
was 36.7%. The dropout rate was|lowest in the WL group, which
islikely attributable to participants waiting to receive either of
the digita interventions. Although we did not find any
substantial evidence of attrition bias, it is possible that
participants who dropped out from the intervention groupswere
less satisfied with the program or experienced lessthan positive
outcomes. Additional research is needed to explore the
mechanisms underlying the effects that emerged in this study
and to identify the relative contributions of the componentsthat
constituted each of the digital interventions. There may also be
value in taking a broader approach to outcome assessment by
examining other domains of well-being that extend beyond the
domain of PWB. For example, previous research along these
lines has reported postintervention improvements in social
relationships [52].

Conclusion

Theresults of thisstudy provide preliminary support for efforts
to invest in refining of existing digital interventions for
specialized populations and assessing their efficacy in larger
samples, as there is good reason to believe that larger studies
will demonstrate efficacy. Robust testing of efficacious digital
interventions could allow for rapid, economical, safe, and
large-scale dissemination of urgently needed psychological
support for frontline staff who are working through the
COVID-19 pandemic and its aftermath.
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Abstract

Background: Although the COVID-19 pandemic has not led to a uniform increase of mental health concerns among older
adults, thereisevidence to suggest that some ol der veterans did experience an exacerbation of preexisting mental health conditions,
and that mental health difficulties were associated with a lack of social support and increasing numbers of pandemic-related
stressors. Mobile mental health apps are scalable, may be ahel pful resource for managing stress during the pandemic and beyond,
and could potentially provide servicesthat are not accessible due to the pandemic. However, overall comfort with mobile devices
and factors influencing the uptake and usage of mabile apps during the pandemic among older veterans are not well known.
COVID Coach is a free, evidence-informed mobile app designed for pandemic-related stress. Public usage data have been
evaluated; however, the uptake and usage of the app among older veterans have not been explored.

Objective: The purpose of this study was to characterize smartphone ownership rates among US veterans, identify veteran
characteristics associated with downloading and use of COVID Coach, and characterize key content usage within the app.

Methods: Datawere analyzed from the 2019-2020 National Health and Resiliencein Veterans Study (NHRV'S), which surveyed
a nationally representative, prospective cohort of 3078 US miilitary veterans before and 1 year into the pandemic. The NHRV'S
samplewas drawn from KnowledgePanel, aresearch panel of more than 50,000 households maintained by Ipsos, Inc. The median
time to complete the survey was nearly 32 minutes. The research version of COVID Coach was offered to al veterans who
completed the peripandemic follow-up assessment on a mobile device (n=814; weighted 34.2% of total sample). App usage data
from all respondents who downloaded the app (n=34; weighted 3.3% of the mobile completers sample) were collected between
November 14, 2020, and November 7, 2021.

Results: We found that most US veterans (81.5%) own smartphones, and that veterans with higher education, greater number
of adverse childhood experiences, higher extraversion, and greater severity of pandemic-related posttraumatic stress disorder
symptomswere morelikely to download COVID Coach. Although uptake and usage of COVID Coach wererélatively low (3.3%
of eligible participants, n=34), 50% of the participants returned to the app for more than 1 day of use. The interactive tools for
managing stress were used most frequently.

Conclusions: The COVID-19 pandemic has increased the need for and creation of digital mental health tools. However, these
resources may require tailoring for older veteran populations. Future research is needed to better understand how to optimize

https://mental .jmir.org/2022/4/€36217 JMIR Ment Health 2022 | vol. 9 | iss. 4 |€36217 | p.206
(page number not for citation purposes)


mailto:beth.jaworski@nih.gov
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MENTAL HEALTH

Jaworski et d

digital mental health tools such as apps to ensure uptake and usage among older adults, particularly those who have experienced

traumas across the lifespan.

(JMIR Ment Health 2022;9(4):€36217) doi:10.2196/36217
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COVID-19; coronavirus; mobile app; mHealth; digital health; mental health; public mental health; stress; coping; older adults;

veterans

Introduction

Background

Mental Health I mpact of the COVID-19 Pandemic
Among Older Veterans

The coronavirus pandemic has taken an extraordinary toll on
health and well-being globally. In the United States, over
900,000 people have died due to COVID-19. Vaccines against
the coronavirus are now available to anyone over the age of 5
years in the United States. However, distribution has been
uneven within and across states, and many individuals have
expressed unwillingness to be vaccinated [1]. The lack of
vaccination prolongs the pandemic and in turn its negative
impact on society. In addition to physical health consequences,
the pandemic and its mitigation strategies have led to a host of
negative mental health consegquences, including increased
symptoms of anxiety, depression, posttraumatic stress disorder
(PTSD), psychological distress, increased substance useto cope
with pandemic-rel ated stressors, and increased suicidal ideation
[2-5]. Unhealthy alcohol use, increased tobacco and cannabis
use, and potentiadl misuse of prescription opioids and
benzodiazepineswereidentified askey areasof clinical concern
for mental health providers [6]. Recent evidence suggests that
these concernswere well-founded, as drug overdose deathsrose
27.2% between April 2020 and April 2021 [7].

However, research indicates a more nuanced, multifaceted
relationship between age and pandemic-related mental health
concerns[8]. Researchers have documented arange of pandemic
impacts on mental health, including negative outcomes, no
changein mental health symptomol ogy, and even some evidence
of mental health gains. For example, among a sample of older
adults with chronic PTSD, researchers did not find that the
pandemic significantly increased adverse mental health
outcomes, and in fact found that PTSD symptoms among
individuals with a PTSD diagnosis decreased relative to those
of atrauma-exposed comparison group [9]. Additionally, some
veterans have demonstrated increased posttraumatic growth
(PTG) and resilience associated with the pandemic. In a
probability-based sample of older US military veterans, Pietrzak
and colleagues [10] found that 43.3% of the sample endorsed
PTG, and veterans who screened positive for
COVID-19-associated PTSD were more likely to endorse all
aspects of PTG compared to veterans who screened negative
for COVID-19-associated PTSD symptoms.

Although the pandemic may not have led to auniform increase
of mental heath concerns among older adults, those
experiencing loneliness and social isolation may have been
particularly vulnerable to increased psychological distress and

https://mental .jmir.org/2022/4/€36217

an exacerbation of preexisting mental health conditions.
Loneliness is often a concern among older adults, particularly
among individuals with low socioeconomic status [11], and
social isolation and loneliness are associated with increased
morbidity and mortality [12], even outside the context of a
global pandemic. Older veterans indicated that the pandemic
increased loneliness and sorrow due to the isolation and
disruption of their ordinary routines [13], and researchers also
found that alack of social support and increasing numbers of
pandemic-related stressors were associated with mental health
difficulties [14]. In a national sample of US veterans, the pre-
to peripandemic prevalence of generalized anxiety disorder
increased from 7.1% to 9.4%, with the most pronounced increase
observed in veterans aged 45-64 years (8.2% to 13.5%) [15].
Results of this study further indicated that prepandemic
loneliness and pandemic-rel ated social stressorswere associated
with anincreasein psychological distress[15]. Although suicide
among veterans over the course of the pandemic did not
increase, low socia support and worsening of social
relationships were among the risk factors present for veterans
who did develop new-onset suicideideation during the pandemic
[16]. Additionally, at the beginning of the pandemic, it was
hypothesized that there might be a mental health crisis among
older adults due in part to complications from the difficulty in
adopting technologies useful during quarantine (eg, software
to facilitate telehealth visits or stay connected with loved ones)
and lack of contact with friends, family, and caregivers [8].
Evaluation of video mental health visits among US veterans
during the COVID-19 pandemic suggests this may be the case.
Researchers found that older patients and those with low
socioeconomic status had lower odds of completing greater than
50% of their visits via video compared to in-person visits or
phone calls [17]. Taken together, these findings suggest that
older veterans with low socioeconomic status, and those
experiencing loneliness and social isolation were more likely
to face negative mental health consequences of the pandemic.
Thus, promoting positive social connections and utilizing
effective coping strategies for aging veterans have been
identified askey suggestionsfor hel ping with pandemic-related
stressors [18].

Potential of Mental Health Apps to Support Older
Veterans

Very early in the pandemic, public health scholars called for
prevention and early intervention efforts to help promote
individual and population mental health [19]. Digital mental
health options have been identified as one possible solution
with great potential for the pandemic and beyond [20]. However,
an important precursor to the adoption of digital mental health
technologies, and particularly mental health apps, is mobile
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device ownership. Although older adults in the United States
may be somewhat less likely than their younger counterparts
to use maobile devices, the majority (61%) own smartphones
[21]. Older adults express interest in using mobile devices to
support health [22], and in some cases their engagement with
digital health products may exceed that of younger adults[23].
In generd, prior research suggeststhat older adults are interested
in appsfor health, but uptake and usage continue to berelatively
low [24]. Among older veterans, many areinterested in appsto
support health [25], but tend to have mixed opinions about
mental health apps based on sociodemographics such asrurality
[26]. Connolly and colleagues[17] found that rural veteransare
more likely to oppose app usage, describe smartphones as hard
to navigate, and cite barriers to usage compared to
urban-dwelling populations. However, educational materials
and training programs can be successfully implemented to
increase older veterans' comfort with using apps and overcome
barriersto utilization [27,28]. With additional effortsto promote
comfort with and confidence in mental health apps, they may
be ascalable, accessible, and hel pful resourcefor older veterans.

Need for Studying COVID Coach Among Older Veterans

To address the mental health needs of veterans in the wake of
the pandemic, the US Department of Veterans Affairs (VA)
rapidly implemented several virtual resources and practices to
support telemental health [29]. In addition to resources for the
delivery of telemental health care, the VA's National Center
for PTSD also created COVID Coach, a free public mental
health app designed to help individuals manage stress and
anxiety resulting from the COVID-19 pandemic. Mobile and
internet-based interventions, including COVID Coach, have
been identified as a population-level, primary prevention
resource for pandemic-related mental health impacts[30]. The
app was created in 6 weeks and released on both the Android
and iOS platforms at the end of April 2020. Between the app
launch and the end of October 2021, the app has been
downloaded over 200,000 times (Android, n=27,082 downl oads;
i0S, n=188,224 downloads).

The COVID Coach app contains four key content areas: (1)
Manage Stress (interactive coping tools); (2) Learn
(psychoeducational topics covering ways to stay well, stay
balanced, navigate relationships, stay safe, and stay healthy
from COVID-19); (3) Mood Check (for tracking personal goals
and tracking well-being [Warwick Edinburgh Mental
Well-Being Scale], and symptoms of anxiety [Generalized
Anxiety Disorder-7 questionnaire, GAD-7], depression [ Patient
Health Questionnaire-9, PHQ-9], and PTSD [PTSD Checklist
for DSM-5, PCL-5]); and (4) Find Resources (acomprehensive
repository of resources and supports across a range of topics,
including mental health crisis support, waysto meet basic needs,
and local information about COV1D-19). Screenshotsof COVID
Coach are provided in Multimedia Appendix 1. COVID Coach
has been well-received in the Apple App Store (average star
rating=4.8 out of 5; n=871 ratings) and Google Play Store
(average star rating=4.8 out 5; n=308 ratings). An initial
evaluation of the anonymous public usage data revealed that
app users have primarily utilized the “Manage Stress’ section
of the app (with interactive and audio-guided tools for coping
with stressand anxiety), but that collectively, thousands of users
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have accessed the psychoeducational information, assessments,
and resources [31]. However, similar to many other mental
health apps, engagement and retention were low (eg, [32]).
Additionally, understanding for whom and under what
conditions COVID Coach was utilized was not possible because
usage data from the publicly available version of the app are
completely anonymous.

Several factors may be associated with the decision to download
and use mobile mental health apps during the COVID-19
pandemic. Theseinclude sociodemographic characteristics such
as age and education [33]; personality characteristics such as
extraversion and conscientiousness [34]; preexisting mental
health difficulties such as trauma exposure [35]; event-specific
stressors such as pandemic-related social restriction stress[31];
and characteristics of the app itself, such asusability, perceived
utility, and trustworthiness [36]. To date, however, no known
study has examined factors associated with US military veterans
uptake and usage of mobile apps specific to addressing
pandemic-related stressors, such as COVID Coach.

Current Study

There are estimated to be 19 million US veterans, which
accounts for approximately 10% of the US population [37].
Gulf War—era veterans comprise the largest segment, followed
by Vietnam-era veterans [38]. Thus, older veterans represent a
significant proportion of the overall veteran population [39],
and many are open to exploring the usage of mental health apps
[25,26,40]. To explore smartphone ownership as well as the
uptake and usage of an app for pandemic-related stress and
anxiety specifically among older veterans, this study was guided
by the following four aims: (1) understand the relationship
between sociodemographic characteristics and  survey
completion on amobile device compared to alaptop or desktop
computer; (2) identify sociodemographic, prepandemic, and
pandemic-rel ated variables associ ated with downloading COVID
Coach; (3) explore differences among veterans who used the
app for only 1 day compared to those who returned to the app
for 2 or moredays; and (4) characterize key content usagewithin

the app.
Methods

Study Design and Participants

Data were analyzed from the 2019-2020 National Health and
Resilience in Veterans Study (NHRVS), which surveyed a
nationally representative, prospective cohort of US military
veterans. The NHRVS sample was drawvn from
KnowledgePanel, a research panel of more than 50,000
households maintained by Ipsos, Inc. KnowledgePanel is a
probability-based, online, nonvolunteer access survey panel of
a nationally representative sample of US adults that covers
approximately 98% of US households. To permit
generalizability of the study results to the entire population of
US veterans, Ipsos statisticians computed poststratification
weights using the benchmark distributions of the following
sociodemographic characteristics of US military veteransfrom
the most recent (August 2019) Current Veteran Population
Supplemental Survey of the US Census Bureau's American
Community Survey [41]: age, gender, race/ethnicity, Census
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Region, metropolitan status, education, household income,
branch of service, and years in service. With exception of the
app usage data, all percentages and inferential statistics
displayed in the Results section reflect weighted percentages,
utilizing these poststratification weights.

A total of 4069 veterans completed the prepandemic survey
(median completion date November 21, 2019) prior to the first
documented COVID-19 cases in the United States and 3078
(75.6%0) completed a 1-year peripandemic follow-up assessment
(median completion date November 14, 2020). The median
completion time was 31.9 minutes (IQR 19.9 minutes). These
veteranswere 22 to 99 yearsold (mean age 63.2, SD 14.7 years).
The samplewas mostly male (91.6%); 79.3% were non-Hispanic
Caucasian, 10.3% non-Hispanic African American, 6.0%
Hispanic, and 4.4% bi/multiracial or other racia identity. The
sampleincluded all branches of the US military (majority Army
[47.3%], Navy [20.8%], or Air Force [18.9%)]), 35.0% were

Figure 1. Invitation to download COVID Coach Explorer.

KnowledgePanel

Jaworski et d

combat veterans, 79.6% reported having enlisted inthe military,
and 20.1% reported utilizing VA as their primary source of
health care.

A total of 814 (34.2%) of the sample completed the survey on
a tablet or smartphone and were eligible to download the
research version of the COVID Coach app. On the final page
of the online questionnaire, these participants saw a brief
description of COVID Coach, aswell asalink to download the
app (see Figure 1 for the message and format of theinvitation).
Of this sample, 34 (3.3%) downloaded the COVID Coach app.
Relative to veterans who did not download the app, those who
did spent significantly more time on the landing page (mean
118.8, SD 107.7 seconds vs mean 33.8, SD 49.7 seconds;
t51,=9.10, P<.001), but did not differ with respect to whether
they used devices with i0S (52.9% vs 46.5%) or Android

(47.1% vs 53.5%) operating systems (x?,=0.55, P=.46).

Need help?

&

Interested in trying out a free, secure mobile app
for managing stress related to COVID-19 and
beyond? Your participation will help the VA's
National Center for PTSD help improve apps for

Veterans like you.

Download COVID Coach and check it cut! The app

has:

@ Over 30 tools for managing stress

@ Mood and goal tracking

@ Information about how to stay safe and well
@ Resources that you might need during difficult

times

You don't need to create an account - just

download it and try it out!

We recommend using it daily for 30 days. Even a
few minutes a day can help.

You can use this link:

https://www.google.com/

Or, if you want to check it out later, you can find it
in the Play Store or App Store by searching COVID
Coach Explorer.

You'll need this code to unlock the app: abe123
Downloading the app is completely voluntary and
not required to receive your 20,000 point

KnowledgePanel credit.

Please click “Next” to continue.

>
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Ethical Consider ations

All participants provided informed consent and the Human
Subjects Committee of the VA Connecticut Healthcare System
approved the study. Prior to compl eting the survey, 1psos obtains
informed consent from al participants to participate in the
NHRVS, and participants received 15,000 points (equivalent
to US $15) as compensation for their participation in this study.

COVID Coach Explorer and M obile Analytics Data

Theresearch-enabled version of COVID Coach (COVID Coach
Explorer, version 1.0) is available for Android [42] and iOS
[43]. COVID Coach Explorer contains the exact same features
and content as COVID Coach, which includes interactive,
evidence-informed tools for coping with stress and anxiety;
information about how to stay well, stay connected, and navigate
challenges; self-monitoring mental health symptoms and goals,
and resources to discover and connect with various types of
verified and vetted support. However, COVID Coach Explorer
allows researchers to assign a unique code to each research
participant, and the app usage data can only be associated with
the participant identifiers by approved members of the research
team. The app only collects information about app use such as
screens selected, button presses, and other nonidentifying
patterns, but these usage data are only linked to the unique
alphanumeric code. Fully nonidentifying and encrypted event
sequenceswere stored using JavaScript object notation (JSON)
format on a remote GovCloud server that meets VA security

https://mental .jmir.org/2022/4/€36217
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and privacy requirements. Data are accessible from VA App
Connect software, which has been approved for use under the
VA's Technica Reference Model [44]. Each in-app event
contains a timestamp (in Coordinated Universal Time) that
corresponds to when the event actually occurred, but data are
only transmitted to the server when the app is in use and
connected to WiFi or utilizing a data plan.

For the purpose of this study, mobile analytics data with
timestamps between November 14, 2020, and November 7,
2021, were extracted from the research server on November 7,
2021. Between November 14, 2020, and November 7, 2021,
1752 in-app related events were captured (Android, n=1063;
i0S, n=689) acrossthe 34 participants who downloaded COVID
Coach Explorer (Android, n=16; iOS, n=18).

M easures

Survey Assessments

The questionnaire administered to panelists included a range
of assessments, including demographic information (eg, age,
gender, education, military branch, mobile device ownership),
prepandemic psychosocia risk factors (eg, adverse childhood
experiences, PTSD symptoms, alcohol use disorder symptoms),
changesin psychosocial risk factorsfrom pre- to peripandemic,
COVID-19 infection stressors, and COVID-19 pandemic
stressors. For a detailed overview of each instrument, please
see Table 1.
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Table 1. Measures of psychiatric, sociodemographic, military, and psychosocial variables and COVID-19 infection and pandemic stressors.

Characteristics

Measures

Sociodemographic characteristics

Military characteristics

Prepandemic psychosocial risk factors
Adverse childhood experiences

Total traumas

Lifetime MDDP or PTSD®

Lifetime AUDE or DUD

Number of medical conditions

Personality characteristics

COVID-19 infection stressors

COVID-19 pandemic stressors

Adge (continuous), sex (male, female), race/ethnicity (white, nonwhite), education (college graduate
or higher, up to high school diploma), marital status (married/living with partner, not), household
income (US $60,000 or more, less than $60,000), employment status (working, not), region of
country (south, west, midwest, northeast), metropolitan versus nonmetropolitan residence

Combat veteran status (combat exposure, not), military branch (Army, Navy, Air Force, Marine
Corps, other); combat veteran status (yes, no), years of military service

Adverse Childhood Experiences Questionnaire (ACEQ) score [45]

Items endorsed on Life Events Checklist for DSM-52 (LEC-5) [46]

Lifetime MDD was assessed according to DSM-5 diagnostic criteria using the Mini International
Neuropsychiatric Interview (MINI) [47]. Lifetime PTSD was defined as a score of 33+ [48] on the

pPCL-5 [49], which was modified to include lifetime ratings of all PTSD symptomsin relation to
veterans' self-reported “worst” Criterion A traumaon the LEC-5 [46]. Veterans who met criteriafor
either disorder were coded positive for lifetime MDD or PTSD

Lifetime AUD and DUD were defined as meeting DSM-5 diagnostic criteriafor AUD or DUD, re-
spectively, as assessed using the MINI [47]; veterans who met criteriafor either disorder were coded
positive for lifetime AUD or DUD

Sum of number of medical conditions adapted from the Alcohol Use Disorders and Associated Dis-
abilities Interview Schedule [50]: “Has a doctor or health care professional ever told you that you
have any of the following medical conditions?’ (eg, arthritis, cancer, diabetes, heart disease, asthma,
kidney disease); range 0-24 conditions

Ten-Item Personality Inventory (TIPI) [51] scores, which yield measures of the “Big 5" personality
constructs of extraversion, agreeableness, conscientiousness, emotional stability, and openness to
experiences

COVID-19 infection status (endorsement of self infected, know someone in household who wasin-
fected, know someone not in household who was infected, and know someone who died of COVID-
19)

Questions from the National Institute of Mental Health Coronavirus Health Impact Survey [52] were
used to assess COVID-19-associated worries and concerns at the peripandemic assessment. Factor
analysisreveaed that theseitems|oaded on five factors (eigen values=1.01-4.94): COVID-19—related
disease worries (eg, “In the past month, how worried have you been about being infected with coro-
navirus?'); COVID-19 socid restriction stress (eg, “How stressful have these changesin socia contacts
been for you?"); COVID-19-associated socioeconomic stress (eg, “In the past month, to what degree
have changes associated to the pandemic created financial problems for you or your family?’);
COVID-19-associated relationship difficulties (eg, “ Has the quality of the rel ationships between you
and members of your family changed?’); and COVID-19-associated social engagement (eg, “In the
past month, how many people, from outside of your household, have you had an in-person conversation
with?").

3DSM-5: Diagnostic and Statistical Manual of Mental Disorders, 5th edition.

bMDD: major depressive disorder.
®PTSD: posttraumatic stress disorder.
dpCL-5: PTSD Checklist for DSM-5.
€AUD: alcohol use disorder.

‘pub: drug use disorder.

App Use Metrics

decided to assess frequency of use by unique days of use rather
than by sessions or visits. Distinct days of use within the

App use metrics are similar to those outlined in the evaluation
of the public use (“in the wild") data[31]. Overall frequencies
for key content usage were computed for each of the four key
sectionsin the app: Manage Stress (tried atool), Learn (viewed
alearntopic), Mood Check (created and rate agoal or completed
an assessment), and Find Resources (viewed at | east one specific
subsection within Find Resources). Because of the variability
within and across mobile device operating systemswith respect
to reliably in capturing unique app sessions (eg, [31,53]), we
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observation window were calculated, as well as retention days
(the number of days between the first day of use and last day
of use). Activities within each of the key content areas were
totaled as well as tabulated by each distinct day of use.
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Analyses

Overview

Broadly, we utilized a funnel or conversion analytic strategy
(eg, [54,55]) to characterize how many veteranstried the COVID
Coach app, among those who downloaded it, from within the
population of veterans who were offered the opportunity to
download it.

Survey Data
Data analyses proceeded in five steps. First, we performed

independent-samples t tests and X? analyses to compare
sociodemographic characteristics of veterans who did and did
not complete the survey on a smartphone or tablet. Second, we

performed independent-samples t tests and x? analyses to
compare sociodemographic, prepandemic, and pandemic-related
variables in the subset of veterans who completed the survey
on a smartphone or tablet and between those who did and did
not download/use the COVID Coach app. Third, we performed
multivariable binary regression anayses to identify
sociodemographic, prepandemic, and pandemic-rel ated variables
that were independently associated with (1) completing the
survey on adevice compared to adesktop or personal computer
and (2) downloading the COVID Coach app. Variables that
were associated with completing the survey on a device versus
desktop or persona computer and downloading the app in
bivariate analyses (P<.05) were entered into these analyses.
Planned secondary | ogistic regression analyseswere performed
to identify aspects of multidimensional measures (eg, PTSD
symptoms) that were associated with downloading the app.
Finally, to compare veteranswho used the app once versus more

than once, we performed independent-samples t tests and x2
analyses; these analyses were unweighted.

App Usage Data

SQLPro Studio (Hankinsoft Development, Inc) was used for
all data preprocessing and extraction. SAS OnDemand for
Academics (SAS Institute, Cary, NC) was used for statistical
analyses of the app usage data. We calculated descriptive
statistics for key content usage, unique days of app use, and
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retention. X analyses were performed to understand differences
in returning to the app for a second day of use based on key

content usage on the first day of app use. We ran separate x>
analyses for each predictor.

Results

Smartphone Owner ship and Survey Completion
Overview

Overdl, the majority of participants (n=2262, 65.84%)
completed the survey on a desktop or persona computer.
Notably, regardless of the device type used to complete the
survey, many veterans reported owning asmartphone (n=2443,
81.50%). Desktop or personal computer completers differed
significantly across a number of dimensions compared to those
who completed the survey on a mobile device (smartphone or
tablet). Participants who completed the survey on a mobile
device tended to be younger, identify as female or nonwhite
race/ethnicity, be currently employed, and live in a household
with an annual income of US $60,000 or greater compared with
those who completed the survey on a desktop or persona
computer. They were also morelikely to have lifetime histories
of magjor depressive disorder or PTSD and alcohol use disorder
or drug use disorder, but reported fewer medical conditions.
Importantly, the majority of participants indicated owning a
smartphone (83.0% among veterans who did not complete the
survey on a mobile device and 94.6% among veterans who
completed their survey on a mobile device). See Table 2 for
additional information about participant characteristics.

The multivariable logistic regression analysis revealed that
lower age (odds ratio [OR] 0.97, 95% CI 0.96-0.97), female
gender (OR 2.10, 95% CI 1.62-2.74), nonwhite race/ethnicity
(OR 1.74,95% CI 1.43-2.11), lower than college education (OR
1.53, 95% CI 1.27-1.85), and higher household income (OR
1.34, 95% CI 1.12-1.61) were independently associated with
completing the survey on amobile device, whileresiding inthe
west of the country was associated with alower likelihood of
doing so (OR 0.60, 95% CI 0.47-0.76). None of the other
variables differentiated these groups (all P>.05).
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Table 2. Characteristics of US veterans by device type used for survey completion.
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Characteristic Completed survey on adesktop Cor_npl eted survey ona mobile (df=3070) o X2 P value
or persona computer (n=2264; device (n=814; weighted
weighted 65.8%) 34.2%)
Age, weighted mean (SD) 64.8 (14.6) 55.5 (15.3) 16.53 <.001
Female gender, n (weighted %) 183 (6.0) 161 (17.0) 92.28 (df=1) <.001
Race/ethnicity, n (weighted %) 71.11 (df=3) <.001
White, non-Hispanic 1932 (83.5) 609 (70.5)
Black, non-Hispanic 131 (8.7%) 81 (13.7%)
Hispanic 130 (4.3) 86 (9.6)
Bi/Multiracial or Other 71 (3.6) 38 (6.3)
College graduate or higher education,n 1072 (33.9) 336 (28.4) 9.47 (df=1) .002
(weighted %)
Married/partnered, n (weighted %) 1634 (73.8) 590 (75.0) 0.54 (df=1) 46
Currently employed, n (weighted %) 787 (45.0) 408 (61.2) 72.55 (df=1) <.001
Annual household income US $60,000 or 1328 (60.3) 525 (64.4) 4.96 (df=1) .03
above, n (weighted %)
Region of country, n (weighted %) 31.60 (df=3) <.001
South 835 (38.9) 353 (47.6)
West 597 (25.2) 174 (17.9)
Midwest 528 (20.8) 187 (21.8)
Northeast 304 (15.1) 100 (12.7)
Non-metro residence 331 (15.8) 143 (17.5) 141 .24
Military branch, n (weighted %) 10.93 (df=4) .03
Army 900 (47.9) 298 (45.3)
Navy 467 (19.5) 206 (21.2)
Air Force 557 (19.5) 176 (17.8)
Marine Corps 128 (4.9) 61 (7.5)
Other 212(8.2) 73(8.2)
Combat veteran, n (weighted %) 781 (33.3) 271 (37.5) 5.60 (df=1) .02
1o)+ yearsof military service, n (weighted 809 (35.0) 323 (39.5) 6.23 (df=1) .01
%
Health variables, n (weighted %)
Lifetime MDD and/or PTSDP 356 (16.7) 215 (27.8) 51.83 (df=1) <.001
Lifetime AUDC and/or DUD® 924 (41.0) 343 (48.2) 14.16 (df=1) <.001
Number of medical conditions, 2922 2.7(2.0) 3.02 .001
weighted mean (SD)
O\;vn any type of cell phone, n (weighted 2,103 (91.9%) 793 (97.2%) 32.87 (df=1) <.001
%
Own a smartphone, n (weighted %) 1,698 (76.6%) 745 (91.1%) 96.55 (df=1) <.001

3 DD: major depressive disorder.
bpTSD: posttraumatic stress disorder.
CAUD: alcohol use disorder.

dbup: drug use disorder.
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Predicting COVID Coach Explorer Download

Table 3 shows characteristics for veterans who did and did not
download the COVID Coach app. Bivariate analyses revealed
that, relative to those who did not download the COVID Coach
app, those who did were more likely to have completed college
or higher education reported more adverse childhood
experiences and potentially traumatic events and scored higher
on a measure of extraversion. They aso reported a greater
number of hours of daily exposure to pandemic-related media
and greater severity of pandemic-related worsening of
relationships and PTSD symptoms.

https://mental .jmir.org/2022/4/€36217
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Results of the multivariable binary logistic regression analyses
revealed that college graduate or higher education (OR 3.67,
95% CI 1.73-7.79), greater number of adverse childhood
experiences (OR 1.22, 95% CI 1.05-1.41), higher extraversion
(OR 168, 95% Cl 1.31-2.14), and greater severity of
pandemic-related PTSD symptoms (OR 2.46, 95% Cl 1.10-5.53)
were associ ated with downloading the COVID Coach app. None
of the other variables was significant (all P>.19). A posthoc
analysis of COVID-related PTSD symptoms reveded that
greater severity of exaggerated startle symptoms drove the
association with downloading/using the COVID Coach App
(OR 1.62, 95% CI 1.11-2.36); none of the other PTSD symptoms
was significant (all P>.14).
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Table 3. Characteristics of US veterans who completed the survey on atablet or smartphone and did and did not download the COVID Coach app.

Characteristic

Did not download COVID
Coach (n=780, weighted
65.8%)

Downloaded COVID Coach _ 2 P value
t (df=1049) or
(n=34, weighted 3.3%) ( ) or X

Age (years), weighted mean (SD)
Female gender, n (weighted %)
Nonwhite race/ethnicity, n (weighted %)

College graduate or higher education, n
(weighted %)

Married/partnered, n (weighted %)
Currently employed, n (weighted %)

Annual household income US $60,000 or
higher, n (weighted %)

Region of country, n (weighted %)
South
West
Midwest
Northeast
Nonmetro residence, n (weighted %)
Military branch, n (weighted %)
Army
Navy
Air Force
Marine Corps
Other
Combat veteran, n (weighted %)

10+ years of military service, n (weighted
%)

Prepandemic variables

Adverse childhood experiences,
weighted mean (SD)

Number of traumas, weighted mean
(SD)

Lifetime MDD? and/or PTSD®, n
(weighted %)

Lifetime AUD® and/or DUDY, n
(weighted %)

Extraversion, weighted mean (SD)
Agreeableness, weighted mean (SD)

Conscientiousness, weighted mean
(SD)

Emotional stability, weighted mean
(SD)

Openness to experiences, weighted
mean (SD)

Pandemic-related variables

COVID-19infection to self, n
(weighted %)

55.6 (15.3)
153 (16.8)
196 (30.6)
313 (27.5)

561 (74.7)
389 (61.2)
503 (64.6)

338 (47.3)
167 (18.2)
180 (21.8)
95 (12.7)

643 (17.9)

285 (45.5)
200 (21.3)
168 (17.6)
57 (7.4)

70(8.3)

258 (37.4)
310 (39.6)

18(2.2)

9.4(9.2)

209 (31.6)

327 (48.3)

3.7(16)
4.9 (1.4)
5.8(1.1)

5.1 (1.4)

48(L2)

70(85)

51.8 (15.5) 1.44 .08

8(22.9) 0.87 (df=1) 35

9 (32.4) 0.05 (df=1) 83

23 (55.9) 13.02 (df=1) <.001

29 (82.4) 1.02 (df=1) 31

19 (61.8) 0.01 (df=1) 94

22 (61.8) 0.12 (df=1) 73
3.85 (df=3) 28

15 (58.8)

7(5.9)

7(20.6)

5 (14.7)

28 (8.9) 1.87 (df=1) 17
2.05 (df=4) 73

13 (41.2)

6 (17.6)

8 (23.5)

4(11.8)

3(5.9)

13 (41.2) 0.20 (df=1) 66

13(35.3) 0.26 (df=1) 61

2.6(3.0) 2.14 02

12.7 (10.2) 2.05 02

15 (35.3) 0.21 (df=1) 65

16 (44.1) 0.23 (df=1) 63

49 (13) 456 <.001

5.0(1.2) 0.26 40

5.7 (1.4) 0.35 36

5.1 (15) 0.07 A7

5.0 (1.1) 0.86 20

6 (17.6) 3.41 (df=1) 07
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Characteristic Did not download COVID Downloaded COVID Coach (df=1049) or X2 P value
Coach (n=780, weighted (n=34, weighted 3.3%)
65.8%)
COVID-19 infection to household 61 (9.0) 4(15.2) 1.43 (df=1) .23
member, n (weighted %)
COVID-19infectionto nonhousehold 360 (45.9%) 18 (55.9%) 1.32 (df=1) .25
member, n (weighted %)
Know someone who died from 55 (6.2) 3(5.7) 0.01 (df=1) 91
COVID-19, n (weighted %)
Pandemic-related media exposure, 1.6 (2.0 2.4 (2.6) 2.30 .01
weighted mean (SD)
Pandemic-related worries, weighted —0.1 (1.0) 0.2(11) 1.39 .08
mean (SD)
Pandemic-related social restriction 0.0 (1.1) 0.3(11) 1.80 .04
stress, weighted mean (SD)
Pandemic-related financial stress, 0.1(1.1) 0.2(1.4) 0.70 .24
weighted mean (SD)
Pandemic-related worsening of rela 0.0 (1.1) 0.5(11) 221 .01
tionships, weighted mean (SD)
Pandemic-related PTSD symptoms, 113 (13.7) 12 (29.4) 6.65 (df=1) .01

n (weighted %)

aIDD: major depressive disorder.
bpTSD: posttraumatic stress disorder.
CAUD: alcohol use disorder.

dpup: drug use disorder.

Characterizing Usage of COVID Coach Explorer

Distinct Days of Use

Most participants who downl oaded the COV ID Coach app used
it for 4 distinct days or fewer. Half (17/34, 50%) used the app
on exactly 1 day and an additional 24% (8/34) used the app on
2 distinct days, followed by one person who used the app for 3
days, and just over 10% of the sample (4/34, 12%) used the app
on 4 distinct days. Distinct days of use ranged from 1 to 16
(mean 253, SD 2.86). Retention over the course of the
observation period varied slightly more. Among participants
who used the app for 2 days or more, the mean number of days
retained was 97.41 (SD 97.07) with arange of 1 day (meaning
the app was used on 2 consecutive days) to 300 days (ie, the
time between the first day of app use and the last day of app
use spanned approximately 10 months).

Overall Key Content Usage

Nearly half of the participants who downloaded the app (15/34,
44%) completed at least one key event within one of the four
sections of the app (Manage Stress, Learn, Mood Check, or
Find Resources). The manage stress tools were tried 119 times
by 11/34 participants (mean 10.82 tools, SD 19.81; mode 2,
range 1-67). The most frequently accessed tool was “Finding
Meaning” (12/119, 10.1% of all tool usage). L earn topics were
viewed 35 times by 3/34 participants (range 1-67 topics per
participant). Within the Mood Check section, 31 assessments
were completed by 5/34 unique parti cipants and one participant
added a personal goal. Lastly, resources within the Find

https://mental .jmir.org/2022/4/€36217

Resources section were viewed 20 timesamong 4/34 participants
(range 2-14 resources).

Comparison of Veterans Who Used the COVID Coach
App Only One Day Versus More Than One Day

Among the 34 veterans who downloaded/used the COVID
Coach app, we additionally examined characteristics of veterans
who used the app on one day only (n=17) versus 2 or more
distinct days (n=17; mean 3.6, SD 2.0) on al of the
characteristics shown in Table 2. Results of these analyses
revealed that, relative to veterans who used the app one daily
only, those who used the app 2 or more days scored lower on
prepandemic measures of agreeableness (mean 4.3, SD 1.1 vs
mean 5.6, SD 1.0; t;049=3.30, P=.003; d=1.18) and emotional
stability (mean 4.54, SD 1.3 vs mean 6.7, SD 1.5; t;94=2.24,
P=.003; d=0.80), and higher on measures of pandemic-related
financial stressors (mean 0.9, SD 1.8 vs mean —0.2, SD 0.6;
t1049=2.31, P=.03; d=0.83) and relationship difficulties (mean
1.0, SD 1.1 vsmean 0.1, SD 0.9; t;449=3.02, P=.005, d=1.08).
Usage of the four key content areas within the app (Manage
Stress, Mood Check, Learn, Find Resources) on thefirst day of
use did not predict returning to the app for a second day (all
P>.10).

Discussion

Principal Findings
This study is among the first to provide population-level

estimates for smartphone ownership among US veterans,
identify predictors of uptake and usage for amental health app
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focused on pandemic-related stressors, and examine objective
app usage data. We found that the vast mgjority of participants
inthis study owned smartphonesand many had alifetime history
of mental health concerns, yet relatively few individuals were
willing to try a free mental health app for pandemic-related
stress, and among those who did, overall app usage was fairly
low. Among older veterans who completed their
KnowledgePanel survey on amobile device (n=814/3078, mean
age 56 years), 91.1% owned smartphones. Smartphone
ownership among veterans who completed their survey on a
laptop or desktop computer was also high (76.6%) and relatively
close to national estimates for the 50-64—year age group [21].
This is notable because the mean age of participants in this
group was nearly 65 years, and smartphone ownership estimates
for adults aged 65 and older is only 61% of the US population
[21]. Thisfinding suggeststhat members of the KnowledgePanel
sample may be more open to adopting mobile technologiesthan
the general population, but it could also suggest that older
veterans may be more willing to adopt smartphones than the
general older adult population. Additionally, participants who
completed their KnowledgePanel survey on a mobile device
weremorelikely to identify aswomen and nonwhite, be college-
or higher-educated, be currently employed, and more likely to
have a lifetime history of mental health concerns than those
who did not complete their survey on a mobile device. The
relationship between mobile device ownership and
socioeconomic statusis consistent with prior research [21,33].
These findings also highlight that digital health interventions
such as mobile apps may be a way to reach older women
veterans, veterans of color, and older veteranswith mental health
concerns.

The results further revealed that smartphone adoption may not
necessarily equate to mobile mental health uptake and usage.
Among the 800 participants who were offered the opportunity
to download and try COVID Coach, only 34 (3.3%) downloaded
and tried the app, 50% of whom (n=17/34) returned to the app
after their first day of use, and 44% (n=15/34) engaged with
content in at least one of the four key content areas within the
app. Nonethel ess, there were some encouraging findingsin the
data. Although only 3.3% of eligible participants downloaded
and tried the app, one of the strengths of utilizing the
KnowledgePanel sample is it being comprised of a
population-based, nationally representative sample of USadults.
Using population benchmarks, if 3.3% of the US veteran
population were to download an app for mental health, that
would equate to more than 600,000 veterans. Thus, the potential
reach for an app is large, and even if only some veterans use
the app for an extended period of time, that may potentially
trandate to thousands of usersand ultimately an important public
mental health impact [56]. It is important to note that the
majority of veterans do not use the VA astheir primary source
of health care, and veterans that do use the VA are more likely
to be black, younger, female, unmarried, have lower household
incomes, and have alifetime history of psychopathology [57].
Therefore, amultipronged approach is needed to help promote
app awareness and uptake among veterans being served both
outside and within the VA. For example, national
communication strategies that reach veterans wherever they
are, such asfeaturesin popular media[58,59], promotion from
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organizations that serve veterans (eg, [60]), virtual veteran
communities (eg, Women Veterans Network [WoVEN] [61]),
resources and tools for community-based providers (eg,
Community Provider Toolkit [62]), and social mediacampaigns
that are tailored to specific veteran communities may be best
suited to reach veterans not receiving care within the VA.
Programssuch as Tech Into Care[63], which train awide variety
of VA staff, including doctors, nurses, psychologists, social
workers, audiologists, and chaplains, to be mobile health
(mHealth) ambassadors and spread the word about apps for
mental health may help raise awareness among both VA
employees and the veterans they serve. mHealth ambassadors,
who are trained in how to use, offer, and implement mobile
mental health apps, may also help develop dissemination
approaches that take veteran characteristics, local or regional
factors, and Veterans Integrated Services Networks context into
account.

Additionally, veteranswho downloaded COV 1D Coach reported
a greater number of adverse childhood experiences, greater
extraversion, and greater severity of pandemic-related PTSD
symptoms (ie, exaggerated startle response) than those who did
not download the app. Furthermore, among those who did
download the app, veterans with lower levels of emotional
stability and who experienced greater pandemic-related financial
stressors and relationship difficultieswere morelikely to return
to the app for a second day of use than those who only used the
app for a single day. Because COVID Coach was specifically
designed to provide tools and resources for coping with
pandemic-related stress and concerns, the app was preferentially
downloaded by veteransin the sample with greater mental health
needs during the pandemic. Indeed, theinteractive coping tools
in the Manage Stress section were the most popular among
veterans who utilized the app, a finding that is consistent with
previous work [31]. The “Finding Meaning” tool was the most
frequently utilized coping tool within the app. Thisis notable
and contrasts with usage among the general population where
“Ambient Sounds” the first tool in the list due to
alphabetization, was the most utilized tool. Among older adults,
finding purpose and meaning in life is associated with better
health outcomes, including cognitive health [64,65]. Digital
mental health interventions that target helping older adults
cultivate purpose and meaning in life could have an important
impact on mental health as well as promote cognitive health.

A notable strength of this study is that it analyzed datafrom a
contemporary, nationally representative, probability-based
sample of US veterans. We were ableto estimate the prevalence
of smartphone ownership, as well as closely examine the
characteristics of veterans who did and did not download the
COVID Coach mobile mental health app during the height of
the COVID-19 pandemic. Furthermore, we were also able to
explore veteran characteristics associated with app download
and app usage, which were measured automatically via captured
analytics data. Collectively, the results of this study provide an
important contribution to understanding veteran smartphone
ownership rates, characteristics associated with downloading
(or not downloading) an app for mental health, and predictors
of return app usage.
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Limitations

There are several key limitations of this study. First, the
opportunity to download the COVID Coach app was presented
asthe last screen of a survey with amedian completion time of
nearly 32 minutes. Following survey completion that assessed
a broad range of factors, including pandemic stressors and
psychiatric symptoms, participants may have been fatigued and
reluctant to take on yet another optional task, particularly since
downloading and trying the app did not impact their study
compensation. Second, the app was only offered to veterans
who completed the survey on a mobile device, regardiess of
whether they owned a smartphone or tablet, thus limiting the
potential number of potential app downloads. Nearly two-thirds
of the sample did not complete their survey on amobile device,
yet the vast mgjority of those participants (76.6%) indicated
that they did own a smartphone. Thus, participants who may
have been interested in exploring the app were never offered
the chance to download it. Third, for those who did receive the
information about how to download COVID Coach, the
perceived benefits and utility could have been specified more
clearly. Previous research has indicated that older veterans,
especialy those living in rural areas, may be less likely to see
the benefits of using mobile apps [26]. It is possible that
download instructions were not sufficiently clear and the
rationadle for downloading the app was not sufficiently
compelling for someindividuals. Further qualitative work would
be helpful in identifying how to optimaly present this
information to encourage high uptake of the app. Finally, we
only have objective use data to understand engagement with
COVID Coach. Morein-depth qualitativeinformation is needed
to explore older veterans' experiences with the app, including
usability of the design, appropriateness of the content, and other
factors that may have influenced if, when, and how often they
used the app.

Future Research Directions

Results of this study underscore the importance of research that
addresses the needs and preferences of veterans to help ensure
that the tremendous digital health innovation fueled by the
pandemic does not reinforce or exacerbate existing inequities
[66]. Digital health tools, including apps, can be part of the
solution to help promote better mental health and health care
outcomes for older adults [67], as long as they address
fundamental issues of digital health equity, such asdigital health
literacy and inclusive design [68]. To best meet the needs of
older veterans, and older adults more generally, future research
should utilize qualitative methods and co-design processes to
ensure that interventions are solving mental health challenges
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in usable, meaningful, and engaging ways. Co-design can help
addressbarriersthat are specific to older adults (eg, [69]); ensure
that the product is findable, accessible, usable, desirable,
credible, useful, and valuable (eg, [70]); improve the overall
quality of the product [71]; and promote equity and inclusion
(eg, [72,73]). Moreresearch focused on effective dissemination
and implementation strategies is also needed. The number of
veterans receiving their health care from the VA has increased
over time, and those receiving their care within VA tend to be
from populations that are more likely to experience health
disparities [57]. These historically underserved groups may
benefit from additional digital health supports, and receiving
their care within an integrated health care system could
potentially facilitate the dissemination and implementation of
digital health resources. However, one of the biggest barriers
to app uptake identified among veterans receiving care within
the VA is app awareness [40]. Furthermore, many veterans
receive part or all of their health care outside the VA system.
Developing effective strategies for raising awareness of mental
health apps and facilitating their usage are crucial for adoption
and in turn increased impact.

Conclusions

The COVID-19 pandemic has accelerated the creation and use
of digital mental health resources across a variety of settings.
Astheveteran populationin the United Statesisaging and their
smartphone ownership is growing, they are also more
successfully engaging with digital health products[23]. To our
knowledge, this study is one of the first to document current
smartphone ownership rates in the US veteran population, the
majority of whom were older, and to examine predictors of
uptake and usage of a mental headth app focused on
COVID-19elated stressors. Although adoption of COVID
Coachwasrelatively low, the app was morelikely to be utilized
by individual s facing pandemic-related stressors and associated
psychiatric symptoms, suggesting that apps may be a way to
reach veterans with mental health needs during the pandemic
and beyond.

Collectively, results of this research suggest that mental health
apps have the potential to reach a significant minority of older
veterans, although continued efforts are needed to identify
strategies to bolster uptake in more naturalistic settings. More
work is needed to ensure uptake and meaningful engagement
with mental health apps. As the pandemic continues to impact
mental health globally, digital mental health resources have an
important roleto play in meeting the needs of veterans, and the
general population, during the pandemic and beyond.
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Abstract

Background: Peatient-directed selection and sharing of health information “granules’ is known as granular information sharing.
In aprevious study, patients with behavioral health conditions categorized their own health information into sensitive categories
(eg, mental health) and chose the health professional s (eg, pharmacists) who should have access to those records. Littleis known
about behavioral health professionals’ perspectives of patient-controlled granular information sharing (PC-GIS).

Objective: This study aimed to assess behavioral health professionals' (1) understanding of and opinions about PC-GIS; (2)
accuracy in assessing redacted medical information; (3) reactions to patient rationale for health data categorization, assignment
of sensitivity, and sharing choices; and (4) recommendations to improve PC-GIS.

Methods: Four 2-hour focus groups and pre- and postsurveys were conducted at 2 facilities. During the focus groups, outcomes
from a previous study on patients' choices for medical record sharing were discussed. Thematic analysis was applied to focus
group transcripts to address study objectives.

Results: A total of 28 health professionalswererecruited. Over half (14/25, 56%) were unaware or provided incorrect definitions
of granular information sharing. After PC-GIS was explained, al professionals demonstrated understanding of the terminology
and process. Most (26/32 codes, 81%) recognized that key medical data had been redacted from the study case. A majority (41/62
codes, 66%) found the patient rationale for categorization and data sharing choices to be unclear. Finally, education and other
approaches to inform and engage patients in granular information sharing were recommended.

Conclusions: This study provides detailed insights from behavioral health professionals on granular information sharing.
Outcomeswill inform the development, deployment, and eval uation of an electronic consent tool for granular health data sharing.

(JMIR Ment Health 2022;9(4):€18792) doi:10.2196/18792

KEYWORDS

behavioral health; patient information; granular information; electronic health record; integrated health care; electronic consent
tool
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Introduction

Patient-directed selection and sharing of health information
“granules,” that is, the lowest level of health information
considered significant (eg, diagnoses, laboratory results,
medications), is known as patient-controlled granular
information sharing (PC-GIS) [1-6]. With the growth of
integrated physical and behavioral health care and its reliance
on health data sharing, the Office of the National Coordinator
for Heath Information Technology has promulgated
recommendationsfor PC-GI S by suggesting the implementation
of electronic consent tools [5,6]. This model permits the
selection and sharing of health information “granules’ with
patient-specified institutions or personnel for distinct purposes
[7] and creates a foundation of trust and transparency among
patients, providers, and data stewards[6,8]. While rudimentary
ethical guidelines for PC-GIS exist, more comprehensive
research is needed [9-11] to harmonize health professionas
needs with patient choice in an electronically mediated data
segmentation environment and, ultimately, a PC-GI S tool.

Literature regarding PC-GIS and granular consent has
predominantly focused on the patient perspective [4,7,12].
Outcomes from these studies show that patients view PC-GIS
and granular consent positively, especially with respect to
sensitive el ectronic health record (EHR) information [ 7]. Of the
PC-GIS studies, few use actual patient EHR data[7,12-15]. In
a 2015 study, Schwartz et al [16] observed how patients enact
granular control over their EHR datain a primary care setting.
Of the 105 participants given granular sharing control, 45 (43%)
chose to limit access to at least one professional, with varying
preferences on thetype of information restricted. While patients
viewed record-sharing control positively (94.3%), they believed
that such control may affect their relationship with health
professional s (48.6%) [16,17]. Neves et a [15] and Papoutsi et
al [18] studied EHR information sharing for research purposes
and noted that while patients appear to be concerned about the
security of EHR data when shared, hedth
professionals—perhaps incorrectly—worry about patients
perceived unwillingness to share EHR information.

A 2020 systematic literature review by Soni et al [19] found
only 8 peer-reviewed articles on PC-GIS and only 1 that
considered the health professional perspective [20]. To
understand primary care professionals responses and
perceptions, Tierney et a [20] supplemented the study by
Schwartz et al [16] by reporting professionals’ perceptions and
the frequency with which these professionals*“ broke the glass,”
or overrode patients' sharing preferences, to access additional
patient information. The health professionalsin this study were
based in a general internal medicine clinic—8 physicians, 4
clinica nurse assistants, 3 physician assistants, 2 nurse
practitioners, 5 nurses, and 9 medical assistants. The 31
participating health professionals “broke the glass” 102 times,
and 90% of these instances were for patients not enrolled in the
study [20]. Professionals* broke the glass’ for 14% of the total
study patients but never “broke the glass’ for patients who did
not redact information [20]. Of the 24 professionals who
responded to their poststudy survey, 63% responded “strongly
agree” to the statement “restricting access to all or part of a
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patient’s EHR will likely reduce the quality of care | deliver”
while agreeing that patients should have such control [20].
Although Schwartz et al [16] and Tierney et a [20] provided
patient and health professionals’ survey responses, they did not
provide patient rationale and included minimal provider rationale
for the PC-GI S choices.

Prior literature shows that patients may restrict access to
potentially sensitive health data because of stigma or fear of
discrimination [21-23]. The 2020 research by Soni et al [19,24]
reported a mixed-method approach using patients own EHR
information to assess preferences for PC-GIS in behavioral
health care settings. The study outlined a card-sorting,
semi-structured interview methodology of asking 25 English-
and Spanish-speaking patients who were diagnosed as having
general behavioral health (GBH) disorder and serious mental
illness (SM1) from 2 integrated care clinics to categorize 30
items from their own EHRS as sensitive or nonsensitive.
Nonsensitive data included all general physical health items,
while the sensitive data groups were based on the Substance
Abuse and Mental Health Services Administration sensitivity
groups: acohol use and alcoholism, communicable diseases,
drug abuse, genetic information, mental health, other addictions,
and sexual and reproductive health [19,24,25]. Participantswere
asked to classify the 30 items by sengitivity, that is, not sensitive,
somewhat sensitive, sensitive, and then to exercise PC-GIS.
Participants considered mental health (76%), sexual and
reproductive health (75%), and alcohol use (50%) as sensitive
categories. They were willing to share items related to other
addictions (100%), genetic data (95.8%), and nonsensitive
information (90.5%) [19]. Sharing preferences and sensitivity
classifications did not significantly correlate [19]. Further, the
study showed that participants understanding and views on
sensitivity, categorization, and sharing of information were
diverse and that such diversity could impact use of an electronic
consent tool [24]. Participants personal circumstancesimpacted
their sensitivity classifications and sharing preferences, but
classification and sharing were approached independently
[19,24].

Participants from the study conducted by Soni et al [19,24] and
Schwartz et al [16] chose to share their data with all (48%) or
some health professional s (52%). Health professionalsincluded
primary care providers, specialty care physicians, pharmacists,
nurses, case managers, counselors, and medical assistants. The
researchers suggested that a study focusing on professionas
perceptions of PC-GIS would enrich their findings and further
inform understanding of the elements needed to support PC-GIS.

Itiscritical to understand professionals' perspectivesto develop
granular consent systems that balance patient desires with the
information needs of health professionals. This study focuses
on health professionals employed by theintegrated care clinics
used by the study conducted by Soni et al [19,24] and uses the
study’s results in the focus group design [20].

Our study used qualitative data analysis to gain insight into
health professionals’ perspectives of PC-GIS, specifically the
(1) understanding of and opinions about PC-GIS; (2) accuracy
in assessing patient-directed redaction of medical information;
(3) reactionsto patient rationale for health data categorization,
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assignment of sensitivity, and sharing choices;, and (4)
recommendations to improve PC-GIS.

Results and recommendations from our study and Soni et a’s
research [19,24] will inform the development of a PC-GIStoal,
My Data Choices, inspired by similar technology developed by
the Substance Abuse and Mental Health Services Administration
[25]. My Data Choiceswill be pilot tested at the same integrated
care settings at which this study was conducted.

Methods

Clinical Settings

Study data were collected at 2 integrated care clinics [19,24].
One facility focuses on caring for patients diagnosed as having
GBH disorder, and the other facility specializes in caring for
those diagnosed as having SMIs. Thesefacilitieswill bereferred
to asGBH Facility and SMI Fecility throughout the manuscript.
The GBH Facility staff had 85% nonprescribers and 15%
prescribers, whilethe SMI Facility staff had 90% nonprescribers
and 10% prescribers. Prescriber designation is determined by
the Secretary of Labor definition [26,27]. Participants were
selected to achieve representative samples at each facility.

Participants

The study was approved by the Arizona State University
Ingtitutional Review Board (#00010309). Participantswho spoke

lvanovaet d

English, were 21 years or older, worked closely with patients
(primary care providers, psychiatrists, nurses, case managers,
etc), and are currently or were recently involved in the previous
year in consent processes at the 2 facilities were included. The
SMI Fecility participants were self-selected through a flyer
distributed by afacility representative. A representative sample
of professionals was solicited at each facility for each focus
group. All participants received a$75 gift card as compensation
on completing at least an hour and a half of the 2-hour focus

group.
Focus Groups

Four 2-hour focus groups were conducted and audio recorded
a each facility. Each focus group comprised 7 hedth
professionals. Pre- and postsurveys, adapted from Tierney et a
[20], were administered. The 6-section format of the focus
groups and corresponding questions are illustrated in Figure 1.
Content included PC-GIS didactics and an actual patient case
from the Soni et al study [19,24] (Figure 2). In the example
case, the patient choseto shareinformation related to depression
and diabetes with hospital physicians and the primary care
doctor but shared only diabetes information with their dentist.
The first author led the focus groups, and 2 observing
researchers documented visual and verba information to ensure
al information from focus groups was captured in the final
analysis.

Figure 1. Focus group flow by section (1-6) with corresponding target concepts for each section.
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1 Definition and Example of Granular Information Sharing

1. What is your understanding of granular information sharing?

What are your opinions about granular information sharing?

What do you think patients should share or not share?

How de yeu think granular information sharing would impact patient care,
patient safety, cost, medical errors, and provider-patient relationship?

Card Sorting Study and Redacted Case

1. Is there information missing?

2. Why do you think the patient shared or did not share specific information?
3. In yourrole, is there any unnecessary information to perform your duties?

Case with Complete Information
‘What is your reaction to seeing what the patient did share vs. what they did

2. Why do you think this patient decided not to share certain information?

C ith Patient C — 1 Senaitivity
1. What are your thoughts about classification of items under these categones?
2. Why do you think the patient classified it in this way?

3. Can you understand the patient’s way of thinking?

Case Study with Patient Sharing Targets
1. How do you think we should educate patients on sharing?
* By categorization or individual item?
2. What would you discuss with a patient regarding sharing to help you in your
role? Other roles in your team?

1. What is your understanding of granular information sharing?

2. What are your opinions about granular information sharing?

3. What do you think paticnts should share or not share?

4. How do you think granular information sharing would impact patient care,

patient safety, cost, medical errors, and provider-patient relationship?
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Figure 2. Example used to explain patient-controlled granular information sharing.

What is Granular Information Sharing?
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Section 1

Baseline comprehension of granular information sharing was
assessed at the start of the focus group (question 1). “ Granules’
was later defined as “the lowest level of health information
considered significant, such as diagnoses, laboratory results, or
medications’ [1-6] and granular information sharing occurs
“when a patient identifies specific health information (granul es)
to share with or withhold from, specific professionals, entities
or organizations, and directs how that information will be used”
[2-6,8,27]. Figure 2 was discussed, followed by questions 2-4.

A
Hospital ﬁ

Patients choose to share
* Which health

Primary Care {9 information
* With whom
* For what purpose
~ > Dentist "
Section 2

The methods and results from the Soni et al study [19,24] were
used to demonstrate how actual patients exercised granular
information sharing, and a patient-redacted case was presented
without disclosing that redaction had occurred (Figure 3). A
singular case study was chosen to allow participants enough
timeto evaluate all aspects of PC-GIS. The specific case study
was chosen as an example of how patients who did choose to
restrict someinformation utilized PC-GISin the Soni et al study
[19,24].

Figure 3. Case study from Soni et a [19,24] presented with PC-GIS redaction (Section 2) followed by “breaking the glass’ (Section 3), which is
simulated by revealing the previously hidden items denoted by italics. PC-GIS: patient-controlled granular information sharing; hCG: human chorionic

gonadotropin; T3: triiodothyronine; yo: year-old.

46 yo female presents for treatment of schizophrenia
No known drug allergies Medications
(NKDA)
Current
Lab Results
History Tramadol . i
_ Effexor Basic metabolic panel (BMP)
Alcohol use disorder Lisinopril Beta hCG (pregnancy test)
Chronic back pain Perphenazine Complete blood count (CBC)
Depression Free T3 (thyroid hormone)
Hypertension Recent Thyroid stimulating hormone (TSH)
Osteoarthritis Urine culture
Suicide attempt Abilify Urine drug screens
Diphenhydramine
Lexapro
Neurontin
Oxycontin
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Section 3

The patient case was presented again, this time with the
previously redacted health dataitems[24], and possible patient
motivation for withholding this data was discussed (Figure 3).

lvanovaet d

Section 4

Data categorization and sensitivity classifications by patients
were shared [19,24]. The discussion centered on patient rationale
for the presented choices (Figure 4).

Figure 4. Classification of data as sensitive and categorization of health information by patients from the Soni et al case study [19,24] presented after
the redaction is revealed (Sections 4 and 5). hCG: human chorionic gonadotropin; THC: tetrahydrocannabinol; T3: triiodothyronine.

"Alcohol Use and Alcoholism"

Alcohol use disorder
Amphetamine screen
Ethanol screen

"Drug Abuse"

Cocaine screen
Methadone screen
Opiate screen

"Mental Health"

Abilify, Perphenazine
Diphenhydramine

Effexor, Lexapro

Neurontin

Complete blood count (CBC)
Barbiturate screen

Benzodiazepine screen

Free T3 (Thyroid hormone)

THC screen

Thyroid stimulating hormone (TSH)

Oxycontin
"Sexual and Reproductive Health"
"Genetic" Beta hCG (Pregnancy test)
Chronic back pain "Other Information - Not Sensitive"
Depression ) ’
Hypertension Basic metabolic panel (BMP)
Osteoarthritis Lisinopril
Tramadol Suicide attempt
Urine culture
Section 5 analysis guidelines and anthropological methodology [28,29].

The actual published patient rationale for sharing or withholding
specific health data items was presented and discussed.
Additional details from the paper on data categorizations,
sengitivity classifications, and sharing preferenceswere provided
if requested [19,24].

Section 6

After they reflected on the prior sections and the hypothetical
tool presented, participants were asked to share opinions and
to make recommendations to those seeking to implement
PC-GIS.

Analysis

Focus group audio recordings were transcribed using Transcribe
(Wreally LLC) and then sequentially screened by 3 researchers
for accuracy. Notes from onsite researchers, that is, notes on

nodding and facial expressions, were added to the transcripts.
Transcriptionswere analyzed using Braun and Clarke’ sthematic
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RenderX

Six iterations of digitally assisted coding (MAXQDA, VERBI
GmbH) were performed. The unit of analysiswas an individual
participant’s statement in paragraph form, and themes were
identified through repetition and frequency. One researcher
coded for and defined emerging themes into a codebook. The
output was iteratively revised by 3 researchers and organized
according to thefocus group segments, asrepresented in Figure
1. Although the focus group leader prevented dominance by a
single participant, transcript codings were calculated per
participant to determine whether egalitarian engagement was
maintained. Each focus group participant was coded as a
separate entity, thus any codes attributed to them could be
measured. At conclusion of coding, participants actual
attributed codes were juxtaposed to the expected number of
codes per person for each focus group. Coding assessments
provided qualitative and quantitative insight into participant
rationale for PC-GIS opinions with outcomes. Pre- and
postsurvey analysisis described in part 1 of this study [30].
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Results

Demogr aphics

The participant group included 23/28 (82%) nonprescribersand
5/28 (18%) prescribers (physicians and nurse practitioners)
based on prescriber criteria (Table 1) [26,27]. All participants
(28/28, 100%) completed the presurvey and 27/28 (96%)

Table 1. Hedlth professionals' roles and representation (N=28).

lvanovaet d

completed the postsurvey (1 participant wason call and departed
prior to focus group conclusion).

While the focus groups each had 1 participant who engaged
more than anyone else (outside the group average), these
participants were individuals who had administration or
managerial duties and hel ped facilitate the discussion of the rest
of the group.

Role type

Professionals, n GBH?fadility, n SMIP facility, n

Nonprescribers
Counselors
Nurses
Rehabilitation specialist
Case managers
Clinica coordinators
Administrators
Peer mentors
Medical assistants
Discharge planners
Social workers
Prescribers
Physicians

Nurse practitioners

P PP P, Oww W w s
O O O O W Fr + +» W
O B B P W O N N NN

8GBH: general behavioral health.
bSMI: serious mental illness.

Health Professionals’ Under standing and Opinions of
Granular Information and Sharing

Thematic analysiscoding of individual participant contributions
demonstrated overall absence of single participant dominance
regarding codes. Thematic analysis results of health
professionals knowledge and perceptions of PC-GIS before
(section 1) and after (section 6) the focus group were compared.
Prompts from these sections were assessed for comprehension
of the granular information concept (unaware of, correct, or
incorrect definition) and for opinions (positive, negative, mixed,
or not applicable) on how PC-GIS could impact care delivery.

Baseline comprehension of PC-GISyielded 25 rel evant codings
in section 1 (Multimedia Appendix 1). Just over half (14/25,
56%) of the participants were unaware of or provided incorrect
definitions of granular information sharing: “1 don’t have any
understanding of it After a brief explanation (Figure 2),
participants demonstrated 100% (15 codings) comprehension
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of PC-GIS. By conclusion of the focus groups (section 6), all
participants demonstrated excellent comprehension of PC-GIS
(100%, 8 codings) with nuanced discussion (35 codings,
Multimedia Appendix 1) of concerned, positive, and mixed
opinions.

There was a visible change from the initial to the concluding
reactionsto PC-GI S within focus groups with respect to mixed
opinion (Figure5). For the* not applicable” codingsfrom section
1, participants expressed neither a definition nor an opinion.
They did discuss foreign language and education of patients as
issues in granular information sharing. Positive and mixed
outlooks focused on patients’ rights and choices, alleviation of
stigma, rationalization of patients’ choices, and streamlining of
communication. When asked to imagine PC-GIS from the
patient perspective, most participants (20/22, 91% of instances
attributed to positive codings) expressed amore supportive view
of granular sharing.
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Figure 5. Initia and concluding reactions from the focus groups to patient-controlled granular information sharing (Sections 1 and 6, compared).
Numbers signify percentage per category. Rounded data do not always add up to 100.
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Section 6

Health professional Reactions

Patient safety and the ability to provide successful treatment
were frequently cited (55/99, 56% of codings from sections 1
and 6) in the discussion about patient-directed redaction:

It can belifethreatening. There are some medications
that can be prescribed that if you combine like an
MAQ inhibitor with a pain medication, it can be
fatal...you [ patient] may not think it’simportant, but
you're not really trained, you don’t have the
background to know what’s important per se or what
isn't. It is difficult to help your patient understand
that, a lot of education. (Agreement throughout).

Concerns about patients' rights and patients’ perspectives were
raised in both sections 1 and 6, as were complexities of
implementing a PC-GI Stool that adequately balanced patients
rights with health professionads needs. The transition in
perception from sections 1 to 6 was striking, with an increase
in the proportion of participants with mixed opinions.

| actually have a different opinion [than] when |
started. | mean, it depends on what angle you're
coming at. It really does because if you're a patient,
| get it. | get it why you don't want to share
everything. But from a provider nurse standpoint,
safety becomes a factor. And that’s when more
information should be shared as much as possible.

Another participant noted that agranular sharing tool may help
reduce the cost of care, if appropriate sharing was enacted.
While participants with concerned opinions prioritized health
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professionals perspectives, participants with mixed opinions
weighed patient and health professionals’ perspectives equally.

Health Professionals’ Assessments of Patient Health
Information Redaction

Section 2 focused on health professional s’ recognition of record
redaction (32 codings; Multimedia Appendix 1). Most
participants (26/32, 81%) accurately identified that some
information was missing from the presented health record. Still,
19% (6/32) of codings showed that participants were unaware
(3/32, 9%) of the redaction or were uncertain (3/32, 9%) if the
information was complete; they explained that they are
accustomed to working with incomplete or absent patient
information.

All participants responded with varying concern about missing
information (Table 2). They identified the data categories that
were redacted or incomplete and, in actua practice, would
discuss suspected redaction or withhol ding of information with
the patient (51 total codings). Specifically, the patients
discussion (27 codings) with the participants (6/27, 22% of
patient discussions) would include rationale for the information:
“Tell them [patients] the reason why we're asking, the
importance of it, and to help them understand why we need the
information.” Others (3/27, 13% of patient discussions) included
the suggestion that use of standard facility procedures (eg, intake
guestionnaires) could aid in finding the needed information:
“...Asacase manager, we do acomprehensive assessment...hey,
you don’'t have to be honest but at least | asked.”
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Table 2. Hedlth professionals’ reactions after redacted material was revealed (N=51; section 2); rounded data do not always add up to 100.

Code Coding, n (%) Exemplar quotes

Conducted patient 27 (52) “I would just be honest and say, so | seethat you have adiagnosis herethat you're presenting for treatment

discussion of schizophreniabut | don’t see that you're currently prescribed an anti-psychotic. Are you currently
taking one? Have you taken one in the past? Did we possibly forget to list any current medications that
you may have forgotten? | would just if it were me, addressit pretty upfront.” [nonprescriber]

Expressed concern 18 (35) “Because if she'susing, yeah, if she's using both then that could be potentially deadly.” [prescriber]

Expressed need for 6 (11) “But yeah, there's alot of information missing. | would want a more complete social, family history,

information hospitalization history, past medications. It's again, we don’t know what’s worked, what hasn’'t worked

and we'rejust kind of now starting from scratch again...if that's all that’s there, it's not enough to move
forward with treatment without more information.” [prescriber]

Health Professionals' Perceptionsof Patient Rationale
for Sharing Decisions

In sections 3 and 4, we assessed participants' reactionsto patient
sharing rationale. Participants (48 codings, Multimedia
Appendix 1) reacted to the redacted content revelation by
expressing the need to know this information (33/48, 68%),
surprise (9/48, 18%), and no surprise (6/48, 12%). While many
participants noted that they would question patients or use
alternate sources to gain need-to-know information, they were
skeptical that all theinformation necessary for optimal and safe
treatment of this patient had been identified: “As the therapists
doing an assessment, we're not necessarily going to even get
to a question that hits on all of the panels that are missing.”
Similarly, participants (3/9, 33% of those surprised) also noted
that the data categorizations chosen by the patient “did not make
sense” They were also surprised by how the patient applied
these categories to make sharing decisions.

When participants were asked to postulate the patient sharing
rationale (Table 3), the results (30 codings) coaesced around
stigmaand fears, purposeful omission, consideration of datato
beirrelevant, lack of clarity on the information that needsto be
shared, and symptoms. We then asked the participants to react
to the data sensitivity classification assigned by patients (section
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4). Participants registered 3 main types of reactions (62 codings):
did not understand (41/62, 66%), considered patient incorrect
(15/62, 24%), and considered patient correct (6/62, 9%). Of
note, all participants who reacted positively to some patient
classificationsdid not agree with the patient’s sharing decisions
and found the documented patient rationale helpful in
understanding the patient’s decisions.

Patient data self-categorization using the 6 data categories (77
total codings, Multimedia Appendix 1) resulted in genetic
(27177, 22%), mental health (14/77, 18%), drug use (9/77, 11%),
alcohol use (9/77, 11%), sexua and reproductive health (3/77,
3%), and other information (25/77, 32%). Participants focused
on the category “other information” that included the topic of
attempted suicide (22/25, 88% of all “other information”
discussions). Participants found the actual patient explanation
for classifying the suicide attempt item into “ other information”
rather than “mental health” to be particularly relevant: “took a
whole bunch of pills’ [19]. Participants considered that the
patient thinks “they’re fixed” (nonprescriber) or “they don’t
have a good understanding of what menta headth is’
(nonprescriber). Participants were provided detailed patient
rational e asrequested, including explanations from other patients
in the Soni et al study [24].
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Table 3. Hedlth professionals’ rationale of the patient’s decision to redact (N=30; section 3); rounded data do not always add up to 100.

Exemplar quotes

Code Coding, n (%)
Stigma and fear 13 (43)
Purposeful omission 7(23)

Patient considered datairrelevant 5 (16)

Patient lacksclarity ontheinforma- 3 (10)
tion that needs to be shared

Symptoms 2(6)

“1 don’'t know the culture of this client, but culturally they might be thinking like, “This
person thinks I'm crazy or people will think I'm crazy because | take medication so I'm
just not going to say anything.” Particularly if it's a court-ordered client, they may be
sharing less because they just want to get their mandates over with and get out of services.
And the more they share could keep them wrapped up in services for longer than they
want.” [nonprescriber; nonprescribers nod in agreement]

“WEell, I'mjust saying in general, if | go to the PCR, I'm going for one thing, | don’'t need
50 other things added on to what | came herefor. So, maybe they’re just shutting it down.
And like, look, thisiswhat I'm herefor and thisiswhat I'm giving you.” [nonprescriber]

“Or isit with the one-time [suicide] attempt, it really didn’t mean nothing. | didn’t really
want to do it, so I'm okay now. So, it's not important to me. It’s not relevant to them.”
[nonprescriber]

“Like six monthsinto treatment, they suddenly randomly talk about a shopping addiction
or something like that that they just never mentioned. And so, I’ m sure there’s some
things that they don’t realize are important to share [with us].” [nonprescriber]

“There's the possibility that they’re not 100% compliant with their medication because
again, there’'salot of side effects from medications. And I’'m not seeing side effects of
medication being prescribed and then there’s the drug screen, so we don’t know how
much the person’s self-medicating and taking their meds. So, they may be more symp-
tomatic hence could be more paranoid about sharing theinformation. So, I'd want to rule
that out as well. How symptomatic are they at that particular moment, you know?”’
[nonprescriber]

Health Professionals Recommendationsto Improve

PC-GIS

Participants also addressed the need to simplify education
material (4/39, 10%), create role-specific information (3/39,
7%), and use examples (2/39, 5%; Multimedia Appendix 1).

Participantsreacted to the description of ahypothetical PC-GIS
tool based on the patient case in section 5 (Table 4). They
discussed how a patient should be advised to share certain
information (39 total codings). Most participants indicated that
ensuring transparency, promoting trust, and fostering
understanding are key factorsfor successful PC-GIS. Thismight
be enhanced by periodical review of sharing decisions in a
meeting with adequate time for questions and discussion with
the provider.
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Behaviora health professional s stressed that additional resources
or adifferent approach may be needed to elicit informed consent
for record sharing from a competent patient with active
psychiatric symptoms. Participants a so acknowledged that their
differing roles and professional preparation necessitate the use
of targeted materials to support specific sharing discussions.
Finally, they underscored the importance of motivating patients
to engage in the data sharing process and to understand its
impact on safety.
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Table 4. Headlth professionals' recommendations to improve granular information sharing (N=39; section 5); rounded data do not always add up to

100.

Code Coding, n (%) Exemplar quotes

Promote trust and 23 (60) “Absolutely interesting because again, the client isn’t sharing information about their mental health with

understanding the people who are designated to help them with their mental health. So again, if that’s the theme then
trying to (A) understand what is the motivation for that and (B) is there something that can be done to
assist with building some trust? If that’s in some way, you know, if they don't trust the system or what-
ever it may be or they’re symptomatic, how can we kind of overcome that barrier in order to get that
client's unique needs met?’ [nonprescriber]

Other 7@17) “1 would use asimilar grid like that grading, because at a glance, you could introduce something every
three months, any updates. Are you still sharing with your pharmacist? Are you still sharing with your
own specialty care providers, etc.? Have you mentioned that you have an upcoming appointment with
PCP? And abit something of an aert, definitely, you need to work with the team and send an email.”
[nonprescriber]

Simplify education 4 (10) “Even having it written down, sometimes it might be too much for somebody who's having

material

Providerole-specific 3 (7)
information

Provideexamples 2 (5)

schizophrenia. If I"'m hearing voices, | don’t have the patienceto sit down either listen or read something.
| just want to get it done as soon as possible.” [nonprescriber]

“We also take time to educate because if we have to educate them on everything, there's thousands of
topicsto discuss, and we can't educate or try to educate on things that we're not competent in. So, | can't
talk to them about medications. | won't [non-prescriber] because | can't. It's not ethical, and it's not a
smart decision. So, you know, if they want the education, then they have to go see their doctor or their
nurse practitioner, you know? And then it’s just more steps. But if they’re willing to do it, that’s great.
But they have to be motivated to do that.” [nonprescriber]

“Give an example. Because someone with schizophreniais not going to have the patience to sit there
and listen to what each definitionisand whereit goes.” [non-prescriber; agreement between nonprescribers

and prescribers]

Discussion

Main Findings

Our analysis of behavioral health professionals' perceptions of
PC-GIS between the start and end of the focus groups
demonstrates a shift to mixed opinions from a position of less
support (12/56, 21% to 13/35, 37%). Although the terminol ogy
and processes of PC-GIS were new to many professionals
(14/25, 56%), al participants understood the concept, benefits,
and risks associated with PC-GIS after a brief explanation.
Additionally, the professionals correctly identified (26/32, 81%)
that information was missing (patient-redacted) from the case
presentation, with a majority (33/48, 68%) noting that the
missing information was necessary for the successful care of
the patient. Professionals were perplexed about many patient
categorization and sharing decisions (41/62, 66%) and often
expressed surprise when the patient rationale for withholding
information was shared. Participants’ concerns led to ageneral
commitment to improve the consent process with specific
recommendations.

The literature suggests that adoption of EHR and health
information exchange has accel erated the importance of consent
technology. Emanuel and Emanuel [31] noted that patients and
professionals, the key stakehol ders, must be part of any process
change involving the fine balance between care delivery and
individual rights. Trust and transparency are key factorsin this
delicate relationship [14,27,32-36]. Our results support and
expand these findings, namely, the health professionals have
defined challenges in PC-GIS implementation (28/35, 79% of
final concerned and mixed opinions), attempted to understand
patient motivation for redaction, aimed for balance between

https://mental .jmir.org/2022/4/€18792

patient and professionals' needs, and underscored the need to
access necessary health information for successful care delivery
(23/39, 60% of al recommendations). The pre- and postsurvey
analysis (described separately) [28] shows significant changes
(P<.05) in health professionals’ opinions toward concern after
the focus group [30]. Our qualitative analysis mirrors and
provides insight into the increase of mixed opinions with
comprehension of PC-GIS as well as recommendations to
mitigate mutual concerns related to PC-GI'S and avoid friction
in the patient-professional relationship.

While there is research on health professionals’ understanding
of granular information control, there are no studies measuring
baseline PC-GIS knowledge or the effectiveness of an
intervention to enhance that knowledge [20,27,35,37]. In our
study, behavioral health professionals (14/25, 56%) were either
unaware of or provided incorrect definitions of PC-GIS. A brief
explanation and example (Figure 2) resulted in 100% (15/15)
comprehension of the terms and process. Implementation of
PC-GIS requires education of health professionals, and we
demonstrated that this can be accomplished with a brief
explanation.

Prior literature has focused on whether and how professionals
should be notified about patient redactions [9]. The results of
the study by Tierney et al [16,20] wereinconclusive on provider
awareness of redacted information but showed that professionals
did not “break the glass’ for any of the patients who chose to
share al information. In our study, most participants (26/32,
81%) correctly recognized the absence of some data during the
case exercise. Therefore, our results suggest that most health
professionals may independently surmisethat the available data
are incomplete; they mentioned that they routinely evaluate
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patientswith incompl ete or fragmented records. When redaction
or withholding of information is suspected, the health
professional s agreed that such information gaps should prompt
timely, directed patient discussion. They further noted that
patients place themselves at risk for suboptimal treatment and
even injury when health dataareincomplete at the point of care.

We asked participantsto consider information sharing from the
patient perspective. Our study compared the health
professionals postulated rationales with those provided by
patients in the Soni e a study [24]. Of the 32
sensitive-information codings from Soni et a [24], half of the
patients (50%) said that stigmaand fear of discrimination were
the reasons for their classifications [19,24]. Our participants
agreed that stigma and fear (13/30, 43%) were driving forces
for patient data redaction. Soni et a [24] reported that some
patients conflate sharing categories with sensitivity by
classifying and sharing based not only on comprehension but
also on perceived applicability to their own health history. In
our study, participants’ insights mirrored patient justifications
for purposeful omissions (7/30, 23%), omissionsfor irrelevancy
(5/30, 17%), and omissions because of alack of clarity on the
information that needs to be shared (3/30, 10%). Further,
participants did not understand (41/62, 66%) the rational e used
by the patient to classify and make sharing choices. When
provided with patient rationale from the Soni et al study, the
health professional s suggested specific techniquesfor interacting
with patients who had unclear or missing health information.
Overall, the health professional swere concerned about patients
categorizing and classifying information in a manner
incongruent to bioscience and health professionals' reasoning.

Recommendationsfor designing PC-GI Stool features comprised
the final segment of the focus groups. Participants emphasized
that targeted PC-GIS education for behavioral health and
integrated care settings must be appropriate for individual swith
lower health literacy (4/39, 10%), permit adaption by profession
(3/39, 8%), and contain pertinent, patient-friendly examples
(2/39, 5%).

Alsoimportant for PC-GIStool designisconsideration of patient
and provider time constraints, including the resources needed
to engagein face-to-face communication. Most PC-GI S studies
employed a*“ break the glass’ option for health professionalsto
access needed information [16,20]. Our participants expressed
the need for such a feature. They also suggested periodic
meetings with a trusted care professional and creation of an
electronic algorithm within the PC-GIS tool to help patients
classify and select information for sharing. Feedback from
frontline professionalsisintegral to the development of adigital
tool for informed PC-GIS.

Limitations

The study included a limited number of health professionals,
particularly prescribers. Therefore, we cannot comment on

lvanovaet d

differences between prescribers and nonprescribers. However,
participant composition in this study reflected the facilities

overall prescriber-nonprescriber ratios and was representative
of role demographicsfor the respective professional population.
The resulting demographics of the focus groupsfor thefacilities
showed a diverse representation of the entire care team that a
patient relies on within integrated care. Focus groups comprised
individual swho were actively engaged in the care delivery team.
We recommend that future studies consider the prescriber and
nonprescriber aspects that may impact the success of aPC-GIS
tool.

While this study used a single representative patient case,
sharing of the overall results of the Soni et al study [19,24]
provided additional context and insight into how other patients
with GBH disorder and SMI categorized, classified, and
rationalized their decisions.

Focus groups may include participants that tend to dominate a
discussion, especially in the context of existing workplace
hierarchy. Efforts were made to avoid this situation. Moreover,
focus group codes were evaluated per participant and
demonstrated no such effectsto significantly skew discussions.

Health professional roles (eg, prescriber, nonprescriber) and
patient population (eg, GBH, SMI) may impact theinterpretation
of and opinions about granular information sharing, its potential
impact on care, and how best to provideinformed consent [27].
Published literature supports the rapidly evolving trend toward
integrated care coupled with the need to improve digital sharing
processes [38]. This study provides context and
recommendations to help achieve this goal.

Future Research

Our results are being incorporated in the design and deployment
of a PC-GIS tool, My Data Choices. The participants
recommendations are also being used to develop patient
education for the My Data Choices pilot to be launched in
several integrated careclinics. The My Data Choices study team
isalso investigating the impact of trust on PC-GIS.

Conclusions

This study provides detailed insights from behavioral health
professionals about granular information sharing, explores
scenarioswhere patients exercise granular consent choices, and
includes suggestions to improve patient education and the
consent sharing process. The case-based learning intervention
during the focus group improved provider comprehension of
PC-GIS terminology and process. Health professionas
accurately identified the presence of patient-redacted
information gaps and provided concrete recommendations to
help patients appreciate the risks and benefits associated with
PC-GIS. Outcomes of this study are guiding the development,
deployment, and evaluation of an electronic granular consent
tool.
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Abstract

Background: Patient-controlled granular information sharing (PC-GIS) allows a patient to select specific health information
“granules,” such as diagnoses and medications; choose with whom the information is shared; and decide how the information
can be used. Previous studies suggest that health professionals have mixed or concerned opinions about the process and impact
of PC-GIS for care and research. Further understanding of behavioral health professionals’ views on PC-GIS are needed for
successful implementation and use of this technology.

Objective:  The aim of this study was to evaluate changes in health professionals' opinions on PC-GIS before and after a
demonstrative case study.

Methods: Four focus groups were conducted at two integrated health care facilities: one serious mental illness facility and one
general behavioral health facility. A total of 28 participants were given access to outcomes of a previous study where patients
had control over medical record sharing. Participants were surveyed before and after focus groups on their views about PC-GIS.
Thematic analysis of focus group output was paired with descriptive statistics and exploratory factor analysis of surveys.

Results: Behaviora health professionals showed a significant opinion shift toward concern after the focus group intervention,
specifically on thetopics of patient understanding (P=.001), authorized el ectronic health record access (P=.03), patient-professional
relationship (P=.006), patient control acceptance (P<.001), and patient rights (P=.02). Qualitative methodology supported these
results. The themes of professiona considerations (2234/4025, 55.5% of codes) and necessity of health information (260/766,
33.9%) identified key aspects of PC-GIS concerns.

Conclusions: Behavioral health professionals agreed that a trusting patient-professional relationship isintegral to the optimal
implementation of PC-GIS, but were concerned about the potential negative impacts of PC-GIS on patient safety and quality of
care.

(JMIR Ment Health 2022;9(4):€21208) doi:10.2196/21208
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Introduction

Though the terms behavioral health and mental health are often
used synonymously, the term behaviora hedlth is broader.
Mental health focuses solely on a person’s psychological state,
whereas behavioral health isabroader umbrellathat incorporates
physical and mental struggles: eating habits, exercise routines,
and acohol or drug consumption [1,2]. Behavioral care
encompasses a variety of health services, including mental
health care, psychiatric care, marriage and family counseling,
substance use prevention, intervention, treatment and recovery,
and others. Behavioral health professional sinclude, but are not
limited to, psychiatrists, psychologists, counselors, clinicians,
therapists, social workers, nurse practitioners, and others[3].

Patient-controlled granular information sharing (PC-GIS) allows
patients to select “granules’ or specific elements of their
electronic health records (EHRS) and decide with whom to share
this information [4,5]. This paper focuses on the clinica
implications of PC-GIS of behavioral health information, long
considered to be highly sensitive information by individuals
and by USlaw [2,6-8]. With the advance of integrated physical
and behavioral health care delivery, recommendations for
expanding patient control of health data have asserted enhanced
patient privacy [9-12]. Such suggestions underscore the
importance of the PC-GIS processin health care, with patients
considering which data to share and which to withhold (eg, “I
do not want to share records related to past suicide attempts’).
This concept includes the designation of specific data for
specific care team members (eg, “I do not want to share past
suicide attempt information with my endocrinologist”). Those
with a serious mental illness (SMI), defined as an impairment
severely interfering with daily activity, are at a higher risk for
fragmented care and may, therefore, require different or
additional PC-GIS options [13-15]. The literature suggests an
evolving tension between patients desiring more accessto, and
control of, their EHR data and health care professionals who
are concerned that such accessibility may negatively impact
patient safety, care quality, and cost of care (eg, duplicate labs
and diagnostic tests) if critical information is redacted based on
patient choice.

Previous studies have established that PC-GIS is attainable
using current electronic informed consent systems for care,
research, or both, including perspectives on sensitivity and
control of information [16-21]. A 394-patient study using
granular information sharing for research by Kim et a [17]
demonstrated that patients responded positively to granular
control, resulting in wide variability of sharing decisions. Caine
and Hanania[5] showed that when given the option to exercise
granular sharing with various care team participants, all 30
patients chose granular record sharing control over an “all or
none” approach. These patients were also most likely (76.7%)
to share all information with their primary physicians. A similar
30-patient study found that although PC-GI S on aneed-to-know
basis (83%) was preferred, patients (20%) admitted they did

https://mental .jmir.org/2022/4/€21208

not understand what items aprovider may “need to know” [22].
Soni et al [4,23] evaluated how 25 behavioral health patients
would apply PC-GISusing datafrom their own EHR, comparing
patient and health professional sensitivity designation of the
same items. Results showed that patients fully (19.3%) and
partially disagreed (14.5%) with professionals’ characterization
of items. Patient rational e for their sharing choiceswas complex,
including fear of discrimination, perceived relevancy to
particular provider disciplines, and trust [4,23]. While these
studies emphasize patient perceptions of PC-GIS, they also
highlight the need for research focused on health professional s
perceptions and recommendations on this topic
[4,5,16,18,19,22,24,25].

A few studies have explored how health professionals view
PC-GIS and how such control may affect clinical care. In a
6-month prospective study by Tierney et a [26], 105 patients
in a primary care clinic with 31 professionals were given
PC-GI S capability. Of the 24 professiona s who completed the
poststudy survey, 63% responded “strongly agree” to the
statement that patient restriction of information would reduce
quality of care, while 54% of those providers agreed that patients
having PC-GIS is “OK,” further emphasizing the complexity
of PC-GIS[26].

In another study, 20 behavioral health professionals were
interviewed about their opinionson PC-GIS and consent [2,15].
Discussion topics were categorized into share, should share, or
not share, constituting 100% of professional perceptions. Health
professionals noted that patients should share information in
cases of medical emergencies (57%), patient history data (52%),
and medications and treatments (46%). Health professionals
identified certain topics patients seemed reluctant to share: items
related to substance use (48%), medical diagnoses (47%), and
SMIs (39%) [2]. Overall, the study found that while health
professionals agreed patients should have more control over
who accesses their EHR (70%), professionals also point out
that there is certain information they believe should never be
restricted (65%) [15]. Study findings also highlight health
professionals' views that trust and patient comprehension may
increase patients' sharing of information, especialy involving
sensitive behavioral health information [2,15].

Previous studies suggest that health professionals have mixed
or concerned opinions about the process and impact of PC-GIS
for care and research [4,23,26,27]. The research in this paper
uses the focus group data of 28 integrated health care
professionals collected by Ivanova et al in the part 2 of this
study [27] to identify changes in opinions and understandings
of behavioral health professionals provided with real patient
examples and a full case study of PC-GIS. This study
hypothesizes that knowing patients granular data sharing
choices leads to a decrease in behavioral health professionals
support for PC-GIS. To determine whether such effects occur,
this study investigates health professionals' views on PC-GIS
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before and after the focus groups and explores potential trends
based on cohort differences.

Methods

Study Sites and Participants

This study was approved by the Arizona State University
Ingtitutional Review Board (No. 00010309). The study sites
were two outpatient integrated care facilities using the same
EHR platform. Onefacility treats patientswith SM1 conditions
(SMI fecility), while the other predominantly treats patients
with general behavioral health (GBH) conditions (GBH facility).
This study used definitions from Grando et a [15] for
prescribers and nonprescribers. GBH facility professionalswere
comprised of 15% prescribers and 85% nonprescribers, while
SMI facility professionals were comprised of 10% prescribers
and 90% nonprescribers.

Four, 2-hour focus groups were conducted at the study sites:
two focus groups at each site, with seven behavioral health
professionals each. Such a design allows sufficient time for
individual sto sharetheir thoughtswhile providing asmall-group
environment for conversation [28-30]. Focus group participants
were facility employees, 21 years of age or older, who worked
closely with patients with behavioral health conditions.
Participants from the GBH facility were selected by executive
staff, while participants from the SMI facility were recruited
using flyers and were self-selected. A representative sample of
prescribers and nonprescribers was sought for both facilities.

Survey

Participants were asked to individually complete asurvey prior
to the focus group. The survey was adapted from Tierney et a
[26] and was comprised of nine statements that were rated on
aLikert scalewith thefollowing responses: “ strongly disagree,”
“somewhat disagree,” “neutral,” “somewhat agree,” “strongly
agree,” and “don’t know/can’'t say” (Table 1) [27]. The survey
promptsweredivided into six specific aims based on measuring
concepts and primary impact, patient or professional (Table 1).
After each focus group, participants compl eted the same survey
to evaluate changes in opinions of PC-GIS after seeing how
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actual patients exercise choices. It was hypothesized that
discussion of a demonstrative case study would lead to a
decreasein behaviora health professionas’ support for PC-GIS.
The survey style (Table 1) lends to measuring opinion changes.

The survey analysis was used to determine the presence or
absence of directional opinion change following the focus
groups. SPSS Statistics for Macintosh (version 27; IBM Corp)
was used for descriptive statistics, Wilcoxon signed-rank testing,
Cronbach a tests, scree plots, and exploratory factor analysis
on pre- and postsurvey results. Exploratory analysis was done
with variables, or groups, of interest with appropriate sample
sizes of at least 12 for exploratory factor analysis [31-33].
Descriptive statistics were computed using the bootstrapping
option (10,000 replicates), and skewness and kurtosis results
were used to confirm normal distribution and, thus, verification
of data from the survey [34]. Cronbach a tests were run to
ensure multidimensionality of the survey; an a value below .80
was considered evidence of a multidimensional scale [35].
Prompt selections of “don’t know/can’'t say” were recorded as
blank to avoid skewing results. The Likert scale results ranged
from 1.00 (“strong disagreement”) to 5.00 (* strong agreement”).
For the pre— and post-Likert scale survey results [35,36], the
Wilcoxon signed-rank test (power=0.80, a=.05) was applied to
each survey prompt to determine significance for changes after
the focus group for all participants (N=28) and between
participants serving different patient popul ations (n=14 each).

Intended response concepts of survey prompts were identified
based on results from Tierney et al [26] and were labeled as
“prompt aim” (Table 1). Exploratory factor anaysis showed
which aims, or components, were actively measured by the
survey and relationships between prompts based on participant
response [36,37]. Varimax rotation was used because survey
prompts were not designed to correlate [26]. Measured
components of the survey wereidentified by prompt magnitude
in the output component matrix. This analysis revealed the
component emphasis from pre- to postsurvey that was used to
gauge professionals' perceptions[35]. Scree plots were used to
further validate the component results from the factor analysis
where viable components had an exponential slope [35].
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Table 1. Categorized survey prompts.
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Category and prompt aims Specific survey prompts?
No.  Phrasing Directionality
Patient focused
Patient control acceptance
2 | am comfortable with patients restricting my seeing some parts of their ~ Positive
EHRP.
4 I think itisOK for patientsto have control over who seeswhat information  Positive
intheir EHR.
6 It isagood thing for patients to have control over who seestheir EHR. Positive
Patient under standing
1 | believe that patients understand what an EHR is. Positive
Patient rights
8 The patient owns the information in his or her EHR. Neutral
9 Asapatient, | would like to control the information in my EHR that Positive
providers can see.
Health professional focused
Authorized EHR access
3 My patients EHRs are viewed only by people who should have accessto  Positive
them.
Patient-professional relationship
5 Patients preventing me from seeing part or al of their EHR could affect  Neutral
my relationships with them.
Quality of care
7 Restricting accessto all or part of apatient’s EHR will likely reducethe  Negative

quality of care | deliver.

33urvey prompts were grouped by overarching themes and classified as positive, neutral, or negative based on framing. Prompt numbers (eg, prompt
2) refer to chronology of the survey, following placement by Tierney et a [26].

PEHR: electronic health record.

Focus Group

The focus group was presented in six sections (Figure 1) [27].
In Section 1, baseline perceptions of PC-GlSwereelicited using
exampl es and explanations of granular information and sharing
[9,17,19,27,38,39]. In Section 2, the Soni et al [4,23], or “card
sorting,” study was explained to participants, and a specific case
from the study of granular sharing by an actual patient with
patient-executed redactions was presented [27]. Participants
werethen shown the complete patient data set without redaction
in Section 3 asif aprovider decided to “break the glass,” aterm
that refers to health care professionals' retrieval of a patient’s
redacted information in an emergency.

During Section 4, the same patient’s data were presented by
category (ie, alcohol use and alcoholism, communicable
diseases, drug abuse, genetic information, mental health, other
addictions, other information, and sexuality and reproductive
health) and sengitivity (ie, very sensitive, somewhat sensitive,
or not sensitive). Section 5 explored that patient’s choices to
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share those categories with different health care professionals
and institutions.

Finally, in Section 6, participants were asked to reflect on their
understanding, opinions, and recommendations for PC-GIS.

Two qualitative analysistechniques were applied to focus group
outputs to provide insight into the survey results. Thematic
analysis was used to find and define emergent topics of
importance to participants [40]. Audio recordings of the focus
groupswere transcribed through athird party [41] and screened
for accuracy by three researchersworking sequentially by visual
annotation. The validated transcriptions were analyzed using
Braun and Clarke's [42] thematic analysis guidelines and
anthropological methodology through six iterations, resulting
in quantifiable codes and themes [35]. The units of anaysis
were meaningful phrases per participant and themes identified
through repetition and frequency in transcripts. MAXQDA
software (VERBI GmbH) was used to identify and define
emerging themes from transcripts. Themes and codes were
defined and refined iteratively by three researchers.
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Figure 1. Focus group flow. Section themes are shown on the left with representative questions for each section on the right (numbered). This figure
was adapted from lvanova et al [27].

1 Definition and Fxample of Granular Information Sharing
Granular 1. What is your understanding of granular information sharing?
Information 2. What are your opinions about granular information sharing?
Sharing 3. What do you think patients should share or not share?
4. How do you think granular information sharing would impact patient care,
U patient safety, cost, medical errors, and provider-patient relationship?
2 Card Sorting Study and Redacted Case
1. Is there information missing?
Case Study 2. Why do you think the patient shared or did not share specific information?
3. In your role, is there any unnecessary information to perform your duties?

25

Case with Complete Information

Case After 1. What is your reaction to seeing what the patient did share vs. what they did
“Broke not share?
The Glass” 2. Why do you think this patient decided not to share certain information?
4

1. What are your thoughts about classification of items under these categories?
2. Why do you think the patient classified it in this way?
3. Can you understand the patient’s way of thinking?

Case and
Sensitivity

V

Case Study with Patient Sharing Targets
Case and 1. How do you think we should educate patients on sharing?
Sharing * By categorization or individual item?
Preferences 2. What would you discuss with a patient regarding sharing to help you in your

! role? Other roles in your team?
6

Granular Sharing Reflections
Granular 1. 'What is your understanding of granular information sharing?
Sharing 2. What are your opinions about granular information sharing?
Reflection 3. What do you think patients should share or not share?
4. How do you think granular information sharing would impact patient care,

patient safety, cost, medical errors, and provider-patient relationship?

Survey and Focus Group I ntegration Results

The exploratory factor analysis results from the survey were Demooar aphics

used to organize emergent themes and subthemes from the focus grap

group thematic analysisin thelast iteration. Thisstep permitted A total of 28 participants were recruited (Table 2). Out of these

complementary analysis of qualitative and quantitative results. ~ Participants, 5 (18%) prescribers (ie, physicians and nurse
- . . practitioners) and 23 (82%) nonprescriberswereidentified [15].

After providing descriptive statistics and exploratory factor This was a demographically representative sample of

analysisresults, themes and codes were used to interpret these 1 tecqonals at each site. All 28 participantstook the presurvey
resultsand provideinsight into opinion shiftsregarding PC-GIS. 4 27 (96%) took the postsurvey.

To compare themes between patient popul ations, quote matrices
and complex coding queries (intersection-set) were performed.
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Table 2. Participant roles and population representation.
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Role type? Participants, n (%)°
General behavioral healthfacility (n=14) Serious mental illnessfacility (n=14) Total (N=28)

Counselors 3(21) 1(7) 4(14)
Nurses 1(7) 2 (14) 3(11)
Rehabilitation specialists 1(7) 2(14) 3(11)
Case managers 1(7) 2 (14) 3(11)
Clinical coordinators 3(21) 0(0) 3(1)
Administrators 0(0) 3(21) 3(11)
Physicians (prescribers) 2(14) 1(7) 3(1)
Nurse practitioners (prescribers) 2(14) 0(0) 2(7)
Peer mentors 0(0) 1(7) 1(4)
Medical assistants 0(0) 1(7) 1(4)
Discharge planners 0(0) 1(7) 1(4)
Social workers 1(7) 0(0) 1(4)

8The table, taken from lvanovaet al [27], groups participants by role types (prescribers are indicated) and patient population.

bPercentag&s may not add up to 100 due to rounding.

Changesin Behavioral Health Professionals
Per ceptions: Survey

Comparison of the pre—and post—focus group survey responses
demonstrated two significant changes: (1) change from strong
agreement to strong disagreement (mean <2.5, including SE)
with patient-focused survey promptsand (2) change from strong
agreement to strong disagreement (mean >3.5, including SE)
with professional-focused survey prompts (Table 3). Descriptive
analysis results provided skewness and kurtosis statistics
exhibiting normal distribution of data, avalidation of the survey
results and usability of participant responses.

Table 3. Results of the descriptive statistics for the pre- and postsurveys.

Drilling into the specific prompts, as defined in Table 1, patient
understanding (prompt 1, P=.001), patient-professional
relationship (prompt 5, P=.006), and patient control acceptance
(prompt 6, P=.005) demonstrated significant change, with
increased concern about patient control. Authorized EHR access
(prompt 3, P=.03) and patient rights (prompt 9, P=.02) aso
showed significant change toward concern, validating the study
hypothesis. Of note, patient-professional relationship (prompt
5) is considered a negatively phrased expression [26,27],
providing insight into the postsurvey shift in the quality-of-care
response.

Prompt no.  Prompt aim Prompt directionality ~Presurvey score® mean (SE)  Postsurvey score®, mean (SE) P val ue?
1 Patient understanding Positive 35(0.2) 2.5°(0.2) .001

2 Patient control acceptance Positive 35(0.3) 2.3(0.3) <.001

3 Authorized EHRY access Positive 45°(0.2) 3.7°(0.3) 03

4 Patient control acceptance Positive 3.9°(0.3) 2.2°(0.2) <.001

5 Patient-professional relationship Neutral 32(0.3) 4.0°(0.2) .006

6 Patient control acceptance Positive 3.8°(0.2) 2.7°(0.3) .005

7 Quality of care Negative 3.6(0.3) 3.9°(0.3) .16

8 Patient rights Neutral 3.6(0.3) 3.3(0.3) 40

9 Patient rights Positive 3.8°(0.3) 3.1°(0.2) .02

#The survey scores ranged from 1.00 (“ strong disagreement”) to 5.00 (“strong agreement”).
bP values were based on the pre- to postsurvey change using the Wilcoxon signed-rank test.
“These statistics are strongly within overall agreement (mean >3.5, including SE) or disagreement (mean <2.5, including SE).

4EHR: dectronic health record.
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Presurvey results loaded into four main components: patient
control acceptance, professional considerations, patient rights,
and patient understanding. In postsurvey loadings, exploratory
factor analysis reveal ed only three components present; patient
understanding was now absent (Table 4). After pairing with the

Table 4. Pre- and postsurvey exploratory factor analysis|oadings.
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descriptive statistics, results suggest that after the focus group,
participants became more concerned with patient rights and
patient control acceptance and the impact of these aspects on
professional matters, such as quality of care and
patient-professional relationship.

Prompt Presurvey component, factor analysis loading®
no.

Postsurvey component, factor analysis loading?

Patient control Professona consd- Patient rights  Patient understanding ~ Patient control Patient rights Professional con-
acceptance erations acceptance siderations

1 0.0 0.0 0.1 0.9° 0.4 08P 0.1

2 0.8° 0.1 0.0 -01 0.4 0.6 03

3 -01 _0gP 0.4 -02 -05 070 0.4

4 1.0° 0.0 0.1 0.1 07" 04 03

5 -0.2 0.7 0.2 -0.4 -0.2 0.1 _0.9°

6 0.8° -0.2 0.1 03 0.8° 0.2 03

7 -0.1 0.8° 0.4 -0.1 -04 -03 _0.6°

8 0.1 0.1 0.9° 0.1 02 08P -01

9 0.9° 0.1 -01 -02 0.8° 0.2 02

N egative loadings are due to directionality of prompts and are not significant. Scree plot results ensured overall viability of components.

PThisvaueisthis prompt’s highest absolute loading for this component.

Behavioral Health Professionals Concerns Around
PC-GIS: Focus Group

In the next step of validating the hypothesis, thematic analysis
(4025 codes) of focus groupsyiel ded three main themes (Figure
2), complementing the survey components (Table 5). Thethemes
were professional considerations (2234/4025, 55.5%), patient
aspects (1046/4025, 26.0%), and PC-GIS technology aspects
(745/4025, 18.5%).

The professional considerations theme covers themes that
directly impact a provider, including information needed to
provide health care services. The patient aspects theme
encompasses al topicsrelating specifically to patient experience
and rationale. The PC-GIS technology aspects theme reflects
the specific discussion of PC-GI S process and operations (Table
5 and Figure 2).

The survey results show the shift to concern yielding
components of patient control acceptance, patient rights, and
professional considerations, whilethematic anaysis shows how
professional discussion revolved predominantly around
professional considerations, such as necessity of health
information (Figure 2). This overall shift toward professional
concern around PC-GIS was observed in the focus group
discussion and was coded under multiple themes and subthemes;
an example quotation is as follows:

...what if there were an issue of depression affecting
[the patient’s] hygiene or dental care, and the dentist
doesn’'t know how to explain that? Smilarly, if you
had a dentist who was seeing dental care being

https://mental .jmir.org/2022/4/€21208

compromised because you had somebody with an
eating disorder, who do they have to collaborate with
or even that comfort of making that referral.
[Nonprescriber]

Similarly, professionals quickly pointed to the complexity of
PC-GIS in their domain and the potential for negative impact
on patient care:

...| think if a patient has seen numerous doctors, they
all should be on the same page with medications
because of any contraindications. [Nonprescriber]

The survey results reflect understanding and opinions in a
guantitative fashion, while the interviews demonstrate how the
concepts are linked.

Thematic analysis also conveys the complexity of participant
perceptions, with subthemes interweaving patient and
professional considerations. Regarding 879 codes, the reactions
subtheme included general feedback about PC-GIS (n=255,
29.0%) as well as specific concerns (n=334, 38.0%),
predominantly relating to patient safety and health. Patient safety
and health encompassed issues ranging from missing
medications and the potential for drug-drug interactionsto the
need for improved physical and mental health integration. A
minority (n=149, 17.0%) of participants felt that data sharing
in health care as an environment should never be granular:
“[Thisis] not aplaceto be granular.” Other issues surfacing in
the health professional concern area included the mismatch of
patients interpretation of information versus health
professionals’ interpretation.
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While the patient aspects theme included two subthemes
corresponding to exploratory factor analysis components, the
major subtheme of patient perspective considered drew greatly
on health professionals' thoughts on patients’ reasoning to share
or not share health information. Indeed, 65.0% of 722 codes
(n=469) within the patient perspective considered subtheme
were specifically related to patient reasoning to not share, such
aspatient fears or fear of discrimination (n=113, 24.0%). Many
instances of patient reasoning (n=201, 42.9%) dealt with
patients' understanding and comprehension.

To provide further context for the quantitative results, participant
opinions from within the reactions subtheme (Section 2 codes:
81/116, 69.8%; Section 4 codes: 35/116, 30.2%) were divided
into three groups: concerned, supportive, and mixed opinions.
For Section 2 questions, regarding the redacted case study, 46%
(37/81) expressed mixed opinions, 36% (29/81) were concerned,
and 19% (15/81) were supportive. Within Section 4 questions,
regarding patient categorization and sensitivity, 43% (15/35)
expressed concerned opinions, 37% (13/35) expressed mixed
opinions, and 20% (7/35) were supportive. Of note, PC-GIS
unease revolved around patient safety:

After you see it in action [Soni et al case study],
seeing what they shared versuswhat wasin the chart,
| think this safety risk is extremely high.
[Nonprescriber]

lvanovaet d

To that end, participants suggested prioritizing a risk-benefit
analysis tool for patients as an adjunct to professional-patient
PC-GIS interactions:

...if there can be something figured out...just like the
duties to warn, just like this that there is some way
that you can obtain that information under certain
circumstances...I can see where it could actually
improve providers' relations where [the patients are]
not going in paranoid that they're judging because,
you know, [they] have a mental illness and
[ professionals] prejudged [them]. [Nonprescriber]
A common theme among all focus group participants was that
role-specific, essential health information access should be
considered when granting PC-GI S authority:

| would be worried that the patient doesn’t share the
right information with the right provider. [ Prescriber]

The problem is that “essential” information depends on the
circumstances of the patient:

Okay, | think [PC-GIS is] a good thing because |
know if | had depression and there was no good
reason for my dentist to know that...now if | have an
eating disorder and I'm throwing up all the time,
that’s going to ruin your teeth. But | would hopefully
choose to share that information with my dentist. But
it's my choice | guess and that's what's nice.
[Nonprescriber]

Figure 2. Emergent themes and subthemes from focus group thematic analysis on patient-controlled granular information sharing (PC-GIS). There

were atotal of 4025 codes.

| Reactions | 393%

Necessity of .
Professional { Health 33.9%
. . Information
Considerations
{ Talking with Patient | 15.9%
55.5% - .
Patient-
| Professional 7.5%
Relationship
|| Professional Risks 0,
and Rights 3.4%
Gra_nular Data Patient e
J—1 1 1 0%
Sharing Themes H Aspects Patient Perspective |
from Focus : - Patient Rights | 20.5%
Groups 26.0% '-
[ | Concept
Comprehension 10.5%
N=4025 codes i
PC-GIS
Technology | Health Care System 452%
Aspoots | Patient Education | 39.1%
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Table5. Definitions of subthemes for coding and quotations.
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Themes and subthemes Definition

Example quotation

Professional consider ations

Reactions How professionals react to defini-

tions, case examples, questions, etc

Necessity of healthinformation  When a professional references the
need for pertinent health informa-

tion at the point of care

Talking with patient How professionals talk with and
seek health information from pa-

tients

Patient-professional relation-
ship

When linking the patient-profession-
al relationship to granular data
sharing

Professional risksand rights ~ When aprofessional considerstheir

own personal risksrelated to granu-

lar data sharing
Patient aspects
Patient perspective When aprofessional respondsfrom
apatient perspective
Patient rights When a professional references

federa or state statutes regarding
patient rights

Concept comprehension When a professional refersto apa-
tient’s uninformed or potentially

risky data sharing choices

PC-GI S° technology aspects

Health care system When a professional refersto shar-
ing information for care coordina-
tion with others throughout the

health care system

Patient education When a professional describes or
references patient education about

granular information sharing

Outside institutions When aprofessional refersto exter-
nal institutions and organizations
with legal control over health data
sharing (eg, Department of Home-
land Security, courts, law enforce-
ment, and Department of Public

Safety)

When a professional highlights the
fiscal aspects of granular data shar-
ing (eg, costs to patient, institution,
and system)

Costs

“Yeah, | would beworried that the patient doesn’t share theright informa-
tion with theright provider.” [Prescriber]

“Petientsif they did have a mental illness they're taking psychiatric med-

ications they’re not going to disclose to the PCP? the meds they’re taking,
you can't check for interactions and then just can't provide good care.”
[Prescriber]

“Just ask what they’re being treated for those conditions, and so what are
they taking.” [Nonprescriber]

“Kind of going back to [the] gender dysphoriathing...That is also some-
thing that | would want to know because | would want you to be comfort-
able, and so, I'd want to make surethat I’ m referring to you how you want
to be as and using the name you want to be known by. And I'd want my
office to do the samething. So, that kind of stuff isalso important to know
too.” [Prescriber]

“Yeah, beit the actual patient or the provider, life being put in jeopardy
by not having certain information. I’ m thinking more than HIV AIDS..”
[Nonprescriber]

“1 think more how the patient perceives the information is more sensitive.
Thisis more than perception.” b [Nonprescriber]

“I really think it ishard because I've talked to alot of people who say that
their medical doctors don’t understand the behavioral health side. So if
they, if it wasn't affecting their behavioral health or their medical health,
then | think they should have the right to not talk about it if they don't feel
comfortable.” [Nonprescriber]

“But I've also seen people'slives be put in jeopardy because maybe,
whether it be a parancia or just not understanding or something, | don’t
want anything shared or, like provider six said, we've had it—maybethere
is a substance abuse issue.” [Nonprescriber]

“Not necessarily with that topic that | think if a patient has seen numerous
doctors, they all should be on the same page with medications because of
any contraindications.” [Nonprescriber]

“Tell them the reason why we're asking, the importance of it, and to help
them understand why we need the information.” [Nonprescriber]

“1 think that’s one of the things that alot of our patients that they have a
legal background or on court-ordered treatment, meaning, they are not
necessarily wanting treatment, but the court says that they haveto. Itisa
valid reason for them to be alittle nervous and stuff, because ‘ what are
you going to tell, are you just trying to get more information so | can go
back to jail...” [Nonprescriber]

“1 was thinking from a cost perspective. Granular information sharing
could increase cost because if you don’t give al the information, | could
see a provider redoing things that have already began so they can get the
information they need to make agood decision. Whereas, if they have that
information and knew what the history was, they would know where to
start instead of having to start al the time from the beginning.” [Nonpre-
scriber]

3PCP: primary care physician.
ball participants in the focus group agreed with this comment.
°PC-GIS: patient-controlled granular information sharing.
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Impact of Patient Populations. Survey and Focus
Group Integration

Exploration of potential differences between health professionals
using descriptive statisticsand drilling down on qualitative data
led to identification of two distinct patient populations. GBH
and SMI. Descriptive statistics and Wilcoxon signed-rank tests
were performed separately for each group (Table 6). Differences
were observed in the presurvey, where participants treating an
SMI population showed agreement with all positively phrased
prompts. Meanwhile, thosetreating the GBH popul ation showed
agreement only with prompts 3 and 7: authorized EHR access
(positive phrasing) and quality of care (negative phrasing).
Differences were compounded in the postsurvey, where
participantstreating an SM1 population showed agreement only

Table 6. Descriptive statistics by predominant patient population.
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with prompt 5: patient-professional relationship (neutral
phrasing perceived as negative) [26,27]. Those treating a GBH
population agreed with the negatively perceived prompts (ie,
patient-professiona relationship and quality of care) and
disagreed with a positively worded prompt (ie, patient control
acceptance; Table 6). Participants treating an SMI population
initially perceived PC-GI S positively, then made a significant
shift to neutral or mixed opinion with concern over the
patient-professional  relationship prompt (P=.007). The
participants treating a GBH population showed concern over
PC-GIS with a shift to concern over the following prompts:
patient control acceptance (prompt 2, P=.007; prompt 4,
P=.009), quality of care (P=.01), and patient understanding
(P=.03).

rF:(r)ompt Prompt aim Prompt directionality  pregurvey score® mean (SE)  Postsurvey score?, mean (SE)
GBHP smic GBH Pvaued  swmi P value®

1 Peatient understanding Positive 3.3(0.3) 3.7(0.2)° 23(03) .03 2703 .02
2 Patient control acceptance Positive 31(04) 3.9(0.3)° 1.7 (0.3 007 30(04) .02
3 Authorized EHR' access Positive 41(04°  48(0.0)° 38(04) 47 37(04 .01
4 Patient control acceptance Positive 3.4(0.4) 45(0.1)° 1.7(0.3)¢ 009 2.8(0.3) .004
5 Patient-professional relationship  Neutral 3.9(0.3) 25(0.4) 41 (0_3)d 41 3.8(0.3)° .007
6 Patient control acceptance Positive 3.4(0.4) 41(0.2)° 24(04) .28 32(04) .16
7 Quality of care Negative 4.0(0.3)° 3.2(0.5) 4.4(0.3)° .01 34(04) 43
8 Patient rights Neutral 3.6(0.4) 3.6(0.4) 29(04) .10 38(04) .72
9 Patient rights Positive 3.1(0.4) 45(02)° 24(03) .19 38(0.3) .03

#The survey scores ranged from 1.00 (“ strong disagreement”) to 5.00 (“strong agreement”).

PGBH: general behavioral heslth.
CSMI: serious mental illness.

9P values were based on the pre- to postsurvey change using the Wilcoxon signed-rank test.
®These values are in overall agreement (including SE) or disagreement (including SE).

*EHR: eectronic health record.

Quote matrices were applied to specify differences between
GBH and SMI professionals on survey aims, with some
subtopics within themes considered when applicable. GBH
professionals showed greater frequency of discussing negative
reactions (32/44, 73% of codes), positivereactions (14/22, 64%),
professional risks and rights (44/67, 66%), and outside
institutions (52/69, 75%). SMI professionals more frequently
discussed the following subtopics: do not need to know (21/23,
91%), patient-professional relationship (124/180, 68.9%), trust
(22/32, 69%), patient aspects (669/1046, 64.0%), and costs
(36/46, 78%). These results reflect large differences in
frequencies of thematic analysis coded topics. However, while
a topic may be suggested, the discourse may not contain an

https://mental .jmir.org/2022/4/€21208

opinion. Therefore, a second layer of qualitative analysis to
identify subthemes was performed.

To identify differences in participant perceptions on themes,
subthemes, and topi cswithin subthemes, complex coding queries
were used to categorize negative, positive, or mixed perception
codes. GBH professionals perceived costs and trust negatively,
overal (Table 7). SMI professionals referred to professional
risks and rights topics with a negative dant, while the other
topics were presented in a mixed or positive fashion. The
complex coding queries highlight the complexity of the topic
and suggest an impact of patient population on subthemes and
topics.
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Table 7. Complex coding query results of topic perceptions.

lvanovaet d

Topics, themes, and participant perception

Instances of perceptions for each topic by facility, n (%)

Genera behaviora hedth facility  Serious mental illness facility

Do not need to know (within the necessity of health information subtheme)

Negative (n=0)

Positive (n=1)

Mixed (n=4)
Patient-professional relationship

Negative (n=4)

Positive (n=4)

Mixed (n=3)
Trust (within the patient-professional relationship subtheme)

Negative (n=1)

Positive (n=2)

Mixed (n=0)
Professional risksand rights

Negative (n=15)

Positive (n=3)

Mixed (n=5)
Outsideinstitutions

Negative (n=0)

Positive (n=10)

Mixed (n=3)
Costs

Negative (n=3)

Positive (n=2)

Mixed (n=3)

N/AZ N/A
1(100) 0(0)
2(50) 2 (50)
4 (100) 0(0)
3(75) 1(25)
1(33) 2(67)
1(100) 0(0)
1(50) 1(50)
N/A N/A
11 (73) 4(27)
3(100) 0(0)

5 (100) 0(0)
N/A N/A
10 (100) 0(0)
3(100) 0(0)
2(67) 1(33)
0(0) 2 (100)
0(0) 3(100)

8N/A: not applicable; there were no instances of this perception regarding this topic.

The mixed methodology analysis focused on the differences
between SMI and GBH professionals, where SMI professionals
displayed lower levels of concern regarding the process of
PC-GIS, more frequently citing the following topics: do not
need to know (21/23, 91% of codes), patient-professional
relationship (124/180, 68.9%), and trust (22/32, 69%).

Discussion

Principal Findings

Results show that behaviora health professionals had fewer
positive views on PC-GIS &fter the focus group, with a
significant opinion shift toward concern on thefollowing topics:
patient understanding (P=.001), authorized EHR access (P=.03),
patient-professiona relationship (P=.006), patient control
acceptance (P=.005), and patient rights (P=.02). Qudlitative
methodol ogy supported these results, asthemes and subthemes,
such as professional considerations (2234/4025, 55.5% of codes)
and necessity of health information (260/766, 33.9%), identified
aspects of PC-GIS concerns; indeed, participant opinions after

https://mental .jmir.org/2022/4/€21208

viewing the case study without redactions (Section 4) showed
increased levels of concern (7% overall change).

Mixed methodology results after the focus group showed
concernsthat PC-GI S could negatively impact behavioral health
professionals’ ability to deliver optimal care. This perception
shift was evident in qualitative results from discussions
dominated by patient health and safety topics (combined, 60.3%
[70/116] of codes of concerned reaction). Our results show that
behavioral health professionals remained highly concerned
about patient granular control for a variety of reasons [18].
Health professionalsin our study highlighted potential negative
effects of granular sharing, including impact on the
professional-patient relationship and lack of accessto necessary
health information, reflected in the professional considerations
theme. A minority of professionals (149/879, 17.0%) considered
health care as simply “not a place to be granular,” while most
acknowledged acceptance of thetrend toward increasing PC-GIS
and offered concrete recommendations for proactive processes
that could help ensure patient safety while preserving record
sharing choice.

IMIR Ment Health 2022 | vol. 9 | iss. 4 [e21208 | p.247
(page number not for citation purposes)


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

JMIR MENTAL HEALTH

Much of the literature focuses on patient perspectives of
PC-GIS, demonstrating that patients respond positively to having
granular control over data sharing [5,17,18,24], while casting
doubt on a patient’s understanding of information relevancy or
professionals' “need to know” [5,15]. Our study reflectssimilar
concerns by behavioral health professionals, where subthemes
included necessity of health information (260/766, 33.9% of
codes) and patient concept comprehension (13/115, 11.3%).
Our thematic analysis demonstrated that when professionals
are shown results of a patient’s granular sharing choices, they
view the choicesfrom the patient perspective, while expressing
apprehension that necessary role-specific information may not
be appropriately shared [4]. Employing shared decision-making
using specialty-tailored methods may help alleviate such
concerns [5,15,27].

A trusting bond is important in health care delivery and is a
continued underlying basis in quality of care and patient
outcomes in health literature [2,43-46]. Our qualitative results
refer to trust when subthemes such as talking with patient,
patient-professional relationship, and patient education directly
deal with strengthening the relationship and understanding
between health professionals and patients. A recent study by
Esmaeilzadeh [47] showed that patients’ trust in providers
influences their trust in information sharing technology. Our
qualitative results exemplify some processes that health
professionals may useto strengthen trust: “ Tell them [patients]
the reason why we're asking, the importance of it, and to help
them understand why we need the information.” Indeed, this
type of approach to strengthening the professional-patient
relationship was a common recommendation in our study, as
well asin existing literature, to alleviate professionals’ worry
over patients not sharing appropriate information
[15,27,44,46,47].

Proceeding further into the topic of education, professionals
involved in PC-GI S must have the knowledge, background, and
tools to assist patients in making safe sharing choices. Thisis
exemplified in the case where a professional supportsapatient’s
choiceto withhold behavioral health diagnoses and medications
from a patient’s dentist. In reality, oral health and behavioral
health have many important intersections, including substance
use disorder and eating disorders[48]. Therefore, organizations
and ingtitutions must ensure that their PG-GIS process and
professionals are prepared to provide sound advice to ensure
patient safety. While health care institutions need to consider
PC-GISuseinintegrated and coordinated care, attention should
be paid to critical policies, such as Title 42 CFR (Code of
Federal Regulations) Part 2 and the CARES (Coronavirus Aid,
Relief, and Economic Security) Act [8,38,49], and safe
implementation of health care technologies relevant to health
information exchange and patient EHRs[11,22]. Professionals
must be actively engaged in the creation, implementation, and
monitoring of data sharing policies that integrate relevant
statutes as well as advances in technology and biomedicine.
Our results show that when provided with an in-depth
explanation of tools affecting health care delivery, health care
professionals can begin the necessary dialogue regarding
concerns and recommendations for improvement [27].
Identification of concerns for all stakeholders is necessary for
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successful implementation of health care technologies, such as
PC-GIS.

While some research exists that considers health professionals
opinions on granular sharing and consent, few studies have
explored the behavioral health realm, where care generates and
uses highly sensitive patient information [26,50,51]. Our study
has added to knowledge on behavioral health professionas
perceptions[27], while exposing divergence between behavioral
health professionals who treat differing patient populations.
Results comparing behavioral health professionals' predominant
patient populations indicate that those working with an SMI
population displayed lower levels of concern and focused on
patient aspects (669/1046, 64.0% of codes), as compared to
participants working with the GBH popul ation (patient control
acceptance, P=.004; patient understanding, P=.02).

Our results provide a perspective on the relevance of studies
from physical health settings application to behavioral and
integrated health groups [13]. Based on a pilot study where
some patients were given PC-GIS capabilities, Tierney et al
[26] showed that 63% of the providers strongly agreed that
granular information restriction will likely reduce the quality
of care delivered. Our study found that after the focus group
intervention, behavioral health professionals agreed overall with
Tierney et a’sfindings, moving from strong agreement to strong
disagreement regarding patient-focused survey prompts. Such
outcomes show that behavioral health professionals have similar
levels of concern about PC-GIS as compared to other health
professionals. However, their concerns may differ in scope and
application, as behavioral health patients may be more
vulnerable to addictions, discrimination, and influence from
outside institutional pressures [52-54].

The divergence observed became more visible when looking at
thetwo facilities. Survey analysis showed that participantsfrom
the SMI facility not only viewed PC-GIS more positively than
those from the GBH facility, but they also displayed differences
in what survey aims (ie, patient-professional relationship and
patient rights) we found to have significant change from pre-
to postsurvey. Professionals from the SMI facility displayed a
significant (P=.007) shift from neutral to mixed opinions
regarding the patient-professional relationship, an aim faling
within the patient aspects category. Results from the quote
matrices reinforced these outcomes, asthe conversation by SMI
facility professionals focused more heavily on patient aspects
(669/1046, 64.0% of codes). On the contrary, GBH facility
participants showed consistent agreement (Table 6) on
professional-focused prompts and disagreement with
patient-focused prompts. Health professional sworking with an
SMI population may view PC-GIS with less concern because
they typically interact with their patients more frequently over
longer periods of time [55,56]. One approach to alleviating
PC-GIS concerns may be in bolstering patient-professional
relationships and communication.

Integrated care that emphasizes transparency and
patient-centeredness are health system goals[9,10]. This study
highlights key aspects of PC-GIS that must be considered for
its broader and deeper integration in the care environment.
Improving process transparency benefits patients and
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professionals by exposing gaps in care, differences in patient
safety and outcomes, and drivers of costs [2,9,15,18,57].
Understanding diverse professional perspectives is critical in
developing granular consent systems that balance
patient-professional information needs. Results of this study
will be used in the development of a PC-GIS tool, My Data
Choices, to alow patients with behavioral health conditionsto
choose which medical records (eg, mental health information)
to share with whom (eg, behavioral health providers) and for
what purpose (eg, health care).

Limitations and Future Research

While our study had a small number of participants, it was a
demographically representative sample within each integrated
care study site, capturing the essence of the integrated health
care team and their role-inspired concerns and needs. The
sample size may affect the study replicability; further research
with alarger sasmple size and in a variety of behavioral health
and integrated care settingsis needed. Another limitation in our
study is the pragmatic difference in recruitment methods to

lvanovaet d

accommodate facility leadership preference. Future work may
consider semistructured interviews to more clearly identify
differences in health professionals needs. Finally, our study
presented asingle exemplar case derived from Soni et a [4,23].
Future studies could leverage additional patient data sharing
scenarios.

Conclusions

This study enhanced what is known about PC-GIS by
systematically exploring the rational e behind behavioral health
professionals’ perceptions, using resultsfrom astudy of PC-GIS
by real patients using their own data. Outcomes show that as
health care professionals learn about PC-GIS implementation,
they develop greater levels of concern. However, professionals
balanced their concern with material recommendations for
PC-GI S processimprovement that ranged from patient and staff
education to strengthening patient trust. Participants agreed that
an informed and transparent system for health information
sharing is needed to foster the mutual trust required to
implement robust PC-GIS.
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