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Abstract

Background: Mood disorders are burdensome illnesses that often go undetected and untreated. Sensor technologies within
smartphones may provide an opportunity for identifying the early changesin circadian rhythm and social support/connectedness
that signify the onset of a depressive or manic episode.

Objective:  Using smartphone sensor data, this study investigated the relationship between circadian rhythm, which was
determined by GPS data, and symptoms of mental health among a clinical sample of adults diagnosed with major depressive
disorder or bipolar disorder.

Methods: A total of 121 participants were recruited from a clinical setting to take part in a 10-week observational study.
Self-report questionnaires for mental health outcomes, social support, social connectedness, and quality of life were assessed at
6 time points throughout the study period. Participants consented to passively sharing their smartphone GPS datafor the duration
of the study. Circadian rhythm (ie, regularity of location changesin a 24-hour rhythm) was extracted from GPS mobility patterns
at baseline.

Results: Although we found no association between circadian rhythm and mental health functioning at baseline, there was a
positive association between circadian rhythm and the size of participants’ social support networks at baseline (r=0.22; P=.03;
R?=0.049). In participantswith bipolar disorder, circadian rhythm was associated with achangein anxiety from baseline; a higher
circadian rhythm was associated with an increase in anxiety and a lower circadian rhythm was associated with a decrease in
anxiety at time point 5.

Conclusions:  Circadian rhythm, which was extracted from smartphone GPS data, was associated with social support and

predicted changesin anxiety inaclinical sample of adultswith mood disorders. Larger studies are required for further validations.
However, smartphone sensing may have the potential to monitor early symptoms of mood disorders.

(IMIR Ment Health 2022;9(5):€35549) doi:10.2196/35549
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Introduction

Background

Circadian rhythm is an endogenous mammalian process that
helps to regulate an individual’s activity over 24-hour cycles
[1]. The temporal organization of the circadian rhythm is
important for balancing physiological functions of body
temperature and hormones [2] as well as behavioral schedules
such as daily activities, sleep-wake patterns [3], and how
individualsinteract with each other intheir social networks[4].
Assuch, itsdisruption can have substantial impacts on the health
of individuals.

Circadian rhythm irregularities have been found to be closely
related to the onset and clinical manifestations of mood disorders
[5] such as major depressive disorder (MDD) and bipolar
disorder (BD). Many studies investigating the relationship
between circadian rhythm and mental health symptoms have
used behavior questionnaires and self-reports of sleep-wake
activity [6-11]. With different rhythm measures, studies have
found correlations between circadian rhythm irregularity and
greater symptoms of depression [12,13] and anxiety [13], poorer
quality of life [12], and lower life satisfaction [13] and social
support [14]. Moreover, disruptions in circadian rhythms
differently affect episodes of maniaand depression[15,16]. For
example, melatonin—the hormone responsible for sustaining
the sleep-wake cycle—has been found to be increased during
mania and decreased during depression [16]. However, past
studies are limited because of the methodological issues
associated with low adherence rates for reporting and biases
because of memory recall and subjectivity. Digital devicesmay
provide amore nuanced identification and detection of circadian
rhythm and present a clinical advantage for monitoring and
managing mood disorders.

With advancesin technol ogy, mobile and wearable devices can
now track specific behaviors and interactions [17], allowing
researchers to address some of the drawbacks of traditional
methods. More recently, modern smartphones equipped with
powerful contextual sensors have made it feasible to capture
participants’ symptoms with less burden [18]. Passive sensing
through smartphones has enabled the gathering of information
by operating in the background without the need for any input
from the user [19] and without interrupting the user’s habitual
routine. One of the commonly used sensors to study
mood-related symptoms is a GPS, which maps a participant’s
location [20-23]. For example, lesser mobility was found to be
correlated with higher levels of mania [20] and depressive
symptoms [20,21], with the relationships varying in strength
depending on the timing throughout the week [22]. In addition,
people with higher depressive scores showed decreased circadian
rhythm, clustered around locations for longer periods, and had
more disruptionsto movement and variationsin locationsvisited
[23]. Other smartphone sensors included Bluetooth scans to
estimate an individual’s social network based on proximity to
other individuals mobile devices[18], deviceactivity to denote
socia activity and predict communication frequencies[20], and
accelerometersto infer physical and socia activity [20,24], all
of which may be used as proxiesfor behavioral markers of mood
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disorders. Given the ubiquity of smartphones today, this
nonintrusive and objective method alows large-scale and
population-level applications [25], which could help identify
mood disorders early in the course of illness and provide a
therapeutic tool through behavioral modification [26].

These past studies show promising findings, but they are
hampered by significant limitations, including the lack of clinical
participants[23] and small samplesizes[20,21,24,27]. Although
some studies assessed participants through well-validated
self-reported questionnaires during enrollment, most studies
did not useaclinica interview conducted by aqualified clinician
at baseline to determine diagnosis [18,21,22]. Even when the
diagnoseswerewell established, the small sample sizes of most
studies [20,21,24,27] limited dtatistical evidence and
generaization.  Furthermore, many  studies  used
researcher-administered maobile phones rather than participants
own smartphones [20,22-24,27], which may account for low
adherence of completed self-assessments and missing data
because participants reported forgetting to use the phone or
carry it with them. Although initia studies have provided
preliminary evidence for the link between smartphone
measurements and clinical symptoms of mood disorders,
additional research isrequired to provide stronger evidence for
the relationship between sensor data and depressive symptoms.

Objectives

Theaim of this study wasto determine the relationship between
circadian rhythm in GPS data and symptoms of mental health
measures across 6 time pointsamong aclinical sample of adults
diagnosed with MDD or BD. It was hypothesized that higher
baseline circadian rhythm would be negatively associated with
baseline symptoms of depression, mania, and anxiety [23] and
positively associated with social support and quality of life
[12-14]. Furthermore, symptoms of depression, anxiety, and
mania would fluctuate over time in both disorders [28-30].
Finally, baseline circadian rhythm would predict change in
mental health symptoms over time [22], with patients with BD
showing a greater sensitivity to change [15,16].

Methods

Design
A 10-week prospective longitudinal design was used. Mental

health measures were administered at baseline, on afortnightly
basis, and end point (10 weeks after baseline).

Participants

Participants were recruited from the Black Dog Institute
Depression and Bipolar Clinic, an in-person psychiatric
diagnostic and treatment service for adults located in Sydney,
New South Wales, Australia (for the CONSORT [Consolidated
Standards of Reporting Trials] chart, see Multimedia Appendix
1). Adults are referred to this service by their general
practitioner. Clinic administrative staff approached potential
participants after they had completed their in-person diagnostic
assessment with the trained psychiatrist. Participants were
invited to participatein the study if their psychiatric assessment
revealed adiagnosis of MDD or BD according to the criteriain
the Diagnostic and Statistical Manual of Mental Disorders, Fifth
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Edition [31], were aged between 18 and 65 years, fluent in
English, and owned a compatible smartphone (Android
version=4.4 or i0OS version=8). Participants were excluded if
they had severe mood disturbance or suicidality where
intervention was required as assessed by clinic staff, had current
or past psychosis, or lacked accessto a suitable smartphone for
the duration of the study. Clinic administrative staff registered
eligible participants through the study website and emailed the
consent form to them. Participation was voluntary, and no
reimbursement, financial incentive, or reward was provided.

Ethics Approval

Ethics approval was obtained from the University of New South
Wales Human Research Ethics Committee (HC17252).

Sample Size

A sample size of 76 was required to detect a weak association
(r=—0.3) between circadian rhythm and mental health
functioning, with statistical power level 0.8 and o=.05.
However, considering participant dropout and loss of
smartphone datafor some participants, the target was set at 200,
with 100 participants for each diagnostic group.

Procedure

After they provided consent, participants were instructed to
install the study smartphone app Socialise [26] to complete the
mental health measures and enable data collection (see
Multimedia Appendix 2 for schedule). Participants were then
instructed to use their phones normally for the study duration,
with the app open in the background. Socialise was configured
to automatically record GPS data and to prompt participants to
complete the study questionnaires. Socialise conducted GPS
data acquisition scans every 3, 4, 5, and 8 minutes.

M easures

Circadian Rhythm

Circadian rhythm (&l so known as circadian movement [22] and
guotidian movement [32]) was defined as the extent to which
anindividua’s sequence of locationsfollowed a 24-hour rhythm
[23]. Thiswas determined at baseline based on changesin GPS
location measured during the first 2 weeks of the study only
when sufficient data were available. Least squares spectra
analysis was performed to estimate the amount of energy that
fell into 24-hour frequency bins [33]. Circadian rhythm was
then calculated as the logarithm of the sum of energy for
longitude and latitude (Multimedia Appendix 3 [22,23,33]).
Hence, participants who regularly change their location at the
same time each day will show a stronger 24-hour rhythm in
their GPS dataand have ahigher circadian rhythm. Conversely,
participants with irregular movement patterns (changing their
location at different times each day) will have alower circadian
rhythm.

Depressive Symptoms

The Patient Health Questionnaire-9 (PHQ-9) [34] is a 9-item
self-report questionnaire that measures the frequency of
depressive symptoms during the past 2 weeks. Items are scored
on a4-point Likert scale of 0 (not at al) to 3 (nearly every day)
and summed for atotal score (range 0 to 27), with higher scores
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indicating greater depression. The total sum also corresponds
to depression severity: none to minimal (0 to 4), mild (5t0 9),
moderate (10 to 14), moderately severe (15 to 19), and severe
(20t0 27). The PHQ-9 has good sensitivity (88%) and specificity
(88%) for detecting likelihood of major depression using a cutoff
of =10. Test-retest reliability in adults has been found to be
acceptable (r=0.84), and internal consistency was strong
(Cronbach 0=.89) [34]. The PHQ-9 was administered at
baseline, then on afortnightly basis, with 6 surveys administered
in the study period.

Anxiety Symptoms

The Generalized Anxiety Disorder Scale (GAD-7) [35] is a
7-item self-report questionnaire used to assess anxiety symptoms
during the past 2 weeks. Each item is scored on a4-point Likert
scale of O (not at al) to 3 (nearly every day). Items are added
together for a total score (range O to 21), with higher scores
indicating greater anxiety. The total sum aso corresponds to
anxiety severity: minimal (0 to 4), mild (5 to 9), moderate (10
to 14), and severe (15 to 21). The GAD-7 has good sensitivity
(89%) and specificity (82%) for detecting likelihood of anxiety
disorder using a cutoff of =10 [36]. It has been found to
demonstrate good internal consistency (Cronbach 0=.92) and
test-retest reliability (r=0.83) [35]. The GAD-7 wasadministered
at baseline, then on a fortnightly basis, and at the end point,
with 6 surveys administered in the study period.

Mania Symptoms

The 5-item Altman Self-Rating Mania Scae (ASRM) is a
self-report questionnaire used to evaluate the presence and
severity of manic symptomsin the past week [37]. Thereare 5
groups of statements, each corresponding to scores of O to 4,
with 0 being unchanged behavior and 4 being frequent manic
thoughts or behavior. The item scores are summed to give a
total score (range O to 20), with a score of =6 indicating mania
and higher scoresindicating greater severity of symptoms. This
scale has good sensitivity (87.3%) and specificity (85.5%) in
adults [37]. The ASRM was administered at baseline, then on
afortnightly basis, and at end point, with 6 surveysadministered
in the study period.

Social Connectedness

The degree to which participants felt connected to others was
measured using the 20-item Socia Connectedness Scale-Revised
(SCS-R) [38]. The scaleconsists of 20 items, with 10 positively
worded questions and 10 negatively worded questions. It
assesses participants' experience with social inclusion, safety
intheir communities, and relationshipswith friendsand families.
The items are rated on a scale of 1 (strongly disagree) to 6
(strongly agree). Negatively worded items are reverse scored
and summed with the scores of the remaining itemsto obtain a
total score (range 20 to 120). Higher scores indicate a greater
socia connectedness to others. The SCS-R isahighly reliable
measure with an internal consistency of Cronbach a=.92[38].
The SCS-R was administered at baseline and end point.

Social Support

The 12-item Socia Support Questionnaire (SSQ) [39] wasused
to measure 2 constructs of social support (size of support
network and support satisfaction). Thefirst 6 itemsevaluate the
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number of peopl e that the participant feels could provide social
support in the situations presented. Participants are asked to list
initials and the type of relationship for each individual. The size
of an individual’s support network or the SSQ number score
(range 0 to 9) is then calculated by adding the number of
individuals listed across all theitems and dividing by 6. Higher
SSQ number scores indicate a larger and more diverse social
support network. The second part of the questionnaire assesses
participants’ satisfaction with the support they receive in each
situation. Items are scored on a 6-point scale ranging from 1
(very dissetisfied) to 6 (very satisfied). Similarly, scores are
summed and divided by 6 to obtain an SSQ satisfaction score
(range 1 to 6). Higher SSQ satisfaction scores indicate greater
satisfaction with the support received. The SSQ has
demonstrated good test-retest reliability (r=0.83) and high
internal consistency (Cronbach a=.97) [39]. The SSQ was
administered at baseline and end point.

Quality of Life

The Satisfaction With Life Scale (SWLS) [40] was used to
measure participants’ life satisfaction and subjective quality of
life. The self-report measure consists of 5 items rated on a
7-point Likert scale ranging from 1 (strongly disagree) to 7
(strongly agree). The total sum of the items ranges from 5 to
35, with ascore of 20 indicating aneutra score and lower scores
indicating lower satisfaction with life. The total sum also
corresponds to satisfaction level: extremely dissatisfied (5 to
9), dissatisfied (10 to 14), dlightly below average in life
satisfaction (15 to 19), neutral (20 to 24), highly satisfied (25
to 29), and extremely satisfied (30 to 35). The SWLS has good
psychometric properties, including internal consistency with
the coefficient Cronbach a ranging from .79 t0 .89 and test-retest
reliability of r=0.84 over a 1-month period [41]. The SWLS
was administered at baseline and end point.

Data Collection

The Socialise app was configured to automatically record GPS
data. The app conducted GPS data acquisition scans every 3,
4, 5 and 8 minutes. The app was aso configured to
automatically schedule the study questionnaires at fortnightly
intervals and prompt participants to complete them. Using
internet connectivity, the app transferred al participant datato
the Black Dog I nstitute research platform, hosted on University
of New South Wales servers. Data were then downloaded and
analyzed by the research team. Because of an issue with app
connectivity, an error in the final survey scheduling was
detected. This resulted in the final survey being delivered at 9
weeks after baseline instead of 10 weeks.

Statistical Analysis

We used 2-tailed t tests to examine differences between
participants with MDD and those with BD in circadian rhythm
and mental hedth outcomes, social support, social
connectedness, and quality of life at baseline. Chi-square tests
were used to test whether the proportion of participants meeting
cutoff scores of mental health disorder diagnoses at baseline
differed between participants with MDD and those with BD.
Linear regression models were used to test whether baseline
circadian rhythm was associated with baseline mental health,
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social support, socia connectedness, or quality of life.
I nteraction terms between circadian rhythm and diagnostic group
were first included to test whether the relationships differed
between diagnostic groups.

Mixed linear models were used to test whether mental health
functioning changed over time. Modelsincluded mental health,
social support, or social connectedness as the dependent
variable; participant as the random effect; and time point as a
fixed effect. Interaction terms between the fixed effects of time
point and diagnostic group were first included to test whether
changesin mental health and social functioning differed between
people with MDD and those with BD. Post hoc tests were
performed using estimated marginal means, with the false
discovery rates (FDRs) for al P values corrected to q values
using the Benjamini and Hochberg [42] procedure.

Mixed linear models were also used to test whether circadian
rhythm moderated changes in mental health or social
support/connectedness over time. Models included mental
health, social support, or social connectedness asthe dependent
variable; subject asthe random effect; and time point as a fixed
effect. Interaction terms between the fixed effects of time point
and circadian rhythm were then used to test whether baseline
circadian rhythm moderated changesin mental health and social
functioning. Interaction terms among the fixed effects of time
point, circadian rhythm, and diagnostic group werefirst included
to test whether the moderating effects of baseline circadian
rhythm on changes in mental health and social functioning
differed between people with MDD and those with BD. Post
hoc testswere performed using estimated marginal means, with
the FDRs for all P vaues corrected to q values using the
Benjamini and Hochberg [42] procedure.

All analyses were conducted using R software (version 3.5.1;
The R Foundation for Statistical Computing) [43]. Mixed linear
models were tested using the Imed packagein R [44]. P values
for mixed linear models were calculated using the ImerTest
package in R [45]. Post hoc tests were performed using the
emmeans package in R [46] (see Multimedia Appendix 4 for
supplementary analyses).

Results

Participants

During the recruitment period, 219 adults attended the Black
Dog Ingtitute clinic for a psychiatric assessment (Multimedia
Appendix 1), of whom 162 (74%) were deemed eligible for the
study by clinic administrative staff and were invited to
participate. Of these 162 participants, 149 (92%) consented,
downloaded the Socialise app, and completed the baseline
mental health assessment; however, of these 149 participants,
3 (2%) withdrew shortly after completion of baseline assessment
and 25 (16.8%) did not have sufficient GPS data, leaving afinal
samplethat consisted of 121 (83.2%) participants, with attrition
for the study questionnaires outlined in Multimedia Appendix
2.

Demographic and Clinical Characteristics

Table 1 outlines the baseline demographic and clinical
characteristics of the final sample (n=121). The mean age of
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participants was 41.4 (SD 13.6; range 18 to 70) years; 65.3%
(79/121) werewomen; and 66.1% (80/121) used iPhones. People
with MDD had significantly higher anxiety (t;,5=—2.47; P=.02;
Cohen d=-0.47, 95% Cl —0.85 to —0.09) and likely cases of
anxiety (x%4=6.1; P=.01; ¢=0.24, 95% Cl 0.06-0.42), lower
mania (t;14=2.74; P=.007; Cohen d=0.52, 95% CI 0.14-0.90),

Braund et al

and asmaller social support network (t119=2.57; P=.01; Cohen
d=0.49, 95% CI 0.11-0.87) than participants with BD. There
was no significant relationship between diagnosis and likely
cases of depression, x%,=0.9; P=.35, or mania, x,=3.0; P=.08.
No other differences in mental hedth or socia
support/connectedness were found.

Table 1. Baseline demographic and clinical characteristics of participants (N=121).

Total sample  Depression (n=79)  Bipolar disorder (n=42) t test (df) Chi-sguaretest (df) P value
Age (years), mean (SD) 4141 (13.62) 41.63(13.94) 41.00 (13.16) -0.24 (119) N/A2 .81
Depressive symptoms (PHQ_gb)’ 11.75(6.67) 12.51(7.09) 10.33(5.61) -1.85(119) N/A .07
mean (SD)
Anxiety symptoms (GAD-7°), 8.21 (5.76) 9.14 (5.93) 6.48 (5.04) —2.60 (119) N/A o019
mean (SD)
Maniasymptoms (ASRM®), mean 4.12 (3.06) 3.58(2.63) 5.14 (3.56) 2.50 (119) N/A .02
(SD)
Quality of life (SWL Sf), mean 16.08 (7.51) 15.22(7.43) 17.71(7.49) 1.76 (119) N/A .08
(SD)
Social connectedness (SCS-RY), 7357 (4.25) 73.71(4.51) 73.29 (3.99) -0.21(19) N/A .83
mean (SD)
Social support, mean (SD)
SSONS 2.63 (1.60) 2.37(1.38) 3.13(1.86) 2.57 (119) N/A .01
SSQS§ 4.31(1.29) 4.25(1.24) 4.41(1.39) 0.65 (119) N/A .52
Circadian rhythm, mean (SD) -5.46 (358) -5.43(3.71) -5.50 (3.38) -0.09 (94) N/A .93
Sex (female), n (%) 79 (65.3) 50 (63.3) 29 (69) N/A 0.2 (1) .67
Likely clinical case, n (%)
Depressive symptoms (PHQ- 69 (57) 48 (60.8) 21 (50) N/A 09(1) .35
9 score=10)
Anxiety symptoms (GAD-7 39 (32.2) 32 (40.5) 7(16.7) N/A 6.1(1) .01
score=10)
Mania symptoms (ASRM 33(27.3) 17 (21.5) 16 (38.1) N/A 3.0(1) .08
score=6)

8N/A: not applicable.

PPHQ-9: Patient Health Questionnaire-9.

CGAD-7: Generalized Anxiety Disorder Scale.

9italicization indicates values that met the si gnificance threshold (P<.05).
€ASRM: Altman Self-Rating Mania Scale.

fSWLS: satisfaction With Life Scale.

9SCS-R: Socia Connectedness Scale-Revised.

hSSQNS: Social Support Questionnaire number score.

iSSQSS: Social Support Questionnaire satisfaction score.

Association Among Baseline Circadian Rhythm,
Mental Health, and Social Support/Connectedness

There were no significant interactions between circadian rhythm
and diagnostic group in predicting mental health or social
support/connectedness; therefore, data were pooled across
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diagnostic groups. At baseline, higher circadian rhythm was
associated with a larger social support network (3=.088, 95%
Cl 0.009-0.168; tg,=2.20; P=.03; Figure 1). Circadian rhythm
was not significantly associated with any other measure of
mental health or social support/connectedness.
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Figure 1. Association between circadian rhythm and the size of social support networks (Social Support Questionnaire number score [SSQNS]). Shading

represents 95% Cls.

-10 5

Gircaaian rhythm

Changesin Mental Health and Social
Support/Connectedness Over Time

There was no interaction between diagnosis and time point in
predicting PHQ-9 scores (Fs350=0.94; P=.46); therefore,
diagnostic groups were pooled together for analysis. There was
a significant main effect of time point in predicting PHQ-9
scores (Fsg 353=4.92; P<.001). Post hoc tests found that PHQ-9
scores decreased from baseline to time point 2 (t35,=2.58; 9=.03;
Cohen d=0.35, 95% CI 0.08-0.62), time point 3 (t3;0=3.05;
g=.01; Cohen d=0.44, 95% CI 0.15-0.72), time point 4
(t371=4.09; g<.001; Cohen d=0.62, 95% CI 0.32-0.92), time
point 5 (t370=3.77; g=.002; Cohen d=0.61, 95% Cl 0.29-0.94),
and time point 6 (t355=2.95; g=.01; Cohen d=0.73, 95% ClI
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r=0.222
P=.03

o

n

0.24-1.23; Figure 2A). There were no other significant
differences among the time points. There were no other
significant interactions between diagnosis and time points or
main effects for the time points for other measures of mental
health or social support/connectedness.

There was a significant interaction between time point and
diagnosis in predicting mania on the ASRM (Fs 35,=2.96;
P=.01). Post hoc tests found that ASRM scores in people with
BD decreased from baseline to time point 4 (t3,5=4.06; g=.004;
Cohen d=1.06, 95% CI 0.55-1.59]; Figure 2B). Compared with
baseline ASRM scores in people with BD, ASRM scores in
people with MDD were also lower at time point 2 (t,93=3.60;
g=.01; Cohen d=0.91, 95% CI 0.41-1.42) and time point 3
(t305=3.63; g=.01; Cohen d=0.95, 95% CI 0.43-1.47).
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Figure 2. (A) Depressive symptoms (Patient Health Questionnaire-9 [PHQ-9]) and (B) mania symptoms (Altman Self-Rating Mania Scale [ASRM])

at each study time point. Error bars represent 95% Cls.
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Circadian Rhythm Predicting Changein Mental Health
or Social Support/Connectedness Over Time

A significant interaction was found among time point, baseline
circadian rhythm, and diagnoses (Fs,75=3.65, P=.003) in
predicting GAD-7 scores. To further explore the 3-way
interaction, MDD and BD were analyzed separately. A
significant interaction between time point and circadian rhythm
wasfound for peoplewith BD only (Fs ¢,=3.25; P=.009; Figure
3A [47]). Post hoc tests found that anxiety in people with
circadian rhythm scores approximately 1 SD below the mean
(ie, —8.73) decreased between time points 1 and 5 (tg,¢=3.0;
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P=.003; g=.02; Cohen d=1.34, 95% CI 0.44-2.25). Conversely,
anxiety in people with circadian rhythm scores 1 SD above the
mean (ie, —2.20) significantly increased between time points 1
and 5; yet, this did not survive FDR correction (tgy g=2.32;
P=.02; g=.11; Cohen d=-1.05, 95% Cl —1.98 to —0.13). No
interaction was found between time points and circadian rhythm
for people with MDD (Figure 3B [47]). No significant
interactions were found among time point, circadian rhythm,
and diagnosis category or time point and circadian rhythm for
any other measures of mental health (Multimedia Appendix 5)
or social support/connectedness.
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Figure 3. Baseline circadian rhythm moderating change in anxiety (Generalized Anxiety Disorder Scale [GAD-7]) at each study time point in (A)
bipolar disorder and (B) depression. Following the convention suggested by Aiken and West [47], we used the mean val ue of the moderator (ie, circadian
rhythm) aswell as 1 SD below and above the mean value of the moderator to plot the effect of circadian rhythm on change in anxiety acrosstime points.

Error bars represent 95% Cls.
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Discussion baseline circadian rhythm scores were associated with increased

Principal Findings

This study investigated the association among circadian rhythm,
mental health symptoms, and socia support/connectedness in
adults with MDD or BD. Although we found no significant
association between circadian rhythm and mental health scores,
we found a positive association between circadian rhythm and
social support at baseline. Both clinical groups showed a
decreasein depressive symptoms over time; yet, only those with
BD showed a decrease in mania symptoms. Finally, we found
that circadian rhythm at baseline moderated the change in
anxiety symptoms in people with BD only, where higher
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anxiety and lower baseline circadian rhythm scores were
associated with decreased anxiety at follow-up.

Circadian rhythm was not associated with mental health
symptoms; yet, it was positively associated with the size of
participants’ social support networks. This association aligns
with the study by Margraf et a [13], who found that greater
social rhythm regularity was associated with better life
satisfaction in healthy individuals. Greater circadian rhythm
reflects individuals' increased movement around various
locations, suggesting that they may be more socially interactive.
Social interaction also plays an important role in well-being
[48], which could lead to improved mental health. Although
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previous studies have established relationships between
circadian rhythm and other measures of menta health
functioning, the samples are generally made up of only
participants with BD [12], healthy controls and participants
with MDD [14], healthy individuas, or healthy adolescents
[49]. Moreover, although Saeb et a [23] found astrong negative
association (r=—0.63) between circadian rhythm and PHQ-9
scores, their limited analyzable sample size (n=28) may have
overestimated the association. In this study, we found a
nonsignificant association using a larger sample size (n=121),
with the coefficient reported by Saeb et al [23] not found within
our 95% Cls (r=—0.12, 95% Cl —0.32 t0 0.08). Thisfinding is
also in line with the follow-up study by Saeb et a [22], who
found anonsignificant association between circadian movement
and PHQ-9 scores at baseline and a weaker correlation
coefficient (r=—0.34, 95% Cl —0.339 to 0.341). Taken together,
our findings suggest that only social support may be associated
with circadian rhythm at baseline, wheress little evidence is
found for the association between circadian rhythm and mental
health functioning.

Although both clinical groups showed a decrease in depressive
symptoms over time, only those with BD showed adecreasein
mania symptoms. These findings are in line with previous
mental health studies that report fluctuations in mental health
symptoms over time [28-30]. Moreover, given that BD is
uniquely characterized by manic features [31,50], variation in
these symptoms would be expected among people with BD.
However, given the overall trajectories of symptom profiles,
the study duration may not have been adequate to accurately
capture the true symptom variability. This pattern of symptoms
impliesthat future studies would benefit from longer durations
and more incentives to increase study completion.

Circadian rhythm moderated the change in anxiety symptoms
in peoplewith BD only, where higher baseline circadian rhythm
was associated with increased anxiety and lower baseline
circadian rhythm was associated with decreased anxiety between
baseline and time point 5. People with BD had significantly
lower baseline anxiety symptoms and likely cases of anxiety
than people with MDD, suggesting differing anxiety profiles
between the diagnostic groups. Furthermore, increased anxiety
in those with higher baseline circadian rhythm may reflect an
initial declinein functioning that corresponds with poor mental
health. Similarly, if circadian rhythm is lower during a period

Braund et al

of poor mental health, it may then predict improvements in
anxiety at future time points as one recovers. However, these
effects seem to manifest dynamically in the symptom cycle
because the effect disappears by the final time point. Together,
these findings suggest that circadian rhythm may be a marker
for anxiety symptom trajectoriesin people with BD that can be
monitored for targeted treatment and intervention.

Thisstudy includes several limitations. Although the recruitment
of clinically diagnosed patients is the strength of the study, the
lack of healthy controls limits generalizability from clinical to
nonclinical samples. Despite being recruited through aclinical
setting, our participants reported low levels of symptoms,
suggesting that they may be in arelatively stable symptomatic
period. As such, future research should explore participants
across different stages of the course of illness in longitudinal
studies. Although GPS data offers an inexpensive and accessible
data source for the tracking of circadian rhythm, the direct
relationship to biological measures of circadian rhythm remains
unclear and requires further investigation. Problems with data
uploads were generally because of lost internet connection and
disabled mobile phone settings (ie, GPS, internet, notifications,
and data), which limited the analysis of GPS data to baseline
only. Moreover, although enough participants expressed interest
in terms of our target sample size, there was a considerable
amount of participant dropout and missing data. Specifically,
the number of participantswith BD (n=42) was|ower than those
with MDD (n=76) and did not meet the target sample size
(n=76). Future research may benefit from devel oping study apps
that send push notifications to remind participants to enable
certain settings and complete the required questionnaires.

Conclusions

In conclusion, our results suggest that circadian rhythm extracted
from smartphone GPS data was associated with social support
and change in anxiety in aclinical sample of adults with mood
disorders. However, little evidence was found for the association
between circadian rhythm and mental health functioning. Larger
future studies examining a wider variety of biomarkers and
sensor features for a longer duration of time are warranted.
However, with the ubiquity of smartphones, there is an
encouraging potential to shift the nature of identifying mood
disorders. Contextual features trandated directly from
smartphone data may potentially detect mood disorders earlier
and more easily.

Acknowledgments

The authors wish to thank all patients who participated in the study and the Black Dog I nstitute information technology team for

providing the technical support to deliver the study.

Authors Contributions

TWB, MEL, HC, QJJW, and BO conceived and conducted the study. TWB analyzed the sensor data, and BO prepared the data
set for analysis alongside MTZ. TAB and MTZ, with supervision from BO, analyzed the data. All authors interpreted the data,
and TAB prepared the figures and tables. All authors contributed to the authorship of the manuscript.

Conflictsof Interest
None declared.

https://mental .jmir.org/2022/5/€35549

JMIR Ment Health 2022 | vol. 9 | iss. 5 [e35549 | p.11
(page number not for citation purposes)


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

JMIR MENTAL HEALTH Braund et &

Multimedia Appendix 1
Recruitment flow of the study.

[DOCX File, 39 KB - mental_v9i5e35549 appl.docx |

Multimedia Appendix 2
Schedule and completion of the study questionnaires.
[DOCX File, 14 KB - mental_v9i5e35549 app2.docx |

Multimedia Appendix 3
Circadian rhythm.
[DOCX File, 24 KB - mental_v9i5e35549_app3.docx ]

Multimedia Appendix 4
Supplementary analyses.
[DOCX File, 21 KB - mental_v9i5e35549 app4.docx |

Multimedia Appendix 5

Nonsignificant moderating effect of baseline circadian rhythm changein (A) depression severity (Patient Health Questionnaire-9)
and (B) mania (Altman Self-Rating Mania Scale) across time points. Error bars represent 95% Cls.

[DOCX File, 48 KB - mental_v9i5e35549 app5.docx |

References

1.

2.

3.

10.

11.

12.

13.

14.

Roenneberg T, Merrow M. The circadian clock and human health. Curr Biol 2016 May 23;26(10):R432-R443 [FREE Full
text] [doi: 10.1016/j.cub.2016.04.011] [Medline: 27218855]

Serin'Y, Acar Tek N. Effect of circadian rhythm on metabolic processes and the regulation of energy balance. Ann Nutr
Metab 2019 Apr 23;74(4):322-330 [EREE Full text] [doi: 10.1159/000500071] [Medline: 31013492]

Sollars PJ, Pickard GE. The neurobiology of circadian rhythms. Psychiatr Clin North Am 2015 Dec;38(4):645-665 [FREE
Full text] [doi: 10.1016/].psc.2015.07.003] [Medline: 26600101]

Alakdrkko T, Saraméki J. Circadian rhythms in temporal-network connectivity. Chaos 2020 Sep;30(9):093115. [doi:
10.1063/5.0004856] [Medline: 33003938]

Caliyurt O. Role of chronobiology asatransdisciplinary field of research: its applicationsin treating mood disorders. Balkan
Med J 2017 Dec 01;34(6):514-521 [FREE Full text] [doi: 10.4274/balkanmed].2017.1280] [Medline: 29072179)]
Brambilla C, Gavinelli C, Delmonte D, Fulgosi MC, Barbini B, Colombo C, et a. Seasonality and sleep: a clinical study
on euthymic mood disorder patients. Depress Res Treat 2012;2012:978962-978966 [ FREE Full text] [doi:
10.1155/2012/978962] [Medline: 22203895]

Chung JK, Lee KY, Kim SH, Kim E, Jeong SH, Jung HY, et a. Circadian rhythm characteristics in mood disorders:
comparison among bipolar | disorder, bipolar |1 disorder and recurrent major depressive disorder. Clin Psychopharmacol
Neurosci 2012 Aug 28;10(2):110-116 [FREE Full text] [doi: 10.9758/cpn.2012.10.2.110] [Medline: 23430379]

Duarte Faria A, Cardoso TD, Campos Mondin T, Souza LD, Magahaes PV, Patrick Zeni C, et al. Biological rhythmsin
bipolar and depressive disorders: acommunity study with drug-naive young adults. JAffect Disord 2015 Nov 01;186:145-148.
[doi: 10.1016/j.jad.2015.07.004] [Medline: 26241662]

Foster R, Peirson SN, Wulff K, Winnebeck E, Vetter C, Roenneberg T. Sleep and circadian rhythm disruption in social
jetlag and mental illness. Prog Mol Biol Transl Sci 2013;119:325-346. [doi: 10.1016/B978-0-12-396971-2.00011-7]
[Medline: 23899602]

Selvi Y, Aydin A, Boysan M, Atli A, Agargun MY, Besiroglu L. Associations between chronotype, sleep quality, suicidality,
and depressive symptoms in patients with major depression and healthy controls. Chronobiol Int 2010 Oct
25;27(9-10):1813-1828. [doi: 10.3109/07420528.2010.516380] [Medline: 20969525]

Shen GH, Alloy LB, Abramson LY, SylviaLG. Socia rhythm regularity and the onset of affective episodes in bipolar
spectrum individual s. Bipolar Disord 2008 Jun;10(4):520-529 [FREE Full text] [doi: 10.1111/j.1399-5618.2008.00583.x]
[Medline: 18452448]

Cudney LE, Frey BN, Streiner DL, Minuzzi L, Sassi RB. Biological rhythms are independently associated with quality of
lifein bipolar disorder. Int J Bipolar Disord 2016 Dec 16;4(1):9 [FREE Full text] [doi: 10.1186/s40345-016-0050-8]
[Medline: 26980087]

Margraf J, Lavallee K, Zhang X, Schneider S. Social rhythm and mental health: a cross-cultural comparison. PLoS One
2016 Mar 8;11(3):e0150312 [FREE Full text] [doi: 10.1371/journal.pone.0150312] [Medline: 26954568]

Lieverse R, de Vries R, Hoogendoorn AW, Smit JH, Hoogendijk WJ. Social support and socia rhythm regularity in elderly
patients with major depressive disorder. Am J Geriatr Psychiatry 2013 Nov;21(11):1144-1153. [doi:
10.1016/j.jagp.2013.01.052] [Medline: 23567367)

https://mental.jmir.org/2022/5/€35549 JMIR Ment Health 2022 | vol. 9 | iss. 5 [e35549 | p.12

RenderX

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=mental_v9i5e35549_app1.docx&filename=144639e215a927a65906969de643d4e2.docx
https://jmir.org/api/download?alt_name=mental_v9i5e35549_app1.docx&filename=144639e215a927a65906969de643d4e2.docx
https://jmir.org/api/download?alt_name=mental_v9i5e35549_app2.docx&filename=04d399534ee9bc1858eeb6d0861a9d97.docx
https://jmir.org/api/download?alt_name=mental_v9i5e35549_app2.docx&filename=04d399534ee9bc1858eeb6d0861a9d97.docx
https://jmir.org/api/download?alt_name=mental_v9i5e35549_app3.docx&filename=04b44e0246046660842bd7b4a0bd82ce.docx
https://jmir.org/api/download?alt_name=mental_v9i5e35549_app3.docx&filename=04b44e0246046660842bd7b4a0bd82ce.docx
https://jmir.org/api/download?alt_name=mental_v9i5e35549_app4.docx&filename=66aeda31dec9356efdf68f6b38658bab.docx
https://jmir.org/api/download?alt_name=mental_v9i5e35549_app4.docx&filename=66aeda31dec9356efdf68f6b38658bab.docx
https://jmir.org/api/download?alt_name=mental_v9i5e35549_app5.docx&filename=ebcb236c78edd431211eb6b49f66c2d6.docx
https://jmir.org/api/download?alt_name=mental_v9i5e35549_app5.docx&filename=ebcb236c78edd431211eb6b49f66c2d6.docx
https://linkinghub.elsevier.com/retrieve/pii/S0960-9822(16)30333-5
https://linkinghub.elsevier.com/retrieve/pii/S0960-9822(16)30333-5
http://dx.doi.org/10.1016/j.cub.2016.04.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27218855&dopt=Abstract
https://www.karger.com?DOI=10.1159/000500071
http://dx.doi.org/10.1159/000500071
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31013492&dopt=Abstract
http://europepmc.org/abstract/MED/26600101
http://europepmc.org/abstract/MED/26600101
http://dx.doi.org/10.1016/j.psc.2015.07.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26600101&dopt=Abstract
http://dx.doi.org/10.1063/5.0004856
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33003938&dopt=Abstract
https://doi.org/10.4274/balkanmedj.2017.1280
http://dx.doi.org/10.4274/balkanmedj.2017.1280
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29072179&dopt=Abstract
https://doi.org/10.1155/2012/978962
http://dx.doi.org/10.1155/2012/978962
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22203895&dopt=Abstract
http://www.cpn.or.kr/journal/journal_view.html?year=2012&vol=10&num=2&page=110
http://dx.doi.org/10.9758/cpn.2012.10.2.110
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23430379&dopt=Abstract
http://dx.doi.org/10.1016/j.jad.2015.07.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26241662&dopt=Abstract
http://dx.doi.org/10.1016/B978-0-12-396971-2.00011-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23899602&dopt=Abstract
http://dx.doi.org/10.3109/07420528.2010.516380
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20969525&dopt=Abstract
http://europepmc.org/abstract/MED/18452448
http://dx.doi.org/10.1111/j.1399-5618.2008.00583.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18452448&dopt=Abstract
http://europepmc.org/abstract/MED/26980087
http://dx.doi.org/10.1186/s40345-016-0050-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26980087&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0150312
http://dx.doi.org/10.1371/journal.pone.0150312
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26954568&dopt=Abstract
http://dx.doi.org/10.1016/j.jagp.2013.01.052
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23567367&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MENTAL HEALTH Braund et &

15.

16.

17.

18.

19.

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

Gold AK, Kinrys G. Treating circadian rhythm disruption in bipolar disorder. Curr Psychiatry Rep 2019 Mar 02;21(3):14
[FREE Full text] [doi: 10.1007/s11920-019-1001-8] [Medline: 30826893]

Takaesu Y. Circadian rhythm in bipolar disorder: areview of the literature. Psychiatry Clin Neurosci 2018 Sep
04;72(9):673-682 [FREE Full text] [doi: 10.1111/pcn.12688] [Medline: 29869403]

Stopczynski A, SekaraV, Sapiezynski P, Cuttone A, Madsen MM, Larsen JE, et al. Measuring large-scale social networks
with high resolution. PLoS One 2014 Apr 25;9(4):€95978 [ FREE Full text] [doi: 10.1371/journal.pone.0095978] [Medline:
24770359

BoonstraT, Werner-Seidler A, O'DeaB, Larsen ME, Christensen H. Smartphone app to investigate the rel ationship between
socia connectivity and mental health. In: Proceedings of the 2017 39th Annual International Conference of the IEEE
Engineering in Medicine and Biology Society (EMBC). 2017 Presented at: 2017 39th Annual International Conference of
the |EEE Engineering in Medicine and Biology Society (EMBC); Jul 11-15, 2017; Jgju, Korea (South). [doi:
10.1109/embc.2017.8036818]

LathiaN, Pgjovic V, Rachuri KK, Mascolo C, Musoles M, Rentfrow PJ. Smartphones for large-scale behavior change
interventions. | EEE pervasive comput 2013 Jul;12(3):66-73. [doi: 10.1109/mprv.2013.56]

Beiwinkel T, Kindermann S, Maier A, Kerl C, Moock J, Barbian G, et a. Using smartphones to monitor bipolar disorder
symptoms: a pilot study. IMIR Ment Health 2016 Jan 06;3(1):e2 [FREE Full text] [doi: 10.2196/mental.4560] [Medline:
26740354]

Canzian L, Musolesi M. Trajectories of depression: unobtrusive monitoring of depressive states by means of smartphone
mohility traces analysis. In: Proceedings of the 2015 ACM International Joint Conference on Pervasive and Ubiquitous
Computing. 2015 Presented at: UbiComp '15: The 2015 ACM International Joint Conference on Pervasive and Ubiquitous
Computing; Sep 7 - 11, 2015; Osaka Japan. [doi: 10.1145/2750858.2805845]

Saeb S, Lattie EG, Schueller SM, Kording KP, Mohr DC. The relationship between mobile phone location sensor data and
depressive symptom severity. PeerJ 2016;4:€2537 [FREE Full text] [doi: 10.7717/peerj.2537] [Medline: 28344895]

Saeb S, Zhang M, Karr CJ, Schueller SM, Corden ME, Kording KP, et a. Mobile phone sensor correlates of depressive
symptom severity in daily-life behavior: an exploratory study. JMed Internet Res 2015 Jul 15;17(7):€175 [FREE Full text]
[doi: 10.2196/jmir.4273] [Medline: 26180009]

Osmani V, Maxhuni A, Griinerbl A, Lukowicz P, Haring C, Mayora O. Monitoring activity of patientswith bipolar disorder
using smart phones. In: Proceedings of International Conference on Advancesin Mobile Computing & Multimedia. 2013
Presented at: MOMM '13: The 11th International Conference on Advancesin Mobile Computing & Multimedia; Dec 2 -
4, 2013; Vienna Austria. [doi: 10.1145/2536853.2536882]

Harari GM, Miiller SR, Aung MS, Rentfrow PJ. Smartphone sensing methods for studying behavior in everyday life. Curr
Opinion Behav Sci 2017 Dec;18:83-90. [doi: 10.1016/].cobeha.2017.07.018]

Boonstra TW, Nicholas J, Wong QJ, Shaw F, Townsend S, Christensen H. Using mobile phone sensor technology for
mental health research: integrated analysis to identify hidden challenges and potential solutions. J Med Internet Res 2018
Jul 30;20(7):€10131 [FREE Full text] [doi: 10.2196/10131] [Medline: 30061092]

Gruenerbl A, Osmani V, Bahle G, Carrasco JC, Oehler S, Mayora O, et a. Using smart phone mobility traces for the
diagnosis of depressive and manic episodesin bipolar patients. In: Proceedings of the 5th Augmented Human I nternational
Conference. 2014 Presented at: AH '14: 5th Augmented Human International Conference; Mar 7 - 8, 2014; Kobe Japan.
[doi: 10.1145/2582051.2582089)]

BorzaT, Engedal K, Bergh S, Benth JS, Selbak G. Trajectories of depressionin latelife: a 1-year follow-up study. Dement
Geriatr Cogn Disord 2017 Feb 22;43(3-4):180-192. [doi: 10.1159/000458148] [Medline: 28222439

EllisRE, Seal ML, Simmons JG, Whittle S, Schwartz OS, Byrne ML, et a. Longitudinal trajectoriesof depression symptoms
in adolescence: psychosocial risk factors and outcomes. Child Psychiatry Hum Dev 2017 Aug 12;48(4):554-571. [doi:
10.1007/s10578-016-0682-z] [Medline: 27619221]

Fishleder S, Gum AM, King-Kallimanis BL, Schonfeld L. Trajectories of depressive symptomsin community-dwelling
older adults: asix-month longitudinal study with monthly assessment. J Affect Disord 2016 Jul 01;198:171-177. [doi:
10.1016/j.jad.2016.02.058] [Medline: 27017373]

The Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition. Virginia, United States: American Psychiatric
Association; 2013.

Masud MT, Mamun MA, ThapaK, Lee D, Griffiths MD, Yang S. Unaobtrusive monitoring of behavior and movement
patterns to detect clinical depression severity level via smartphone. J Biomed Inform 2020 Mar;103:103371 [FREE Full
text] [doi: 10.1016/j.jbi.2019.103371] [Medline: 31935462]

Numerical Recipes with Source Code CD-ROM 3rd Edition The Art of Scientific Computing. Cambridge: Cambridge
University Press; 1986.

Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of abrief depression severity measure. J Gen Intern Med 2001
Sep;16(9):606-613 [FREE Full text] [doi: 10.1046/j.1525-1497.2001.016009606.x] [Medline: 11556941]

Spitzer RL, Kroenke K, Williams JB, Léwe B. A brief measure for assessing generalized anxiety disorder: the GAD-7.
Arch Intern Med 2006 May 22;166(10):1092-1097. [doi: 10.1001/archinte.166.10.1092] [Medline: 16717171]

https://mental.jmir.org/2022/5/€35549 JMIR Ment Health 2022 | vol. 9 | iss. 5 [€35549 | p.13

(page number not for citation purposes)


http://europepmc.org/abstract/MED/30826893
http://dx.doi.org/10.1007/s11920-019-1001-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30826893&dopt=Abstract
https://doi.org/10.1111/pcn.12688
http://dx.doi.org/10.1111/pcn.12688
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29869403&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0095978
http://dx.doi.org/10.1371/journal.pone.0095978
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24770359&dopt=Abstract
http://dx.doi.org/10.1109/embc.2017.8036818
http://dx.doi.org/10.1109/mprv.2013.56
https://mental.jmir.org/2016/1/e2/
http://dx.doi.org/10.2196/mental.4560
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26740354&dopt=Abstract
http://dx.doi.org/10.1145/2750858.2805845
https://doi.org/10.7717/peerj.2537
http://dx.doi.org/10.7717/peerj.2537
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28344895&dopt=Abstract
https://www.jmir.org/2015/7/e175/
http://dx.doi.org/10.2196/jmir.4273
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26180009&dopt=Abstract
http://dx.doi.org/10.1145/2536853.2536882
http://dx.doi.org/10.1016/j.cobeha.2017.07.018
https://www.jmir.org/2018/7/e10131/
http://dx.doi.org/10.2196/10131
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30061092&dopt=Abstract
http://dx.doi.org/10.1145/2582051.2582089
http://dx.doi.org/10.1159/000458148
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28222439&dopt=Abstract
http://dx.doi.org/10.1007/s10578-016-0682-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27619221&dopt=Abstract
http://dx.doi.org/10.1016/j.jad.2016.02.058
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27017373&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(19)30291-6
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(19)30291-6
http://dx.doi.org/10.1016/j.jbi.2019.103371
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31935462&dopt=Abstract
https://onlinelibrary.wiley.com/resolve/openurl?genre=article&sid=nlm:pubmed&issn=0884-8734&date=2001&volume=16&issue=9&spage=606
http://dx.doi.org/10.1046/j.1525-1497.2001.016009606.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11556941&dopt=Abstract
http://dx.doi.org/10.1001/archinte.166.10.1092
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16717171&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MENTAL HEALTH Braund et &

36. KroenkeK, Spitzer RL, Williams JB, Monahan PO, Léwe B. Anxiety disordersin primary care: prevalence, impairment,
comorbidity, and detection. Annals I ntern Med 2007 Mar 06;146(5):317. [doi: 10.7326/0003-4819-146-5-200703060-00004]

37. Altman EG, Hedeker D, Peterson JL, Davis JM. The Altman self-rating mania scale. Biological Psychiatry 1997
Nov;42(10):948-955. [doi: 10.1016/s0006-3223(96)00548-3]

38. LeeRM, Draper M, LeeS. Sacia connectedness, dysfunctional interpersonal behaviors, and psychological distress: testing
amediator model. J Counsel Psychol 2001;48(3):310-318. [doi: 10.1037/0022-0167.48.3.310]

39. Sarason |G, Levine HM, Basham RB, Sarason BR. Assessing social support: the social support questionnaire. J Personality
Soc Psychol 1983;44(1):127-139. [doi: 10.1037/0022-3514.44.1.127]

40. Diener E, EmmonsRA, Larsen RJ, Griffin S. The satisfaction with life scale. J Pers Assess 1985 Feb 10;49(1):71-75. [doi:
10.1207/s15327752]pad901_13] [Medline: 16367493]

41. Review of the satisfaction with life scale. In: Assessing Well-Being. Dordrecht: Springer; 2009.

42. Benjamini Y, Hochberg Y. Controlling the false discovery rate: a practical and powerful approach to multiple testing. J
Roya Stat Soc Series B (Methodological) 2018 Dec 05;57(1):289-300. [doi: 10.1111/].2517-6161.1995.tb02031.x]

43. R: A Language and Environment for Statistical Computing. Vienna, Austria: R Foundation for Statistical Computing; 2020.

44. BatesD, Machler M, Bolker B, Walker S. Fitting linear mixed-effects models using. J Stat Softw 2015;67(1):1-48. [doi:
10.18637/jss.v067.i01]

45. KuznetsovaA, Brockhoff PB, Christensen RH. Package: testsin linear mixed effectsmodels. J Stat Softw 2017;82(13):1-26.
[doi: 10.18637/jss.v082.i13]

46. emmeans: estimated marginal means, aka least-squares means. R project. URL: https://cran.r-project.org/web/packages/
emmeans/index.html [accessed 2022-04-23]

47.  AikenLS, West SG. Multiple Regression: Testing and Interpreting I nteractions. Thousand Oaks, CA, USA: Sage Publications;
1991.

48. Cacioppo JT, Cacioppo S. Social relationships and health: the toxic effects of perceived social isolation. Soc Personal
Psychol Compass 2014 Feb 01;8(2):58-72 [FREE Full text] [doi: 10.1111/spc3.12087] [Medline: 24839458]

49. Muedler CE, Bridges SK, Goddard M S. Sleep and parent-family connectedness: links, relationships and implications for
adolescent depression. J Family Stud 2014 Dec 17;17(1):9-23. [doi: 10.5172/jfs.2011.17.1.9]

50. Cudlar AK, Johnson SL, Winters R. Distinctions between bipolar and unipolar depression. Clin Psychol Rev 2005
May;25(3):307-339 [FREE Full text] [doi: 10.1016/j.cpr.2004.12.002] [Medline: 15792852]

Abbreviations

ASRM: Altman Self-Rating Mania Scale

BD: bipolar disorder

CONSORT: Consolidated Standards of Reporting Trials
FDR: false discovery rate

GAD-7: Generalized Anxiety Disorder Scale

MDD: major depressive disorder

PHQ-9: Patient Health Questionnaire-9

SCS-R: Socia Connectedness Scale-Revised

SSQ: Socia Support Questionnaire

SWLS: Satisfaction With Life Scale

Edited by J Torous; submitted 08.12.21; peer-reviewed by A Cochran, L Martinengo; comments to author 21.02.22; revised version
received 21.03.22; accepted 04.04.22; published 04.05.22.

Please cite as:

Braund TA, Zin MT, Boonstra TW, Wong QJJ, Larsen ME, Christensen H, Tillman G, O’ Dea B

Smartphone Sensor Data for |dentifying and Monitoring Symptoms of Mood Disorders: A Longitudinal Observational Sudy
JMIR Ment Health 2022;9(5): 35549

URL: https://mental.jmir.org/2022/5/€35549

doi: 10.2196/35549

PMID: 35507385

©Taylor A Braund, May The Zin, Tjeerd W Boonstra, Quincy J J Wong, Mark E Larsen, Helen Christensen, Gabriel Tillman,
Bridianne O’'Dea. Originally published in IMIR Mental Health (https://mental.jmir.org), 04.05.2022. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first publishedin IMIR

https://mental.jmir.org/2022/5/€35549 JMIR Ment Health 2022 | vol. 9 | iss. 5 [e35549 | p.14
(page number not for citation purposes)


http://dx.doi.org/10.7326/0003-4819-146-5-200703060-00004
http://dx.doi.org/10.1016/s0006-3223(96)00548-3
http://dx.doi.org/10.1037/0022-0167.48.3.310
http://dx.doi.org/10.1037/0022-3514.44.1.127
http://dx.doi.org/10.1207/s15327752jpa4901_13
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16367493&dopt=Abstract
http://dx.doi.org/10.1111/j.2517-6161.1995.tb02031.x
http://dx.doi.org/10.18637/jss.v067.i01
http://dx.doi.org/10.18637/jss.v082.i13
https://cran.r-project.org/web/packages/emmeans/index.html
https://cran.r-project.org/web/packages/emmeans/index.html
http://europepmc.org/abstract/MED/24839458
http://dx.doi.org/10.1111/spc3.12087
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24839458&dopt=Abstract
http://dx.doi.org/10.5172/jfs.2011.17.1.9
http://europepmc.org/abstract/MED/15792852
http://dx.doi.org/10.1016/j.cpr.2004.12.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15792852&dopt=Abstract
https://mental.jmir.org/2022/5/e35549
http://dx.doi.org/10.2196/35549
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35507385&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MENTAL HEALTH Braund et &

Mental Health, is properly cited. The complete bibliographic information, a link to the origina publication on
https://mental.jmir.org/, as well as this copyright and license information must be included.

https://mental.jmir.org/2022/5/€35549 JMIR Ment Health 2022 | vol. 9 | iss. 5 [e35549 | p.15
(page number not for citation purposes)

RenderX


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

JMIR MENTAL HEALTH Scherer et al

Original Paper

Momentary Self-regulation: Scale Development and Preliminary
Validation

Emily A Scherer™?, PhD; Sunny Jung Kim>*, PhD; Stephen A Metcalf*®, MPhil; Mary Ann Sweeney*, MS; Jialing
Wu'®’, PhD; Haiyi Xie"?, PhD; GinaL Mazza®®, PhD; Matthew J Valente'®, PhD; David P MacKinnon?, PhD; Lisa
A Marsch!, PhD

Lcenter for Technol ogy and Behavioral Health, Geisel School of Medicine at Dartmouth, Lebanon, NH, United States

2Department of Biomedical Data Science, Geisel School of Medicine at Dartmouth, Lebanon, NH, United States

3Department of Health Behavior and Policy, School of Medicine, Virginia Commonwealth University, Richmond, VA, United States
“Health Communication and Digital Innovation, Massey Cancer Center, Virginia Commonwesalth University, Richmond, VA, United States
5Department of Public Health and Primary Care, University of Cambridge, Cambridge, United Kingdom

65chool of Mediaand Desi gn, Shanghai JiaoTong University, Shanghai, China

7Department of Computer Science, Dartmouth College, Hanover, NH, United States

8Department of Psychology, Arizona State University, Tempe, AZ, United States

9Department of Quantitative Health Sciences, Mayo Clinic, Scottsdale, AZ, United States

0center for Children and Families, Department of Psychology, Florida International University, Miami, FL, United States

"these authors contributed equally

Corresponding Author:

Emily A Scherer, PhD

Center for Technology and Behavioral Health
Geisel School of Medicine at Dartmouth
Suite 315

46 Centerra Pkwy

Lebanon, NH, 03766

United States

Phone: 1 603 646 7000

Email: blood.emily@gmail.com

Abstract

Background: Self-regulation refers to a person’s ability to manage their cognitive, emotional, and behavioral processes to
achieve long-term goals. Most prior research has examined self-regulation at the individua level; however, individual-level
assessments do not allow the examination of dynamic patterns of intraindividual variability in self-regulation and thus cannot aid
in understanding potential malleable processes of self-regulation that may occur in response to the daily environment.

Objective: This study aimsto develop a brief, psychometrically sound momentary self-regulation scale that can be practically
administered through participants’ mobile devices at a momentary level.

Methods: This study was conducted in 2 phases. In the first phase, in a sample of 522 adults collected as part of a larger
self-regulation project, we examined 23 previously validated assessments of self-regulation containing 594 items in total to
evaluate the underlying structure of self-regulation viaexploratory and confirmatory factor analyses. We then selected 20 trait-level
items to be carried forward to the second phase. In the second phase, we converted each item into a momentary question and
piloted the momentary itemsin asample of 53 adults over 14 days. Using the results from the momentary pilot study, we explored
the psychometric properties of the items and assessed their underlying structure. We then proposed a set of subscale and total
score calculations.

Results: In the first phase, the selected individual-level items appeared to measure 4 factors of self-regulation. The factors
identified were perseverance, sensation seeking, emotion regulation, and mindfulness. In the second phase of the ecological
momentary assessment pilot, the selected items demonstrated strong construct validity as well as predictive validity for health
risk behaviors.
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Conclusions: Our findings provide preliminary evidence for a 12-item momentary self-regulation scale comprising 4 subscales
designed to capture self-regulatory dynamics at the momentary level.

(IMIR Ment Health 2022;9(5):€35273) doi:10.2196/35273

KEYWORDS

self-regul ation; momentary self-regulation; ecological momentary assessment; psychometric; health behavior change; health risk

behaviors, mobile phone

Introduction

Background

Self-regulation refersto a person’s ability to manage emotions,
cognition, and behavior to avoid immediate gratification, which
may interfere with achieving long-term goals. People with
self-regulatory competence tend to make goal -oriented decisions
and inhibit impulsive behavior that is incompatible with their
long-term goals [1]. Self-regulation lapses are linked to social
and health problems, such as poor academic outcomes, obesity,
substance use disorders, and preventable deaths [2-4].

An individua’s level of self-regulation is likely responsive to
internal factors, such as negative affect or stress, which may
lessen an individual’s determination or available resources to
focus on sdf-regulatory behavior, as well as externd
environmental factors, such as being in a location with many
temptations for risk behaviors. However, published measures
of sdlf-regulation are typically based on retrospective sl f-reports
obtained through cross-sectional surveys or task-based methods.
As in other assessments of psychological constructs (eg,
self-esteem and personality), retrospective self-report methods
collected at 1 time point are helpful in measuring dispositional
states, alowing researchers to quantitatively describe an
individual and examine interindividual variability, but are
limited in measuring the changing states of such constructs
within an individual [5,6]. Task-based assessments have
similarly been devel oped for single or paired assessments before
and after a defined stimulus and are typically delivered in a
laboratory setting. Thus, traditional trait-level assessments may
fall short of examining dynamic patterns reflecting
intraindividual variability in self-regulation and understanding
malleable processes of one's self-regulation in a naturaistic
setting (as aligned with the contextual model of self-regulation
proposed by Roos and Witkiewitz [7]).

A methodologically and psychometrically sound metric that
precisely and sensitively captures malleable processesinvolved
in self-regulation in a real-world setting may enable a more
contextualy informed understanding of self-regulatory
processes. Developing a valid assay for measuring changes in
self-regulation in a nonlaboratory, everyday setting may help
researchers better identify the construct’s responsiveness to
internal and environmental factors and thus more effectively
intervene in self-regulation as a putative mechanism that may
play a causa role in facilitating health behavior change.
Proliferation in information and communication technologies,
combined with novel measurement methods, such as
smartphone-based ecological momentary assessment (EMA),
enables researchers to examine and assess self-regulatory
processes and dynamics at a momentary level as people move

https://mental .jmir.org/2022/5/€35273

through their livesin various real-world environmental contexts
(ie, in contrast to laboratory settings or retrospective recall).

Overall Study Objective

Overview

This study aimed to develop a brief, psychometrically sound
momentary self-regulation scale that can be practically
administered through participants mobile devices at a
momentary level. The objective was for the momentary scale
to capture the constructs measured in existing self-regulation
measures and capture both intra- and interindividual variability
in self-regulation asit occursin naturalistic settings. Thiswork
ispart of abroader exploration of the ontology of self-regulation
supported by the National Institutes of Health’s Science of
Behavior Change initiative [8]. The work was conducted in 2
distinct phases.

Phase 1: Measuring Self-regulation at the Individual
Level Using Existing Scale | tems

Beginning with a broad representation of items putatively
measuring self-regulation at the individual level, we aimed to
understand the underlying dimensions measured by theseitems
and then select a smaller subset of items that capture these
dimensions well and that could be studied at the moment level
in anaturalistic setting.

Phase 2: Scale Development and Preliminary Validation

Beginning with the items selected in phase 1, we aimed to
modify the items for measurement at the moment level, pilot
their use via momentary assessment methods, construct a
momentary scale, and preliminarily assess its psychometric
properties at the moment level.

Methods
Phase 1

Overview

Starting with acomprehensive set of existing scalesthat purport
to measure self-regulation at the individual level, we aimed to
confirm each scale's factor structure and characterize its item
characteristics. We then assessed the underlying constructs
measured by thefull set of itemsfrom all scalesand determined
their factor structure. Considering this asthe underlying structure
of self-regulation, we made an initia selection of the
best-performing items from each factor. We aimed to confirm
that the factor structure of self-regulation was preserved when
using thislimited set of items. Once wefinalized a set of items
that performed well and together measured all factorsidentified
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as part of the constructs measured at the individual level, we
moved to study them further at the moment level in phase 2.

Literature Review and Scale and Task Selection

Thelarger self-regulation initiative began with acomprehensive
review of the scientific literature of assessments (both survey
based and cognitive task based) used in the domain of
self-regulation research and related constructs (eg, impulsivity,
mindfulness, behavioral disinhibition, and temporal
discounting). This review outlined the origin of all assays and
the conceptual and empirical associations between the datafrom
each measure and health and socia behaviors. This study
identified 23 self-report surveys and 37 cognitive tasks that
purport to measure some aspect of self-regulation. The process
for selecting the scales has been described in detail elsewhere
[9,10]. Briefly, these scales were chosen for their ability to
measure underlying latent constructs of the umbrella construct
of self-regulation. Self-regulation refersto a person’s ability to
manage cognitive, motivational, and emotional resourcesto act
in accordance with their long-term goals. The constructs were
operationalized as cognitive functions that allow an individual
to engage in effective self-regulatory behaviors. Measures that
focused on aspects of self-regulation such as goa planning,
self-regulation failures, impulsivity, cognitive control, and
temporal discounting were sampled.

Sample and Sample Partitioning

Next, a sample of 522 adults was recruited through Amazon
Mechanical Turk (MTurk), a crowdsourcing website, and the
594 items from the 23 surveys were administered. A subset of
these individuals (150/522, 28.7%) was selected to complete
the surveys again 3 months later to enable the assessment of
test-retest reliability [11]. A description of the MTurk study
design and sample recruitment procedures is described
elsewhere, asis a description of the participants in the sample
and their scores on the surveys and behavioral tasks [8,9]. For
this project, survey datafrom this sample were used to perform
adimension analysis of arange of self-regulation measures. A
full list of the surveys and their subscales is included in
Multimedia Appendix 1 [6,12-31].

To support thedimension analysisviaexploratory factor analysis
(EFA), the observations (participants) were partitioned into a
discovery set (200/522, 38.3%) and a validation set (322/522,
61.7%). The complete set (N=522) comprised the discovery
and validation sets.

Analytic Approach

Item Reduction to Solve an n<p Problem

In statistics, an n<p problem describes the challenge of having
more variables than observations on which the variables are
measured. With the M Turk sampl e of 522, we encountered such
a challenge in using al the variables (items) to perform a
dimension analysis of self-regulation using all 594 items from
the 23 self-regulation surveys. Therefore, a precursor to
performing exploratory factor analyses wasthe reduction of the
number of evaluated itemswhile still maintaining itemsin each
potential self-regulation domain. To facilitate this process,
scale-level analyseswere performed on each self-reported scale
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to first confirm the structure of the scale and then identify a
subset of well-performing itemsto carry forward as candidates
for further self-regulation dimension analysis. This process
began with research on the scal€'s derivation and a qualitative
review of the scale to ensure self-regulation was indeed the
scale’s target. Next, for each scale, correlated factor analysis
was performed to confirm the scale’s factor structure in the
sample. Finally, an item response theory (IRT) analysis was
performed within each scale to identify a set of approximately
3 items per scale to inform the development of a measure that
succinctly capturesvariousdimensions of self-regulation. Items
were considered to perform well in the factor analysis if they
loaded primarily on one factor of the scale and did not have
high loadings on other factors and were considered to perform
well in the IRT analysis if they had high information and
discrimination. The goa of the item reduction process was to
keep items from each subscale or construct measured to retain
full coverage of scalesin the fina candidate set while limiting
them to well-performing items.

Dimension Analysisand Factor Interpretation

The MTurk data on the reduced set of items (116 items) were
subjected to dimensional analyses. The discovery (n=200),
validation (n=322), and compl ete data sets (N=522) were used
to perform the EFA of the reduced set of items. The goal of the
EFA was to identify the number of underlying factors in the
sample and interpret the content of each factor where possible.
EFA was performed using Mplus [32].

For each factor-based solution, aqualitative review of theresults
was performed to identify and describe the factors. This
assessment was done by focusing on items that loaded onto a
factor and then qualitatively reviewing the text of these items
and naming the factor based on the content of all loading items.

Test-Retest Results

Test-retest information from each item was also considered in
the item selection process. In the sample of 150 MTurk
participants who completed the surveys at 2 time points, we
computed item-level intraclass correlation coefficients (1CCs).
The results of the scale and task |CCs and how they related to
behaviors have been published elsawhere [11]. For this study,
the ICCs provided further information on which items might
be better for momentary measurement. A large ICC indicates
that there is not a great deal of variability within individuals.
Such anitem likely measures an individual-level characteristic
rather than amomentary characteristic that may vary over time
and in different situations. Details on how the ICCs were
incorporated into the selection of itemsfor study at amomentary
level areincluded in theitem selection process described in the
following sections.

Item Selection for Study of Momentary Self-regulation

Using the results of the dimension analyses, we aimed to select
a set of items from each identified factor and select
approximately 15 items in total. The goa for the number of
items sel ected for the momentary study was based on the number
thought to be reasonable to answer on a momentary basis
(consistent with the broader literature on EMA), as well as
provide a large enough sample of items so that further item
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selection could be performed based on their performancein the
planned pilot of the items (phase 2). To aobtain a set of items
from each factor, we selected items with the following
characteristics:

1. Itemsthat loaded primarily on onefactor (did not load >0.5
on >1 factor) and loaded highly on that factor (>0.5)

2. Items whose |CC was not large enough to indicate a lack
of variability within the individual

3. Itemsthat did not refer to a specific activity that would not
be present in alarge proportion of momentsin areal-world
setting (eg, skiing or skydiving)

Confirming the Factor Structure

Oncetheitemswere selected for further study at the momentary
level, we performed a confirmatory factor analysis (CFA) to
determinewhether theidentified factorsin the larger set of items
were confirmed in the selected items. Adjustments to the item
selection and further exploratory analyses and CFAs were
performed until a solution with acceptable fit statistics was
obtained.

Phase 2

Overview

Using the items selected in phase 1, we moved to study
self-regulation at a momentary level. We piloted all selected
itemson anew sample of participants and then assessed within-
and between-individual variability of items and examined the
underlying factor structure at the within- and between-individual
levels. The goa was to develop a momentary self-regulation
measure and perform an initia evaluation of its validity. To
ensure construct validity between the trait-level and
momentary-level self-regulation measurements, we examined
the associ ation between nonmomentary self-regul ation measured
at baseline and the momentary self-regulation responses
collected from phase 2 participants throughout atotal of 42 time
points over 14 consecutive days. We also assessed the
psychometric properties of between- and within-individual
momentary self-regulation items and subscales, as well as the
predictive validity of the subscales and total scores for health
risk behaviors (eg, smoking and overeating). Self-regulation
has been implicated in many health risk behaviors, including
substance use and disordered eating [33-37].

Sample

A new sample of participants was recruited through MTurk for
phase 2. To be eligible for the momentary study, participants
had to be aged between 18 and 50 years, US residentsin states
that included only the Eastern time zone (because of the manual
process involved in implementing the text prompting and
compensation procedures), fluent in English, and willing to
receive text promptson their smartphoneto initiate and complete
3 surveys per day over 14 consecutive days. We recruited 60
participants to account for potential study attrition and meet a
minimum analytic sample size of 50. We did not perform a
formal power analysis or sample size calculation, given the
exploratory nature of the study and the lack of preexisting data
on the variability of momentary self-regulation. However, we
expected that the sample size (n=50), along with 42 time points
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for each participant, would provide arich dataset for performing
the proposed psychometric analyses.

Eligible participants were provided with information on the
study procedure, risks, benefits, and payment schedules.
Individuals who read the information sheet and agreed to
participate enrolled in the study after clicking the next button
on the page to provide their consent. They were directed to a
web-based baseline survey that assessed demographic
characteristics and several trait-level self-regulation surveys.
Partici pants received study instructions and detail ed explanations
viaphone SM Stext messages and direct messages sent through
the MTurk crowdsourcing platform.

Ethics Approval

The study procedure and survey materials were approved by
the Dartmouth College Committee for the Protection of Human
Subjects (STUDY 00028975).

Data Collection

We leveraged the technol ogy features available through mobile
texting prompts and the Qualtrics survey platform to simulate
EMA methods with 42 repeated microsurveys (3 times per
day—morning, midday, and evening—for 14 days) and facilitate
rapid compensation. Each microsurvey contained 20 survey
items and took <3 minutes on average to complete. Participants
were compensated within an hour of the completion of each
microsurvey. We simulated the EMA method instead of
developing an EMA mobile app to expedite data collection
while enabling remote recruitment and data collection. Each
text prompt contained a unique hyperlink that directed the
participants to a given web-based microsurvey. Text prompts
were sent at arandom time within a predetermined time window.
Participants were asked to complete microsurveys on their
mobile devices (verified via an external website that tracks the
devices used to answer surveys). To promote study retention,
we sent areminder with the same message to those who did not
complete the survey within an hour of receiving the random
prompt. Consistent with compensation models offered within
the MTurk crowdsourcing environment, participants were
compensated US $0.30 for each microassessment and US $5
daily bonuses for completing all 3 assessments per day.

Measures

Baseline Survey

We measured demographic characteristics (eg, age, gender,
ethnicity, race, education, and income) and height and weight
for BMI, aswell as health behavior characteristics, such as the
Drug Abuse Screening Test (DAST-10) [38,39], Cannabis Use
Disorders | dentification Test—Revised (CUDIT-R) [40], Alcohal
Use Disorders Identification Test (AUDIT) [41], Three-Factor
Eating Questionnaire-R18 (TFEQ-R18) [42], and smoking
status. These behavioral characteristics were collected to
examine the relationship between momentary self-regulation
dynamics and health risk behaviors. In phase 1, asubset of items
from the 23 self-report surveys was selected. In the phase 2
baseline survey, we included the 8 self-report surveys from
which the momentary self-regulation scal eitemswere sel ected.
These scales were the functional and dysfunctional impulsivity
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subscales from the Dickman Impulsivity Inventory [12]; the
suppression subscal e of the Emotion Regulation Questionnaire
(ERQ) [13]; the nonjudging subscale of the Five Facet
Mindfulness Questionnaire (FFM Q) [ 14]; the venturesomeness
subscale of the Eysenck I-7 Impul siveness and Venturesomeness
Questionnaire (1-7) [15]; the Mindful Attention Awareness Scale
(MAAYS) [16]; the Selection, Optimization, and Compensation
Questionnaire [17]; the Short Self-Regulation Questionnaire
(SSRQ) [18]; and the lack of premeditation and lack of
perseverance subscal es of the Urgency, Premeditation (lack of),
Perseverance (lack of), Sensation Seeking, and Positive Urgency
(UPPS-P) Impulsive Behavior Scale [19,20]. These subscales
were collected to facilitate validation analyses for the
momentary items.

Microsurveys

Driven by the practice of momentary scale development and
validation research in psychometric studies [43], the wording
of the 20 items was modified to capture the momentary level
of self-regulation. For example, the item “I keep my emotions
to myself” was modified to “Since the last prompt, | kept my
emotions to myself.” Similar modification methods with the
leading phrase “Since the last prompt..."” were applied to all
other candidate items. Response options for al items were
standardized to a 5-point Likert scale, ranging from not at all
(1) to extremely (5). After phase 1 and data collection for phase
2, we noted that 2 of the 20 items originated from the
Multidimensional Personality Questionnaire Control scale[21],
which has a copyright restriction that prevents their use in the
development and publishing of new measures. Therefore, we
removed these 2 items from the originally selected items,
verified that the other 22 self-regulation surveys did not have
copyright restrictions, and proceeded with 18 items in the
analysis. Asdetailed in the following sections, the 18 items did
not have a different structure than that of the 20 items.

Analytic Approach

First, we evaluated the construct validity of the 20 individual
momentary items using baseline self-regulation surveys. To do
this, we fit generalized estimating equation modelsto examine
the association between each momentary self-regulation item
and its corresponding trait-level self-regulation subscale assessed
at baseline. Thiswasto ensure what we intended to measure at
a momentary level (self-regulation at the moment of each
assessment) was the same concept (self-regulation) captured by
the original self-regulation survey.

Second, to assess the intra- and interindividual variability of
theitems, we examined | CCs estimated via univariate multilevel
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models with a probit link. We then performed multilevel EFA
followed by CFA, allowing for correlated factorsto identify the
number of factors measured by the momentary set of items at
the between- and within-individual levels. The results of these
factor analyses, along with theinformation on construct validity
and ICCs, were used to select approximately 3 items per factor
to be included in the final momentary scale.

Withthefinal set of momentary self-regulation items, we created
subscale scores comprising the mean item response from all
items from afactor and created overall scores computed asthe
mean of the 4 subscale scores. We evaluated the construct
validity of the final momentary subscales and total scores via
mixed-effects models examining the relationship between the
momentary subscale and total score and the baseline
self-regulation measures. Finally, we evaluated the predictive
validity using mixed-effects modelsfor health information (eg,
alcohol, smoking, other substance use, food intake, and BMI)
and explored the association between momentary self-regulation
subscales and age, sex, education, and income. All analyses
accommodated the multilevel structure of the data by modeling
both the between- and within-individual variations in repeated
assessments. Mplus [32] was used for the multilevel factor
analyses. SAS software (version 9.4, SAS Ingtitute Inc) was
used for data merging and processing, generalized estimating
equations, and mixed models.

Results

Phase 1

Item Reduction

Owing to space constraints, we do not present the results from
each scalelevel analysis used to select a reduced set of
well-performing items. Instead, we briefly describe the steps
taken for the UPPS-P Impulsive Behavior Scale as an example.
The same process was followed for al 23 self-regulation
surveys.

Firgt, the 5-factor structure was confirmed through a factor
analysis of al the items on the scale. The factors loaded onto
the subscal es that were previously defined in the literature. The
selected itemsloaded strongly onto their designated factorsand
showed a minima overlap. Separate scree plots for each
subscale confirmed the 1-factor structure of the subscales.

The selected itemsfrom each subscal e are described in Textbox
1. These items were selected based on a qualitative assessment
to identify the items with the best discrimination and highest
level of information.
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Textbox 1. Selected items from each subscal e of the Urgency, Premeditation (lack of), Perseverance (lack of), Sensation Seeking, and Positive Urgency

Impulsive Behavior Scale.

Selected items from each subscale

Premeditation

« ‘I liketo stop and think things over before | do them.” [UPP17]
o “lusualy think carefully before doing anything.” [UPPA49]

. “Beforemaking up my mind, | consider all the advantages and disadvantages.” [UPP56]

Per severance

«  “I generaly like to see things through to the end.” [UPPO5]
o “lfinishwhat | start.” [UPP28]

o “l dmost dwaysfinish projectsthat | start.” [UPP43]

Negative urgency

«  “When| feel bad, | will often do things | later regret in order to make myself feel better now.” [UPP18]

o “When| am upset | often act without thinking.” [UPP30]

. ‘I often make matters worse because | act without thinking when | am upset.” [UPP45]

Positive urgency

«  “When| get really happy about something, | tend to do things that can have bad consequences.” [UPP41]
o “When overjoyed, | fedl like | can’t stop myself from going overboard.” [UPPA46]

« “I tend to act without thinking when | am really excited.” [UPP53]

Sensation seeking
. “l quiteenjoy taking risks.” [UPP24]

« “l welcome new and exciting experiences and sensations, even if they are alittle frightening and unconventional.” [UPP32]

« “I sometimes like doing things that are a bit frightening.” [UPP42]

Dimension Analysis and Factor | nterpretation

Number of Factors: EFA

Scree plots of eigenvalues from the discovery, validation, and
complete sets (reduced items) showed adecreased rate of change
after 3 eigenvalues and were almost flat after 6 eigenvalues.
Given this, 3- and 4-factor EFAs were completed.

I nterpretation of Factors

Patterns of factor loadings were used to interpret the measured
factors across several factor solutions. For each solution, all
items loading on a factor were reviewed, and an attempt was
made to identify the construct under study and assign a name
to each factor through a qualitative assessment of the item text.
Table 1 lists the names of the factors across multiple
factor-based solutions.

https://mental .jmir.org/2022/5/€35273

In the 3-factor solution, in both the discovery and validation
sets, aswell asthe complete observation set, the factors appeared
to represent (1) perseverance or lack of impulsivity, (2) sensation
seeking, and (3) inhibition or mind over matter. In the 4-factor
solution, in both the discovery and validation sets, the factors
appeared to represent (1) perseverance, (2) impulsivity or
sensation seeking, (3) inhibition or mind over matter, and (4)
negative rumination or self-judgment. However, in the compl ete
observation set, the factors differed, appearing to represent (1)
impulsivity, (2) sensation seeking, (3) inhibition or mind over
matter, and (4) negative rumination or self-judgment. Overall,
the 3-factor solution had the most support based on the scree
plot, consistency of results across observation sets, and
additional exploratory factor analyses not presented. Therefore,
we moved to the next step, assuming a 3-factor solution.
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Table 1. Phase 1: factor interpretation for the 3- and 4-factor exploratory factor analysis.

Factor analysis and data set
3-factor 4-factor
Discovery  Validation =~ Complete Discovery  Validation =~ Complete
Factor interpretation
Perseverance or lack of impulsivity O O 0
Perseverance ad O
Sensation seeking O O g O
Impulsivity or sensation seeking ad
Inhibition or mind over matter O O g d
Impulsivity
Negative rumination or self-judgment d O

Item Selection for Study of Momentary Self-regulation

As 3 factors appeared to have the most support, and among the
3-factor solutions, the discovery, validation, and compl ete data

Textbox 2. Item selection process.

sets yielded similar factors and results, we considered the
complete set and 3-factor solution asthe results from which we
would identify items for further study at the momentary level.
The selection processis detailed in Textbox 2.

evaluated all items with loadings >0.5 onto the factor.

follows:

Item selection process based on the complete data set and 3-factor solution
1. From each factor, we removed items with factor loadings <0.5 or with factor loadings >0.5 on >1 factor from further consideration.

2. Among the remaining items, the perseverance factor had many more items with factor loadings >0.5 (49 items), whereas the other 2 factors
(sensation seeking and inhibition or mind over matter) each had a smaller number of items with loadings >0.5 (15 and 9 items, respectively). As
we wanted to represent all 3 factors in our selected items, we only considered the first 21 items (approximately 40% of all items with loadings
>0.5) that loaded onto the perseverance factor (ordered by factor loading value). For sensation seeking and inhibition or mind over matter, we

3. Among the resultant 21+15+9 items, we aimed to select items in proportion to the number loading on the 3 factors; hence, we sought to select
10 perseverance or impulsivity items, 3 sensation-seeking items, and 2 inhibition or mind over matter items. The selection procedure was as

«  Weremoved items with alarge intraclass correlation coefficient (ICC) vaue (>0.7).
«  Weremoved items referring to a specific activity (eg, skiing or skydiving), which is common among sensation-seeking items.
«  Weadded items outside of theinitial selection from each factor if they narrowly missed the selection but had available |CCs that were <0.4.

«  Wethen selected items that represented a variety of themes within the factor, favoring items with lower 1CCs.

The selection resulted in 20 initialy selected items: 10 items
from the perseverance or impulsivity factor, 5 items from the
sensation-seeking factor, and 5 items from the inhibition or
mind over matter factor. Given that the items that appeared to
represent impulsivity (eg, “I think before doing,” “do you
generally do and say things without stopping to think?’ and “I
get in trouble because | don't think before | act”) were not
selected, we call the first factor perseverance rather than
perseverance or lack of impulsivity.

Confirming the Factor Structure

We performed a CFA to determine whether theidentified factors
in the larger set of items were confirmed in the selected 20
items. The 3-factor confirmatory model did not fit the datawell
(root mean square error of approximation [RMSEA] 0.115, 95%
Cl 0.110-0.121; Tucker-Lewis Index [TLI] 0.801). Therefore,
we performed a 3-, 4-, and 5-factor EFA of the selected items.
Inthe exploratory analysis, the 4-factor solution best fit the data

https://mental .jmir.org/2022/5/€35273

(RMSEA 0.051, 95% CI 0.043-0.059; TLI 0.961). Qudlitative
examination of items that had previously made up the third
factor (inhibition or mind over matter) showed a split across
the third and fourth factors in the EFA, suggesting 2 separate
factors: emotion regulation and mindfulness. To accommodate
thisnew structure, from the originally selected 20 items, 2 items
were removed from the perseverance factor, and 1 item each
was selected (based on the qualitative assessment of
measurement and examination of factor loadings within the
larger item set and item-level 1CCs) to measure the emotion
regulation and mindfulness factors. Furthermore, a 4-factor
CFA was performed on the revised 20-item set, and the model
fit the data well (RMSEA 0.094, 95% CI 0.088-0.100; TLI
0.917), and we considered our selection complete. Tables 2 and
3 show theitemsinitialy selected and the final item selection,
respectively, that resulted from the confirmatory analyses. The
factorsidentified were perseverance, sensation seeking, emotion
regulation, and mindful ness.
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Table2. Phase1: initia (before confirmatory analysis) selection of itemsthat represent 3 underlying factorsto be considered candidates for momentary
measurement in phase 2.

Item source Item text Factor name

Perseverance Sensation  Inhibition or
seeking mind over matter

UPPS-P? Impulsive Behavior Scale «  [Ifinishwhat | start. u
[19,20]

Selection, Optimization, and Compensa- « | keep working on what | have planned until | O
tion Questionnaire [17] succeed.

«  When | do not succeed right away at what | want
todo | do not try other possibilitiesfor very long.

UPPS-PImpulsive Behavior Scale[19,20] - | generally like to seethingsthroughtotheend. 0O

Short Self-Regulation Survey [18] o | setgoalsfor myself and keep track of my O
progress.

Dickman Impulsivity Inventory [12] « | often say and do thingswithout considering the O
consequences.

UPPS-PImpulsive Behavior Scale[19,20] « | usually think carefully before doing anything. O

Multidimensional Persondlity Question- « | am careful in reasoning. O

naire [21]

10-Item Personality Questionnaire [6] «  Dependable, self-disciplined. ad
Multidimensional Personality Question- « | value arational approach. O

naire [21]

Short Self-Regulation Survey [18] « | amabletoresist temptation. |

Eysenck I-7 Impulsivenessand Venture- « Do you quite enjoy taking risks? O
someness Questionnaire [15]

Eysenck I-7 Impulsiveness and Venture-  « Do you sometimes like doing thingsthat are abit O
someness Questionnaire [15] frightening?

Dickman Impulsivity Inventory [12] . lamgood at taking advantage of unexpected op- O

portunities, where you have to do something im-
mediately or lose your chance.

UPPS-PImpulsiveBehavior Scae[19,20] « | have areserved and cautious attitude toward O
life.
Dickman Impulsivity Inventory [12] o |liketotake part in really fast-paced conversa- O
tions, where you don’t have much time to think
before you speak.
Five Facet MindfulnessQuestionnaire[14] - | think some of my emotions are bad or inappro- (W

priate and | shouldn’t feel them.

Emotion Regulation Questionnaire[13] .  When | am feeling negative emotions, | make (W
sure not to express them.

Emotion Regulation Questionnaire[13] « | control my emotions by not expressing them. (W

Mindful Attention Awareness Scale[16] « | find myself doing things without paying atten- ad
tion.

Mindful Attention Awareness Scale[16] « It seems| am “running on automatic” without O

much awareness of what I’ m doing.

3UJPPS-P: Urgency, Premeditation (lack of), Perseverance (lack of), Sensation Seeking, and Positive Urgency.
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Table 3. Phase 1: final (after confirmatory analysis) selection of items that will be considered candidates for momentary measurement in phase 2.

Factor name Item text
Sensation  Emotion Mindfulness
seeking regulation
UPPS-P? Impulsive Behavior Sclle | finishwhat | start.
[19,20]
Selection, Optimization, and Compensa- « | keep working on what | have planned
tion Questionnaire [17] until | succeed.
«  When | do not succeed right away at what
| want to do | do not try other possibilities
for very long.
UPPS-P Impulsive Behavior Scale « | generdly liketo seethingsthrough to the
[19,20] end.
Short Self-Regulation Survey [18] « | setgoalsfor myself and keep track of my
progress.
Dickman Impulsivity Inventory [12] « | often say and do things without consider-
ing the consequences.
UPPS-P Impulsive Behavior Scale « | usualy think carefully before doing any-
[19,20] thing.
Multidimensional Personality Question- « | am careful in reasoning.
naire [21]
Multidimensional Personality Question- « | value arational approach.
naire [21]
Short Self-Regulation Survey [18] « | amableto resist temptation.
Eysenck I-7 Impulsivenessand Venture- « Do you quite enjoy taking risks? O
someness Questionnaire [15]
Eysenck I-7 Impulsivenessand Venture- « Do you sometimes like doing things that 00
someness Questionnaire [15] are a bit frightening?
Dickman Impulsivity Inventory [12] « lamgood at taking advantage of unexpect- O
ed opportunities, where you have to do
something immediately or lose your
chance.
UPPS-P Impulsive Behavior Scale « | have areserved and cautious attitude to- 00
[19,20] ward life.
Five Facet Mindfulness Questionnaire  « | think some of my emotions are bad or in- O
[14] appropriate and | shouldn’t feel them.
Emotion Regulation Questionnaire[13] «  When | am feeling negative emotions, | 0
make sure not to express them.
Emotion Regulation Questionnaire[13] « | control my emotions by not expressing O
them.
Five Facet Mindfulness Questionnaire  « | tell myself | shouldn’t be thinking the way O
[14] | am thinking.
Mindful Attention AwarenessScale[16] « | find myself doing things without paying O
attention.
Mindful Attention AwarenessScale[16] « It seems| am “running on automatic” d

without much awareness of what I'm doing.
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Factor name Item text

Factor name

Emotion Mindfulness

regulation

Sensation
seeking

Perseverance

Mindful Attention Awareness Scale[16]
ly attentive to them.

| rush through activitieswithout being real - ad

8UPPS-P: Urgency, Premeditation (lack of), Perseverance (lack of), Sensation Seeking, and Positive Urgency.

Phase 2

Participants and Study Retention

Approximately 12% (7/60) of participants who enrolled in the
study did not complete any of the 42 microsurveys, resulting
in 53 participantswith momentary data. Participantswere mainly
White (47/53, 88%), non-Hispanic (48/53, 90%), married (20/53,
37%), and female (30/53, 56%) and aged between 22 and 48
years at baseline. These 53 participants completed a median of
42 of the 42 microsurveys (range 1-42). The mean BMI was
27.18 (SD 6.08, range 18.30-44.30) kg/m? falling in the
overweight category. Approximately 30% (16/53) of the
participants reported that they smoked cigarettes every day,
40% (21/53) had used cannabis, and 36% (19/53) reported that
they had not limited their alcohol intake to less than monthly
in the past year. Approximately 28% (15/53) of participants
reported that they had used drugs other than those required for
medical reasons.

https://mental .jmir.org/2022/5/€35273

Momentary | tem Examinations: Construct Validity and
Intra- and Interindividual Variability

Analyses examining the construct validity of the individual
items assessed the association between the baseline trait-level
self-regulation item and momentary-level self-regulation item.
They showed a significant association with the exception of 1
item (item 3), indicating that for al other items, the concept
operationalized and measured through momentary itemsreflects
the original construct (trait-level self-regulation) measured at
the baseline survey (Table 4).

Unconditional multilevel models confirmed that there was
significant variation at the individual item level for all items
with 1CCs ranging from 37% to 64%, indicating that a large
proportion of the variability in the items was because of
within-individual fluctuation rather than between-individual
variation.
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Table 4. Phase 2 construct vaidity of momentary items: regression coefficients from multilevel models relating momentary self-regulation items to

corresponding baseline trait-level self-regulation subscales.

Item number  Source (baseline self-regulation scale) Momentary self-regulation item Regression coefficient
1 Dickman Impulsivity Inventory [12] Since the last prompt, I've been good at taking advantage of g 52
unexpected opportunities.
2 Dickman Impulsivity Inventory [12] Sincethelast prompt, I've said thingswithout consideringthe g gga
Cconseguences.
3 Emotion Regulation Questionnaire [13] Since the last prompt, I’ve controlled my emotions by not 0.10
expressing them.
4 Emotion Regulation Questionnaire [13] Sincethelast prompt, if I'vefelt negative emotions, I'vemade 12
sure not to express them.
5 Five Facet Mindfulness Questionnaire [14]  Sincethelast prompt, I'vetold myself | shouldn’t bethinking  ogb
the way | am thinking.
6 Five Facet Mindfulness Questionnaire [14]  Since the last prompt, I’ve thought some of my emotionsare g o1b
bad or inappropriate and | shouldn’t feel them.
7 Eysenck I-7 Impulsivenessand Venturesome- ~ Since the last prompt, I've quite enjoyed taking risks. 0.892
ness Questionnaire [15]
8 Eysenck I-7 Impulsivenessand Venturesome-  Since the last prompt, I've enjoyed doing things that are abit 502
ness Questionnaire [15] frightening.
9 Mindful Attention Awareness Scale[16] Sincethe last prompt, it has seemed | am running on *“automat-  _q 442
ic” without much awareness of what I’ m doing.
10 Mindful Attention Awareness Scale[16] Since the last prompt, I’ve rushed through activities without  _q 402
really being attentive to them.
11 Mindful Attention Awareness Scale[16] Sincethe last prompt, I"ve found myself doing thingswithout _q 432
paying attention.
14 Selection, Optimization, and Compensation ~ Since the last prompt, I've worked on what | planned until |~ _1 g2
Questionnaire [17] succeeded.
15 Short Self-Regulation Questionnaire [18] Since the last prompt, | have set goals and kept track of my 492
progress toward goals.
16 Short Self-Regulation Questionnaire [18] Since the last prompt, I’ ve been able to resist temptation. 0.292
17 UPPS-P° Impulsive Behavior Scale [19,20] Sincethelast prompt, my attitudetoward lifehasbeenreserved  _ 472
and cautious.
18 UPPS-P Impulsive Behavior Scale [19,20] Since the last prompt, I've generally seen thingsthroughto  _q gg2
the end.

19 UPPS-P Impulsive Behavior Scale[19,20]  Sincethelast prompt, I've been abletofinish projects| started.  _q 432
20 UPPS-P Impulsive Behavior Scale [19,20]  Since the last prompt, | have thought carefully beforedoing  _g g12
things.

%P<.01.
bp< 05.

CUPPS-P: Urgency, Premeditation (lack of), Perseverance (lack of), Sensation Seeking, and Positive Urgency.

Examining Factor Structurein Momentary | tems

Multilevel EFA modelswith between 3 and 5 within-individual
factors and between 3 and 4 between-individual factors were
explored. Table 5 presents the fit statistics for these models.
Models with both 4 and 5 within-individual factors and with
both 3 and 4 between-individua factors had good fit statistics,
with the exception of the chi-square test, which is sensitive to
sample size.

We used iterative processes to report the best factor solutions
for the momentary self-regulation scale. For example, athough
the 5-factor within-individual structure seemed to fit the data
well, having 5 factors resulted in separating the emotion
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RenderX

regulation factor into 2 factors based only on the scales from
which theitems originated, which isunlikely to be ameaningful
distinction. The 3-factor solution at the between-individual level
appeared to fit the datawell. The difference between the 3- and
4-factor solutions is that emotion regulation and mindfulness
factors may be combined into 1 factor at the between-individual
level. Given these results, we examined the 4-factor EFA results
for theitem selection stepsthat followed. The4 factorsidentified
were very similar to those present in phase 1: perseverance,
sensation seeking, mindfulness, and emotion regulation.

As we aimed to retain only items that performed well at the
individual and moment levels in a momentary self-regulation
scale, we examined the factor loadings and communalities of
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the items in the multilevel EFA. We selected items that
consistently showed high communalities at both within- and
between-individual levels, indicating that variability in these
itemsisreasonably explained by the underlying factors, aswell
asitemsthat consistently loaded highly on the factors of interest
and did not simultaneously load highly on the other factors
being measured. This process yielded a set of 12 items—3
selected for each underlying factor.

Scherer et al

A multilevel CFA was fit to these 12 items. The fit statistics
from this multilevel CFA model were comparative fit index
0.989, standardized root mean squared residual (between) 0.083,
standardized root mean square residual (within) 0.083, RMSEA
0.012, and TLI 0.985. The significant path coefficients and
covariances between the factors are shown in Figure 1.

Table5. Phase 2 fit statistics from multilevel exploratory factor analyses on 18 momentary items.

Statistics Exploratory factor analysis model

3w3B? 4ws3BP 5W3B® 4wapY 5W4B®
Number of parameters 192 207 221 222 236
Chi-square (df) 606.7 (204)' 322.6 (189)' 222.7 (175)f 317.6 (174)f 213.1 (160)"
RMSEAY 0.030 0.018 0.011 0.020 0.012
crh 0.913 0.971 0.990 0.969 0.988
T 0.869 0.953 0.982 0.945 0.978
SRMRI within 0.130 0.091 0.065 0.091 0.065
SRMR between 0.064 0.064 0.064 0.042 0.042

3\odel with 3 within-level factors and 3 between-level factors.
®Model with 4 within-level factors and 3 between-level factors.
“Model with 5 within-level factors and 3 between-level factors.
dModel with 4 within-level factors and 4 between-level factors.
®Model with 5 within-level factors and 4 between-level factors.
fp<.01.

9RMSEA.: root mean square error of approximation.

Acr: comparative fit index.

"TLI: Tucker-Lewis Index.

ISRMR: standardized root mean square residual .
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Figure 1. Path coefficients from the multilevel confirmatory factor analysis of 12 finalized items. For path coefficients between latent factors, only

significant coefficients are reported for readability.
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Subscale and Total Score Creation

To create subscale scores based on the 4 identified factors, we
calculated the mean of the scores of al items loading onto a
factor and reverse coded the items so that all items measured
the construct in the same direction. For example, the
sensation-seeking subscale comprised the mean of items 7 and
8, which measure sensati on-seeking behavior, and reverse-coded
item 17, which measures alack of sensation-seeking behavior.
In addition, we reverse coded all mindfulness items (items 9,
10, and 11) to measure mindfulness rather than lack of
mindful ness.

We also created a total momentary self-regulation scale score
that was a composite (mean value) of all subscale scores using
2 methods: literature-based total score and data-based total
score. On the basis of the existing literature, we would expect
that perseverance, mindfulness, emotion regulation, and lack
of sensation-seeking factorswould all have positive correlations.

https://mental .jmir.org/2022/5/€35273
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Therefore, we created aliterature-based total by cal culating the
mean of the persaverance, mindfulness, emotion regulation, and
reverse-coded sensation-seeking subscales (literature-based
total).

In the CFA (and EFAS), we found that the emotion regulation
and perseverance factors had a negative correlation. Therefore,
we examined the items that make up the emation regulation
factor, and instead, they appeared to measure self-judgment to
some extent. Indeed, the items were from the nonjudging scale
of the FFMQ. Self-judgment could be negative rather than
positive in terms of self-regulation; thus, we created another
total score comprising the mean of the perseverance,
mindfulness, reverse-coded emotion regulation, and
reverse-coded sensation-seeking subscales (data-based total).
Higher literature-based and data-based totals each indicate
greater momentary self-regulation. Table 6 includes the final
item set and detail s on how each item contributesto the subscale
and how the subscales contribute to the total score.
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Table 6. Phase 2 momentary-level itemsin momentary self-regulation scale.

Itemnumber Source

Momentary self-regulation item

Momentary self-regulation
subscale (-)2 (R)®

14 Selection, Optimization, and Compensation  Since the last prompt, I’'ve worked on what | planned until  Perseverance
Questionnaire [17] | succeeded.
15 Short Self-Regulation Questionnaire [18]  Sincethelast prompt, | have set goalsand kept track of my  Perseverance
progress toward goals.
19 UPPS-F® Impulsive Behavior Scale[19,20] Since the last prompt, I’ve been able to finish projects| Perseverance
started.
7 Eysenck I-7 Impulsiveness and Venture- Since the last prompt, I’ve quite enjoyed taking risks. (-) Sensation seeking
someness Questionnaire [15]
8 Eysenck I-7 Impulsiveness and Venture- Since the last prompt, I’ve enjoyed doing thingsthat area () Sensation seeking
someness Questionnaire [15] bit frightening.
17 UPPS-P Impulsive Behavior Scale [19,20] Since the last prompt, my attitude towards life has been (-) Sensation seeking (R)
reserved and cautious.
4 Emotion Regulation Questionnaire [13] Since the last prompt, if I've felt negative emotions, I've  (-) Self-judgment
made sure not to express them.
5 Five Facet Mindfulness Questionnaire[14]  Since the last prompt, I've told myself | shouldn’t be (-) Self-judgment
thinking the way | am thinking.
6 Five Facet Mindfulness Questionnaire [14]  Since the last prompt, I’ ve thought some of my emotions  (-) Self-judgment
are bad or inappropriate and | shouldn’t feel them.
9 Mindful Attention Awareness Scale [16] Sincethelast prompt, it hasseemed | amrunningon“auto- Mindfulness (R)
matic” without much awareness of what I’'m doing.
10 Mindful Attention Awareness Scale [16] Sincethelast prompt, I'verushed through activitieswithout  Mindfulness (R)
really being attentive to them.
11 Mindful Attention Awareness Scale [16] Since the last prompt, I’ve found myself doing things Mindfulness (R)

without paying attention.

8 ndicates the subscale should be reverse coded when combining to create the data-based total score.
B ndicates the item should be reverse coded when cresti ng the subscale score.
CUPPS-P: Urgency, Premeditation (lack of), Perseverance (lack of), Sensation Seeking, and Positive Urgency.

Construct Validity of Momentary Subscales and Total
Scores

We examined the relationships between the momentary
self-regulation subscales and the trait-level self-regulation
subscal es by modeling the associations between the momentary
subscales and the literature-based and data-based total scores
with the trait-level subscale scores assessed at baseline. The
results are presented in Table 7. A regression coefficient that is
significantly different from O would support construct validity,
as we expected the momentary subscales to relate to existing
scales that measure self-regulation. The strength of the
association varied acrossthe baseline measures and momentary
subscales. This may be because of different subscales measuring
different aspects of self-regulation than the particular baseline
measure, or it may be because of agreater degree of individual
variability in the momentary scale. The data-based total was
associated with the suppression subscale of the ERQ, the
nonjudging subscale of the FFMQ, the MAAS, the SSRQ, and
the lack of premeditation and lack of perseverance subscal es of
the UPPS-P. The literature-based total was associated with the
venturesomeness subscale of the I-7, the MAAS, the SSRQ,
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and thelack of premeditation and lack of perseverance subscales
of the UPPS-P.

The momentary mindfulness subscale was significantly
associated with thetrait-level suppression subscale of the ERQ,
the nonjudging subscale of the FFMQ, the venturesomeness
subscale of the I-7 (marginal, P=.05), the MAAS, the SSRQ,
and thelack of premeditation and lack of perseverance subscales
in the UPPS-P, indicating various convergent features of the
momentary mindful ness subscale with trait-level surveys.

Momentary emotion regulation or self-judgment demonstrated
a significant association with the suppression subscale of the
ERQ and a marginally significant association with the
nonjudging subscale of the FFMQ, indicating the convergent
properties of the momentary self-judgment subscale. The
momentary perseverance subscale was related to the MAAS,
the SSRQ, and the lack of perseverance and lack of
premeditation subscales of the UPPS-P. The momentary
sensation-seeking subscale was associated with the functional
impulsivity subscale of the Dickman Impulsivity Inventory, the
venturesomeness subscale of the 1-7, and the lack of
premeditation subscale of the UPPS-P.
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Table 7. Phase 2 regression coefficients from multilevel models relating baseline trait-level existing self-regulation subscales with momentary
self-regulation subscales and total scores (based on 12 items).

Trait-level scale (subscale, Momentary-level subscale Momentary-level scale
if applicable)

Mindfulness Self-judgment  Perseverance  Sensationseeking Data-based total® Literature-based total®

Dickman Impulsivity Inventory -0.21 -0.17 0.37 0.48° -0.02 -0.12
(functional impulsivity) [12]
Dickman Impulsivity Inventory -0.29 0.27 -0.21 0.32 -0.28 -0.13

(dysfunctional impulsivity) [12]

Emotion Regulation Questionnaire  _q 10° 0.08°¢ -0.01 0.01 _0.054 -0.01
(suppression) [13]

Five Facet Mindfulness Question-  _ 15¢ 0.09 -0.08 -0.01 —0.09° -0.03
naire (nonjudging) [14]

Eysenck I-7 Impulsiveness and _p.o5d 0.02 0.14 0.39¢ -0.13 _0.12d
Venturesomeness Questionnaire
(venturesomeness) [15]

Mindful Attention AwarenessScale () 17¢ -0.03 0.11° -0.02 0.08° 0.07°
[16]
Short Self-Regulation Questionnaire g 10d 0.03 0.24¢ 0.01 0.09° 0.25¢
(18]
UPPS-P® Impulsive Behavior Scale -0.20° 0.01 -0.194 0.23° -0.17° 0.10°

(lack of premeditation) [19,20]

UPPS-P Impulsive Behavior Scde  _g 17d 0.02 —0.33° 0.00 -0.13° —0.15°
(lack of perseverance) [19,20]

8Data-based total comprising the mean of mindfulness, perseverance, reverse-coded self-judgment, and reverse-coded sensation seeking.
BLiterature-based total comprising the mean of mindfulness, perseverance, self-judgment, and reverse-coded sensation seeking.

°P<.01.

p< 05.

€UPPS-P: Urgency, Premeditation (lack of), Perseverance (lack of), Sensation Seeking, and Positive Urgency.

Predictive Validit TFEQ-R18 emotional eating, and having never smoked and

redictive valicity positively associated with age, such that older individuals had
The associations between the subscalesand thetotal scoresand  higher scores on momentary mindfulness. The momentary
behavioral characteristic variablesare presentedin Table 8. The  self-judgment subscale was significantly positively associated

mindfulness subscale was significantly negatively associated  with the DAST-10 total, TFEQ-R18 total, TFEQ-R18 emotional
with the TFEQ-R18 total, TFEQ-R18 uncontrolled eating, eating, and TFEQ-R18 cognitive restraint.
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Table 8. Regression coefficients from multilevel models relating demographics and health behaviors to momentary self-regulation subscales and total

scores.
Demographic and health

behavior measures Mindfulness Self-judgment  Perseverance  Sensationseeking Data-based total® Literature-based total®
AUDIT total -0.03 0.03 0 0.06¢ -0.03¢ -0.02

AUDIT categories

1 114 -0.9 0.23 _1.149 0.9¢ 043

2 1.20° -1.04 0.42 -0.72 0.92¢ 0.37

3 -0.18 0.25 0.24 0.03 0 0.04

4 (reference) 0 0 0 0 0 0
CUDIT-R' total -0.06 0.05 0.02 =0.06 -0.04 -0.01
DAST-109 total -0.09 0.098 0.06 0.11¢9 -0.06 -0.02
TFEQ-R18" total -0.03¢ 0.03 —0.01 0.003 -0.02¢ 0.00
TFEQ-R18 uncontrolled eating _0.01¢ 0.004 -0.01 -0.0004 _0.01¢ -0.004
TFEQ-R18 emotional eating _001° 0.01¢ -0.01 0.001 ~0.005¢ -0.002
TFEQ cognitive restraint -0.003 0.019 0.003 0.003 -0.004 0.003

Smoking status

Current -0.36 0.19 -0.26 0.25 -0.27 -0.14
Never _0.618 0.30 -0.39 0.09 _0.358 -0.21
Past (reference) 0 0 0 0 0 —
Age (years) 0.038 -0.02 -0.003 —0.03° 0.028 0.01
Sex (male) -0.22 0.08 0.19 0.31 -0.11 -0.05
BMI (kg/m?) -0.02 -0.01 -0.02 -0.01 -0.01 0.01
Education
Bachelor's degree -0.15 0.36 -0.27 0.28 -0.27 -0.05
High School or GED' -0.07 0.08 -0.25 0.22 -0.16 0.01
Master’'s degree -0.27 0.48 0.33 0.09 -0.13 -0.05
Some college (reference) 0 0 0 0 0 0
Income (US $)
<30,000 0.02 0.16 -0.23 -0.01 -0.09 -0.06
30,000-50,000 -0.24 0.08 _0.98¢ 041 _0.448 _0.41¢
50,000-70,000 0.01 0.05 _0,63¢ -0.05 -0.16 -0.16
>70,000 (reference) 0 0 0 0 0 0

8Data-based total comprises the means of mindfulness, perseverance, reverse-coded self-judgment, and reverse-coded sensation seeking.
b iterature-based total comprises the means of mindfulness, perseverance, self-judgment, and reverse-coded sensation seeking.
CAUDIT: Alcohol Use Disorders I dentification Test.

dp<.01.

P<.05.

fCUDIT-R: Cannabis Use Disorders I dentification Test—Revised.

9DAST-10: Drug Abuse Screening Test.

hTFEQ-F218: Three-Factor Eating Questionnaire-R18 (revised version with 18 questions).

'GED: General Educational Development.
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The momentary perseverance subscal e was negatively associated
with only specific income categories; perseverance scorestended
to decrease among people with an income ranging between US
$30,000 and US $70,000. The momentary sensation-seeking
subscale was significantly positively associated with the AUDIT,
CUDIT-R, and DA ST-10 total scores and negatively associated
with age.

Thedata-based total score (mean of perseverance, mindfulness,
reverse-coded self-judgment, and reverse-coded sensation
seeking) had the most associations with negative health
behaviors and is therefore considered the optimal way of
combining the subscales into a total score for the predictive
ability for risk behaviors. This data-based total score was
significantly negatively associated with the AUDIT total,
TFEQ-R18 total, TFEQ-R18 uncontrolled eating, TFEQ-R18
emotional eating, and having never smoked and positively
associated with low categories of the AUDIT. The data-based
total also had asignificant association with older age. Although
the pairwise comparison between those in the US $30,000 to
US $50,000 income category and those in the =US $70,000
income category had significantly different data-based total
scores, income was not significantly associated with the
data-based total score overall. In contrast, the literature-based
total (mean of perseverance, mindfulness, emotion regulation,
and reverse-coded sensation seeking) was not related to any
negative health behaviors. The literature-based total had a
significant association with income (type 3 P value=.04), with
those in the US $30,000 to US $50,000 income category
reporting a significantly lower literature-based total score than
those in the =US $70,000 income category.

Discussion

Principal Findings

We developed and tested a momentary self-regulation scale,
starting with a broad literature review on the overarching
concept of self-regulation. Using an empirically driven, iterative
data analytic and refinement process with 23
self-regulation-related surveys, in phase 1 we conducted
dimension-level and item-level analyses and reduction through
EFA, CFA, and IRT to select the best candidate set of 20 survey
items with which to develop the momentary self-regulation
scale. The phase 1 resultsindicated that existing self-regulation
scales measure several underlying constructs within
self-regulation, including perseverance, sensation seeking,
emotion regulation, and mindfulness. We demonstrated that
these constructs could be measured at theindividual level using
a reduced set of items from these scales. In phase 2, we
examined the factor structure, item loadings, and within- and
between-individual variationsto further reduce the 20 candidate
items to 4 subscales with 3 items each. The fina 12-item
momentary self-regulation scale totals and subscales
demonstrated construct validity relative to the trait-level scales
fromwhich they were derived, aswell as predictive validity for
health risk behaviors. The phase 2 results provide initia
evidence that momentary self-regulation varies both at the
individual level and within individuals across time in a
real-world setting. The resulting metric may be useful for
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assessing factorsthat promote or fail to promote self-regulation,
including within-individual variation in self-regulation. It may
also be useful in assessing when interventions do or do not
promote self-regulation, a putative mechanism of behavior
change in many populations.

Research using EMA has illuminated processes that drive not
only time-sensitive, environment-responsive health behaviors,
such as substance use [44], but also psychological functioning,
such as impulsivity [43]. Digital technology has enabled this
research so that psychological and behavioral processes can be
explored within and between individuals as well as within a
nonlaboratory, naturalistic setting. A granular understanding of
self-regulation as a mechanism of behavior change is key to
understanding the conditions under which health behavior
change interventions may produce replicable effectsand inform
the development and refinement of more effective behavior
change interventions. To facilitate this understanding, new
measures of known individual characteristics that can be
captured on a momentary basis are needed. The current work
demonstrates that self-regulation is one construct that can be
explored at this level, as it varies both within and between
individuals. These findings also indicate that this momentary
self-regulation scal e can be admini stered through mobile devices
in a naturalistic setting. This scale may be useful in capturing
the richness of self-regulatory function in vivo and in changing
contexts and may help further inform contextual models of
self-regulation.

Limitations

Although the fina factor structure and items used in the
momentary self-regulation scale have demonstrated evidence
for construct validity and predictive validity, as well as
intraindividual level variations, this study has severd limitations.
First, both samples were drawn from a population of MTurk
workers whose representativeness is unknown relative to the
broader US population. Basic demographic information
indicated that the sample had limited racial and ethnic diversity.
Future studies should examine whether these findings can be
replicated and extended to other populations. Furthermore, the
momentary (phase 2) study did not measure environmental
contextual factors or social interactions of participants, which
may have affected the responses. Future efforts may adapt the
study methods and anal ytic proceduresto capture these external
factors as momentary self-regulatory dynamics are likely to be
interactive with, and reactive to, environmental and internal
factors.

In addition, in phase 2, we recruited a sample of 60 individuals
who resided in states in the Eastern time zone in this study
because of the operational capacity of the research team and
the manual process involved in sending text prompts with
microsurveys at randomized times. Although we do not have
reason to believe that persons from states in the Eastern time
zone have significantly different self-regulatory dynamics and
characteristics than those in other areas, future studies should
examine the validity and rdiability of our scale among
individuals recruited from geographically diverse areas and
groups, including rural and urban areas.
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Conclusions momentary study results, we further reduced the item set and

Beginning with existing self-regulation scales, we examined demonstrated theinitial validity in this sample of amomentary
the underlying constructs measured by the full set of itemsin  S8if-regulation scale comprising 12 items spanning 4 momentary
the scales and then identified areduced set of itemsthat captured  S¢f-regulation subscales. To further evaluate the validity and
the underlying constructs measured across the scales. After  'liability more generally, the momentary self-regulation scale
confirming that the construct structure was retained within the ~ Should be evaluated in other samples and contexts. This novel
reduced set of items, we further piloted the set of itemsina momentary self-regulation scale measures self-regulation ona
momentary study in which we captured data from individuals Momentary basis asindividuals move through their daily lives
in the moment, in their naturalistic contexts. Using the and can beadministered on mobile devices.
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Abstract

Background: Web-based interventions have proven to be effective not only in clinical populations but also in the occupational
setting. Recent studies conducted in the work environment have focused on the effectiveness of these interventions. However,
the role of employees’ acceptability of web-based interventions and programs has not yet enjoyed asimilar level of attention.

Objective:  The objective of this systematic review was to conduct the first comprehensive study on employees’ level of
acceptability of web-based mental health interventions based on direct and indirect measures, outline the utility of different types
of web-based interventions for work-related mental health issues, and build aresearch base in the field.

Methods: The search was conducted between October 2018 and July 2019 and allowed for any study design. The studies used
either qualitative or quantitative data sources. The web-based interventions were generally aimed at supporting employees with
their mental health issues. The study characteristics were outlined in atable aswell as graded based on their quality using atraffic
light schema. The level of acceptability was individually rated using commonly applied methods, including percentile quartiles
ranging from low to very high.

Results: A total of 1303 studies were identified through multiple database searches and additional resources, from which 28
(2%) were rated as eligible for the synthesis. The results of employees’ acceptability levels were mixed, and the studies were
very heterogeneous in design, intervention characteristics, and population. Approximately 79% (22/28) of the studies outlined
acceptability measures from high to very high, and 54% (15/28) of the studies reported acceptability levelsfrom low to moderate
(overlap when studies reported both quantitative and qualitative results). Qualitative studies also provided insights into barriers
and preferences, including simple and tailored application tools as well as the preference for nonstigmatized language. However,
there were multiple flaws in the methodology of the studies, such as the blinding of participants and personnel.

Conclusions: The results outline the need for further research with more homogeneous acceptability studies to draw a final
conclusion. However, the underlying results show that thereis atendency toward general acceptability of web-based interventions
in the workplace, with findings of general applicability to the use of web-based mental health interventions.

(IMIR Ment Health 2022;9(5):€34655) doi:10.2196/34655
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acceptability; e-mental health; online mental health interventions; occupational online interventions, employees, mobile phone
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Introduction

Background

There is an increasing level of awareness regarding the
importance of health and well-being in the workplace [1].
Anxiety, stress, and depression are the dominant mental health
issues for workers in the United Kingdom, with a prevalence
of 1320 cases per 100,000 workers, causing closeto 18 million
lost working days per year [2]. Employers have aresponsibility
to take care of their employees and provide support for both
their physical and mental health [3,4].

Web-based mental health interventions are increasingly being
used in the work environment as they have the advantage of
being cost-€effective, efficient, anonymous, location-independent,
flexible, and empowering. They are regularly used for both
prevention and intervention [5-10].

Web-based interventions also have multiple flaws, including
technical difficulties, ethical concerns, increased attrition rates,
and low engagement in the absence of guidance by professional
support [6,11]. Therefore, it is important to understand the
barriersthat reduce engagement and acceptability of web-based
interventions. Multiple systematic studies provide evidence of
the effectiveness of web-based mental health interventions at
work [12,13]. Importantly, they outline the need to tailor
interventions to populations’ needs, which requires greater
insight into barriers and the acceptability of web-based mental
health interventions in the workplace.

The acceptability of an intervention includes users’ emotional
and cognitive responses to the intervention [14], including
affective perceptions, burden and barriers, perceived benefits,
understanding of the intervention, opportunity costs, and
usability. In practice, this takes into account the individuals
preferences for features and tools, their willingness to use
web-based interventions, their engagement (eg, dropout and
attrition rate), and users' perceived utility or satisfaction with
theintervention.

Studying users’ acceptability of new treatments has ethical,
methodological (validity), and practical applications [15].
Specifically, ethical obligations include the exploration of
reasons for acceptable or unacceptable treatments as perceived
by the users. It is important to understand potential barriersto
intervention engagement before introducing the intervention to
employees. Awareness of intervention efficacy alone does not
mean that empl oyees accept web-based interventions as auseful
tool for self-help.

Sekhon et a [14] outlined studies assessing interventions
acceptability by using operational definitions in line with
measurable acceptability data (dropout rate and satisfaction
rating) and qualitative studies focusing on in-depth user
experiences. Current research has been limited to studies on
clinical populations. Clinical populations differ significantly in
symptom severity, level of risks, functionality, and response to
treatment; thus, the results might not be generalizable to
occupational populations [13]. Therefore, it is relevant to
explicitly assess employees acceptability of web-based
interventions.

https://mental .jmir.org/2022/5/€34655
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Objectives

Thissystematic review aimed to assess employees' acceptability
of web-based interventionsto improve their mental health. The
study aimed to inform intervention design and utility by
evaluating user experience and barriers and facilitatorsto using
web-based mental health interventions in the workplace.

Methods

This systematic review was conducted in linewith the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) guidelines [16] and followed the ENTREQ
(Enhancing the Transparency in Reporting the Synthesis of
Qualitative Research) guidelines[17,18].

Eligibility Criteria

Eligible studies met the Population, Intervention, Comparison,
Outcome criteria and included qualitative interviews,
guantitative studiesincluding scale measures of satisfaction and
forms of attrition rates, and mixed methods studies.
Acceptability was assessed by means of both direct
(acceptability, satisfaction, and experience) and indirect
(compliance, completion, adherence, attrition, and dropout rate)
measures. Studies were included if they were available in
English and published after 2005.

Population

The population was narrowed down to people aged =18 years
as there is a difference between child and adult interventions.
The participants could be employed part-time or full-time or
self-employed. Studies were included if the participants were
>60% employed. This threshold guaranteed that the main
outcome could be generalized to the eligible population for the
study’s purpose.

I ntervention

Following the guidance of the meta-review by Joyce et a [19]
on general workplace mental health interventions, web-based
interventions were kept broad to include those that were
conducted at work, had awork-related component, or aimed to
treat work-related risk factors (eg, stress, depression, or anxiety).
However, eligibleinterventions had to be exclusively web-based
programs or interventions that targeted employed people or
were applied in an occupational setting. Interventions or
programs could be delivered via a computer program, app, or
website. They could also differ in the device used to deliver the
content (computer, laptop, or mobile phone) aswell asinclude
variousformsof multimedia. All interventionsaimed to change
employees’ behavior or mental health. They could havetheaim
of preventing, treating, or rehabilitating mental health issues.

Comparison

This review compared randomized controlled trials (RCTS),
nonrandomized comparative trials, noncomparative trials,
explorative studies, and qualitative studies published between
2005 and 2019.

Outcome
Studies were included if they measured acceptability directly
or indirectly by means of qualitative assessment of acceptability,

JMIR Ment Health 2022 | vol. 9 | iss. 5 [e34655 | p.37
(page number not for citation purposes)


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

JMIR MENTAL HEALTH

satisfaction, and experience or the indirect measure of
acceptability through compliance, completion, adherence,
attrition, or dropout rate. Studies were included that assessed
the potential willingness to use interventions or the potential
features of interventions that were preferred or addressed as
disadvantageous for utility.

Exclusion Criteria

Studies were excluded if they did not meet the Population,
Intervention, Comparison, Outcome criteria; that is, if they
included guidance through coaches, therapists, or face-to-face
interactions and were applied to participants who were retired
or unemployed (>40%). In addition, studies were excluded if
they did not measure acceptability or willingness of use as an
outcome variable or used interventions that were not focused
on the users mental health.

Data Sources

The search was conducted in July 2019 and included the
following electronic databases: PsycINFO (Ovid), Embase

Textbox 1. Search terms organized into 4 concepts.

Scheutzow et al

(Ovid), MEDLINE (Ovid), Global Hedth (Ovid), and the
CochraneLibrary Trials(CENTRAL). Backward searching was
used to ensure that no key papers were missed.

Search Strategy

Databases were searched for studies published between 2005
and 2019. Duplicates were removed (Ovid search option). The
Boolean system was applied using AND and OR (Textbox 1)
to combine different terminologies of 4 key concepts included
in a free-text and keyword search. Specific occupations were
added to the general search of employees to increase the
likelihood of finding studies on high stress—exposed work
settings; for example, in the military or firefighter professions.
The search terms used were categorized as occupational settings
(employee), web-based interventions, mental ill health, and
acceptability of interventions. All the key terms considered
American and British spelling.

Concepts (combined using AND) and corresponding sear ch terms (combined using OR)

. Employee: employment, job, work, worker*, workplace, occupation*, employee*, manager*, line-manager*, staff, military, fire-fighter*, police,

emergenc*, business, organisational*, work related, personnel

«  Web-based intervention: video-therap*, mobile therap*, computerised cht, ccht, digital therap*, e-mental health, e-health, ehealth, computerised*
therap*, internet-based intervention, occupational e-therap*, occupational e-mental health, e-therap*, web-based therap*, internet based therap*,
online* therap*, tele-medicine, tele-therap*, tele-psychiatry, tele-psycholog*, computer-assisted therap*, electronic intervention, smartphone

intervention online, psychological*, app

. Menta ill hedlth: stress, mental health, mental illness, mental disorder, depress*, anxiety, affective symptoms, burnout, resilience wellbeing,
workplace wellbeing, ptsd, trauma, acute stress disorder, return to work, psychological*, sick* leave*, sick* day*, sick* absen*, absenteeism,
emotional stress, interpersonal stress, life stress, mental stress, chronic stress, job stress

«  Acceptance: accept*, willing*, open*, attitude, feasab*, satisfaction compliance, reasons for drop out, drop-out, utilisation, adherence, take-up

rates, take up rates, patients drop-out rate

Study Selection

Duplicates were removed, and titles, abstracts, and full texts
were scanned for theinclusion criteria. After the assessment of

https://mental .jmir.org/2022/5/€34655

thefull texts’ eligibility by thefirst author (JS), al theincluded
studies were summarized and synthesized. The study selection
processis outlined in the PRISMA flowchart (Figure 1).
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Figurel. PRISMA (Preferred Reporting Itemsfor Systematic Reviews and Meta-Analyses) flow diagram.
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Data Collection Process

Data were collected according to the following criteria:
reference, characteristics of the intervention, its aims and
objectives, study design, population, setting and recruitment,
results, acceptability, and—if available—reasons for dropout,
aswell as qualitative data.

Quality Assessment

The quality of the studies was assessed using the Critical
Appraisal Skills Programme (CASP) checklist [20] for both
qualitative studies and RCTs. Studies were evaluated based on
research design, representativeness, recruitment procedure,
presence of a comparison group, dropout rate, validity,
reliability, and relevance of the measurement tools. Quality was
graded with a traffic light system based on the 10 quality
guestions of the CASP and answered with yes (green) if the
information was present, no information (red), and not available
(vellow) if the information was not apparent or clearly outlined
within the study (Multimedia Appendix 1[21-48]). Studieswere
included in this systematic review irrespective of quality
judgment.

https://mental .jmir.org/2022/5/€34655

(more than e-coaching): n=6
- Mix of multiple factors: n=52

Synthesis of Data

Similar to corresponding systematic reviews on the acceptability
of web-based interventions [10], the level of acceptability was
categorized into the following quartiles: low (- —), moderate
(=), high (+), and very high (+ +). This was specifically used
for studies that reported a satisfaction rating on a scale, the
percentage results of which could then be transferred to the
suggested levels of acceptability. In addition, studies reporting
dropout rates and compliance percentages were organized
according to the 4-quartile rating system for acceptability. If
studies reported mixed results, including positive and negative
outcomes on different acceptability factors, they wererated with
atilde (~). Qudlitative studieswere synthesized in an integrative,
meta-aggregative style following methodological guidance on
the use of meta-aggregations [49] as well as using similar
systematic reviews [50]. The key data were extracted and are
outlined in Table 1 (see Multimedia Appendix 2
[31-33,35,38,39,45-48] for direct measures and qualitative data
sources).
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Table 1. Study characteristics®

Author  Intervention, dura Designandre-  Population Results Acceptance  Reasonsfor Level
and tion, and aim cruitment measure dropout (accep-
country tance)
Sam-  Age Gender Employ-
ple (years) ment de-
sze,N tails
Abbott  Internet-delivered  ¢)ugtered RCTS 56 CBT: CBT: _e CBT program  Attrition Unknown f
eta CBT® program for  comparing CBT mean 96% wassimilarly  rate: 50%
[42], employees with intervention 50.5(SD men; effective to (CBT: 70%);
Aus tinnitus distressin  group with 9.5); 10C: theinforma-  satisfaction:
tralia industrial organiza- o recruited 10C: 82% tion program 73.4%
tions; 6 weeks &f- i industrial or- mean men fortreating - (mean
fectiveness of the ganizations (BP 48.7 (SD tinnitus dis- 5.14/7)
program Australiaand 86) tress, depres-
BHP Billiton) sion, anxiety,
stress, and
quality of life
Allexan- Web-basedinterac- RCT comparing 161 Mean 832% 49.1% Participants ~ Web-based Lackof time _ _9
dreeta tiveeducationa 4groups, includ- 40.0(SD women full-time favored guid- use: 10% to
[21], stressmanagement  ing no support, 12.6) work ed practices  15% (inter-
United  program (website), group support, shift and showed vention)
States ~ StressFreeNow,  group and ex- (days); low use of
using mindfulness pert clinica debt col-  program. All
meditation; 8 support, and lectors groups de-
weeks; effective-  waitlist control; andcus-  creasedin per-
nessof theinterven-  recruitment via tomer ser-  ceived stress
tion email inacorpo- viceor and improved
rate call center fraudrep-  inpsychologi-
resenta-  cal and emo-
tives tional well-be-
ing
Bei- Web-based pro- RCT comparing 180 Mean 48 68% 51% full- HelpID effec- Dropouit: Relationship  _h
winkel  gram, HelpID, for intervention women time tively reduced 45.5% after  between age
eta depression based  with control; re- work depressive theassesss  (older) and ed-
[36], on CBT and cruitment via symptoms ment, 67.7% ucation (high-
Ger- awarenesstraining; heathinsurance follow-up; er) and
many 12 weeks; effective- satisfaction:  dropout rates
ness of HelpID in 68.2% (lower)
reducing sickness (mean 2.04,
absenceand depres- intervention)
sion
Birney Mobileappinter- RCT: Mood- 300 Mood- Mood- 56% full- MoodHacker  Attrition: Unknown + 4
eta ventionMoodHack- Hacker group Hacker:  Hacker: time, caused signifi-  6.7% follow-
[37], er, CBT-based de- compared with mean 746%  35.3% cant effectson  up; satisfac-
United pression self-man- dternative care 40.6 (SD women; part-time, depression tion: 76%
States  agement; 6t0 10  with linksto 115);a- dterna- and8.7% symptoms (mean
weeks; effective-  websites on de- ternative  tive self-em-  compared 4.6/6); sys-
ness of aprogram  pression; recruit- care: care: ployed with alterna-  tem usabili-
to reduce stress edviaEAPS mean 78.7% tive care ty: B+
and prevent depres-  gnq other out- 40.7(SD  women
sion, anxiety, and  regches 11.2)
substance abuse
among employees
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Author  Intervention, dura- Designandre-  Population Results Acceptance  Reasonsfor Level
and tion, and aim cruitment measure dropout (accep-
country tance)
Sam- Age Gender Employ-
ple (years) ment de-
sze,N tails
Billings Web-based stress  RCT: experi- 309 Most 70.6% — Decreasein Ratings (O-  Participants ~ ,k
eta and mood manage- mental and con- (51%) be- women stress, in- 5): 71%use- who knew
[22], ment multimedia  trol; recruited tween 30 creasein ful (mean how to handle
United programforem-  fromatechnolo- and 40 knowledge of 3.55); inter- mood and
States  ployeesbasedon gy company via anxiety and esting: M stress at base-
CBT,; 12-week ac- email and depressionas  3.47; apped- linehad anin-
cess, effectiveness  health fair well asposi-  ing: M 3.34; creased likeli-
of the program to tive percep- motivating:  hood of finish-
reduce depression tionof treat- M 3.21 ing the study
andincrease behav- ment and im-
ioral activation, provement in
knowledge of de- the consump-
pression, and per- tion of alco-
formance at work hol; most used
it only once
Bolier  Web-based health  Clustered RCT: 1140 Mean40 79.8% 71.9% Theinterven- Uptekerate Agepredicted - -
etal promotion pro- web-based con- women  nurses tion signifi- and compli-  dropout (the
[23],the grams (Colour dition and wait- cantly en- ance: 16%  younger the
Nether-  Your Life, Don't list control; re- hanced posi-  loggedin, participants,
lands Panic Online, cruited nurses tive mental 5% started;  the morelike-
Drinking Less, and health pro- health dropout: ly they were
Psyfit, and Srong  fessionalsina 60.7% (inter-  to drop out)
at work) designed  medical center vention),
for thework set-  viamail 44% overall
ting aiming to de-
crease stress and
prevent substance
abuse, depression,
and anxiety in
health profession-
als; 6 to 12 weeks,
measure effective-
ness of the mod-
ules
Ebertet Web-basedunguid- RCT: interven- 64 Mean 742% — Significantre- Completion  38.5% techni- -
a [40], edrecoverytrain- tionandwaitlist 485(SD  women ductioninin- rate: 48.4% cal problems,
Ger- ing, GET.ON, for  control group; 9.9) somniaseveri- al sessions  lack of timeor
many teacherswithin-  recruited via ty motivation,
somniaand psycho-  email at schools disputed use-
logical detachment by the Ministry fulness, or did
from the work- of Education not see any
place; 6 weeks; (Germany, more benefit
psychological effi- va') inusing the
cacy of GET.ON program fur-
ther beforethe
fina module;

others did not
report reasons
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Author  Intervention, dura- Designandre-  Population Results Acceptance  Reasonsfor Level
and tion, and aim cruitment measure dropout (accep-
country tance)
Sam- Age Gender Employ-
ple (years) ment de-
sze,N tails
Ebert et  Unguided web- RCT: interven- 264 Mean42 72% 75%full-  Effectively re-  Attrition — ++
a [24], basedstressman- tion or waitlist women time; di- duced symp-  rate: 42% (7
Ger- agement program,  control; recruit- versesec- tomsof men-  sessions);
many GET.ON Stress, for  ed from general torsin- tal and work-  dropout:
employeesusing  employeesvia cluding  related stress  90% provid-
problem solving the occupation- economy, among em- edfollow-up
and emotiona reg- @ health pro- health, ployeeswith  data; satisfac-
ulation; 7 weeks,  gramof ahedth service,  stress tion (high):
efficacy of thepro-  insurance com- and socidl 95% overall
gram pany aswell as
via contacted
HR™ depart-
mentsin Ger-
many
Hama-  Computer-deliv- Pilot non-RCT, 557 Mean 41.2% 71.6% Intervention ~ Dropout — -
muraet eredintervention  quasi-experi- 38.82 women employed heightened rate: 15.3%
a [25], (app), Self-Record, ment withinter- (SD 9.58) by acom- participants  follow up;
Japan that facilitatescog- vention and pany, perception of  adherence:
nitiverestructuring control groups; 75%em- their patholog- 64.8% (inter-
for distressand a- recruited viare- ployedby ical thoughts vention)
cohol consumption  search market- thegov-  and alcohol stopped after
through self-moni-  ing company ernment  consumption, thefirst day
toring of thought oranon- whereasthey
and activities; 4 profitor-  only de-
weeks; effective- ganiza- creased faceto
nessof theinterven- tion, face
tion on mental dis- 6.3%
tressand consump- self-em-
tion of alcohol ployed,
and 3.1%
profes-
sionals
Heberet Stresswebsite, RCT: interven- 264 Mean 73.1% 77.3% Web-basedin- Completion  Time con- +/++
a [26], GET.ON,including tionandwaitlist 433(SD women full-time terventionsef- rate: 70.05% straints (4/9),
Ger- psychoeducation  control group; 10.2) fectively de-  all sessions; motivation
many and interactiveex-  recruited by the creased stress  satisfaction  constraints
ercises tailored Ministry of Edu- inemployees  (high): (3/9), techni-
through personal-  cation from the 92.2% cal difficulties
ized feedback; 4  genera working (1/9), and dis-
weeks; efficacy of  population satisfaction
the intervention showing symp- with the inter-
toms of stress vention (1/9)
and through
newspaper arti-
cles
Ketdlaar  g\H" interven- RCT, random- 1140  Mean 80% — eMH ap- Compliance  Younger par- - -
eta tions for health ization at ward 395 men proach was rate: 6% ticipants were
[27].the  professonas—Psy-  evel withiinter- notmoreeffec- startedthe  morelikely to
Nether- fit, Strain at work, vention and tivethan a intervention; drop out; tech-
lands  colour your life, ~ control groups; control toin-  dropout: nical problems
Don't paniconline, recruited nurses creasework  45% to fol-
and Drinking less;  @d health pro- functioning  low-up
seif-helponthein- fessionalsem- andpsycholog-
ternet (CBTand ~ Ployedatan ical well-be-
other); evaluate academic hospi- ing
eMH approachtar- (@
geting work func-
tioning and psycho-

logical well-being
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Author  Intervention, dura- Designandre-  Population Results Acceptance  Reasonsfor Level
and tion, and aim cruitment measure dropout (accep-
country tance)
Sam- Age Gender Employ-
ple (years) ment de-
sze,N tails
Lyeta Mobile phone RCT: stressin- 73 Mean 57.5% — Intervention  Adherence: — -
[28], stressmanagement  tervention and 415(SD men reduced stress  44.4%
Sweden intervention for waitlist control 7.2) and increased
managersinclud-  group; recruit- genera health
ing short audiolec- ment took place among man-
tures, information, after apresenta- agers
and exercisefocus-  tion about the
ing on acceptance  project at multi-
and commitment  ple organiza-
therapy; 6 weeks;  tions (Swedish
efficacy of the or American)
smartphonetreat- and via adver-
ment tissmentsonthe
internet
Nevedal Digital health Casereport; 1- 645 Mean 69.3% — Supported ef-  Satisfaction — ++
eta coaching program  group design; 56.16 women fectivenessof  (good or bet-
[43], for chronic pain recruited via (Sb interventions  ter): 82.6%
United managementusing mailings, 12.83) onpain(land
States  psychoeducation  emails, and 6 months after
on self-manage- posted commu- treatment) as
ment, coping, and  nicationswithin well asquality
stress; 4 weeks; ef- 37 American of life (after 6
fectivenessof the  organizationsor months)
programonwork  amember of 1
interference, activi-  of 18 health
ty, stress, pain, care plans
quality of life, and
health
Feicht  Happinessexercis- Longitudinal 142 Mean37 688% — Happiness, Dropout Differencein  +
eta estodevelop a design (2 (SD7.7) women satisfaction, rate: 31.3%  ageininterven-
[44], positivepsycholog-  groups—inter- mindfulness, total tion and con-
Ger- ical state; 7 weeks; vention and and quality of trol groups (10
many examined theim-  control); recruit- lifeimproved; years)
pact of theinterven- ed vialocal in- stress de-
tionon psychologi-  surance compa- creased; and
cal and physiologi- ny in Germany recovery expe-
cal parameters (2 participating riencein-
departments creased signif-
were chosen by icantly
the company)
Thiartet Internet-based RCT: interven- 128 Mean 74.2%  100% Theinterven- Completion — ++
a[29, CcBT-I®interven- tiongroup and 48.0(SD women school tionreduced rate: 95.3%;
Ger- tion, GET.ON Re-  Waitlist control; 9.9) teachers  deep difficul-  satisfaction:
many covery, for stress, recruited via tiesandfos-  91% would
work-related strain, €mail sent to tered psycho-  recommend
and insomniain schoolsin Ger- logical detach- it
teachers; 6 weeks, Many ment from
work

evaluatethe effica-
cy of the interven-
tion
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Author  Intervention, dura- Designandre-  Population Results Acceptance  Reasonsfor Level
and tion, and aim cruitment measure dropout (accep-
country tance)
Sam- Age Gender Employ-
ple (years) ment de-
sze,N tails
Uman- Computer-based  Clustered RCT; 263 Mean 92.6%  23%man- Knowledge Completion High baseline + +
odanet stressmanagement recruitedviain- 38.85 men agers about stress rate (inter- levels of dis-
a [30], trainingusingself- formationa management  vention tressincreased
Japan paced behavioral, postersand the and coping group): 89% the chance of
communication, supervisor dur- skillsin- dropout
and cognitivetech- ing meetingsin creased (if
niques; 7 weeks,  amanufacturing participants
effectivenessof the company had enough
programinimprov- time)
ing mental health
and performance at
work
Woodet Resiliencemobile Pilot study; re- 30 Mean — 43%psy- Appreduced Systemus — ++
a [41], apptodecrease cruited mental 425 (SD cholo- burnoutand  ability (over-
United  burnout (assess- health care pro- 12) gists, compassion  all): 79.4%
States  ment tools); 4 fessionals from 30%so- fatiguein par-
weeks; assessus-  ahedth care cid work- ticipants
ability, acceptabili- system ers, 13%
ty, and effective- psychi-
ness aricnurs-
es, 7%
psychia-
trists, and
7% other
Bushet T2Mood Tracker  Mixed methods 8 — 62% Clinicd Theappwas Useful rat- 2 participants + +
a [31], mobileapptotrack design: qualita- men social perceivedas  ing: 88%; did not want
United  symptomsassociat- tive and quanti- work easy to use, qualitative:  to download
States  ed with deploy- tative (Likert- staff helpful, and utility rating  theapp (priva
ment-related behav-  style and open- beneficial positivebut ¢y concerns
ioral healthissues ended ques- could incor-  were as-
(well-being, anxi-  tions); recruited porate addi-  sumed)
ety, stress, PTSDP, via posters and tional factors
injury, and depres-  flyersdistribut- to make it
sion); 1.4 weeks,  ed by WTU4 more mani-
assessment of the fold
utility of the app
Carolan Web-based stress ~ Qualitative 18 Mean45 78% 78%of-  Outlinedad-  Engagement: — -
etd management inter-  study: 18 (based women ficework vantages of 3%%; qudita
[32], vention, WorkGuru  semistructured  on the and 22%  digital mental tive: prefer-
United (CBT, mindful- interviews (tak- sam- mixture  hedthinter-  encefor
King- ness, and problem enfrom previ-  ple of office  ventions, but  short, interac-
dom solving); 8 weeks, ousRCT with  N=82) andclient high barriers  tive, easy to
employees’ atti- and without ac- work appeared with  use, persond-
tudetoward digital cessto aweb- theapplication ized, and
mental headlthinter- facilitated dis- inthework-  anonymous
ventionsat work  cussion group); place interventions
recruited from 6 and access
UK-based orga- viacomputer
nizations and or mobile
invited via mail phone
(universities, lo-
cal authorities,
third sector, and
telecommunica
tions)
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Author  Intervention, dura- Designandre-  Population Results Acceptance  Reasonsfor Level
and tion, and aim cruitment measure dropout (accep-
country tance)
Sam- Age Gender Employ-
ple (years) ment de-
sze,N tails
Deady = Emergency service Cross-sectional 106 Mean 88% Firefight- Participants  Dividedinter- — +
eta workers' attitude  study; recruited 37.8(SD men ers showed posi-  estsinusing
[48], toward mobile from 4 9.51) tive percep- amental
Aus- mental health apps metropolitan tionand inter- health app.
tralia Fireand Rescue estinusing Apps should
stations mental health avoidstigma
appsbut had  tized termi-
preferencesre-  nology and
gardinglan-  focuson
guage, fea well-being,
tures, and mental fit-
therapeutic ness, re-
techniques silience,
stress,
lifestyle, and
sleep by im-
plementing
atractive
multimedia
features
Deady  Acceptanceandef- 2-stage pilot Stage Stagel: Stagel: Stagel: HeadGearwas Utility: 40% — -
eta fectivenessstudy  study; recruited 1:21; mean 50% most effectiveand  to 50%
[38], onHeadGear,an viaemailand stage 37.86 women; workedin reducedsymp- would useit;
Aus- app-based program  Facebook from  2:84  (SD stage2: freight tomssignifi-  qualitative:
tralia aiming to decrease industrial orga- 10.98); 100% and cantly. Howev-  most gppreci-
depressive symp-  nizations (agri- stage2:  men postage e, attrition ated the utili-
tomsand increase  culture, freight mean 38 (n=11); ratewas high  ty, helpful-
well-being; 5 or postage, and (SD9.23) stage 2: ness, overall
weeks mining) male- ease, and ac-
dominat- cessibility
ed indus- but com-
try plained
about engage-
ment and
navigation
issues
Eklund  University staff’'s ~ Explorative 9 Mean — Universi- Staff accepted Acceptance — +
eta experiencesof a  qualitative 45.9 ty staff aweb-based  was positive
[33], customized, interac-  study: programfor  aslong asit
Sweden tive, web-based semistructured stress-related  was short in
programthat aims  interviews; re- problems time and ap-
tochangebehavior cruitment via3 pliedina
instressmanage-  departments at transparent
ment aswell asex- the university and tailored
plore intervention way

adjustments
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Author  Intervention, dura- Designandre-  Population Results Acceptance  Reasonsfor Level
and tion, and aim cruitment measure dropout (accep-
country tance)

Sam- Age Gender Employ-
ple (years) ment de-
sze,N tails
Henne- Employees accep- Longitudinal 1829 Mean — — Attitudesto-  Acceptance  Higher scores - -
mann et tance of organiza-  cohort study: 49.93 wardorganiza-  (low): in men and
a [34], tional eMH inter- self-adminis- (SD 4.06) tional eMHin- 89.1%; sug- high-educa-
Ger- ventionsfocusing  tered question- terventions gestionsfor  tion group,
many on work-related naire; recruited weredisadvan-  improve- thosewith pre-
distress employees tageous ment of ac-  vious experi-
showing health ceptance: ence with
problems and previousedu- eHealth, and
previous sick- cation mentally de-
ness absence (awareness  manding work
and attitudes types; lower
regarding ef-  scoresinthose
ficacy and diagnosed
usability) with amental
health disor-
der and
non—internet
users
Peterset  Explorative work-  Exploratory 60 Between 92% 27%ru- Relevanceof Men pre- — ~
a [45], shop of percep- gualitative 26and65 men ral, 23%  considering ferred unstig-
Aus- tions, thoughts, and ~ study; recruited suburban, languageuse  matized lan-
tralia preferencesof em- viaemailsdis- and 50% and preferred  guage use, a
ployeesinmale-  tributedto 2 or- urban festuresand ~ simplemood
dominated work-  ganizations balancing management
placesto buildand (state fire and preferences app, and
adapt a mental rescue service withtheneed guidancein-
health mobileapp  and afreight for evidence-  volvement
trangport organi- based interven-
zation) tions
Schnei- Viewsand accep- Mixedmethods, 637 Mean42 502% — Evidence- Dropout: Intrinsic in- - -
dereta tanceof 2self-help recruited from3 (SD9.6) men based comput-  63%; posi-  trapersonal
[39], applicationsforde- organizations: 2 erized ap- tiverating:  problems; ex-
United pression: privateenterpris- proachessup-  24%; various trinsic: techni-
King- MoodGYM es (telecommu- ported accept- intrinsicand cal problems;
dom (cCBT") andinfor- Nicationsand ability, which  extrinsicbar- generic: per-
mational websites  transport) and 1 could bein- riers that ception of
applied at work; 5 healthorganiza- creased by leedtoa cCBT
weeks tion taking care of  highunaccep-
barriersand  tance; accep-
users expecta-  tanceincreass-
tions eswithinter-
active sup-
port
Wang Explorative study  Cross-sectional 841 Mean 100% — Overall posi- Acceptance Having high  +
and Ho on barriersand study; recruited 443(SD men tive results, inmenwas  risk of depres-
[46], preferences for by random dig- 13.7) but men's good, but sion at base-
Canada specific features  it-calling preferences appsshould  lineincreased
among malework- method to and perceived  be mobile the chance to
ersin amental households col- barriers andtailored  seethe utility
health tool lecting data should be tak- to prefer- of theinterven-
from 511 men eninto ac- ences includ-  tion compared
with risk of de- count toin- ing various  with low-risk
pression crease accept- topicsand individuals
ability designs (83.4% vs
75%)
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Author  Intervention, dura- Designandre-  Population Results Acceptance  Reasonsfor Level
and tion, and aim cruitment measure dropout (accep-
country tance)
Sam- Age Gender Employ-
ple (years) ment de-
sze,N tails
Williams Feasibility of a Cross-sectional 142 Mean 55% 24% offi- Supported the StressGym  — ++
eta web-enhanced be-  study; recruited 41.1(SD women cersand feasibility of  wasrated as
[35], havioral self-man- and invited all 9.2) 76%en- StressGymas very useful
United agement program, active-duty listed being aweb-  andinforma
States  SressGym,ina members at sailors based CBT- tive
military setting Naval Medical based self-
built onthemodel  Center, help interven-
of cognitive ap- Portsmouth, tion accepted
praisal by Lazarus Virginia by the users
and Folkman and demon-
strated reduc-
tionin stress
Wilson  Soldiers attitude  Cross-sectional 352 Mean 92% — Feasibility of ~ Willingness — ++
eta towardtechnology-  study; recruited 259(SD men technology-  to use: 84%
[47], based approaches  from pre- and 5.8) based ap- were willing
United to mental health postdepl oyment proacheswas  to use one of
States  care clinic (in the supported the 11 inter-
waiting room ventions;
for screening comfort:
visits) 75% felt
neutral/very
comfortable
using acom-
puter/pro-
gram

8Sorted from indirect to more direct measures.
bCBT: cognitive behavioral therapy.

®RCT: randomized controlled trial.

40C: informati on-only control.

€Datamissing or not relevant.

"Mixed results.

9 ow.

M oderate.

EAP: employee assistance program.

jVery high.

KHigh.

INRW: North Rhi ne-Westphalia.

MHR: human resources.

"eMH: e-mental health.

OCBT-I: cognitive behavioral therapy for insomnia.
PPTSD: posttraumatic stress disorder.

9WTU: Warrior Transition Unit.

'cCBT: computerized cognitive behavioral therapy.

Results

Review Process

The characteristics of the studiesare outlined in Table 1 aswell
as in Multimedia Appendix 2 including more details. Within
the review process, 1303 papers were identified, of which 363
(28%) were duplicates, not published in English, or published
before 2005. Of the 1303 papers, titles and abstracts were then
scanned, a process that identified 940 (72%) and 379 (29%)

https://mental .jmir.org/2022/5/€34655

RenderX

papers, respectively. Papers were excluded if the interventions
were independent of work environments, did not include most
employees, and did not focus on mental health issues. Most
studies were excluded owing to the involvement of face-to-face
or telephone guidance by a coach or therapist. Ultimately, 28
studieswereidentified for further analysis, which either reported
indirect measures of the acceptability of web-based interventions
(n=17, 61%) or provided qualitative data on acceptability (n=11,
39%; Figure 1).
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Study Char acteristics

The 28 included studies had an overall sample of 9739
participants, with sample sizes ranging from 8 to 1140. The
mean age of the participants was 40.7 years, and most
participants were White and employed full-time.

The studies had various differing methodological designs and
study characteristics, which are outlined in Table 1 as well as
in Multimedia Appendix 2 including more details on direct
measures. | nterventionswere heterogeneousin type, application
outcome focus, length, setting (within a specific organization
or random employees), and characteristics of the participants
(type of profession and demographics). In addition, they differed
inthelevel of support potentially provided in web-based format
(email or message) versus unguided. Most interventions (18/28,
64%) were focused on reducing stress [21-35] and depressive
symptoms [23,31,36-39] in employees. Other interventions
focused on insomnia (2/28, 7%) [29,40], anxiety (2/28, 7%)
[23,31], panic (2/28, 7%) [23,27], psychological detachment
fromwork (1/28, 4%) [40], resilience (burnout; 1/28, 4%) [41],
mood (1/28, 4%) [22], tinnitus distress (1/28, 4%) [42], chronic
pain (1/28, 4%) [43], substance misuse (2/28, 7%) [23,25], and
well-being or happiness (3/28, 11%) [31,38,44]. Studies and
interventions often included more than one focus of mental
illness, used various treatment techniques, and assessed the
acceptability of general web-based mental health interventions
[34,45,46]. Cognitive behavioral therapy (CBT) was the most
used form of intervention (9/28, 32%). Other interventions
applied mindfulness (3/28, 11%), psychological education (3/28,
11%), cognitive appraisal or restructuring (2/28, 7%), emotional
regulation (1/28, 4%), acceptance and commitment therapy
(1/28, 4%), problem solving (2/28, 7%), exercise (1/28, 4%),
or communicational strategies (1/28, 4%). Approximately 7%
(2/28) of the studies used tracking or assessment tools for
burnout and mood (eg, depression, stress, or well-being). The
studies were predominantly RCTs (13/28, 46%). CBT was
mostly used ininterventions that tackled depression or stress at
work. For example, the CBT interventionsfocused on depression
were Helpl D, Mood Hacker, Colour Your Life, and MoodGym.
Theinterventionsthat used CBT and aimed to reduce stressand
mental strain were Psyfit, Srong at work, GetON Recovery, and
Work Guru.

Of the 28 studies, 13 (46%) were RCTs, 4 (14%) were
cross-sectional studies, 3 (11%) were qualitative studies, 3
(11%) were pilot studies, 2 (7%) were longitudinal studies, 2
(7%) were mixed methods studies, and 1 (4%) was acase report.
The studies mostly used waitlist control groups, internet-based
information website groups, or variations of intervention type
groups as comparators. The studies originated in the United
States (8/28, 29%), Germany (7/28, 25%), Australia (4/28, 14%),
the Netherlands (2/28, 7%), Japan (2/28, 7%), Sweden (2/28,
7%), the United Kingdom (2/28, 7%), and Canada (1/28, 4%).

M ethodological Quality

The methodological quality of the studies is summarized in
Multimedia Appendix 1. The studies were assessed for quality
using the CASP[20] qualitative and quantitative templates and
reported in the form of a traffic light schema. Various quality
flaws were outlined in the studies, and no study met all 10
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criteria marked by the CASP [20]. Independent of quality, all
studies (28/28, 100%) were included in the final synthesis.
Allocation bias appeared to be low in the quantitative studies
as participants were mostly randomly distributed to their
condition (15/17, 88%). However, qualitative studies often
indicated performance and detection bias as studies often missed
reporting on blinding status or researchers awareness of the
participants’ condition. Selection bias was generally high as
participants repeatedly originated from specific population
samples (eg, male-dominated industry workers or female
educational staff). Attrition bias was predominantly high as
various studies reported a high dropout rate, which weakened
their generalizability. Several studies missed reporting on the
specific demographics of their samples and, thus, might risk
the presence of confounders, whereas other studies (4/28, 14%)
clearly outlined their risk of confounding [25,26,30,42]. The
analysisof quantitative studieswas generally good asall studies
used data from all participant groups in their final analysis.
Qualitative studies showed generally good quality in the
guidance of clear questions, taking care of ethical considerations,
and the provision of clear information on methodology.
However, various studies missed accounting for the potential
bias caused by the relationship between the researchers and the
participants.

Setting and Types of Employees

The recruitment setting and included characteristics of the
employees were very diverse (Table 1). Some studies (10/28,
36%) used the whole working population, recruiting samples
via local insurance companies, occupational programs or
employee assistance programs, random digit calling, or
advertisements [24,26,28,34,36-38,43,44,46]. Alternatively,
some studies used specific population samples originating from
1 type of profession. In particular, sampleswere recruited from
the military (2/28, 7%) [ 35,47], telecommunications (2/28, 7%)
[21,39], transport (2/28, 7%) [39,45], the public sector (1/28,
4%) [39], statefire and rescue services (2/28, 7%) [33,45], office
and client employees (1/28, 4%) [32], university staff and
teachers (3/28, 11%) [29,33,40], clinical staff and health
professionals (4/28, 14%) [23,27,31,41], manufacturing and
industrial workers (2/28, 7%) [30,42], marketing (1/28, 4%)
[25], and technology (1/28, 4%) [22]. Most studies were
conducted inthe United States (8/28, 29%) and Germany (7/28,
25%). Germany primarily recruited from the general working
population [26,34,36,44], whereas the United States mainly
recruited from multiple specific locations, including larger
organizations (eg, corporate call centers and technology
companies), health centers, and military-related workplaces.
Their acceptability resultswere mixed in outcome, ranging from
very highinthe study by Beiwinkel et al [36] to very low inthe
study by Hennemann et a [34]. The synthesis did not outline
any pattern of setting and participant characteristics that was
associated with the acceptability level of web-based
interventions.

Intervention Characteristicsand Country of Conduct

As outlined in the Sudy Characteristics section, most studies
used CBT in their administered interventions (9/28, 32%). CBT
was relatively equally distributed across Western countries,
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including the United States (2/9, 22%), Germany (2/9, 22%),
the Netherlands (2/9, 22%), the United Kingdom (2/9, 22%),
and Australia (1/9, 11%). Summarizing the CBT studies, the
acceptability level indicated that 44% (4/9) of the studies had
alow to moderate level of acceptability, whereas 33% (3/9) of
the studies showed a high to very high acceptability level.
Approximately 11% (1/9) of the studies had amix of moderate
and high acceptability levels. Other analyzed intervention types
(mindfulness, psychological education, cognitive appraisal,
emotional regulation, acceptance and commitment therapy,
problem solving, cognitive strategies, exercise, and tracking
tools) did not indicate any pattern of acceptability level. Broadly
speaking, the intervention type, country of conduct, and outcome
of the study did not indicate any notable patterns. However,
most of the studies (26/28, 93%) were conducted in Western
countries.

M easure of Acceptability

Relevant studies measured acceptability in different ways. They
used direct measures of acceptability, which included qualitative
data through questionnaires and interviews, or indirect
guantitative measures by means of take-up, dropout, compliance,
adherence, attrition, or compl etion rate. Some studies used both
direct and indirect measures. All measures of acceptability are
outlinedin either Table 1 or Multimedia Appendix 2 (qualitative
synthesized data) in the context of the reference, intervention,
sample, study design, recruitment, outcome, indirect and direct
acceptability measures, available reasons for dropout, example
quotations from interviews, and an individualy rated
acceptability level.

Direct M easure of Acceptability

Table 1 and Multimedia Appendix 2 present the direct outcome
of employees acceptability of web-based therapy in the
workplace. When categorizing the qualitative outcomeinto key
themes, the following topics commonly emerged: (1) genera
interest in or willingness to use web-based interventions, (2)
employees’ satisfaction rating of the utility of theinterventions,
and (3) preferred features of the design and application style of
theinterventions. Most participantsreported agenerally positive
interest in and acceptability of web-based interventions
[31,33,35,38,46]. However, there were mixed results and
negative opinions in other studies [32,33,39,48]. Common
preferred features of web-based mental health interventions
werethe use of nonstigmatized language [45,48], the preference
for interventions with interactive support [39,45], and broad
application spectrum as well as short mobile and interactive
multimediainterventions[31,35,38,48]. The synthesized outputs
of the studieswerewritten in descriptions of each theme aswell
as provided within the context of the setting and intervention
type. To deliver a deeper insight into common themes,
Multimedia Appendix 2 provides quotations of intervieweesin
primary studies. As this systematic review synthesized key
themes in an integrative, meta-aggregative way, quotations aid
in the understanding of the summarized key themes. Most of
the studies reported details on the satisfaction rating on a scale
associated with web-based interventions. Employees were
mostly satisfied with the interventions and rated their utility
positively.
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In addition, multiple studies assessed acceptability using
satisfaction, usability, or interest ratings of the intervention
(Table1). Satisfaction ratings werefrequently used in the studies
[22,24,26,29,31,36-38,41,43]. The average satisfaction score
was 82.6%, which is similar to a very high individua -defined
acceptability level (++) of web-based interventions. Moreover,
14% (4/28) of the studies reported a score of 0.85% for practical
use [22,31,38,41], equivalent to a high (+) acceptability. In
particular, Wilson et a [47] reported a rate of 75% in
“comfortability” of using a mental health program on the
computer and an 84% rate in “willingness to use.” In contrast,
Hennemann et al [34] reported that 89.1% of participants rated
low on the “acceptability” of general occupational web-based
mental health interventions. Both studies were very
heterogeneousin intervention specificity and sample popul ation.
Hennemann et al [34] explained the negative outcome by the
direct predictor variables of acceptability with “social
influence,” “effort” and “performance expectancy,” and “time
spent in the web” aswell asthe “frequency of searching online
for health information.”

Indirect Measure of Acceptability

This systematic review included hypothetical measures of
acceptability characterized by dropout, attrition, compliance,
adherence, uptake, and completion rate. The indirect or
hypothetical measures of the acceptability of web-based
interventions in the workplace are summarized in Table 1. The
mean percentage of dropout rates from theincluded studieswas
50.9% with a range of 15.3% [25] to 67.7% [36], which is
equivalent to amoderate individual -defined level of acceptability
[23-25,27,36,39,44]. A few studies reported the reasons for
dropout or termination of the interventions. Repeated reasons
werelack of time[21,26,40], technical difficulties[26,27,39,40],
younger age|[23,27,36], lower education [36], lack of motivation
[26,40], no need for help [40Q], ability to manage stress
personally [22], dissatisfaction with the intervention [26,39],
higher initial level of psychological distress [30], and privacy
concerns [31]. Other measures of acceptability included an
average attrition rate of 32% [24,37,42], an average adherence
rate of 54% [25,28], an uptake and intervention start rate of
11% [23,27], and a completion rate of 68% [30,40]. Asvisible
in the outcome, there was no clear consensus in acceptability
level, and the comparison of studies was difficult as they were
heterogeneous in study design, sample, and methodology.
However, the most frequently reported indirect measure of
acceptability wasthe dropout rate, supported by amoderate (-)
level of acceptahility.

Discussion

Principal Findings

This systematic review assessed the levels of employees
acceptability of web-based interventions aimed at improving
mental health. The findings showed a generally positive level
of acceptability and highlighted various factorsto be considered
in making interventions acceptable, engaging, and useful for
employees. Themes to be addressed with caution when
introducing interventions are the use of stigmatized terminology,
including words of ill health and mental illness. In terms of
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implementation, applications are recommended to be short and
use interactive multimedia tools.

Results were obtained from 28 separate studies. Satisfaction
ratings and feedback appeared positive, particularly when the
interventions included multimedia and nonstigmatizing
language. In particular, 79% (22/28) of the studies showed
acceptability measuresfrom high to very high, and 54% (15/28)
of the studies reported acceptability levelsfrom low to moderate
(overlap when studies reported both quantitative and qualitative
results). The average satisfaction rating was >80%, and the
employees rated the interventions' utility as good overall.
However, quantitative measures contradicted the universal
positive perspective of web-based interventions by means of
the common measured dropout rate of approximately 50%.
Hence, the attrition rate was very high in multiple studies, which
questions the efficacy of unguided self-applied interventions.

Collectively, these results are in line with other acceptability
studies that supported the general acceptability of web-based
interventions in clinical settings [51]. Various studies have
outlined barriers to assessing acceptability; for example,
negative results from indirect measures. In addition,
complications in synthesis owing to the heterogeneity of the
interventions have been repeatedly reported.

Stigma and attitudes toward mental health at work were an
emerging theme. Acceptability levels may relate to the
web-based interventions themselves or to the fact that the
intervention relatesto mental health. Thisissupported by other
studies showing that thereisfear of stigmatization when seeking
support [52]. It may a so be difficult to successfully implement
web-based interventions within an organization as employees
prefer to separate health matters and their workplace [32].
Hence, the issue around mental health and stigma, especialy
at work, may be strongly influenced by the organizational
culture that influences the use of mental health interventions
[45].

The relationship between dropout and acceptability requires
further assessment to interpret the current evidence. Although
dropout for web-based workplace interventions was high (the
mean percentage score of the included studies was 50.9%),
explorations of the reasonsfor thiswerelimited. Indeed, studies
have outlined that dropout rates might not be the result of
disinterest in occupational web-based interventions for mental
health issues but appear to be generally high in computerized
interventions [53], suggesting that these interventions are not
asengaging as guided or face-to-face sessions and people might
not feel committed enough to complete the treatment or
program. Consequently, web-based interventions should be
tailored and made as interactive and attractive as possible by
using animation tools, pictures, and videos, as well as made as
short and simple as possible to increase engagement and
decrease the likelihood of technical issues [12]. Furthermore,
the findings of this study suggest that, before applying
interventionsin organizations, peopl€’s needs, the environment,
and the culture should be assessed; the interventions should be
tailored accordingly; and awareness of the benefits and
understanding of the use should be addressed.
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Strengthsand Limitations

The generalizability of the findings across workplaces may be
limited because of the diversity of individual workplaces; for
example, their organizational culture and stigma or attitudes
toward mental health. In addition, assessing for confounding
variables, including recruitment, setting, intervention
characteristics, and country of conduct, did not reveal significant
information. However, most of the included studies were
conducted in Western countries and used CBT-based
interventions, which may further limit generalizability.

Assessing acceptability using indirect measures may be flawed
as there could be multiple reasons for employees to stop the
intervention. Specifically, dropping out of interventions could
bethe result of feeling rehabilitated and seeing no further benefit
of using the intervention. Nevertheless, dropouts provide great
insight into the acceptability of interventions, but morein-depth
analyses of the reasons for dropping out should be conducted.

Anadysis of the specific assessment of acceptability of
occupational web-based interventions was limited because of
the heterogeneity of the study designs, intervention types,
sample characteristics, and conditions under which the
interventions were provided to employees. The studies used
dataassessment techniques, including cross-sectional self-report
methods, whereas the qualitative studies used small samples.
Data collection and analysis biases may be observed based on
the role of the researchers [54]. As qualitative acceptability
resultswere generally higher compared with indirect measures,
this further raises the question of the role of researcher bias. In
addition, limitations regarding the consistent and objective
measurement of acceptability in the wider literature prevent
robust conclusions from being drawn. However, the inclusion
and critical appraisal of qualitative studies may have added
depth to the factors within the acceptability capturein this study
[55].

Despite these limitations, this study offers a comprehensive
insight into multipleforms of acceptability measures[56]. Using
both qualitative and quantitative as well as direct and indirect
measures of acceptability provided a deeper insight into the
options for assessing the acceptability of interventions in
general. Although this study focused on the workplace, it
examined the acceptability of web-based interventions that
could be applied more generally to support people's mental
health. For example, the findings could support the
implementation of interventions outside of the workplace (eg,
aspart of clinical mental health treatments). These results might
help clinicians, developers, researchers, and the health
technology industry create effective and engaging tools in the
future.

Implications

In relation to workplace practice, before applying interventions,
it would be beneficial to increase people’'s knowledge of
web-based interventions aswell as assesstheir needsin general
to improve their attitude toward interventions [13,34]. Thisis
supported by Murray et a [57], whose study found that
participants who rejected computerized treatments had
significantly lower expectations of the usefulness of self-help
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and had general concerns, anxiety, and misunderstandings about
computerized treatments. Hence, acceptability may beincreased
by identifying and correcting misperceptions before
participation. Similarly, tailoring interventions to the
environment and employees’ needs could increase their general
interest and willingness to use them [13]. In other words,
web-based interventions for employees should be adapted to
the specific environment applied as well asto the users’ needs
to increase engagement and acceptability levels. Generally, the
acceptability of interventions might increase if employees and
organizations are made aware of evidence-based web-based
interventions that have multiple practical benefits and the
potential to increase individuals mental health and well-being
in the long run. Finally, the ability of web-based interventions
to engage and retain users is critical for ensuring reduced
dropout and increased acceptability.

Regarding future research, the results of acceptability studies
could be influenced by the general stigma on mental health
topics and interventions. Therefore, future research should
incorporate acceptability measures of mental health issuesinto
their analysis to assess for confounding variables. Second,
regarding quantitative data on acceptability, it would be
beneficial if future research included a more in-depth analysis
of the reasons for dropout or attrition rates. Third, future
research should also address the conceptual and methodol ogical
limitations of the research in the field. If there were more
organizations using mental health interventions from various
settings, the research analysis could be more homogeneous.
Organizations might lack the knowledge on how to apply
personal health support but could provide their employeeswith
interventions that range from broader aspects of stress
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management to specified appsthat tackle specific mental health
issues (eg, depression). Finaly, this research was conducted
before the COVID-19 pandemic, which changed work styles
and environments and affected how people sought and received
mental health support. Further research should analyze changes
in acceptability asaresult of the pandemic to examine shiftsin
use and acceptability of mental health interventions both within
and outside of the workplace.

Conclusions

This study assessed the area of acceptability of web-based
workplace interventions for mental health. In general, workers
are open to web-based mental health interventions. However,
qualitative and quantitative studies suggested varying levels of
acceptability, raising the possibility of bias. The importance of
stigma, organizational culture, and the implementation of the
intervention were highlighted, the | atter relating to the engaging
design and quality of the intervention as well as the approach
to delivery in the workplace itself. Several factors were
identified that need to be considered to ensure the effective
implementation of web-based interventions in the workplace,
some aspects of which may also apply to the genera use in
supporting people’'s mental health. Interventions should be
tailored to the respective individual needs and cultural context,
use nonstigmatized language, and be made interactive and easy
touse. It isalso recommended to foster an understanding of the
potential value of an intervention to increase its acceptability.
Methodological limitations were highlighted to guide the
cautious interpretation and generalization of early evidencein
this area along with the need to improve methodological rigor
in emerging research.
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Abstract

Background: The COVID-19 pandemic has shifted mental health care delivery to digital platforms, videoconferencing, and
other mobile communi cations. However, existing reviews of digital health interventions are narrow in scope and focus on alimited
number of mental health conditions.

Objective: To address this gap, we conducted a comprehensive systematic meta-review of the literature to assess the state of
digital health interventions for the treatment of mental health conditions.

Methods: We searched MEDLINE for secondary literature published between 2010 and 2021 on the use, efficacy, and
appropriateness of digital health interventions for the delivery of mental health care.

Results: Of the 3022 records identified, 466 proceeded to full-text review and 304 met the criteria for inclusion in this study.
A majority (52%) of research involved the treatment of substance use disorders, 29% focused on mood, anxiety, and traumatic
stress disorders, and >5% for each remaining mental health conditions. Synchronous and asynchronous communication,
computerized therapy, and cognitive training appear to be effective but require further examination in understudied mental health
conditions. Similarly, virtual reality, mobile apps, social media platforms, and web-based forums are novel technol ogiesthat have
the potential to improve mental health but require higher quality evidence.

Conclusions: Digital health interventions offer promise in the treatment of mental health conditions. In the context of the
COVID-19 pandemic, digital health interventions provide a safer aternative to face-to-face treatment. However, further research
on the applications of digital interventions in understudied mental health conditionsis needed. Additionally, evidence is needed
on the effectiveness and appropriateness of digital health tools for patients who are marginalized and may lack access to digital
health interventions.

(IMIR Ment Health 2022;9(5):€35159) doi:10.2196/35159

KEYWORDS

digital health; telepsychology; computer-assisted therapy; online therapy; mobile applications; mobile apps; telemedicine;
telepsychiatry; virtual reality exposure therapy; mental health; COVID-19
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Introduction

Patients with mental health conditions often experience
long-term disability, resulting from challenges in accessing
mental health services, including low treatment availability and
long wait times [1]. Moreover, the COVID-19 pandemic has
exposed crucial gaps in mental health care systems, which
significantly impact the well-being of many people globally
[2-4]. Increased fears of contracting SARS-CoV-2, the burden
of quarantine requirements, social distancing, social isolation,
rising economic inequities, unemployment, and new workplace
requirements are additional stressors brought on by the
pandemic, which can exacerbate the symptoms of mental health
conditions [5-14]. The pandemic isthought to account for recent
increasesin mood, anxiety, trauma, and substance use disorders
[10-16]. Similar trends in mental illness were observed during
the 2003 severe acute respiratory syndrome outbreak, other
previous pandemics [10-12,17,18], and recent economic crises
[10-12,17,18]. The rise in mental health issues due to the
COVID-19 pandemic creates substantial pressureson an already
strained mental health care system [12,19], with evidence
pointing to a silent mental health crisis as resources are
prioritized for stemming the spread of SARS-CoV-2 infections
[12].

Consequently, interest in web-based health service delivery has
been growing in recent years. These include synchronous and
asynchronous therapist contact via messaging, phone call, and
videoconferencing; computer, web-based, and mobile delivery
of therapy programs; virtua or augmented reality—based
programs, computerized or web-based cognitive training, and
web-based peer and social support groups (defined below). The
global reach of digital health care potentially extendsto billions
of people with internet access. Web-based and mobile delivery
of therapy programs may save practitioner time owing to
efficient and effective delivery of treatments at lower associated
cost [20]. Digital health interventions may also offer a way to
reduce or avert care interruptions while alowing practitioners
to adhere to safe social distancing measures [20]. At the onset
of the COVID-19 pandemic, health care providers rapidly
transitioned to web-based health care delivery to limit the risk
of COVID-19 transmission. However, the state of the evidence
on the effectiveness of digital interventionsis unclear, and the
implicationsfor health outcomes of such adrastic shift to digital
health platforms are difficult to predict [12,21-25]. Whether
clinicians can provide effective and reliable treatment, perform
assessments [26,27], identify ailments and symptoms [28],
manage suicidal behaviors[26,28,29], and provide personable,
compassionate services [26,30,31] remans uncertain.
Furthermore, digital delivery of services may be complicated
by the symptomatology of some mental health conditions
[26,29], concurrent medical conditions[29], and socioeconomic
factors [31-42]. A lack of information, resources, and
understanding of complex patient-related factors could
negatively affect care delivery and overall patient health.

Mobile appsareincreasingly used by the public for the treatment
of mood and anxiety disorders, sometimeswithout professional
referral or guidance [13,43,44]. There is also some evidence
that web-based forums and resources are increasingly common
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[45-54]. Similarly, over the past decade, there have been
noticeable shifts in the provision of cognitive and behavioral
training for developmental disorders and dementiato computer
and other web-based platforms [55-64]. There are aso
significant developments in the application of virtual reality
toolsin health care settings [65-67]. The need for professional
guidancein the use of web-based or mobile servicesand forums
is subject to controversy [68-77], and more evidence is needed
on optimal ways to integrate these tools into a comprehensive
approach to mental health care.

This review is motivated primarily by questions from health
care stakeholders in a Canadian setting, who were required to
rapidly shift to digital delivery of mental health servicesduring
the COVID-19 pandemic. However, to date, there has been no
comprehensive review on the use of digital interventions for
the treatment of a representative range of mental health
conditions. With the present meta-review, we seek to fill this
gap and summarize existing evidence on the use of digital health
interventionsin mental health care. Our hopeisthat our review
will be used by hedth care stakeholders to inform their
consideration of mental health care optionsfor digital delivery.

Methods

Literature Search

We conducted a review of peer-reviewed literature examining
the application of digital health interventions for the treatment
of mental health conditions described below. We searched
Medline on November 1, 2021, for research published after
January 1, 2010. We used Medline filters to restrict retrieved
records to meta-analyses, systematic reviews, and other types
(narrative and conceptual) of literature reviews. We used broad
term definitions to maximize the types of digital health
interventions and mental health conditions captured in the
search. The search strategy consisted of combinations of Medical
Subject Headings (MeSH) wordsand other keywordsincluding
the following: virtual reality; telemedicine; computer-assisted
therapy; digital health; videoconferencing; mental health; mental
health services; psychotherapy; attention deficit and disruptive
behavior disorders; anxiety disorders; traumaand stressor related
disorders; mood disorders, bipolar and related disorders;
dementia; disruptive, impulse control and conduct disorders;
dissociative disorders, feeding and eating disorders;
neurodevelopmental disorders, neurotic disorders;, pain;
personality disorders; schizophrenia spectrum and other
psychotic disorders; deep wake disorders; and substance-rel ated
disorders (see search query in Multimedia Appendix 1).

Inclusion and Exclusion Criteria

This review is restricted to other reviews that assessed the use
of digital interventions for the treatment of mental health
conditions. Studies that did not report on the effectiveness of
digital interventions on mental health outcomes or did not
outline a study protocol were excluded from this review.

Data Extraction, Analysis, and Quality Assessment

Once records were retrieved and deduplicated, TJP, NS, and
AJ conducted title and abstract screening where any
disagreementswere resolved through consensus. Team members
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then proceeded with mutually exclusive full-text screening to
identify articles that qualified for inclusion in the review. As
with previous meta-reviews, adherence to Preferred Reporting
Items for Systematic Reviews and Meta-Anayses (PRISMA)
guidelines[78] was considered to assessrisk of biasin selected
studies (maximum score of 1: completely adheresto PRISMA
Guidelines). To assess the quality and reliability of research
within the field, one reviewer conducted data extraction using
a standardized and iterative data extraction form (Multimedia
Appendix 2). Extracted dataincluded study details (author, date,
and type), participant characteristics (mental health conditions),
intervention detail s (intervention type and effectiveness), number
of participants, and controls used (treatment as usual, waitlist,
placebo, or not applicable). Quality and bias scores describing
the primary literature reported in included studieswere averaged
and faithfully converted (when necessary) to aconsistent 3-point
scale (1=low, 2=moderate, and 3=high). Owing to the significant
heterogeneity in research approaches and findings, we selected
a qualitative and semiquantitative approach to summarize and
present research findings.

Organization of Mental Health Conditions

To provide a clearer picture of how digital interventions are
used in treating various mental health conditions, we separated
mental health conditions based on the parent MeSH terms and
Diagnostic and Statistical Manual of Mental Disorders, Fifth
Edition (DSM-5) criteria. Where we identified dissimilarities
or similarities in treatment, we either added a subcategory or
combined categories together. We removed
attention-deficit/hyperactivity  disorder (ADHD) from
developmental disorders and added it as a separate category
owing to dissimilarities in the treatment and management of
this condition versus other developmental disorders. We
combined the frequently comorbid anxiety, mood, and trauma
disorders owing to similar treatment approaches, effectiveness,
and reporting in the literature. Additionally, patients with
chronic pain, chronic medical illnesses, and chronic disabilities
(shortened to chronic illnesses) often experience mental health
issues that are underrecognized, receive little attention within
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digital healthintervention literature [ 79-83], and have unreliable
treatment efficacies [79-83]. Despite the use of similar
psychological treatments anxiety, mood, and trauma disorders
[84-87], chronic illness treatments also involve acceptance,
remediation, music, and virtual reality [79-82,84-86]. We
therefore retain chronic illness as a category related to but
separate from anxiety, mood, and trauma disorders. Similarly,
caregivers are often untrained family members who face
significant stress and anxiety in the process of providing care
for loved ones. Caregivers also benefit from mental health
services such as cognitive behavioral therapy and specific
psychoeducation, which overlap with some mental health
conditions. but also benefit from peer support, training, and
acceptance therapy [70,88-95]. Substance use disorder was
included since treatments include therapies based on
psychological principles [32,78,96-115], and this disorder is
often comorbid with other mental health disorders and is
considered a mental health condition by medical associations
(eg, Canadian Medical Association, American Medical
Association, and World Health Organization) and diagnostic
manuals (eg, DSM-5).

Thisreview adheresto PRISMA guidelines[116] (Multimedia
Appendix 1).

Results

Included Studies

The PRISMA flowchart of the screening process is presented
in Figure 1. We identified 3051 records and used Medline
selection toolsto exclude primary articles (n=2510), and studies
published before 2010 (n=42). Of the remainder, 4 were
inaccessible and authors did not respond to copy requests; thus,
466 studies proceeded to full-text review where 159 were
excluded for not reporting on intervention effectiveness and 3
were proposals. This selection resulted in 77 meta-analyses, 84
systematic reviews, and 143 literature reviews examining the
use of digital health interventions for the treatment of mental
health conditions.
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Figurel. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart for study selection.
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Mental Health Conditions

A summary of metadata extracted from database searches,
curated secondary literature, curated primary literature, and
participant numbers is provided in Table 1. Per participant,
studies on substance use disorders account for a majority
(n=241,377, 52%) of digital mental health research, followed
by mood, anxiety, and traumadisorders (136,121, n=29%), and
>5% for other mental health conditions (pain: n=24,327,
schizophrenia: n=20,500, dementiaz n=10,823, feeding and
eating: n=10,441, developmental: n=8736, bipolar: n=3573,
sleep-wake: n=3333; and ADHD: n=2428). Additionally, limited
research has examined the use of digital health to provide
psychological support to caregivers of people with dementia
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and developmental disorders. Lastly, we retrieved no records
examining the use of digital health interventions to treat
antisocial, avoidant, borderline, dependent, histrionic, and
narcissistic personality, dissociative identity, paraphilic, and
sexual health disorders. To demonstrate how the amount and
reliability of research can be estimated from metadata, we
correlated elements in Table 1 and report a 4D correlation
(P<.05; see Table S2 and 4D illustration in Figure Sl in
Multimedia Appendix 1). Overall, thisillustrates a significant
need for the development and testing of digital interventions
for other mental health conditions. Nevertheless, the number
of research publications has steadily increased since 2015
(Figure 2)—atrend that will likely continue with greater interest
in digital mental health research.
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Table 1. Metadata per mental health condition examining article and participant numbers.
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Mental health conditions

Total literature® n

Secondary literature®, n

Primary literature®, n

Participants, n (%)

Attention-deficit/hyperactivity disorder 90 8 35 2428 (0.5)
Anxiety, mood, stress, trauma 1205 123 923 136,121 (29.5)
Bipolar and related disorders 65 9 42 3573(0.8)
Dementia 246 24 180 10,823 (2.3)
Developmental disorders (excluding attention- 326 24 349 8736 (1.9)
deficit/hyperactivity disorder)
Feeding and eating disorders 154 23 117 10,441 (2.3)
Pain 147 23 348 24,327 (5.3)
Schizophrenia and psychotic disorders 263 30 304 20,500 (4.4)
Sleep-wake disorders 145 8 29 3333(0.7)
Substance-related disorders 555 59 466 241,377 (52.3)
&Total number of articles from Medline searches.
bSelected secondary literature.
CPrimary literature curated by secondary sources.
Figure 2. Number of included articles per year.
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health intervention, we superimposed the primary digital health
interventions on study characteristics and conclusions drawn
from our search results (Table 2). All digital health interventions
are supplementary to synchronous or real-time communication.
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Table 2. Digital health interventions used to treat mental health conditions.
Condition Therapist contact Onlinepeer ~ Web-based therapy ~ Mobile therapy Virtual reality Cognitivetrain-
support ing
Attention-deficit/hyperactivity disorder
RCT-TAU? (patients/stud- 45/1 _b — — — 363/4
ies), n/n
RTC-other® (patients/stug-  968/6 — — — — 929/14
ies), n/n
Observational (pa- 45/4 — — — 211 36/5
tients/studies), n/n
Reported study quality ~ Not reported — — — 1.00 1.00
(1=low to 3=high)
Overal strength of evi-  Medium — — — Low Medium
dence®
Effective as treatment Yes — — — Emerging Inconclusive
modality?
Effective as assessment  Yes — — — Emerging Inconclusive
modality?® [55,56,117-119] [56,120,121] [56,57,117,118,
122]
Anxiety-, mood-, stress-, and trauma-related disorders
RCT-TAU (patients/stud-  7156/60 — 19,803/105 1333/6 2842/65 42/3
ies), n/n
RTC-other (patients/stud-  5460/38 73/1 51,074/279 3905/22 2974169 222/6
ies), n/n
Observational (pa- 1567/41 — 31,461/93 45/1 305/21 —
tients/studies), n/n
Reported study quality ~ 2.33 (SD 0.57) Not reported  2.38 (SD 0.68) 1.64 (SD 0.64) 1.78 (SD 0.68) 1.00
(1=low to 3=high)
Overall strength of evi-  High Low High Medium High Low
dence
Effective as treatment Yes Emerging Yes Yes Yes Emerging
modality?
Effective as assessment  Yes No studies Emerging Yes[1,43,68,96, Emerging Emerging
modality? [68,96,123-144] [129] [1,30,31,68, 144,185-187,191, [65-67,134,183, [166,230]
69,84-86,96, 193-204] 184,205-229]
118,124,125,129,
130,133-135,137,
138,142,144-192]
Bipolar and Related Disorders
RCT-TAU (patients/stud- — — 992/14 132/1 — —
ies), n/n
RTC-other (patientystud-  14/1 286/3 1499/7 — — —
ies), n/n
Observational (pa- —I3 156/1 273/5 51/1 — —
tients/studies), n/n
Reported study quality ~ Not reported 1.00 1.00 2.75 — —
(1=low to 3=high)
Overadl strength of evi-  Low Medium Medium Low — —
dence
Effective as treatment Yes Emerging No Emerging — —
modality?
Effective asassessment  Yes[231,232] No studies No studies No studies [231] —
modality? [233] [231-235] [201,231,236,237]
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Condition Therapist contact Online peer Web-based therapy ~ Mobile therapy Virtual reality Cognitivetrain-
support ing

Dementia and Related Disorders

RCT-TAU (patients/stud-  483/6 — — 3981/7 33111 590/16

ies), n/n

RTC-other (patient/stud-  486/4 — — —/30 30/1 1222/19

ies), n/n

Observational (pa- 1695/29 — — —/30 273/10 282/16

tients/studies), n/n

Reported study quality  1.75(SD 0.75) — — Not reported 1.50 (SD 0.50) 1.63 (SD 0.41)

(1=low to 3=high)

Overdl strength of evi-  Medium — — Medium Medium Medium

dence

Effective as treatment Yes — — Yes Inconclusive Yes

modality?

Effective asassessment  Yes[58,238-245] — — Yes No studies Yes

modality? [59,60,240,242,246] [221,240,242, [61-64,166,240,

247-249) 242,250-252]

Dementia: caregiver support

RCT-TAU (patients/stud-  773/8 111 1054/10 — — —

ies), n/n

RTC-other (patienty/stud-  1019/10 384/4 2852/17 — — —

ies), n/n

Observational (pa- 78/3 54/2 176/6 — — —

tients/studies), n/n

Reported study quality  1.50 150 150 — — —

(1=low to 3=high)

Overal strength of evi-  Medium Low Medium — — —

dence

Effective as treatment Yes Emerging Yes — — —

modality?

Effective asassessment  Yes[88,89,240]  No studies Emerging[70,88,89] — — —

modality? [70,88-91]
Developmental disorders (excluding attention-deficit/hyper activity disorder)

RCT-TAU (patients/stud-  535/13 — — 107/4 222/7 984/20

ies), n/n

RTC-other (patients/stud-  327/10 — 80/3 69/3 877/24 1298/55

ies), n/n

Observationa (pa- 3330/88 — 711 712 212/24 392/37

tients/studies), n/n

Reported study quality 156 (SD 0.77) — 1.00 1.50 2.50 (SD 0.50) 1.00 (SD 0)

(1=low to 3=high)

Overadl strength of evi-  High — Low Low Medium High

dence

Effective as treatment Yes — Inconclusive Inconclusive Inconclusive Yes

modality?

Effective as assessment  Yes — Nostudies[119,263] No studies [264] No studies Yes

modality? [92,119,253-263] [120221,253265266]  [118,253267-2/0]
Feeding and eating disorders

RCT-TAU (patients/stud-  833/15 — 2497/23 276/3 628/9 —

ies), n/n

RTC-other (patientystud-  97/1 275/3 3361/29 143/3 — —

ies), n/n
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(1=low to 3=high)

Condition Therapist contact Online peer Web-based therapy ~ Mobile therapy Virtual reality Cognitivetrain-
support ing
Observationa (pa- 296/8 — 1928/18 107/5 — —
tients/studies), n/n
Reported study quality  2.00 2.00 1.83(SD 0.69) 1.00 1.00 —
(1=low to 3=high)
Overadl strength of evi-  Medium Medium High Medium Medium —
dence
Effective as treatment Yes Emerging Yes Emerging Yes —
modality?
Effective asassessment  Yes No studies Emerging Emerging No studies N/A
modality? [28,71,72271,272] [72] [71-74,171,272-278] [74,276,279-282] [120,211,283-285]
Chronic pain, disability, and other medical illness
RCT-TAU (patients/stud-  4350/54 — 1339/10 0 3583/43 —
ies), n/n
RTC-other (patients/stud-  3203/46 — 5666/37 — 2642/35 —
ies), n/n
Observational (pa- 2066/66 — — — 1478/56 —
tients/studies), n/n
Reported study quality ~ 1.42 (SD 0.55) — 2.0(SD 0.71) — 1.21(SD 0.37) —
(1=low to 3=high)
Overal strength of evi-  High — High — High —
dence
Effective as treatment Yes — Yes — Yes —
modality?
Effective as assessment  No studies — Emerging — No studies —
modality? [286,287] [79,80,85,286-289] [81-83,290-301]
Schizophrenia and psychotic disorders?
RCT-TAU (patients/stud- — —/4 —/9 1580/6 292/4 1495/33
ies), n/n
RTC-other (patients/stud-  3287/5 —/2 101/3 5837/4 1735/28 1783/31
ies), n/n
Observationa (pa- 404/5 —/2 20/2 1891/23 1267/32 86/5
tients/studies), n/n
Reported study quality ~ 1.50 (SD 0.87) 1.67(SD0.94) 2.00(SD 1.00) 1.83(SD 0.62) 2.25(SD 1.0 2.50(SD 0.41)
(1=low to 3=high)
Overadl strength of evi-  Medium Low Low Medium High High
dence
Effective as treatment Yes Yes Yes Yes Inconclusive Yes
modality?
Effective asassessment  Yes No studies Emerging Emerging No studies Yes
modality? [231,232,302-304] [304-306] [231,232,304,305, [201,231,232, [120211,221,309-315]  [231,252,312,
307,308] 302-305,307,308] 316-321]
Sleep-wake disorders
RCT-TAU (patients/stud- — — 1779/9 — — —
ies), n/n
RTC-other (patients/stud- — — 1220/13 — — —
ies), n/n
Observational (pa- — — 334/6 — — —
tients/studies), n/n
Reported study quality —— — 2.00 (SD 0.63) — — —
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Condition Therapist contact  Online peer Web-based therapy ~ Mobile therapy Virtua reality Cognitivetrain-
support ing

Overdl strength of evi- — — Medium — — —
dence
Effective as treatment — — No — — —
modality?
Effective as assessment — — No studies — — —
modality? [182,322-328]

Substance use disorders
RCT-TAU (patients/stud-  8151/21 — 61,896/93 4650/8 111 —
ies), n/n
RTC-other (patients/stud-  15,610/31 — 97,802/180 12,385/22 219/5 —
ies), n/n
Observationa (pa- 984/5 — 14,603/35 5231/30 181/8 —
tients/studies), n/n
Reported study quality  2.13(SD 0.74) — 2.07 (SD 0.63) 2.26 (SD 0.74) 1.33(SD 0.47) —
(1=low to 3=high)
Overall strength of evi-  High — High High Medium —
dence
Effective as treatment Yes — Yes Yes Inconclusive —
modality?
Effective as assessment  Yes — Yes[32,75,78, Emerging No studies —
modality? [32,75,96-99, 96-114,188,277, [32,99,100, [115,120,211,221]

329-345] 332-330,344,346-354]  333-339,
344,346-348 354-359)]

Total
RCT-TAU (patients/stud-  22,326/178 11/5 89,360/273 11,927/34 7909/140 3474176
ies), n/n
RTC-other (patients/stud-  30,471/152 1018/13 163,655/569 22,521/63 8477/162 5494/125
ies), n/n
Observational (pa- 10,465/252 210/5 48,802/166 7332/92 3718/152 796/63
tients/studies), n/n
Reported study quality — 1.69 154 1.86 1.83 164 1.45
(1=low to 3=high)
Overall strength of evi-  High Low High Medium High Medium
dence
Effective as treatment Yes Emerging Inconclusive Inconclusive Inconclusive Yes
modality?
Effective as assessment  Yes No studies Yes Emerging Emerging Yes
modality?

3RCT-TAU control; Randomized controlled trials with a treatment-as-usual control.

b__: not determined.

CRCT-other control: Randomized controlled trials with awaitlist or placebo control.

dHigh confidence based on >30 randomized controlled trials with >2000 participants in total; Medium confidence owing to <30 randomized controlled
trials with <2000 participants; Low confidence owing to <500 participants; N/A: not applicable.

®Yes=positive treatment outcomes and low drop-out rates; Inconclusive=mixed findings, may be effective; Emerging=novel area of research with
insufficient evidence; No=no significant difference in outcomes between intervention and controls.

fweb-based programs developed for bipolar disorders only address depression symptoms but not mania symptoms.
9Patients with schizophrenia and psychotic disorders or symptoms may not be willing to use any digital modalities owing to paranoia about technology,

which stems from the underlying psychopathol ogy.
Digital health interventions can be separated into 7 primary

categories.
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Synchronous and Asynchronous Therapist Contact

Synchronous contact refers to methods where providers and
patients communicate at the same time (eg, phone call and
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videoconference). With better technology practitioners have
gravitated toward videoconferencing, but a telephone call is
used in the event of technical issues [232,360,361]. Delivery
of assessment or treatment (eg, prescribing medication, parent
and caregiver training, and various therapies) are usualy
provided using synchronous forms of communication.
Nonetheless, it may also be more difficult to deliver
time-dependent neurological tests [238]. Synchronous contact
remains the primary form of treatment where other forms of
treatment described below are only supplementary
[68,69,84,98,109,111, 112,124,
135,151,159,169,170,178,179,199,273,348,349,362].

From apatient’s perspective, most felt that synchronous contact
with a therapist afforded greater accessibility, independence,
and made it easier for them to express themselves, others felt
that it was impersonal [231,363], and some patients with
schizophrenia and psychosis disorders were not comfortable
with the technology, felt monitored or recorded, and refused
care [147,232,308,360,361].

For asynchronous communications, thereisatime delay between
responses (eg, email and text). These methods can be useful in
encouraging patients to attend their appointments, take their
medications, exercise, relax, complete daily life tasks, and
reduce relapse following remission
[74,110,157,198,232,274,279,330,361,364-367].  However,
asynchronous forms of communication were not as effective as
synchronous forms of communication before remission
[123,129,142,147,148]. Furthermore, asynchronous
communications are rarely tested in emergency situations with
patientswho are potentially suicidal or violent [29,125,149,179].

Web-Based Peer Support

Mental health support provided by peoplewith lived experience
of mental health issues took place via web-based discussion
groups (video calls, forums, and social media) where patients
with similar disorders can interact. Treatment programs rarely
include web-based groups, and few studies explore their role
in treatment and adherence; therefore, we retained it as a
separate category. Online communities and forums (eg, specific
subreddits, forums, discord, and Facebook groups) are prevalent
for all mental health conditions since patients can learn more
about others' experiences, learn about their condition, receive
peer support, and accept their condition [87,232,304,305].
Online communities have also formed on YouTube where
people living with mental health conditions are able to share
their lived experience and insights. While there are examples
of evidence-based forums and media content on mental health
conditions, web-based content is not usually moderated, which
may lead to the spread of misinformation. Indeed, unmoderated
online communities have lower retention rates[306], suggesting
that moderation by a practitioner may be required to reduce
potential problems. Nevertheless, patient involvement and
interaction on socia media platforms provide significant
insights, alternative perspectives, and fortitude to the general
population, other patients, health care providers, and researchers.
Despitetheir prominence, their use and effectiveness are rarely
evaluated.
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Web-Based or Computer-Based Therapy Programs

Various types of content delivered on the internet included
psychoeducation, self-help therapy, journaling, assessments,
topics traditionally covered in workbooks and paper format,
reminders to take medication, motivational interventions, and
web-based peer support. Web-based and mobile programs
delivered with administrative or therapist guidance are as
effective as treatment as usual (TAU), while those without
guidance show significantly lower effectiveness and variable
dropout rates [68,69,84,98,109,111,112,124,135,
151,159,169,170,178,179,199,273,308,348,349,362]. These are
well developed for substance use-, mood-, anxiety-, and
trauma-related disorders but not bipolar, personality, and
sleep-wake disorders (Table 2). Indeed, for the latter disorders
theseinterventionsyield mixed results since they primarily treat
anxiety and mood symptoms, but not maniaor other symptoms
[233,323,326].

Mobile-Based Therapy Programs

Mobile apps are a novel way to deliver therapy programs on
mobile devices and share similarities to web-based or
computer-based therapy programs. Over 2200 mobile appsclaim
to deliver therapy for several mental health conditions but lack
rigorous validation, are not necessarily based on therapeutic
principles, are gamified and addictive, or harm recovery
[1,43,74,154,180,185,187,194-196,198,200,231,237,280,308, 333,356,363
Furthermore, 38% of trials for mobile apps were uncontrolled
(Table 2). Mabile appswere therefore separated from web-based
and computerized therapy (Table 2). We al so urge caution when
selecting mobile apps and provide alist of web-based tools and
apps that have previously been validated (Table S1 in
Multimedia Appendix 1).

Virtual and Augmented Reality

Virtual and augmented reality provide realistic and immersive
experiences with a sense of presence for participants. It is a
promising tool for new forms of assessment, treatment, and
research to understand psychological processes (eg, psychosis
and paranoia) [310]. Virtua reality is easier to implement,
perform, and more realistic, motivating, and enjoyable than
traditional exposure therapy
[65-67,98,115,134,183,205,206,208-210,212-215,
219,222,311,369]. Virtual reality can be used to deliver
psychotherapy, education, cognitive therapy, and exposure
therapy [65-67,98,115,134, 183,205,206,208-210,212-215,217,
219,222,248,257,292,310,311,369,370] . Experiential cognitive
therapy, a combination of virtual and cognitive therapy, has
also been successful in treating eating- and weight-related
disorders [284,371]. Lastly, virtua redlity is vauable as a
distraction tool, which leads to reduced pain perception,
improved functional ability, and lower stress in patients with
various acute and chronic illnesses [81,83,290,291,294,295].
Virtual reality could also provide otherwise inaccessible
experiences to individuals with a disability, older individuals,
or those living with achronicillness or disability. Nevertheless,
virtual reality should be part of a comprehensive treatment

strategy [67].
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Initial concerns that virtual reality could induce nauses,
headaches, and other negative side effects, which could
ultimately worsen phobias and attrition [207] have been
assuaged by several improvements in the technology [67,206].
Practitioners should nevertheless use caution and test
participants for susceptibility to motion sickness [218]. Some
of these concerns may be addressed by using augmented reality
where 3D representations of elementsareimposed ontheuser’s
native world, but more research is necessary for conclusive
evidence of treatment efficacy between virtua reality and
augmented reality [184]. Therapistsalso need to carefully assess
for signs of cognitive avoidance in patients where they might
treat virtual environment and stimuli as a “game” instead of
cognitive immersion [218]. Mobile-based virtual reality
treatments may provide new treatment avenuesfor patientswho
cannot attend in-person therapy owing to disability,
transportation, or health concerns[137,220].

Cognitive Training

Cognitive training includes training exercises, neurofeedback,
and games provided over mobile, web-based, or computer
devices or virtual reality. These provide greater flexibility and
development than pen-and-paper methods. Evidence suggests
broad cognitive training is more effective than a narrow focus
on a single cognitive modality [61,244,252,316,318].
Additionally, these must also be combined with tailored
remediation to extract the greatest benefits in everyday life
[58,92,244,252,258,316-318,372]. Cognitive declines are al'so
reported in anxiety, mood, bipolar, and personality disorders,
where similarly broad cognitive training could be useful to
aleviate cognitive decline, reduce premature brain aging
[59-62,64,150,251,252], and increase remission [ 166,230], and
where the success of cognitive training in disorders such as
schizophrenia, ADHD, devel opmental disorders, and dementia
could be applied. Cognitive training and virtual reality could
also improve broad motor and cognitive functions in patients
with neurological disorders such as stroke, traumatic brain
injury, Parkinson disease, and multiple sclerosis [61,247].
Attention bias modification appearsto be successful in treating
negative cognitive and attentional biases in patients with mood
and anxiety disorders[163].

Other Technologies

Monitoring technologies (eg, breathalyzer, pill dispenser
Wisepill, mobile apps, smart watches) are used to regularly
monitor psychological symptoms, heart rate, blood pressure,
location, and sleep and to alert practitioners to early signs of
relapse, missed doses, or to flag early warning signs of disease
[60,232,236,243,251,302,305,306,333,334]. Security systems,
call screening technology (for scams), and chatbots can aso
improve quality of life, but more research is needed
[60,243,245,251]. Lastly, transcranial direct current stimulation
(tDCS) and similar treatments can be delivered remotely for
dementia and schizophrenia[244].
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Discussion

Principal Findings

This review found that a majority of studies on digital health
interventions are focused on substance use—, anxiety-, mood-,
and trauma-related disorders. For patientswith these conditions,
the greater flexibility, comfort, and routine associated with
digital health offered afavorable substitute for in-person visits
and retained therapeutic utility. Given this finding, we expect
the use of digital health interventionsto persist during and after
the pandemic owing to the relaxation of insurance and
administrative regulations[12,373-377]. Thevolume and quality
of research for these disorders has enabl ed the discovery of new
treatment methods and the refinement of existing digital health
tools to improve treatment efficacy.

We also found that the sudden onset of the COV ID-19 pandemic
led to a rapid shift toward the use of new technology and
interventions without the necessary time to train or prepare
practitioners and posed challenges for many heath care
providers. To remedy this, governments, professiona
organizations, and academics, have created region-specific
digital health toolkits [12,378-383] to facilitate and encourage
the provision of digital health services. These toolkits are
extensive and provide examples of waysin which digital health
can be delivered in ameaningful and effective way.

Evidence from this review also suggests that digital health
interventions have implications for combatting the dual public
health emergencies across North America: the COVID-19
pandemic and the ongoing overdose crisis [11,384]. Findings
indicate that there is significant potential for digital health
interventionsin reducing the harms experienced by people who
use substances [32,75,78,96-114,329-339,346-353,385].
Research into digital health interventions for substance use
disordersisrelatively new and demonstrates the promising use
of web-based programs and social media to reach participants
instead of relying solely on referrals from practitioners
[100,102,111-114,171,339,349,385]. These interventions may
offer timely and cost-effective solutions, where texting,
moderated forums, validated web-based or computer-based
programs, or mobile apps may be used for treatment,
psychoeducation, managing ongoing symptoms, and preventing
relapse[12,20,25,30, 79,80,85,147,157,175,351] (see Table S1
in Multimedia Appendix 1 for a list of validated tools).
Nevertheless, it is important to acknowledge that there are
certaininstanceswherein-person contact with aservice provider
ismost suitable. Thisis particularly important given that many
homeless and street-involved populations lack access to and
knowledge of technology [386-388].

Similarly, this review found indications that web-based
programs in anxiety-, mood-, and trauma-related disorders are
poised for similar expansion. Since anxiety and depression
symptoms have risen in the general population during the
pandemic [10-16], severa interventions can be useful for
short-term symptom management, such as synchronous
communication (videoconferencing or telephone calls) with a
therapist [68,96,123-126,129,130,133-139,141,142] and referral
to validated web-based [1,30,68,69,84-86,96,118,124,
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125,129,130,133-135,137,138,142,145-187], computer-, or
mobile-based applications [1,68,96,185-187,193-200] such as
those listed in Table S1 in Multimedia Appendix 1. However,
we would like to emphasize that interventions were far less
successful without practitioner guidance
[30,69,73,76,77,155,157,252].

While this review also identified promising developments in
digital programs for ADHD, developmental, dementia, eating,
schizophrenia, and chronic illness, we found that digital health
interventionsfor these conditions are nascent. Negative findings
in sleep-wake and bipolar disorders suggest that significant
retooling is necessary for treating these conditions. Furthermore,
no reviews on the use of digital health tools for dissociative,
elimination, sexual, and personality disorders were identified.
The positive outcomes reported for digital health interventions
in awide range of mental health conditions suggest that there
may be merit to exploring these interventions in additional
clinical contexts during and after the COVID-19 pandemic.
Caution is also warranted with patients with schizophrenia,
psychosis, or bipolar disorder as technology may be triggering
or could exacerbate existing symptoms [147,232,360,361].

Review findings also suggest that synchronous digital contact
is an effective subgtitution for in-person treatment and
assessment for many mental health conditions. Considering
successes in most mental health conditions, these findings can
be generalized to other conditions where less research is
available, such as bipolar, sleep-wake—related, and personality
disorders. While some health care providers have expressed
concerns regarding their ability to build a therapeutic alliance
with their patients, research shows that thisis not significantly
affected by synchronous communication [26,389,390].
Interestingly, synchronous digital health may be beneficial for
autism spectrum disorders [269] and social anxiety since it
reduces social interaction—related stress, need for eye contact,
oversensitivity, and overstimul ation. Evidence from thisreview
indicates that synchronous platforms are associated with
significant cost and time savings. First, this transition is also
beneficia by reducing commutesto work, the ability to organize
one'sworking day and tasks [391-393], and protects therapists
from the risk of physical confrontations [394,395].

Digital health tools have also been found to allow practitioners
to reduce the time they spend with each patient, where evidence
suggests that spending 10 minutes with patients through
synchronous platforms, and providing referralsto asynchronous
platforms (eg, web-based, mobile-, or computer-based therapy
and cognitive training) is sufficient
[30,69,73,76,77,155,157,252,308]. Some patients (eg, children
and elderly) may face other barriers to using or accessing
technol ogy [396,397], which can be resolved by specific training
on using the application [59,62], obtaining help from acaregiver,
and could even be accomplished through remote desktop
applications (such as Microsoft Teams: Remote Desktop
Protocol). Nonetheless, transferring this responsibility to a
family member increases caregiver burden and may lead to
suboptimal results over thelong term. However, the proliferation
of untested applications (especially mobile apps) rai ses concerns
around the quality of existing platforms
[1,74,154,180,185,187,194-196,198,200,231,237,280,333].
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More specifically, these applications often lack validation,
reliability, and are not always built on sound psychotherapeutic
principles [1,74,154,180,185,187,
194-196,198,200,231,237,280,308,333].

Digital hedlth interventions are also less effective at mitigating
theimpacts of social isolation, particularly in the context of the
COVID-19 pandemic, where public health orders and the
requirement of physical distancing is expected to drastically
impact peoples’ mental health. Human connection contributes
significantly to one’s mental health; therefore, it is important
that digital health interventions maintain their human aspect as
this is associated with increased efficacy
[68,69,84,98,109,111,112,
124,135,151,159,169,170,178,179,199,273,348,349,362].
Findings demonstrate that asynchronous platforms, such as
web-based forums, social media, and other digital communities,
likely increase patient engagement and adherence to treatment
across all mental hedth conditions [87,232,304,305].
Additionally, preventative education can be disseminated via
asynchronous platforms (eg, social media, groups, forums, and
schools) for all mental health conditions, as seen in substance
use disorders [100,102,111-114,171,339,349]. Owing to
increased demand and lack of availability of servicesduring the
COVI1D-19 pandemic, many patients havetransitioned to mobile
apps and web-based programs without the guidance of a
practitioner [ 13]. Hence, the absence of sufficient research into
these venues, their impact on mental health, and the lack of
practitioner guidance and support
[1,74,154,180,185,187,194-196,198,200,231,237,280,333] raise
concerns that these platforms may cause harm. Indeed,
government intervention to increase the prominence of validated
region-specific tools and resourcesin web-based and app-related
searches may be required.

Another emerging asynchronous technology that can be used
for the treatment of mental health conditions are virtual reality
tools. Greater accessibility, comfort, and normalcy of the
technology will encourage the development of virtua reality
interventions on site or at home. Nevertheless, there are also
barriers to providing and expanding virtual reality tools. For
example, the high cost of equipment acts asasignificant barrier,
however, lower priced equipment or mobile phones can be used
as substitutes [137,220,247]. Additionally, virtual reality tools
are based on recent technological advancements, and there is
little quality research on the use of industry-standard equipment
and even less so for low-cost virtual reality options. Despite
these limitations, virtual reality addresses a particular niche of
therapeutic tools (eg, exposure therapy)
[65-67,98,115,134,183,205,206,208-210,212-215,219,222,311,369]
and is an effective tool for pain management
[81,83,290,291,294,295], indicating that as technology and
research advances, it may become a central component of any
comprehensive mental health treatment strategy.

Owing to the social distancing and quarantine requirements
posed by the pandemic, patients with mental health disorders
already face social isolation in addition to increased stress and
anxiety [5-14]. Additionally, patients surviving COV1D-19 may
experience lingering symptoms and post-intensive care
syndrome long after discharge from intensive care units
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[398,399]. Mental health challenges for these patients include
anxiety, depression, posttraumatic stress disorder (PTSD),
cognitive decline, and chronic illness [398,399]. Along with
previously mentioned interventions to deal with symptoms of
anxiety, depression, and posttraumatic stress, virtual reality can
be used to reduce stress, distract from pain, and retrain
functional movement in patients who experience chronicillness
after COVID-19.

Health care providers are also at risk of feeling social and
professional isolation as well as burnout [26,394,400], which
must be properly managed by managers, the professional
organization, and practitionersthemselves. Given the anticipated
impact of the pandemic on the mental health of health care
providers[11,18,401-403], health care organizationswill benefit
from specialized synchronous, web-based, and mobile therapy
and moderated discussion forums to alleviate this burden.
Similar interventions have been used with family caregivers
[70,88-90] and health care providers [18,401,402,404,405] to
treat anxiety, depression, PTSD, and burn out. Therefore, such
interventions can help manage health care providers mental
health.

Future Directions

Over the last two decades, research on the use of digital health
interventions to deliver mental health care has increased
significantly. Lessons learned from highly studied fields (eg,
substance use—, anxiety-, mood-, and trauma-rel ated disorders)
can guide the implementation of digital health interventionsto
treat other mental health conditions. Starting at the most basic
level, where practitioner guidance for 10 minutes was essential
and often sufficient for the treatment of anxiety-, mood-, and
trauma-related disorders, web-based, computer-based, or mobile
programs or apps developed for these conditions could be
adapted, improved upon, and eval uated to treat other conditions
with overlapping symptomatology. For example, one could
consider the overlap in symptomatol ogy among mood-related,
anxiety, bipolar, seep-wake—related, and some personality
disorders [406]. Thus, digital interventions for the former two
conditions could be adapted to include journaling, behavioral
modification prompts, and other psychotherapeutic treatments
akin to these conditions, and finaly be re-evauated.
Nonetheless, for conditions where no treatments exist, the
development and digitization of novel treatment strategies is
required [233,323,326]. Indeed, the digital nature of these
programs enables the collection of regular assessment data,
input from patients, and evaluation by health care providersto
develop decision trees and machine learning algorithms to
instantly improve and personalize treatment plans, require less
practitioner time, and provide greater flexibility in treatment
delivery.

The rapid pace of technological advancements also poses
significant challenges. For example, treatment program
implementation has evolved from computerized delivery with
CDs to web platforms to mobile apps in the last two decades.
Significant technological shifts have forced researchers to
completely rebuild the programs despite apparent similarities
between these modes of delivery. Many validated programs
identified (Table S2 in Multimedia Appendix 1) are outpaced
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by technological advancements and lack recent updates. First,
easy-to-use development and cross-platform tools (eg, React
Native and Xamarin) will enable researchersto make, evaluate,
and maintain programs despite rapid technological
advancements. Second, health care policies and eval uation may
need to be modified so that validated tools can evolve over time
and across platforms when the underlying therapeutic principles
remain consistent.

Existing research on digital interventionsrarely coverscomorbid
conditions, emergency situations, or complex socioeconomic
factors. For example, research on people experiencing
homelessness is limited to commentaries and policy
recommendations based on available research in the general
population [32-42]. This is of particular concern when
considering that those of lower socioeconomic status or with
complex life circumstances show reduced benefits from digital
health interventions [148,165,407]. Additional research
considering individuals experiencing various psychosocial
complexities or comorbid conditionsis required.

Further research must endeavor to use appropriate controls and
more rigorous design to improve overall study quality assessed
in Table 2. Blinding patientsto the digital nature of the treatment
isdifficult, but creative solutions (eg, unrelated cognitive tasks
in lieu of treatment) are recommended. Additionaly,
standardized rating scales (ie, DSM-V criteria) should be used
instead of nonstandard assessments or a participant’s opinion
on the treatment. Most studies are restricted to treatment
duration and lack long-term follow-up (>6 months). Considering
digitization of treatments and records, practitioners can
automatically request follow-up surveys and assessments via
email or text. Follow-up surveys must also consider whether
patients have pursued other treatment programs, as these could
confound any pertinent treatment effects. Lastly, following
successful remission, there is limited research on the use of
digital health interventions (eg, email, text, social media, and
forums) to prevent rel apse, which can be accomplished viaemail
or text [74,110,157,198,232,274,279,330,361,364-367].

Web-based peer support is dependent on human interaction,
which can be unpredi ctable and include uncontrolled variabl es.
For example, since any large number of people can participate
inforumsfor intermittent periods of time, theinevitableturnover
can cause cultural shifts. This would therefore require
moderation by practitioners. Evaluation is further complicated
by the lack of objective and quantifiable pre-post measures in
open social media groups and forums. Indeed, practitioner
moderated forums or groups may fare better and could
automatically request participants to fill out monthly surveys.
Further research is needed to address these hypotheses.

Limitations

There are several limitations to this review. First, to rapidly
inform health care stakeholders responsible for managing
treatment of a broad range of mental health disorders, we took
acomprehensive approach. Asaresult, we limited the scopeto
secondary literature sources and utilized a systematic
methodology designed for metareviews [167]. Since we
primarily report on the effectiveness, feasibility, and reliability
of digital delivery in lieu of face-to-face treatment, we did not
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attempt to compare different forms of therapy. This included
drawing comparisonsto nondigital interventions reported within
identified studies, when available (27% of primary studies
compared digital health interventions to TAU). Owing to the
urgency of this endeavor and to limit the already substantial
number of references, we focus exclusively on reports obtained
from Medline. This is not atypical as many of the included
reports use a single database but can miss some reports.

Additionally, the metadata collection procedure described only
approximates the state and volume of research. Reliance on
secondary research articlesimpliesthat we likely missed recent
relevant primary research articles. Nevertheless, our correlative
analysis (Table S2 and Figure S1 in Multimedia Appendix 1)
suggests that metadata and secondary research can be used to
estimate the relative amount and reliability of primary research.

Owing to differences in quality and bias reporting between
included literature, we could not report thisfor individual studies
and instead relied on the included literature sources to dictate
the quality of research in the field. We observed considerable
variability in quality assessments between reviews (Table 2).
Potential explanations include the specific selection and
inclusion or exclusion criteria of reviews or lower stringency
in early discovery studiesversuslater RCTs. Nevertheless, this
raises concerns regarding interreview reliability, which we did
not assess here. To enable policy makers and researchers to
reliably compile all amassed data, reliably rate studies, and
reduce time lost to re-evaluating studies we recommend an
update to Cochrane and PRISMA requirements to include the
adoption of a single consistent bias and quality assessment
reporting methodology and consistent reporting of study details
in al reviews. In addition to ensuring similar quality and bias
assessment between reviewers within areview, we recommend
comparison with previous reviews to ensure greater
reproducibility of quality and bias assessments between
independent reviews. Nevertheless, living systematic reviews
are likely to accelerate research and development in digital
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mental health interventions and may if designed accordingly
upend the systematic review process. Living reviews stem from
the ability to continuously update web-based articles with the
latest developments in the field. These are a way forward for
rapid evidence-based development, collaboration,
standardization of digital health tools, and a necessary step
forward to improve treatment options.

Conclusions

Although digital delivery of mental health treatment has been
inclinical usefor along time, the availabl e research on the topic
is far from comprehensive or consistent. New guidelines to
increase reliability and consistency of reporting, evaluation,
and quality and bias assessments would enable faster literature
synthesis and increase confidence. Living systematic reviews
for bipolar, personality, developmental, dementia, and
sleep-wake disorders would also be very useful to guide and
organize novel digital treatment strategies.

Overdll, digital treatment strategies paired with synchronous
practitioner contact are as effective as nondigital alternatives.
However, in offering digita treatments, it isessentia to consider
feasibility of treatment, caregiver burden, patient-specific
symptoms (eg, paranoia), and patient-specific parameters. More
research is especially needed in marginalized populations who
face greater barriersto mental health treatment access. Thus, to
maintain treatment quality and efficacy, patients should have
the option for face-to-face interventions, despite the challenges
posed by the COVID-19 pandemic. Nonetheless, digital
treatments offer many benefits such as increased patient
engagement, accessibility, and availability paired with reduced
practitioner workload. Additionally, the drastic shift to digital
healthislikely to encourage further devel opmentsin treatments
for many mental health disordersand expansioninto other digital
modalities, such asvirtua reality, social media, and web-based
forums. These developments promise significant advances in
mental health treatment viaglobal collaboration and investment.
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Abstract

Background: Internet interventions for mental disorders and psychological problems such as prolonged grief have established
their efficacy. However, little is known about how internet interventions work and the mechanisms through which they are linked
to the outcomes.

Objective: Asafirst step in identifying mechanisms of change, this study aimed to examine emotion regulation and loss-related
coping self-efficacy as putative mediators in a randomized controlled trial of a guided internet intervention for prolonged grief
symptoms after spousal bereavement or separation or divorce.

Methods. The sample comprised older adults who reported prolonged grief or adaptation problems after bereavement, separation,
or divorce and sought help from a guided internet intervention. They were recruited mainly via newspaper articles. The outcome
variables were grief symptoms assessed using the Texas Revised Inventory of Grief and psychopathology symptoms assessed
using the Brief Symptom Inventory. A total of 6 module-related items assessed | oss-focused emotion regulation and loss-related
coping self-efficacy. In the first step, path models were used to examine emotion regulation and loss-related coping self-efficacy
as single mediators for improvements in grief and psychopathology symptoms. Subsequently, exploratory path models with the
simultaneous inclusion of emation regulation and self-efficacy were used to investigate the specificity and relative strength of
these variables as parallel mediators.

Results: A total of 100 participants took part in the guided internet intervention. The average age was 51.11 (SD 13.60) years;
80% (80/100) were separated or divorced, 69% (69/100) were female, and 76% (76/100) were of Swiss origin. The internet
intervention increased emotion regulation skills (=.33; P=.001) and loss-related coping self-efficacy (=.30; P=.002), both of
which correlated with improvements in grief and psychopathology symptoms. Path models suggested that emotion regulation
and loss-related coping self-efficacy were mediators for improvement in grief. Emotion regulation showed a significant indirect
effect (f=.13; P=.009), whereas coping self-efficacy showed a trend (3=.07; P=.06). Both were confirmed as mediators for
psychopathology ($=.12, P=.02; 3=.10; P=.02, respectively). The path from the intervention to theimprovement in grief remained
significant when including the mediators (=.26, P=.004; 3=.32, P<.001, respectively) in contrast to the path from the intervention
to improvements in psychopathology (3=.15, P=.13; f=.16, P=.10, respectively).

Conclusions: Emotion regulation and loss-related coping self-efficacy are promising therapeutic targets for optimizing internet
interventions for grief. Both should be further examined as transdiagnostic or disorder-specific putative mediators in internet
interventions for other disorders.
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Introduction

Background

Several studies and meta-analyses have established the efficacy
of traditiona face-to-face interventions for grief counseling
[1,2]. In addition, guided internet interventions for prolonged
grief symptoms have demonstrated their efficacy with effect
sizesin the moderate to large range [3-6]. A recent review and
meta-analysis concluded that internet interventionsfor bereaved
individualswith higher levelsof disturbed grief showed medium
effect sizes, suggesting that further research should focus on
the moderators and underlying mechanisms of treatments [7].
The components of grief counseling mostly provided in
palliative care settings were psychoeducation, enhancing
communication and social support, stress reduction/relaxation
skills, cognitive reframing, and identifying and modifying
maladaptive behaviors [8]. Psychological interventions for
severe, prolonged grief focus on cognitive restructuring,
exposure, interpersonal elements, and behavioral activation[9].
A component of most internet interventions for grief is
expressive writing assignments, which can foster the emotional
processing of theloss, may |ead to new perspectiveson theloss,
and might foster the process of sense making [7].

Although considerabl e evidence has established the efficacy of
cognitive behaviora (internet) interventions for psychiatric
disordersand several emotional problems, including grief, little
is known about how they lead to an improvement in symptoms
or behavior [10,11]. The identification of these mechanisms of
change would be useful for tailoring interventions that
specifically target these mechanisms and thus may be more
potent or efficient [12]. It may aso contribute to the
development of more parsimonious interventions with fewer
but equally effective components[13], which reduce the burden
for clients as well as save time and cost [14].

Potential mechanisms of change can be specific factors posited
in the theoretical background of the intervention (eg, changes
in maladaptive thinking or behavior in cognitive behavioral
therapy [CBT]) or common factors, such as the therapeutic
alliance, empathy, expectations, or a rationale that provides
credibility to the intervention [15]. Self-efficacy is a central
variable in socia cognitive theories [16]. Self-efficacy as a
belief in the ability to exercise control over events that affect
one’s life to manage one's personal functioning and
environmental demands plays an important role in stress
reactions and adaptive coping in threatening situations [17].
Bereavement coping self-efficacy (CSE) predicted lower
emotional distress, higher psychological and spiritual well-being,
and better physical health in widows whose husbands had died
of cancer [18]. Self-efficacy also predicted lower grief symptoms

https://mental .jmir.org/2022/5/€27707

in students who lost a close person in a university campus
shooting [19]. In addition, Benight and Bandura[17] concluded
that CSE was a mediator in the recovery from traumatic
experiences. Inlinewith thisnotion, achangein CSE predicted
a decrease in posttraumatic stress symptoms in an eHealth
intervention for survivors of trauma [20]. Moreover,
self-efficacy was a mediator between psychopathology
symptoms and disabilities in activities and participation [21].

Emotion regulation (ER) has been established as a
transdiagnostic risk factor for different psychological disorders
[22] and is acentral intervention target in psychotherapy [23].
A review concluded that face-to-face ER interventions had
positive short- and long-term effects on emotion process
outcomes, affect and mood states, and medical and psychiatric
disorders [24]. Improvements in the ability to modify, accept,
and tolerate negative emotions were consistent predictors of
treatment outcomes in patients with various mental disorders
[23]. Moreover, CBT enriched with ER training resulted in a
greater reduction in depression and negative affect and increased
well-being than routine CBT [25].

Although some studies have examined ER training asapredictor
or outcome of treatment, few studies have investigated ER as
a mechanism of change. For example, the modification of
negative emotions was found to mediate the link between ER
skills and psychopathological symptoms assessed using the
Brief Symptom Inventory [26]. Furthermore, ER was amediator
and putative mechanism of change in an internet intervention
for stress management [27].

ER and lossrelated CSE can be integrated as putative
mechanisms of change in the existing models of coping with
grief. Thedual processmodel of coping with bereavement posits
that loss-oriented tasks, such as grief work, experiencing the
pain of the loss, expressing emotions toward the deceased, and
transforming bonds with the lost person, are necessary for
positive adaptation to the loss [28]. Similarly, the task model
of mourning specifies tasks such as accepting the reality of the
loss and experiencing the pain of grief [29]. Improvement in
ER may be especially important for these loss-related tasks
[30,31]. ER skills may make these processes more tolerable by
facilitating the modul ation of overwhelming or more persistent
painful emotions.

Furthermore, the dual process model describes the importance
of restoration-oriented tasks such as engaging in new activities
and finding new social roles and identities. Restoration-oriented
tasks can be perceived as very stressful, and a high level of
loss-related CSE and the belief in the ability to achieve these
goals may facilitate tackling these tasks and increase the sense
of autonomy, self-determination, purposein life, and perceived
environmental mastery, leading to less avoidant behavior and
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less aversive rumination [18]. High loss-related CSE may
decrease the appraisal of these restoration-oriented tasks as
threatening, alleviate stress and anxiety, promote engagement
in coping behavior, and sustain coping efforts [17]. Thus,
loss-related CSE could promote positive adaptation to a life
without the partner and decrease |oss-related symptoms.

As a third element, the dual process model highlights the
importance of oscillating between | oss- and restoration-oriented
tasks. ER skills may not only foster coping with loss-oriented
tasks but also the alternation between loss and restoration
orientation by eventually limiting grief work, rumination, and
pain and facilitating distraction, soothing, and cheering oneself
up.

Objectives

This study examines ER and loss-related CSE as potential
mechanismsof changein aninternet intervention, called LIVIA,
for prolonged grief symptoms after spousal bereavement,
separation, or divorce [32,33]. LIVIA addressed older adults
who had experienced spousal bereavement, separation, or
divorce and sought help for coping with prolonged grief
symptoms, psychological distress, or adaptation problems in
daily life. Thus, LIVIA isthefirst intervention that focuses on
grief after bereavement, as well as grief after separation or
divorce. Both events require similar adaptation and mourning
tasks identified by Worden [29]; that is, accepting the reality
of the loss, processing the pain of grief, adjusting to a life
without the spouse, and remembering the lost spouse while
reinvesting emotional energy into a new life. We assume that
the dual process model is also applicable for separation or
divorce from a spouse insofar as these events, similar to
bereavement, imply breaking the bond and necessarily lead to
the reorganization of one'slife circumstances. Furthermore, we
hypothesize that the effect of the intervention is based on the
same mechanisms of change.

The comparison of baseline characteristics and the efficacy of
LIVIA for widowed and divorced participants, as well as the
stability of the effects over 3 months, have been described
elsewhere [33]. LIVIA improved grief, depression symptoms,
psychopathological distress, embitterment, loneliness, and life
satisfaction compared with the waitlist group. The
between-group effect sizes were d=0.81 for grief and d=0.39
for psychopathology symptoms.

Building on these results, the present post hoc analyses aim to
investigate whether gains in ER skills and loss-related CSE
mediated the intervention effects as a first step in elucidating
mechanisms of changein an intervention for grief after spousal
bereavement, separation, or divorce. This study is one of the
few to investigate mediators in internet interventions and the
first to examine emotional and cognitive processes as mediators
in a grief intervention. We hypothesize that both gainsin ER
skills and lossrelated CSE mediated the effect of the
intervention on improvements in grief and psychopathology
symptoms.
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Methods

Recruitment

The data presented in this study were based on a randomized
controlled trial that evaluated the efficacy of LIVIA compared
with awaitlist control group (Clinical Trials.gov NCT02900534).
Participants were mainly recruited via newspaper articles and
web-based self-help forums. The main inclusion criteria were
the experience of spousal bereavement, separation, or divorce
>6 months before enrolling in the study and seeking help to
cope with prolonged grief symptoms, psychological distress,
or psychosocial adaptation to alife without apartner. Themain
exclusion criteriawere severe psychological or somatic disorders
that needed immediate treatment, acute suicidality (Beck
Depression Inventory suicideitem >1 or suicidal ideationinthe
telephone interview), concomitant psychotherapy, and/or
prescribed drugs against depression or anxiety if prescription
or dosage had changed in the month before or during theinternet
intervention.

Participants

Of thetotal sampleof 110individuals, 9 (8.2%) individualsdid
not start the internet intervention and were excluded from the
present analyses. One of the participants was excluded because
of being a multivariate outlier, which affected the mediation
analyses. Therefore, the analysis sample comprised 100
German-speaking participants who lost their spouse through
bereavement (20/100, 20%), separation, or divorce (80/100,
80%) and who were randomly allocated to the intervention
group or the waitlist control group. The waitlist control group
received accessto the treatment after 12 weeks. The participants
first provided electronic and then oral informed consent in a
telephone screening interview.

Ethics Approval

This study was approved by the Cantonal Ethics Committee of
the Canton of Bern, Switzerland (BASEC2016-00180).

M easures

The severity of grief symptoms was assessed using the 16-item
Texas Revised Inventory of Grief—German Version (TRIG)
[34]. The answer categories ranged from 1=completely true to
5=completely false. Cronbach a was .86 in the preintervention
measurement and .90 in the postintervention measurement. The
TRIG includes items that are applicable after divorce and
bereavement and has proven to have good factoria validity that
was temporally invariant over 1 year [35].

Psychopathology symptoms were measured using the German
version of the widely used Brief Symptom Inventory [36]. The
53 items assessed a broad range of somatic and
psychopathol ogical symptomswithin 7 daysbefore completing
the questionnaire. Answer categories ranged from O=not at all
to 4=very much. Cronbach alphawas .90 in the preintervention
measurement and .96 in the postintervention measurement.

A total of 6 module-related items assessed loss-focused ER and
loss-related CSE. The response categories ranged from —3=not
at all to 3=yes, exactly. A confirmatory factor analysis, including
the 6 items, supported a 2-factor model compared with a1-factor
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model (1-factor model: Comparative Fit Index=0.84,
Tucker-Lewis Index=0.74, root mean square error of
approximation=0.273; 2-factor model: Comparative Fit
Index=0.95, Tucker-Lewis Index=0.91, root mean square error
of approximation=0.159). The details on the development of
these measures and the results of the exploratory and
confirmatory factor analyses are presented in Multimedia
Appendix 1. Loss-focused ER was assessed with the following
module-related items: “1 can cheer myself up,” “I can have a
positiveinfluence on my thoughtsand feelings,” and “1 can take
care of my own well-being.” Loss-focused CSE contained 3
items: “I am convinced that |1 can cope with the loss of my
spouse/with the separation or the divorce,” “I am ready to do
what is necessary to overcome my loss” “l have a strong
influence on the coping with my loss.” Cronbach a for ER was
.90 in the preintervention measurement and .91 in the
postintervention measurement, and Cronbach o for self-efficacy
was .76 in the preintervention measurement and .85 in the
postintervention measurement. To measure gains in ER and
sel f-efficacy, we subtracted the presum score from the postsum
score. Thus, a positive value indicated a gain during the
intervention. All self-report questionnaires were web-based
using Qualtrics (QualtricsXM) [37] at baseline (ie, before the
intervention) and after theintervention 12 weeks after receiving
access to the program.

In addition to the self-report questionnaires, theinitial screening
process included a telephone call, in which trained email
supporters assessed the criteriafor the Diagnostic and Statistical
Manual of Mental Disorders, Fifth Edition diagnosis of
persistent complex bereavement disorder. This required an
adaptation of the criteriato the purpose of our study; that is, we
assessed the persistence of the symptoms 6 months after the
loss instead of 12 months and also used interviews with
individualswho lost their spouse through separation or divorce.

Statistical Analyses

As the first step, we computed correlations using the pooled
dataof theintervention and waitlist control groups, who received
access to the intervention after a 12-week waiting period. The
pooled data set represented a more comprehensive sample and
provided abigger sample size. In the second step, we computed
mediation models for improvements in grief and
psychopathology symptoms first with a single mediator and
then with 2 parallel mediators in a path-analytic framework
using Mplus (version 8.4) [38] using the original data set. As
mediator variables, we included gains in ER and gains in
loss-related CSE from the pre- to postmeasurement time points.
We used observed difference scoresfor changesin the mediators
as well as in the outcome variables (ie, grief and
psychopathology symptoms). Positive change scores indicated
improvements in grief and psychopathology symptoms. We
used the model indirect command to specify and estimate the
specificindirect effectsfor both mediators and thetotal indirect
effect. Regarding effect sizes for direct effects, we considered
standardized regression coefficients of 0.1 as small, 0.3 as
medium, and 0.5 as large [39]. For indirect effects in the
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mediation models, we considered 0.01 assmall, 0.09 asmedium,
and 0.25 aslarge effects [40].

As data were missing at random (see the following sections),
we used multiple imputation to deal with missing data [41].
Multiple imputation using the Bayes estimator yielded
inconsistent estimates depending on the number of iterations.
Therefore, we used a robust maximum likelihood estimator to
impute missing data in 100 data sets. Sensitivity analyses
showed robust findings for analyses with complete cases and
imputed data.

LIVIA Intervention

The dual process model of coping with bereavement and the
task model of mourning provided the theoretical background
for aguided internet-based self-help intervention called LIVIA
[32,33]. It comprised 10 text-based modules and aweekly email
as guidance. The modules contained writing tasks for exposure
to loss and assignments for practice in daily life. Severa
modules directly targeted ER processes. 3 modules focused on
cognitive behavioral techniques fostering positive emotions,
self-care, and social relationships, whereas 2 modules focused
on exposure and loss-oriented interventions (ie, writing tasks
for accepting memories and pain as well as addressing
unfinished business). Loss-related CSE was a direct target in
the modules, including information about grief or separation
reactions, coping strategies, and restoration-oriented
interventions for creating a life without the partner.

Results

Sample Characteristics

The mean age of the participants was 51.11 (SD 13.60, range
20-85) years, and 69% (69/100) were female. Most participants
were of Swiss origin (76/100, 76%) and went to a vocational
school (37/100, 37%) or university (34/100, 34%). The average
time since the bereavement, separation, or divorce was 2 (SD
3.0, range 0.5-25) years, and 25% (25/100) of the participants
fulfilled the B, C, and D criteria of a persistent complex
bereavement disorder in the Diagnostic and Statistical Manual
of Mental Disorders, Fifth Edition. Table 1 presentsthe baseline
characteristics of the intervention group, the waitlist control
group, and the pooled data sets, as well as the results of the
comparison between the intervention and the control groups.

On average, participants completed 8 of the 10 modules (mean
8.03, SD 2.79), and 57% (57/100) of participants completed all
modules. Completers and individuals who did not fill out the
postquestionnaires did not significantly differ in terms of
baseline characteristics such as demographicsor level of distress
(P>.21). However, participants who did not fill out the
postquestionnaires completed significantly fewer modulesthan
completers (meanp, 4.19, SDp, 2.81 vs mean 8.76, SD 2.12;
teg=7.49; P<.001; d=2.04) and were significantly younger
(meanp, 43.25, SDp, 14.58 vs mean: 52.63, SD. 12.95;
tg;=2.60; P<.001; d=0.71). This suggests a missing at random
mechanism (ie, that missingnessisrelated to measured variables
in the analysis model [42]).

IMIR Ment Health 2022 | vol. 9 | iss. 5 [e27707 | p.93
(page number not for citation purposes)


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

JMIR MENTAL HEALTH

Brodbeck et al

Table 1. Demographics and sample characteristics at baseline and means of grief and psychopathology at the postmeasurement time point (N=100).

Characteristics Pooled Intervention (n=58) Control (n=42) P value®
Age (years), mean (SD) 51.11 (13.60) 50.85 (12.90) 51.48 (14.68) 83
Gender, n (%)

Female 69 (69) 43(74) 26 (62) 19

Male 31 (31) 15 (26) 16 (38) 19
Event, n (%)

Spousal bereavement 20 (20) 11 (19) 9(21) 76

Separation or divorce 80 (80) 47 (81) 33(79) .76
Education, n (%)

Compulsory school 2(2) 1(2 1(2 .35

Apprenticeship 19 (19) 14 (24) 5(12) .35

Secondary 2 7(7) 3(5) 4(10) 35

Vocational school 37(37) 19(33) 18 (43) .35

University 34(34) 21(36) 13(31) 35
Nationality, n (%)

Swiss 76 (76) 46 (79) 30(71) 66

German-speaking countries 18 (18) 9 (16) 9(21) .66

Other countries 6 (6) 3(5) 3() .66
Time since event (years), mean (SD) 2.21(3.0) 2.16 (3.47) 2.27 (2.26) .85
Persistent complex bereavement disorder, n (%) 25 (25) 15 (26) 10 (24) .82
Grief, mean (SD)

Before treatment 3.39(0.78) 3.48 (0.74) 3.26 (0.82) .18

After treatment 2.84(0.89) 2.80 (0.86) 2.90 (0.93) .60
Psychopathology, mean (SD)

Before treatment 0.86 (0.57) 0.95 (0.63) 0.73 (0.44) .06

After treatment 0.62 (0.50) 0.61 (0.51) 0.64 (0.48) 81

&Comparison between intervention and control groups; t tests were 2-tailed.

Correlations Between Gainsin ER and CSE,
Outcomes, and Demogr aphics

Table 2 presents the correlation matrix of predictors and
outcome variables based on the pooled data set.

Baseline levels of grief and psychopathology symptoms
correlated at baseline (r=0.48; P<.001), and changes in grief
symptoms correlated significantly with changes in
psychopathology symptoms (r=0.35; P<.001). The pre-post
correlation for grief was r=0.68, and the pre-post correlation
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for psychopathology symptomswasr=0.64 (both P<.001). Gains
in ER correlated with gains in lossrelated CSE (r=0.45;
P<.001). Gainsin ER and CSE correlated with improvements
in grief symptoms and psychopathology symptoms. Gains in
self-efficacy and ER, improvement in grief, and improvement
in psychopathology symptoms did not correlate significantly
with the event, time since the event, age, or gender. Therefore,
because of the rather small sample size, we did not include
covariatesin the mediation models. Regression analyses showed
that the intervention predicted a significant increase in ER
(B=.33; P=.001) and self-efficacy ($=.30; P=.002; Table 3).
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Table 2. Correlations between improvements in grief and psychopathology, gains in coping self-efficacy, gains in emotion regulation, and baseline

variables.
Parameters TRIG?change BSIPchange TRIGbefore BSI before CSESchange ERYchange Event® Timesinceevent  Sex
TRIG change _f — — — — — — — —
BSI change 0.359 — — — — — — — —
TRIG before 0.29" 0.17 — — — — — — —
BSI before 0.04 0.509 0.489 — — — — — _
CSE change 0.28" 0.369 0.01 0.05 — — — — —
ER change 0.489 0.389 0.24 0.14 0.459 - - - -
Event® 0.02 -0.11 0.15 -0.08 -0.15 -0.11 — — —
Timesinceevent  0.04 0.02 —0.12 -0.04 0.14 0.18 013 — —
Sex -0.15 -0.14 -0.07 -0.14 0.12 0.02 -0.12 -0.08 —
Age 0.06 0.01 0.05 -0.02 -0.06 0.01 0.489 0.16' 0.10

8TRIG: Texas Revised Inventory of Grief.

bBSI: Brief Symptom Inventory.

CCSE: coping self-efficacy.

9ER: emotion regulation.

€Event: O=separation or divorce, 1=spousal bereavement.
Not applicable.

9pP<.001.

fp< 01.

IP<.05.

Ip<.10.
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Table 3. Results of the mediation analyses.

Analyses B SE Pvaue  95%Cl B R?
Gainsin emotion regulation
Direct
Group 1.83 0.55 .001 0.76t02.91 .33 0107

Gainsin coping self-efficacy
Direct
Group 1.99 0.66 .002 0.71t0 3.28 .30 0.089
M odels with one mediator

Improvement in grief (TRIG?) and emotion regulation

Direct
Group 0.37 0.13 .004 0.12t0 0.63 .26 0.305
Gains ER? 0.10 0.02 <001  006t00.15 41 0305
Indirect
GansER 0.19 0.07 .009 0.05t00.33 A3 0.305

Improvement in grief (TRIG) and coping self-efficacy

Direct
Group 0.46 0.14 <.001 0.19t00.73 32 0.209
Gains CSE® 0.05 0.02 .02 0.01t0 0.09 24 0209
Indirect
Gains CSE 0.10 0.05 .06 -0.005t00.21 .07 0.209

Improvement in psychopathology (BSI d) and emation regulation

Direct
Group 0.12 0.08 13 -0.041t00.28 15 0183
GainsER 0.05 0.02 <.001 0.021t0 0.08 .35 0183
Indirect
GainsER 0.09 0.04 .02 0.02t00.17 A2 0183

Improvement in psychopathology (BSI) and coping self-efficacy

Direct
Group 0.13 0.08 .10 -0.02t0 0.29 .16 0181
Gains CSE 0.04 0.01 <.001 0.02 to 0.07 .35 0181
Indirect
Gains CSE 0.08 0.04 .02 0.021t00.16 .10 0181

Modelswith 2 parallel mediators
Improvement in grief (TRIG)

Direct
Group 0.37 0.13 .005 0.11t00.63 .26 0297
GansER 0.10 0.03 <.001 0.04t00.15 .39 0.297
Gains CSE 0.01 0.02 .73 -0.04t0 0.05 .04 0297
Indirect
GainsER 0.19 0.07 .008 0.03t00.33 A3 0297
Gains CSE 0.02 0.05 .73 -0.08t0 0.11 .01 0.297
CSEand ER 0.18 0.08 .02 0.05t00.34 14 0297
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Analyses B SE Pvaue  95%Cl B R?
Improvement in psychopathology (BSI)

Direct
Group 0.10 0.08 21 -0.06t0 0.26 A3 0177
GansER 0.03 0.02 .05 0.001 to 0.07 24 0177
Gains CSE 0.03 0.01 .04 -0.001 to 0.06 .23 0177

I ndirect
GainsER 0.06 0.04 .09 -0.01t00.14 .08 0177
Gains CSE 0.06 0.03 A1 -0.01t00.14 .07 0177
CSEand ER 0.12 0.04 .003 0.04t00.19 A5 0177

3TRIG: Texas Revised Inventory of Grief.
PER: emotion regulation.

CCSE: coping self-efficacy.

9BSI: Brief Symptom Inventory.

Mediation Analyses

Overview

To investigate whether gains in ER and loss-related CSE were
mechanisms of change, we used mediation models for

improvements in grief and psychopathology symptoms. Table
3 presents the results of the mediation analyses, including the
indirect effects. Figure 1 depicts the path models with direct
paths for the models with the simultaneous inclusion of both
mediators.

Figure 1. Path modelsfor improvement in grief (A) and psychopathology (B); direct effects, standardized coefficients. * P<.05; **P<.01; ***P<.001;

t: P=.054.
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Mediation Models With a Single Mediator
Improvement in grief was associated with gainsin ER (3=.41;

P<.001) and gainsin CSE (=.24; P=.02). Only ER showed a
significant indirect path with a medium effect size (3=.13;
P=.009). The indirect effect for CSE showed a small to
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medium-sized effect but did not reach the significance level
(B=.07; P=.06).

I mprovement in psychopathol ogy symptomswasrelated to gains
in ER and loss-related self-efficacy (ER: f=.35, P<.001; CSE:
[3=.35, P<.001). ER and | oss-related self-efficacy functioned as
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mediators with medium effect sizes (indirect effects: ER: 3=.12,
P=.02; CSE: 3=.10, P=.02).

Models With Simultaneous Parallel Mediators

Including ER and loss-related CSE simultaneously in the
analyses, the rlative strength of both mediatorswasinvestigated
in exploratory models. Improvement in grief was associated
with gains in ER ($=.39; P<.001) but not with gains in
self-efficacy (B=.04; P=.73; Figure 1). Only ER mediated the
association between taking part in the intervention and
improvement in grief (indirect effect: f=.13; P=.008). The path
from intervention to improvement in grief remained significant
(B=.26; P=.005). The total indirect effect was significant and
showed a medium effect size (3=0.14; P=.02).

Improvement in psychopathology symptoms was significantly
predicted by gains in loss-related CSE (3=.23; P=.04; Figure
1). ER showed a similar effect size but did not reach the
significance level (=.24; P=.05). The total indirect effect was
significant (3=.15; P=.003) but not for the specific indirect
paths. However, post hoc Monte Carlo power analysis for
indirect effects indicated that the models with 2 parallel
mediators did not have enough power to detect specificindirect
effectsapart from theindirect path from ER on theimprovement
of grief (Multimedia Appendix 1).

Discussion

Principal Findings

This study examined ER and loss-related CSE as putative
mediators for improvement in grief and psychopathology
symptoms in an internet intervention for older adults after
spousal bereavement, separation, or divorce. The results
suggested that the cognitive behaviora intervention called
LIVIA increased both ER and CSE, which correlated with
improvements in grief and psychopathology symptoms.
Mediation models confirmed ER and loss-related CSE as
mediators of improvements in psychopathology. For
improvements in grief, only ER showed a significant indirect
effect, whereas CSE showed a trend. A model that
simultaneously included both predictors suggested that only
gainsin ER mediated the association between participating in
LIVIA and improvement in grief. Only the total indirect effect
was dignificant in the model for improvement in
psychopathological symptoms.

Our findings are in line with previous studies showing that ER
was linked to treatment outcomes such as depression, negative
affect, and other psychological disorders [23-25]. Our results
are also consistent with findings that CSE was associated with
lower emotiona distress, higher psychological well-being in
widows, and lower grief symptoms in students who had lost a
close person in auniversity campus shooting [18,19].

Extending existing knowledge, our study investigated ER and
loss-related CSE as putative mediators of improvementsin grief
and psychopathological symptoms after the loss of a spouse.
The mediation models with single mediators confirmed a
specific direct and indirect effect of gainsin ER onimprovement
in grief and psychopathology symptoms. This suggeststhat ER
was a mediator and potential mechanism of change. Gains in
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CSE showed significant direct effects on grief and
psychopathology symptoms and a significant indirect effect on
psychopathology symptoms. However, there was only a
marginal indirect effect on grief symptoms. A power analysis
revealed a power of 0.59 for finding a significant indirect path
via CSE. This effect may have been significant in a larger
sample.

Exploratory mediation modelswith the simultaneousinclusion
of ER and loss-related CSE aimed to investigate the specificity
and relative strength of these variables as parallel mediators.
The results confirmed the importance of ER for improvement
in grief and suggested that loss-related CSE was less relevant.
However, the models were underpowered to detect any
significant indirect effects. This also impedes a clear
interpretation of the model for improvement in psychopathol ogy
symptoms.

Referring to the dual process model of coping with bereavement
[28], inaddition to loss-related CSE, ER skillsmay be especialy
important for |oss-oriented work, such as experiencing the pain
of loss. An improvement in ER skills such as self-soothing or
cheering oneself up may make these processes more tolerable
as individuals can regulate overwhelming or more persistent
emotions. In addition, oscillating between losss and
restoration-oriented tasks may be fostered by better ER skills.
Our findings underline the crucial importance of ER for grief
interventions and corroborate previous studies suggesting that
ER was a mediator in an internet intervention for stress
management [27]. Nevertheless, prolonged grief assessed with
the TRIG has a strong separation distress component, which
can be regarded as an ER problem. Therefore, these results do
not necessarily generalize to persistent complex bereavement
disorders, which aso include avoidance symptoms and
impairment in social, occupational, and other areas of life.

ER and loss-related CSE resulted in significant specific indirect
effects on improvements in psychopathology symptoms,
suggesting that both may be mediators for improvement in
psychopathology. This isin line with Benight et a [20], who
found that achangein CSE predicted adecreasein posttraumatic
stress. High lossrelated CSE may facilitate mainly
restoration-oriented tasks such as addressing all the changes
caused by the loss and creating a new life without the spouse,
which may be perceived as very demanding. The belief in the
ability to cope with these tasks may render them lessthreatening
and alleviate stress and anxiety, aswell as promote engagement
in coping behavior and sustain coping efforts [17]. In addition,
CSE may foster a sense of autonomy, self-determination,
purpose in life, and perceived environmental mastery, which
leads to less avoidant behavior and less aversive rumination
[18]. Thus, loss-related CSE could promote a positive adaptation
to life without a partner and decrease grief.

A further difference between the mediation models for grief
and psychopathol ogy was the significant direct effect of taking
part in LIVIA and improvement in the outcome variables.
Interestingly, and in contrast to the model for grief, no
significant direct path existed from the intervention to
improvements in psychopathological symptoms. In addition,
improvement in grief was greater than that in psychopathol ogy
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symptoms (d=0.81 vs d=0.39) [ 33], and the amount of explained
variance was larger for grief than for psychopathology
symptoms (30% vs 13%). This may reflect the fact that grief
was amajor focus of LIVIA, which was specifically developed
for older adults who had lost their spouse through bereavement
or divorce. For example, a module focused on positive social
relationships, which may be more important for improvement
ingrief than for psychopathology symptoms. Thus, improvement
in social support might be an additional mediator for the
improvement in grief.

Exploratory mediation modelswith the simultaneousinclusion
of ER and CSE suggested that ER was more important for
improvement in grief than CSE, whereas both mediators showed
similar effectsfor improvement in psychopathol ogy. Regarding
the interplay between ER and self-efficacy in grief processing,
one can speculate that ER may be a more fundamental process
than loss-related CSE asasocial cognitive variable. The ability
to modify negative emotions seems to have a positive effect on
loss-related CSE. As Bandura [16] pointed out, emotional
arousal can reduce self-efficacy in threatening situations as high
arousal can debilitate performance. For example, anong combat
veterans, ER difficulties had only an indirect effect on alower
quality of lifeand higher posttraumatic stress symptom severity
vialower CSE [43].

Limitations

Our study hasseveral limitations. A meta-analysisdemonstrated
that web-based interventions increased disease-specific but not
generd self-efficacy, and context-specific measures are assumed
to be more predictive of adjustment to stress[16]. Asthere are
no psychometrically validated scales for assessing ER and
loss-related CSE after bereavement and separation or divorce,
we created 3 contextualized items to measure ER and
loss-related CSE, specificaly in the context of spousal
bereavement and separation or divorce and the content of
LIVIA. Furthermore, we aimed to keep the questionnaires short
in order to not overburden the participants, which could have
increased the attrition rate.

As a further limitation, we only had 2 measurement points
during the 10-module intervention (ie, preintervention and
postintervention) and then computed the difference scores for
gainsin ER and CSE. Thus, we assessed only changes in ER
and CSE over the whole intervention, and thus, there was some
temporal overlap in the measurement of the mediators and
outcome variables. Therefore, results of the mediation analyses
should be interpreted with caution. A fine-grained temporal
design may also be able to more accurately detect the temporal
sequence of change and the interplay of mediators and thus
disentangle the mechanisms of change. However, the speed and
shape of change are not necessarily linear, and sudden gains or
losses may occur (for more details, see the study by Aderka et
a [44]). Thus, the appropriate time point for assessing the
mediators for capturing these changes may be difficult to
determine, and the temporal associations between changes in
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the mechanism and changes in outcomes may be hard to
disentangle [45]. Moreover, the sample size of 100 participants
limited the number of variablesin the models, precluded amore
detailed analysis of theinterplay between potential moderators
and mediators, and led to power issues for the models with 2
parallel mediators. Moreover, the sample included only 20%
(20/100) of widowed individuals, which precluded separate
models for widowed participants.

Considering these limitations, the results of this study must be
replicated and extended by using larger samples and more
measurement points. Further research should use validated
measures for ER and loss-related CSE and investigate whether
the greater relative importance of ER compared with CSE is
specific to prolonged grief symptoms or whether it aso
generalizesto distress-related disordersand other psychological
disorders such as anxiety disorders. In addition, other potential
mediators such as socia support could be examined together
with ER and CSE.

Despitetheselimitations, the findings of thisstudy have severa
clinical implications. Gains in ER and loss-related CSE are
promising targets for improving internet interventions and
probably also face-to-face interventions for coping with the
consequences of spousal bereavement, separation or divorce.
Gains in ER and self-efficacy could be conceptualized as
common factorsin psychotherapy related to improved behaviora
regulation and changing expectations of personal effectiveness
[15]. Thus, one could hypothesize that ER and CSE are aso
mechanisms of change in interventions for different
psychological disorders and in the promotion of psychological
well-being in general.

Depending on the problems of the participants, more specific
modules for ER or CSE could be added to the intervention.
Techniques aimed at strengthening ER include, for example,
emotional skillstraining. CSE could be bolstered by training in
adaptive coping strategies, mastery experiences, or reappraising
emotional and physiological reactivity [16]. These techniques
could be integrated as additional modules or replace less
effective modules. Alternatively, users of existing interventions
could be advised to spend more time and effort on their
respective modules.

Conclusions

This study is one of the few to investigate mediatorsin internet
interventions and the first to examine emotional and cognitive
processes as mediators in grief processing after spousal
bereavement, separation, or divorce. Our findings suggest that
ER and |loss-related CSE mediated treatment outcomes and are
promising therapeutic targets for improving grief and
psychopathology symptomsin internet interventions.

ER and CSE should be examined as transdiagnostic or
disorder-specific putative mediators in internet interventions
for other disorders.
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Abstract

Background: Thereiscurrently anincreased interest in and acceptance of technol ogy-enabled mental health care. To adequately
harness this opportunity, it is critical that the design and development of digital mental health technologies be informed by the
needs and preferences of end users. Despite young people and clinicians being the predominant users of such technologies, few
studies have examined their perspectives on different digital mental health technologies.

Objective: This study aims to understand the technol ogies that young people have access to and use in their everyday lives and
what applications of these technol ogiesthey areinterested in to support their mental health. The study also exploresthetechnologies
that youth mental health clinicians currently use within their practice and what applications of thesetechnologiesthey areinterested
in to support their clients mental health.

Methods: Youth mental health service users (aged 12-25 years) from both primary and specialist services, young people from
the general population (aged 16-25 years), and youth mental health clinicians completed aweb-based survey exploring technology
ownership, use of, and interest levelsin using different digital interventions to support their mental health or that of their clients.

Results: A tota of 588 young people and 73 youth mental health clinicians completed the survey. Smartphone ownership or
private access among young people within mental health services and the general population was universal (611/617, 99%), with
high levelsof accessto computersand social media. Youth technology use was frequent, with 63.3% (387/611) using smartphones
severa times an hour. Clinicians reported using smartphones (61/76, 80%) and video chat (69/76, 91%) commonly in clinical
practice and found them to be helpful. Approximately 50% (296/609) of the young people used mental health apps, which was
significantly less than the clinicians (x23:28.8, n=670; P<.001). Similarly, clinicians were significantly more interested in using
technology for mental health support than young people (H;=55.90; P<.001), with 100% (73/73) of clinicians being at least
dightly interested in technol ogy to support mental health compared with 88% (520/591) of young people. Follow-up testsreveal ed
no differencein interest between young people from the general population, primary mental health services, and specialist mental
health services (all P>.23). Young people were most interested in web-based self-help, mobile self-help, and blended therapy.
Conclusions: Technology accessis pervasive among young people within and outside of youth mental health services; clinicians
are already using technology to support clinical care, and thereiswidespread interest in digital mental health technol ogies among
these groups of end users. These findings provide important insightsinto the perspectives of young people and clinicians regarding
the value of digital mental health interventions in supporting youth mental health.

(IMIR Ment Health 2022;9(5):€30716) doi:10.2196/30716
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Introduction

Digital mental health interventions (DMHIs) are interventions
that use technologies, such as smartphones, smartwatches, or
computer programs, to provide information, support, or
treatment for mental health, most commonly using the internet
[1]. As either standalone self-help tools or those used in
conjunction with standard care in the form of blended therapy
[2], DMHIs have the potential to support mental health and
well-being [3]. Interest in DM HI s often centers on young people
because of the high prevalence of mental health difficultiesin
this age group coupled with their frequent use of technology
[4-6]. Indeed, the potential to access mental health support via
technology may be particularly important for young people,
given that their access and sustained engagement with mental
health services are limited [7,9].

The role of technology in supporting mental health was made
starkly clear by the global COVID-19 pandemic. During this
time, many nations became reliant on technology-enabled
service delivery to provide mental health care at a distance
[9,20]. For many, telehealth has become the norm, enabling
direct client contact via telephone or videoconferencing [11].
Thisunigue moment in history has catalyzed an important shift
in the perceived value of technology-supported care. However,
although research indicates that telehealth can be as effective
as face-to-face treatment and may improve service quality in
the eyes of young peoplewith mental health difficulties[12,13],
it only represents the tip of the iceberg of how technology can
support mental health. In the wake of the pandemic, there exists
an opportunity to capitalize on the increased interest and
acceptance of technology-enabled care to deliver new digital
interventions that not only provide a more convenient way of
delivering treatment but also the potential to enhance it [14].

Despite the potential of DMHIs, alack of long-term engagement
has often been reported. Thisistrue both in clinical trials [15]
and, particularly, in naturalistic studies in which apps are used
inthewild[16], wheregood initial uptakeiscommonly followed
by adramatic drop in use over time[15]. Poor engagement with
DMHIs has been highlighted as a significant problem in the
field and has formed the focus of several reviews [17-20]. A
common theme identified in this literature is a lack of fit
between evidence-based DMHIs and the needs of end usersfor
whom they are designed to help [20]. A lack of emphasis on
understanding end user needs hasresulted in an early generation
of DMHIsthat have generally lacked relevance and interest for
users. Critical learnings from this early work have resulted in
the greater emphasis placed on involving end usersin the design
process, as well as a need for research dedicated to
understanding their needs and preferences. Young people
congtitute a particular type of end user who tends to be highly
exposed to technologiesin daily life, making them particularly
critical of digital products [19]. Therefore, understanding the
unique perspectives of young peopleisimportant to inform the
development of DMHIsfor youth.

https://mental .jmir.org/2022/5/€30716

A shift toward practicesthat prioritize the needs and preferences
of young people as end usersis required to ensure that DMHIs
are engaging and fit for purpose [19,21]. However, there is
currently a dearth of research on the technologies that young
people are interested in using to support their mental health.
Qualitative studies have explored experiences with DMHIs
among young people, finding preferences toward their use to
support, rather than replace, face-to-face services, aswell asa
desire to tailor digital interventions to individual preferences
[22-24]. Quantitative findingsin youth populations are limited,
although 2 studies in small samples of young people in early
psychosis services found high levels of technology ownership
and use in these populations [25,26] and an interest in
technology for avariety of purposesto support self-management
and functional recovery [25]. Although these findings provide
someinsight into technology use and preferences, the qualitative
findingsarelimited in generalizability, and quantitative research
has involved young people with specific mental health
conditions. To fill this gap, this study aims to understand what
technologies young people, both within youth mental health
services and in the general population, have access to and use
in their everyday lives, and which applications of these for
supporting their mental health they are most interested in.
Furthermore, as DMHIs are most effective when combined with
human support [1,27,28], ahighly likely use caseisthe blending
of these toolswithin youth mental health services. Despitethis,
there are very few examples of the successful implementation
of DMHIswithin clinical settings, highlighting the significant
gap between research and practicein digital mental health [29].
As such, in addition to young people, this study aims to
investigate the use of and interest in different DMHIs among
cliniciansin youth mental health servicesto support their clinical
work.

Methods

Ethics Approval

The study was approved by the Melbourne University human
research ethics committee (approval numbers 2057299 and
2056793) and the Melbourne Health human research ethics
committee (reference number QA2020096) and complied with
the Declaration of Helsinki.

Study Design and Context

Young people and mental health clinicians completed a
web-based survey as part of the BRACE project, which
examined the effects of COVID-19 on the mental health and
well-being of young peopleliving in Australia, tel ehealth service
quality, and the potential of technology to support youth mental
health care. Data collection for the project occurred during and
immediately  after  Australian Federa and State
government—mandated lockdown restrictions (stage 3) that
included socially distancing from individuals not part of a
household and limited ability to leave home [30]. During the
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lockdown and the following months, most mental health services
shifted to telehealth delivery [9,13].

This study reports primary findings on access to technologies
and the use of and interest in different technologies for mental
health support among young people and clinicians. Young
people, aged between 12 and 25 years, were recruited through
2 sources. As part of a larger survey on social media and
self-harm, the survey was advertised to the general population
of young people aged 16 to 25 years on social media between
June and October 2020. Young people who had scheduled an
appointment between March 23, 2020, and August 7, 2020, at
Ausgtralian primary (headspace) or specialist youth mental health
servicesin Victoriaor Queensland were also sent an SM S text
message invitation to complete the survey. In Australia,
headspace is the leading primary youth mental health service
funded by the Australian Federal Government via the Primary
Health Networksto provide early intervention for young people
aged 12 to 25 years with mild to moderate and high-prevalence
mental health conditions [31]. A smaller number of specialist
services offer care to young people aged 12 to 25 years with
more complex, low-prevalence disorders. Notably, carefor early
presentations of psychosisis provided by specialist tertiary-level
mental health services. The specialist service is unique in
Australiain size and extends across one-third of the Melbourne
metropolitan area. Finaly, clinicianswho provided youth mental
health care at these same services during the same period also
received alink to complete a version of the survey.

Procedure

All participants compl eted the web-based survey using Qualtrics
XM (Qualtrics). In the general population, after clicking the
survey link, interested potential participants were screened for
eigibility (aged between 16 and 25 years and residing in
Australia). The survey was conducted on June 11, 2020, and
was open for approximately 4 months. Eligible young people
(aged 12-25 years) from 4 primary headspace services in
Victoria were identified via the appointment calendars of the
participating services. On May 28, 2020, an anonymous
web-based survey link was sent via SMS text message to all
those with appointments, and a reminder SMS text message
was sent 2 weeks later. Young people from specialist services
in Victoriaand Queensland were provided the link by SM Stext
message, email, or |etter between May 28 and June 11 (Victoria)
and July 28 and August 7 (Queendland). Using a clinical staff
email list, clinicians were sent a link to the anonymous
web-based survey on May 10, 2020 (Victoria), and July 13,
2020 (Queendland), and given approximately 2 weeks to
completeit.

M easures

Overview

In consultation with young people, the surveys were created
specifically for the BRACE project, with young people and
clinician surveys covering identical themes. Measures related
to this study aimed to understand (1) access to and use of
technology for mental health and (2) levels of interest in
technol ogiesto support mental health care among young people
and clinicians.

https://mental .jmir.org/2022/5/€30716
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Technology Access and Use

Technology access and use were explored by asking young
people if they owned or had private access to various
technologies, ranging from smartphones and laptops to social
media and gaming consol es. Those who indicated that they had
access to the technology were asked how often they used it on
a Likert scale ranging from less than once a week to several
timesan hour. Similarly, clinicians were asked if they had used
the same technologies in their clinical practice. For the
technol ogiesthey had used, they rated how helpful they thought
the technology was for their clients. Both young people and
clinicians were asked whether they had used a mental health
app or recommended a smartphone app for their clients’ mental
health. Young people who had used appsto support their mental
health were asked which apps they had used and to rate their
helpfulness. Clinicians who had recommended apps to their
clientswere asked to name the apps they had recommended and
rate how helpful they were for their clients.

Technology | nterest

The level of interest in using 20 different technologies
commonly used to support mental health was measured on a
5-point Likert scale ranging from not at all interested to
extremely interested. Technologies ranged from established
resources such astelehealth, websites, and helplinesto emerging
digital mental health tools such as virtual reality (VR), serious
games, and chatbots. Young people rated their interest in using
each technology to support their mental health, whereas
clinicians rated their interest in using or recommending each
technology to support the mental health and well-being of their
clients.

All quantitative items were measured on Likert scales, with
anchors varying depending on the question, as specified in the
results. A full copy of the survey is provided in Multimedia
Appendix 1.

Mental Health Measures

The Patient Health Questionnaire-4 [ 32] was used to characterize
the mental health status of the participants in the sample. The
Patient Health Questionnaire-2 (PHQ-2) is a 2-item, brief
self - report screening questionnaire for clinical depression.
Similarly, the Generalized Anxiety Disorder-2 (GAD-2) is a
2-item brief self-report screening questionnaire for clinical
anxiety. Items are on both measures rated on a 4-point Likert
type scale from 1 (not at al) to 4 (nearly every day). The total
scores range from 0 to 6, with higher scores indicating greater
levels of depression or anxiety. A score of =3 on the 2-item
PHQ-2 indicates probable depressive disorder, and a score of
>3 on the 2-item GAD-2 indicates probable anxiety disorder
for adults and young people in primary care settings and the
general population [32,33].

Data Analysis

Quantitative data were analyzed using descriptive statistics in
SPSS (version 22.0, IBM). Owing to the focus of the paper, the
survey was considered complete if participants responded to
the technology interest items; however, all available data were
reported, and pairwise analyseswere performed. Owing tothis,
and as survey itemswere not mandatory, the sasmple size varied
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between analyses and is reported where it differed. Chi-square
statistics were used to examine differences among participant
groups (young people from the general population, young people
from primary mental health services, young people from
specialist mental health services, and clinicians) and the use of
apps for mental health. To gain an indication of participants
overal interest in technology to support mental health, overall
interest in technology was calculated as the mean of an
individual's interest scores across the 20 technology types.
Kruskal-Wallis tests with Bonferroni-corrected follow-up
contrasts were used to examine differences among participant
groupsintermsof overall interest in using technol ogy to support
mental health. Similar technologies were grouped to examine
differences among participant groups concerning interest in
technology types. The following seven groups were formed by
the research team based on the original 20 technology items:

1 Web-based self-help (web-based therapy, mental health
websites, and web-based employment support)

2. Mobile self-help (apps to support mental health, apps to
track mental health, and wearables to track mental health
such as smartwatches)

3. Telehedlth (video chat with clinician, telephone with
clinician, texting with clinician, and mental health support
lines)

4. Blended therapy (blended therapy and sharing mental health
information with clinicians on the web)

5. Social media (secure social media to connect with young
people about mental health and social media to connect
with clinicians about mental health)

https://mental .jmir.org/2022/5/€30716
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6. Immersive technologies (VR for mental health strategies,
augmented reality for mental health strategies, VR with
clinicians, and virtual worlds for mental health groups)

7. Interactive technol ogies (chatbots for mental health support
and digital games for mental health support)

Results

Sample Characteristics

Within primary care services, an SM S text message link to the
survey was sent to 1868 young people, 308 (16.49%) of whom
responded to the survey, and of the 308 respondents, 229
(74.4%) completed it. Within specialist services, the survey was
distributed to approximately 650 young people, of whom 59
(9.1%) responded, and of these 59 respondents, 53 (90%)
completed it. The survey was also advertised on social media,
and of the 693 people who clicked the link, 498 (71.9%)
provided consent and were €ligible, and of those who were
eligible, 306 (61.4%) completed the survey items reported in
this study. Finally, of the approximately 370 clinicians who
received the survey link, 92 (25%) initiated the survey, and of
those 92 clinicians, 73 (79%) completed it. The final sample
comprised 73 clinicians across specialist and primary services
and 588 young people (age range 12-25 years) from primary
care, speciaist services, and the general population.
Demographic characteristics of the youth sample are shown in
Table 1.
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Table 1. Characteristics of young people from the general population, primary services, and specialist services (N=588).

Characteristics Genera population (n=306) Primary services (n=229) Specialist services (n=53)
Age (years), mean (SD) 21.20 (2.90) 18.77 (3.48) 21.08 (2.54)
Gender, n (%)
Female 222 (72.5) 142 (62.0) 26 (49)
Male 58 (19) 63 (27.5) 26 (49)
Transgender 1(0.3) 10 (4.4) 0(0)
Nonbinary 14 (4.6) 7(31) 1(2
Unspecified 11(3.6) 731 0(0)
Aboriginal or Torres Strait |slander 6(2) 4(1.7) 1(2
Current living situation, n (%)
Living with parents, caregivers, or siblings 201 (65.7) 191 (83.4) 39 (74)
Living with friends 29(9.5) 3(13) 0(0)
Living with romantic partner 30(9.8) 11 (4.8) 0(0)
Living in shared accommodation 23(7.5) 9(3.9) 5(9)
Living alone 23(7.5) 14 (6.1) 4(8)
Homeless or couch surfing 0(0) 1(0.4) 3(6)

State of residence, n (%)

ACT? 11(2.4) 0(0) 0(0)
New South Wales 31(10.1) 0(0) 0(0)
Northern Territory 1(0.2 0(0) 0(0)
Queensland 16 (5.2) 0(0) 16 (30)
South Australia 10 (3.3) 0(0) 0(0)
Tasmania 17 (5.6) 0(0) 0(0)
Victoria 211 (69.0) 229 (100) 37(70)
Western Australia 9(2.9) 0(0) 0(0)

Employment statusb n (%)

Full-time student 182 (59.5) 126 (55.0) 13 (25)
Part-time student 35 (11.4) 15 (6.6) 3(6)
Hours of study each week, mean (SD) 24.98 (12.22) 22.14 (17.96) 16.43 (8.77)
Full-time paid employment, n (%) 54 (17.6) 13(5.7) 3(6)
Part-time paid employment, n (%) 103 (33.7) 34 (14.8) 9(17)
Hours of work each week, mean (SD) 23.35(13.33) 19.72 (12.75) 24.02 (11.68)
Unpaid worker as a parent or carer, n (%) 6(2.0) 1(0.4) 1(2
Currently unemployed, n (%) 43(14.1) 72 (31.4) 30 (57)

Mental health 9 n (%)

Potentia clinical depression 133 (43.5) 69 (62.7) 30(57)
Potential clinical anxiety 152 (49.7) 65 (59.1) 31 (60)

8ACT: Australian Capital Territory.

bCategories are not mutually exclusive.

CPatient Health Questionnaire-2 and Generalized Anxiety Disorder-2.

A score of >3 on the 2-item depression and anxiety screening measures indicates probable depressive or anxiety disorder (n=110).
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Technology Access and Use

Access and Use of Technology by Young People

Young peopl€'s access to different technologiesis displayed in
Table 2. Smartphone access was universal (611/617, 99%),
including among young people from primary and specialist
services. Across the groups, young people reported high rates
of video chat, instant messenger, and social media access and
lower levels of accessto wearabletechnologiesand VR. Overall,

Bell et a

technology use was frequent. Of the young people that had
access to the various technologies, use varied according to
technology type, asillustrated in Figure 1. Most young people
(387/611, 63.3%) reported using their smartphones several times
an hour, and a high proportion used social media (540/584,
92.5%), instant messaging (509/574, 88.7%), and computers
(397/540, 73.5%) at least once or several times a day, with
hourly use being the most common.

Table 2. A comparison of access to different technol ogies among young people from the general population, primary services, and specialist services

and use of technology for clinical care among clinicians (N=693).

Technologies Young people from the general Young people from primary ~ Young people from specialist Clinicians (n=76),
population (n=327), n (%) services (N=236), n (%) services (n=54), n (%) n (%)
Smartphone 321(98.2) 236 (100) 54 (100) 61 (80)
iPhone 233(71.2) 145 (61.4) 29 (54) _a
Android 88 (26.9) 91 (38.5) 25 (46) —
Social media 316 (96.6) 222 (94.1) 46 (85) 4(5)
Instant messenger 313 (95.7) 215 (91.1) 46 (85) 7(9)
Laptop 306 (93.6) 197 (83.5) 37 (69) 55 (72)
Video chat 286 (87.4) 185 (78.4) 44 (81) 69 (91)
Gaming console 153 (46.8) 152 (64.4) 40 (74) 1(1)
Tablet 117 (35.8) 84 (35.6) 15 (28) 27 (36)
Wearables 92 (28.1) 43(18.2) 9(17) 3(4)
Desktop 80 (24.5) 66 (28) 16 (30) 43 (57)
Landline 75 (22.9) 57 (24.1) 13 (24) 33(43)
Virtual reality 18 (5.5) 9(3.8) 5(9) 1(1)

3Data not available.

Figure 1. Young peopl€’s average frequency of use across technologies that

they have accessto (as presented in Table 2).
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Technology Use by Clinicians

The proportion of clinicianswho used different technologiesin
their clinical work is presented in Table 2. Although most
cliniciansused video chat (69/76, 91%) and smartphones (61/76,
80%) within their practice, few reported using newer or social

Bell et a

technologies such aswearables (3/76, 4%), social media (4/76,
5%), or VR (176, 1%). The perceived helpfulness of the
technology recommendations for clientsis presented in Figure
2. Of the technologies used in clinical practice, most clinicians
rated them helpful or very helpful for their clients.

Figure 2. Clinicians perceived helpfulness of different technologies that they have used within clinical care (as presented in Table 2).

Clinican-rated technology helpfulness for their client
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Mental Health App Use

Approximately half of all participants (347/670, 51.8%) had
used a mental health app themselves (young people: 296/6009,
48.6%) or recommended oneto their clients (clinicians: 51/61,
84%). A chi-squaretest for independenceindicated asignificant
difference between participant groups and the use of apps for

mental health (x23=28.8, n=670; P<.001; Cramer V=0.21), with

clinicians significantly more likely to recommend apps to
support mental health care than young people were to have used
mental health apps. The percentage of young people and
clinicians who had used apps for mental health and the most
common apps used are presented in Table 3. These apps were
similar across groups of young people and clinicians and were
used for mindfulness, meditation and relaxation, mood
monitoring, and safety planning.

Table 3. Young people's use of smartphone apps and clinicians’ use or recommendations of smartphone apps for clients (N=670).

Participant groups

Used or recommended apps for

Most commonly used or recommended apps

mental health, n (%)

Young people from the general population (n=319) 162 (50.8)
Young people from primary services (n=236) 111 (47)
Young people from specialist services (n=54) 23 (43)
Clinicians (n=61) 51 (84)

Smiling Mind, Headspace, Calm, and Calm harm
Headspace, Smiling Mind, Calm, and Daylio

Calm, Headspace, Daylio, Smiling Mind, and YouTube
Smiling Mind, BeyondNow, Headspace, and Cam

Overal, most young people from services (specialist services
and primary care) reported that using apps to support their
mental health was helpful or very helpful (82/132, 62.1%).
Approximately 20.5% (27/132) neutral and 17.4% (23/132)
reported apps to be unhelpful. Similarly, on average, young
people from the general population found apps to be somewhat
helpful (124/161, 77%). Approximately 13% (21/161) found
them unhelpful. The vast mgjority of clinicians (45/48, 93.8%)
felt that the apps were helpful to their clients.

Interest in Technology to Support Mental Health

Young people'sand clinicians’ interest in different technologies
to support mental health is presented in Figure 3. A
Kruskal-Wallistest revealed a statistically significant difference
in the overall level of interest in using technology to support

https://mental .jmir.org/2022/5/€30716
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mental health across the 4 participant groups (H;=55.90;
P<.001). Follow-up testswith Bonferroni correctionswere used
to compare al pars and indicated that clinicians were
significantly more interested in using technology to support
mental health than each of the groups of young people (general
population: x%,=—-171.6, P<.001; primary services; x°,=—158.7,
P<.001; specialist services: x%,=-218.9, P<.001). However,
there was no significant difference in interest between young
people in specialist services, primary services, or the genera
population (all P>.23). Although responses varied among the
range of technologies surveyed, most participants (593/664,
89.3%) were at least dightly interested in a use of technology
to support their mental health and well-being (young people:
520/591, 88%) or that of their clients(clinicians: 73/73, 100%).
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The technologies with the most consistently high levels of
interest across these popul ations were telehealth, apps to track
mental health, and web-based and blended therapies. The lowest
level of interest overal was for chatbots, wearables, and

Bell et a

immersive technologies (VR and augmented reality). However,
close to half of al respondents across the sample reported at
least some interest in all technology types.

Figure 3. The average level of interest in different technological approaches to support mental health across the 4 participant groups. young people
general population (n=306), young people primary services (n=229), young people specialist services (n=53), and clinicians (n=73). AR: augmented
reality; MH: mental health; SM: social media; VR: virtua reality; Y P: young people.
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Similar technology types were then grouped to observe the
patterns of interest more clearly between the participant groups
(Figure 4). Young people in the general population were most
interested in web-based and mobile self-help, whereas young
people from primary serviceswere most interested in web-based
self-help and blended therapy. Similar to the general population,
those in specialist services were most interested in web-based
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and mobile self-help, as were clinicians, who also had high
levels of interest in blended therapy.

Technology interest for mental health may be influenced by the
respondents’ familiarity with thetechnology. A Mann-Whitney
U test of independence found that young people who owned or
had access to VR were significantly more interested in using
VR to support their mental health than those who did not
(U=5473.5; z=-2.811; P=.005).
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Figure4. Levd of interest in each of the participant groups for different categories of mental health technology.
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Discussion

Principal Findings

This study examined the access and use of digital technologies
among young peoplefrom youth mental health servicesand the
genera population, aswell astheinterest in digital technology
use for supporting mental health care among young people and
clinicians. The findings indicate that young people had
widespread access to technol ogies, with 99% (611/617) having
accessto asmartphone and 63.3% (387/611) using it on average
every hour. Clinicians reported similarly high rates of
technology use to support their clinical care, with 91% (69/76)
reporting the use of video chat, 80% (61/76) reporting the use
of smartphones, and most finding common technol ogies such
as laptops and the internet helpful or very helpful.
Approximately 50% (296/609) of young people from within
services and the general population reported using smartphone
apps to support their mental health, and 84% (51/61) of the
clinicians reported recommending them to their clients. Apps
were reported to be helpful by 62.1% (82/132) of young people
within services and 77% (124/161) in the general population.
Thevast majority of clinicians (45/48, 94%) found apps hel pful
for their clients. Levels of interest varied across different
technologiesfor supporting youth mental health, although 100%
(73/73) of clinicians were at least dlightly interested in
technology to support their clients mental health, and 88%
(520/591) of the young people were interested in technology.
There were particularly high rates of interest among young
people in self-help tools such as smartphone apps, web-based
therapies, and technol ogiesintegrated with routine care (blended
therapies [2]). Young people from within clinical services and
the general population did not differ in their interest in using
technology to support mental health; however, clinicians had
significantly higher levels of interest overall.

Rates of access to technology were high across young people
from within and outside of youth mental health services, with
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98% to 100% of those surveyed having access to an
internet-enabled device such as a smartphone or computer.
Furthermore, young people reported very frequent use of these
technologies throughout their daily lives, averaging severa
timesan hour for smartphones. Thisisin linewith prior research
showing access rates between 95% and 99% in youth
populations within high-income countries [4,5], with young
peopl e describing they use these almost constantly [4]. Research
into young people within youth mental health services has been
limited, athough some studies have found similar rates of
approximately 90% within small clinical samples of young
people with early psychosis [25,26]. The current findings add
to this literature by demonstrating high rates of access and use
of technologies within populations of young people who use
youth mental health services, supporting the potential reach of
DMHIsin this population.

Overall, 88% (520/591) of young peopl e reported at |east some
interest in technologies to support their mental health and
well-being, and this did not differ depending on whether they
were using youth mental health services. However, the patterns
of interest appeared to differ across groups. Although all young
people showed high levels of interest in self-help technologies,
particularly smartphone apps and web-based therapy, those from
within the services were most interested in technologies that
worked alongside a clinician, including blended therapies and
telehealth. This highlights the perceived need among young
people for technologies to support care delivery, a finding
supported by research indicating that DMHIs are the most
effective and engaging when used in conjunction with human
support [20]. However, it is also important to note that access
to youth mental health care is limited [34]; therefore, young
people in the general population who may have an unmet need
for care could rely more heavily on digital technologies as
self-help tools to support their mental health. Young people
within services, who, on the basis of the current findings, are
likely to receive care that incorporates digital technology (ie,
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blended therapy), may have agreater appreciation for technology
to support the care they are receiving. This highlights the
differencesin the needs of the 2 populations and the important
rolethat both self-hel p and blended technol ogies play in meeting
the demand for mental health support among young people.
Furthermore, although levels of interest did not significantly
differ overall, contextual factors such as the level and type of
mental health support being sought (eg, low-intensity
psychological treatment vs crisis intervention) or stage of care
(eg, in remission vs acutely unwell) suggest that the needs and
interestsin different digital mental health technologiesarelikely
to differ. For example, a relatively well young person who is
in remission may be interested in smartphone-based symptom
monitoring to prevent relapse, whereas ayoung personin active
treatment may beinterested in tel ehealth services and web-based
therapy support.

Clinicians also endorsed high rates of interest in recommending
a wide range of digital technologies to support youth mental
health, with 100% (73/73) reporting at least some interest.
Patterns of interest appeared to map well with young people,
primarily for video calls, self-help apps, and web-based therapy.
The most consistently endorsed technol ogy across young people
and clinicians was websites providing web-based therapy or
mental health information and smartphone apps to track and
support mental health. Indeed, 40% (29/73) of the clinicians
were extremely interested in apps, and 33% (24/73) were
extremely interested in web-based therapy, 38% (28/73) when
used in a blended way. This aigns with most research and
development that has occurred in digital mental health,
particularly for smartphone apps [35], supporting the clear
consumer demand for these products. Furthermore, research
supports young people's interest in blending technology with
standard treatment as a way of increasing accessibility,
continuity, and consolidation of treatment, as well as a means
of accessing posttherapy support and strengthening the
face-to-face relationship between clients and therapists [23].
However, thereisalack of evidence-based web-based therapies
and smartphone apps currently availableto support youth mental
health [36], with some key exceptions [24,37], highlighting a
critical areafor further research and development.

In contrast, clinicians and young people were relatively less
interested in automated therapies, such as chatbots, and
technologies that made use of platforms that were infrequently
accessed and used, such as VR. Although this may represent
genuinely lower levels of interest in these technologies, it is
also possible that this reflects a lack of familiarity and
experience with their use for mental health treatment. Indeed,
people tend to hold less positive attitudes and are less likely to
adopt technol ogies with which they are less familiar [38]. This
interpretation is supported by the finding that those who had
used VR weresignificantly moreinterested in using it for mental
health support. VR has a strong emerging evidence base for
supporting the delivery of psychological interventions[39,40],
particularly for exposure therapy; however, these interventions
have not been widely implemented in clinical services. Asthe
technology landscapeis changing rapidly, levels of interest may
increase as novel technologies such as VR become more
common.
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Clinicians also reported frequently using technology to support
their practice, with 91% (69/76) using video chat, 80% (61/76)
using smartphones, and >80% finding these helpful.
Furthermore, overall, clinician interest in recommending digital
technologies to support youth mental health was significantly
higher than young people’s interest in using them (although
both groups displayed high levels of interest). This finding is
consistent with prior results from the BRACE survey, showing
that 98% of youth mental health clinicians endorsed the ongoing
use of telehealth beyond the COVID-19 pandemic [13].
However, these findings contrast with prior research findings
that clinicians hold tentative views about the role of technology
in mental health [41], particularly in regards to these replacing
their care. Although a comparison sample is not available, the
widespread adoption of technologies to support care delivery
during the COVID-19 pandemic may account for the positive
attitude change among clinicians. Therefore, the level of
clinician interest is a positive finding, as the field seeks to
promote the adoption of technologies within care systems,
traditionally a challenge partly because of staff resistance
[42,43]. The current findings may exemplify the paradigm shift
indigital mental health arising from the global pandemic toward
more digitally enhanced models of care [14,44]. This
contemporary model of care has been heralded as potentially
overcoming critical limitations of current mental health care
systems; therefore, this shift brings about new hope for reform
[45]. However, the degree to which this optimism will continue
asthe COVID-19 pandemic normalizes and thecritical reliance
on digital technology reducesis yet to be determined.

Half of the young people reported using smartphone apps for
their mental health, and 84% (51/61) of the clinicians had
recommended them to their clients, with most finding these
helpful. This difference between young people and clinicians
was statistically significant, indicating that although apps may
be commonly recommended by clinicians, this does not
correspond directly with uptake by young people. Given that
young people have high levels of exposure to digita
technologieswithin their everyday lives[4], itislikely that their
motivation to use these for mental health arises from multiple
sources, including social influences [46]. Indeed, research
studies have found that both adults[47] and young people [48]
with mental ill health most commonly use social media, searches
(including Google and app store), and informal
recommendations to select mental health apps. These prior
studies also show that recommendationsfrom friendsand family
were a more common source of mental health apps than
recommendations from health care providers. Future research
would benefit from exploring the best means of engaging and
supporting young people in using evidence-based DMHIs for
their mental health, particularly using participatory
methodologies that involve young people as the ultimate end
users of these products.

Notably, the apps most commonly used by cliniciansand young
people were those with significant market dominance. A recent
app store review by Lau et a [35] found that 90% of mental
health app downloads are accounted for by only 4 different apps
(Headspace, Cam, Youper, and Wysa). Headspace and Calm
were widely used in the current sample, as well as others
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supporting mindfulness or rel axation, mood tracking, and saf ety
planning. With estimates that 325,000 health apps are currently
available[35], therestricted range of apps being used highlights
the driving force of marketing behind consumer choice and
demand. However, strong marketing rarely translates to
effectiveness, with only 2% of the available apps being
supported by any sort of research evidence [35], and many have
been found to undergo questionable ethical practices around
privacy and security [49,50]. Furthermore, the apps most
commonly used or recommended by cliniciansand young people
to support youth mental health were not specifically designed
for this purpose. Given theimportance of designing DMHIsfor
end users and ensuring they are backed by strong evidence,
maximizing the benefits of technologies to help young people
with mental health difficulties requires more research to devel op,
evaluate, and disseminate purpose-built solutions designed
specifically for, and alongside, young people with lived
experience of mental health difficulties[51]. In particular, there
is a clear dearth of available smartphone apps designed to be
integrated into clinical treatment, despite the clear interest in
these products among young people using services and
clinicians. As young people and clinicians have reported high
levels of interest in blended therapies, it is surprising that there
are very few digital technologies designed to support clinical
care currently available, with some exceptions [37]. This
highlights a critical discrepancy between what young people
and clinicians want and what is available, which may reflect
the challenges in implementing digital interventionsin service
settings. Informing effortsto implement evidence-based DMHIs
to support clinical care is a critical area for future research
[29,52].

Strengths and Limitations

Although this study has a number of strengths, including its
large sample of young people across the spectrum of need for
care, the inclusion of clinicians as important additional
stakeholders and end users of DMHIs, as well as the depth of
the survey regarding different DMHIs, the findings should be
interpreted with knowledge of study limitations. First, datawere
collected via technology; thus, respondents likely represent a
sample of digitally enabled young people, and only aproportion
of young people responded to the survey. A range of
demographic factors such as income and education may have
influenced young people's access to, and beliefs about,
technology; however, thisinformation was not captured in this
study. Importantly, particular populations of young people, such
as those from culturally and linguistically diverse or low
socioeconomic backgrounds, who may have a greater need for
mental health care, may not be well represented in this survey
because of lower rates of technology accessin these populations.
Thiswas highlighted in another report from the BRACE survey
as a primary consideration among clinicians regarding the
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suitability of DMHIsfor someyoung people[13]. Other factors
considered by clinicians included client willingness, access,
and complexity of clinical presentation, highlighting the need
for anindividualized approach. This survey provides an overall
picture of interest levels in DMHIs; however, there was clear
variability within the sample. Understanding who these
technologies are suited to, at what time, and in what context
remains a critical area of future research to overcome the
limitations of a one sizefits all approach.

Second, we cannot guarantee that young people from the general
population were not users of services or did not experience
mental health issues. Indeed, the high rates of depression and
anxiety reported in our general population sample indicate a
potential need for care. However, we did not ask participants
about their help seeking. Notably, these levels of mental health
concerns match those of surveys conducted on the general
Australian youth population during the pandemic, supporting
the representativeness of the sample [53]. Third, there is an
important distinction between clinicians’ recommendationsfor
young people to use DMHIs and their use to support clinical
care activities (ie, blended therapy). Additional research is
required to gain insight into how clinicians use technology
within the mental health treatment they provide and what
technologies are most appealing to support their clinical work.
Fourth, this survey was conducted at atime during which strict
lockdown measures were instituted in Australia, limiting daily
activities. Although technology use rates in this study were
similar to popul ations of young people before the pandemic [4],
it is possible that use rates increased in this sample during this
time, aswell asincreased demand and interest in mental health
support because of increased stress.

Finally, Australiais a high-income country with mental health
services supported by government funding. Youth mental health
servicesare freefor young people, although capacity limitations
and geographical barriers limit access to them. These results
may not be generalizable to countries with more limited youth
mental health services, in which the demand for and interest in
DMHIs may be higher [54,55]. However, these findings
establish astrong casein which young people across a spectrum
of clinical needsareinterested in DMHIs, and most have access
to the technol ogies required to receive them.

Conclusions

The globa pandemic has brought forth a critical juncture in
developing anew system of digitally enabled carethat isaligned
with the needs of those it intends to support. These findings
provide valuableinsightsinto the perspectives of cliniciansand
young people as end users of digital mental health technologies
and provide a compelling case for further development and
expansion of technol ogiesto enhance youth mental health care.
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Abstract

Background: Since the COVID-19 pandemic, the number of online mental health treatments have grown exponentially.
Additionally, it seems inevitable that this technical resource is here to stay at health centers. However, there is still very little
scholarly literature published on thistopic, and therefore, the impact of the changes that have had to be dealt with in this regard
has not been studied.

Objective:  This study aims to evaluate the differences in the establishment of the therapeutic alliance (TA) based on the
intervention modality (online or face-to-face), the type of attachment, and diagnosis.

Methods: A total of 291 subjects participated in the study, 149 (51.2%) of whom were men and 142 were (48.8%) women
between the ages of 18 and 30 years. Theinstruments used were sociodemographic data, SOFTA-o (System for Observing Family
Therapeutic Alliances—observational), and Relationship Questionnaire.

Results: The results show that the treatments conducted face-to-face obtain significantly better scoresin the creation of the TA
than those conducted online (t=—42.045, df=289, P<.001). The same holdstrue with attachment, in that userswith secure attachment
show abetter TA than those with insecure attachment (t=6.068, P<.001,), although there were no significant differences with the
diagnosis (F=4.566, P=.44), age (r=0.02, P=.70), and sex (t=0.217, P=.33).

Conclusions: We believe that professionals are not yet prepared to conduct remote treatment with a degree of efficacy similar
to that of face-to-face. It is essential for professionals to receive training in this new technical resource and to understand and
incorporate the variants it entailsinto their daily practice.

(JMIR Ment Health 2022;9(5):€36775) doi:10.2196/36775

KEYWORDS

online psychological intervention; therapeutic alliance; digital health; mental health; mental health education; mental health
treatment; health interventions; health professional; online health; web-based health; intervention modality

to change certain variables, especially the setting, without prior

Introduction planning or awareness of what other changes they would have
Background to grapple with besidestechnological ones[1]. Nonetheless, the

It seemsinevitablethat online psychological treatmentsare here
to stay in mental health centers and services. The pandemic
caused by COVID-19 has accelerated their advent and
normalization among mental health professionals, forcing most
of their psychotherapeutic activity to shift to the online
methodology. Therefore, in a brief period of time, therapists
and patients have had to adapt to conditions that forced them

https://mental .jmir.org/2022/5/€36775

future of online and face-to-face treatments, once the heath
crisisisover, is still unclear.

Some authors[2,3] claim that online modalities have facilitated
the availability of mental health services during the pandemic.
Aceroet al [4] further claim that online treatment hasfacilitated
access to mental health services not only in situations caused
by COVID-19 but also for people living in rural environments
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or far from urban nuclei. In this sense, several studies have been
published, which conclude that online psychological treatments
during the pandemic have led to significant improvements in
patients concerns with COVID-19 and a significant drop in
symptoms such as anxiety, depression, and insomnia [5,6].
However, there is still a lot of room to study the differences
between the therapeutic aliance in online and face-to-face
psychological treatment in terms of efficacy and quality.

Online Psychological I nterventions

Different authors [7,8] warn that the use of these digital
resources is not without consequences in the patient-therapist
relationship and that therapists should use these new
communicative deviceswith agreat deal of care and knowledge,
especially not knowing therisksthey could entail for the patient
and the therapeutic relation. In fact, some authors agree that
thereislimited knowledge about the feasibility and acceptability
of eHesalth interventionsin relation to the clinical characteristics
of certain types of patients, such as psychotics. The studies by
these authors conclude that the level of acceptance among
patients with psychosis is high and offer evidence that both
online interventions and the use of artificial intelligence can
serve asaprofitable, accessible, and effective therapeutic agent
[9,10].

In some countries such as Brazil, online psychological treatment
may only be carried out if the purposeisto research its efficacy
[11], with the argument that this new technical resource may
have limitations or legal or ethical problems related to its
practice. Other countries such as Italy clam that many
professionals are not prepared either methodologicaly or
technologically for the change from traditional therapies to
digital or onlinetherapies[12]. In another study also conducted
inltaly, only 18.3% of the therapists reported having experience
with online treatments, and even though 62.6% of the
psychologists werein favor of online treatment, they saw many
limitations and had many reservations about ethical and legal
issues, in addition to technical and methodological ones [13].
In this sense, De la Torre and Pardo [14] do not recommend
holding online sessions at times of crisis or under specific
conditions such as alack of emotional control characteristic of
peoplewith psychotic disorders, severe depression, or situations
of severe violence and abuse, among others, as they must be
addressed in a specific way and in some cases by a
multidisciplinary team. Infact, in astudy conducted in Germany,
therapists claim that treatment conducted face-to-face is much
more efficacious than online treatment [15].

Rollman et a [16] conducted a study in which they compared
the application of online and face-to-face treatment in asample
of 704 patientswho had anxiety and depression; they concluded
that online therapy did not provide any additional benefit over
face-to-face therapy. However, Rathenau et al [17] affirm that
the main predictive factor of the efficacy of online treatments
is the therapist’s attitude toward it. Other authors claim that
live, face-to-face human treatment is not comparable to online
treatment, and that while at timesit can be agood resource and
even a good complement, under no circumstances can it be
better and “more real” than face-to-face treatment [7]. In this
sense, Knaevel srud and Mearcker [18] cautioned that we know
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little about how the therapeutic relationship evolves over the
internet and whether it influences the outcome of the treatment,
as it does in traditional face-to-face treatments. However, the
meta-analysiscarried out by Lin et a [19], in which thefindings
between teletherapy and in-person therapy were compared,
concluded that there were no significant differences between
teletherapy and face-to-face therapy in the results at
posttreatment (g=0.043), at follow-up (g=0.045), or in attrition
rates (rate ratio=1.006). In addition, the within-group findings
showed that tel etherapy produced alarge reduction in symptoms
at posttreatment (g=1.026) and at follow-up (g=1.021). Thus,
these findings provide empirical support for the practice of
teletherapy, and client outcomes in teletherapy do not differ
from in-person versions of treatments.

Therapeutic Alliance

The TA is one of the most investigated variables related to
success in psychological interventions, regardiess of the
theoretical orientation.

Many authors affirm that the TA isthe main predictor variable
of resultsin mental health treatments[20-24].

Bordin [25] proposes that the TA has three components:
agreement between therapist and patient about the goals of
therapy; agreement on the tasks necessary to achieve those
goas; and affective bond between therapist and patient,
necessary to withstand the difficulties of therapeutic change.
For Muran [26], the TA implies that an intersubjective
negotiation between patient and therapist about the needs and
desires of the other underlies all treatment. Luborsky et a [27]
also madeinteresting contributions by distinguishing two phases
in the development of the TA. At the beginning of treatment,
the Type | aliance implies that the patient trusts that the
treatment will help, and the therapist offersawarm, supportive,
and caring relationship. Both aspects create the conditions for
the treatment to start and develop. Later, the Type |l alianceis
based on joint effort to overcome difficulties and bring about
change. This implies trust and commitment on the part of the
patient and a solid experience of collaboration with the therapist.

In this sense, there is till no certainty as to whether the
establishment of the TA in online interventions is as powerful
asin face-to-face interventions. However, a study by Anderson
et a [28], in which the differences in the establishment of the
TA in adolescentswith anxiety were studied, the results showed
that the adolescents did not report differences between those
who had received face-to-face treatment and those who had
received it online. Along the samelines, in a systematic review
that evaluated the differences in the establishment of the TA
between web-based and face-to-face interventions, it was
concluded that the quality of the TA established in web-based
interventions is, a least, the same as in face-to-face
interventions. In addition, it aso indicated that there was a
relationship between the TA and the results of theinterventions
[29]. Fluckiger et a [30] conducted a meta-analysis in which
they collected 295 independent studies that covered more than
30,000 patientsin online and face-to-face treatment. The study
investigated the rel ationship between TA and treatment outcome.
The results indicated that a good TA was a predictor of better
therapeutic resultsin both treatments (online and face-to-face).
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However, the results were significantly better in face-to-face
treatments than in web-based treatments. Thereis also another
meta-analysis carried out by Kaiser et al [31], which aimed to
summarize the association between TA and outcome in
therapist-assisted online interventions. Overall, 51 effect sizes
were extracted from 20 included studies. The average weighted
effect sizeisr=0.203 (P<.001). The correlation was|arger when
alliance was measured near the end of an intervention. There
was no impact of therapist contact frequency or mode and
availability of self-help content on the effect size. Therefore, it
is concluded that TA and outcome are significantly correlated
in web-based therapy. That is, it highlights the importance of a
stable alliance in web-based interventions and suggests that
fostering the alliance could be beneficial for treatment success.

Therapeutic Alliance and Attachment

Attachment theory provides a model for understanding
development within the context of the child's primary and
formative relationships, on the one hand, and an adult’s
orientation toward lifelong intimate connections and social
relationships, on the other. Researchers in psychotherapy have
linked measures of patient attachment to the therapeutic alliance,
therapeutic process, and therapeutic outcomes. The attachment
organization and the therapist’s ability to mentalize play an
important role in establishing a good therapeutic aliance and,
therefore, in therapeutic success[32].

Smith et al [33] conducted a systematic review of research that
has examined the relationship between self-reported patterns
of attachment and TA. The results suggest that patients who
rate themselves as having a more secure attachment pattern are
likely to rate the aliance as stronger. The ideais that patients
project their internal working models onto the therapist and the
therapist-patient relationship, so that the patient’s attachment
patterns affect how the two partiesinteract with each other and
thusthe formation and the maintenance of their TA [34]. Patients
who have a secure attachment are better able to engage in
self-exploration, engagein self-disclosure, develop collaborative
understanding with the therapist, and be able to reflect on and
evaluate their past and current relationships [35]. These skills
would help securely attached patients to form a good-quality
TA and maintain it by repairing any breaks that develop.
Conversely, patients with an insecure attachment pattern may
avoid interpersonal closeness with the therapist or worry about
the therapist’s investment in them. As aresult, this can prevent
or delay the formation of agood quality TA [33,36,37].

Daniel [38] advances the idea that therapeutic change occurs
when insecure clients, contrary to their previous experience,
experience a supportive and responsive relationship with their
therapist. If this experience deviates significantly from the
individuals early prototype model, their central attachment
pattern may change. Consistent with this idea, studies have
reported that decreases in symptom severity during
psychotherapy are associated with increases in self-reported
secure attachment [39,40].

Thisisthe context within which we set out to conduct this study,
whose main objective is to evaluate the differences in the
establishment of the TA in online compared to face-to-face
treatments.
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Likewise, we shall also evaluate the subjects’ type of attachment
and what effects this has on the establishment of the TA.

Methods

Participants

A total of 291 subjects participated in this study anonymously
and voluntarily, 149 (51.2%) of whom were men and 142
(48.8%) women. The subjects were between the ages of 18 and
30 years, with amean age of 23.1 (SD 2.82; Table 1).

The participants came to the psychological guidance and
consulting service voluntarily and free of charge and were
invited to participate in the study. The main objective of this
service isto psychologically assess or explore the users from 2
universities in Barcelona, and if needed, to refer them to the
corresponding services in the public health care network.
Participants who were involved in fewer than 3 sessions were
excluded.

Instruments

The participants responded to the following questionnaires: (1)
sociodemographic data—sociodemographic data such as sex,
age, whether the treatment was online or face-to-face, and the
diagnostic was collected ad hoc; (2) therapeutic
alliance—SOFTA-0 (System for Observing Family Therapeutic
Alliances—observational) for patients[41]; thisinstrument was
created simultaneously in English and Spanish as a
transtheoretical tool for research and practice onthe TA. In this
case, the patient version was used. The measure is based on
three dimensions: engagement in the process, emotional
connection, and safety. It also provides an overal score. The
12 items, both negative and positive, are related to patients
behaviors, which are grouped within these 3 dimensions; and
(3) attachment—Rel ationship Questionnaireisabrief self-report
that was developed by Bartholomew and Horowitz [42] to
evaluate adults’ attachment style based on continuous measures
and categorical results. First, the person being evaluated is
presented with four prototypical descriptions of the types of
attachment in Bartholomew’s model (secure,
anxious-preoccupied, dismissive-avoidant, and fearful -avoidant)
and is asked to decide with which one they identify the most.
Secondly, they are asked to rate their degree of agreement with
each of the prototypical definitions of attachment on a 7-point
Likert scale [43-47].

Procedure

All the subjects filled out the SOFTA-0 and the Relationship
Questionnaire before the exploration began and filled out only
the SOFTA-o &fter it. It is understood that the TA with the
therapist will change if the exploration was a positive
experience, but thetype of attachment will not, asthis construct
is stable over time.

The explorations lasted between 3 and 5 sessions. The subjects
themselves chose whether they wanted to be treated face-to-face
or online. The online interventions were carried out through
videoconference.

JMIR Ment Health 2022 | vol. 9 |iss. 5 |€36775 | p.120
(page number not for citation purposes)


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

JMIR MENTAL HEALTH

The subjects filled out the questionnaires individualy and
independently, and they were only assisted by the researcher if
they requested help.

Ethics Approval

The study was approved by Research Ethics Committee of the
Vidal i Barraguer Mental Health University Institute.

Results

Description of Analyses

The statistical analyses were conducted using SPSS statistical
package (version 27.0, SPSS Inc). First, the descriptive results
of the sociodemographic data, the TA, attachment, and the
diagnosis were presented. Subsequently, the relations between
the TA and the intervention modality, attachment, sex, age, and
diagnostic were presented. Next, the mixed model analysiswas
conducted. To do so, an unstructured variance-covariance matrix
was calculated via the restricted estimation of maximum
likelihood. The TA before and after treatment, treatment
modality, attachment scale, and their interactions were
considered fixed effects. Finaly, gender and age were aso
included as fixed factors. The random effect was the subjects
intersection parameter. The degrees of freedom were cal culated
with the Satterthwaite approximation. The end model was
chosen by recal culating the model swith and without interaction
via maximum likelihood in order to compare the significance
of the change on the Akaike information criterion (AIC). The
residuals of the prediction and of the random factor were
inspected via a quartile-quartile plot to assess the suitability of
the model.

Descriptive Results of the Sociodemogr aphic Data,
Therapeutic Alliance, Attachment, I ntervention
M odality, and Diagnosis

As shown in Table 1, the percentage of men and women was
almost similar, with 142 (48.8%) women and 149 (51.2%) men.
The mean age was 23.1 (SD 2.82) years; 43.6% (n=127) chose
the web-based option while 56.4% (n=164) chose face-to-face.
The differences were not significant (t=0.210, df=289, P=.91).

The most prevalent diagnosis was anxiety (n=91, 31.3%),
followed by depression (n=45, 15.5%) and grief (n=29, 10%).
We can aso see that 63.6% (n=185) of the participants had a
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secure attachment, while 36.4% (n=106) had an insecure
attachment. Finaly, regarding the TA, we see that prior to the
treatment, the mean SOFTA-o0 score of the subjects was 8.62
while after treatment, it was 36.78.

Comparison between age, sex, modality, diagnosis, and
attachment in relation to the therapeutic alliance before and
after treatment.

We conducted t tests for the variables sex, modality, and
attachment; we used the Pearson correlation coefficient for age
and TA and ANOVA for the diagnosis.

Via the Pearson correlation coefficient, Table 2 shows
significant relations in the scores on the TA at the two times
when the questionnaire was administered. We see that between
the pre- and postadministrations, thereisacorrelation of r=0.09
and P<.001.

If we examinethe relationship between TA and age, we see that
prior to the treatment, there is a correlation of r=-0.10 and
P=.08, while afterward, it was r=0.02 and P=.70. Therefore,
there are no significant differences in the establishment of a
better TA according to age.

Aswecanasoseein Table 2, thet test for independent samples
revealed that there are no significant differencesin the TA prior
to the treatment, with the treatment modality (web-based and
face-to-face) t=0.150, df=289, P=.88; attachment (secure and
insecure) t=—0.835, P=.39; and sex (male and female) t=1.430,
P=.16. By contrast, after the treatment, we do find significant
differences in the treatment modality t=—42.045, P<.001, and
the type of attachment t=6.068, P<.001, but not sex, t=0.217,
P=.33. Therefore, we can conclude that the face-to-face modality
shows significantly better resultsin terms of establishing agood
TA compared to web-based treatments. The same holdstruefor
attachment, where having a secure attachment leads to
significant differences in the development of a better TA.

Finally, regarding the diagnosis, we conducted an ANOVA to
determine whether there were differences in the establishment
of abetter TA by diagnosis, and the results both before and after
the treatment showed that there are no significant differences
(F=1.097, P=.37 and F=4.566, P=.44, respectively; degrees of
freedom between groups, within groups, and total were 9, 281,
and 290, respectively; Tables 2-4).
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Table 1. Descriptive results.

Mercadal Rotger & Cabré

Characteristics

Values

Age (years), mean (SD; range)
Pre-TA? scores, mean (SD; range)
Post-TA scores, mean (SD; range)
Gender, n (%)

Male

Female
Modality, n (%)

Web-based

Face-to-face
Attachment, n (%)

Secure

Insecure
Diagnosis, n (%)

Anxiety

Depression

Grief

Mistreatment

Family problems

Couple problems

Concentration problems

Social relation problems

Adaptation problems

Others

23.1(2.82; 18-29)
8.6 (3.03; 3-18)

36.8 (13.88; 11-56)

149 (51.2)
142 (48.8)

127 (43.6)
164 (65.4)

185 (63.6)
106 (36.4)

91 (31.3)
45 (15.5)
29 (10)
25 (8.6)
16 (5.5)
16 (5.5)
15 (5.2)
28(9.6)
23(7.9)
3(1)

&TA: therapeutic alliance.

Table 2. Therapeutic alliance and age correlation before and after intervention.

Correlation Value

r P value Age, r (P) vaue
TA2 before treatment 0.092 <.001 -0.102 (.08)
TA after treatment 0.092 <.001 0.022 (.70)

8TA: therapeutic aliance.
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Table 3. Therapeutic alliance comparison between the groups before and after intervention.

Tests Values
t df P value
TA2 before treatment
Modality 0.15 268.130 .89
Attachment -0.853 203.183 40
Gender 1.403 284.221 .16
TA after treatment
Modality —42.045 222.357 .001
Attachment 6.068 217.342 .001
Gender 0.22 287.029 .33
3TA: therapeutic aliance.
Table 4. Therapeutic alliance comparison by diagnosis.
ANOVA Diagnosis
Mean square F P value
TAZ before treatment 10.084 1.097 37
TA after treatment 792.356 4.566 44

TA: therapeutic alliance.

Analysis of the Mixed Model

In the model without interactions, the pre-post change in the
TA was significant (t57=44.020, P<.001), aswasthe treatment
modality (t576,=18.804, P=.72). Age, gender, and attachment
did not reach the level of significance (t5760=0.492, P=.62;
t5760=0.17, P=.87; and t575 ;=1.048, P=.30, respectively).

Themodel withinteractions (A1C=3305.5, with 12 parameters)
was significantly better (x?,=742.78, P<.001) than the model
without interactions (A1C=4040.3, with 8 parameters). The
interaction between the time of the evaluation and the
therapeutic modality was highly significant (t,g;(=32.296,
P<.001). In the web-based treatment, the mean score on the
SOFTA rose by 13.5 points (SD 5), while in the face-to-face
treatment, it rose 39.6 points (SD 5.1). Theinteractions between
evauation and attachment and modality and attachment were
not significant (t,g; ;=1.248, P=.21 and ts3,5=0.363, P=.72,
respectively). In the inspection of the residuals, no gross
deviations were found compared to anormal distribution.

Discussion

Principal Findings

Theresults of this study show that the interventions carried out
in person, with a sample of subjects aged between 18 and 30
years, obtain significantly better scores in the creation of the
TA compared with those carried out with the web-based
methodology. The same occurs with attachment, where users
with secure attachment establish a better TA compared with
those with insecure attachment. In relation to the variables
diagnosis, age and sex, there were no significant differences.

https://mental .jmir.org/2022/5/€36775

Complementary Results (Sample, Diagnosis, and
Sociodemogr aphic Data)

First, we should highlight that this is a sample of university
students, so we can assume a high sociocultura level with a
socia network (at least in terms of their belonging to the
educational community: teachers, classmates, etc) and acertain
predisposition to establish relational bonds (at least with
referents in education). Likewise, they belong to an age group
with knowledge and skills of the new technol ogies and therefore
have alow level of interference and inconvenience associated
with the use of this variable.

In terms of the modality chosen, the members of the sample
distributed themselvesin abalanced fashion (43.6% web-based
and 56.4% face-to-face), with adight preference for face-to-face
treatment. We may think that this may be a pattern that is
tending to gain ground in this age group, in a socioeconomic
milieu that enables them to have sufficient technological
resources and in a metropolitan setting that minimizes the
difficulties of access to face-to-face encounters (remote
residences, precarious environments, etc). Itislikely that based
on the experience of the pandemic, these patients' initiative, at
least ininitial contacts, includes both methodologies. The fact
that there was a slight predominance of those who requested
face-to-face treatment seems to reflect the caregiving logic, in
which the vast mgjority of conflicts associated with mental
health directly imply other people with whom one has
interactions in face-to-face settings (family, friends, partner,
etc). Infact, Cabré and Mercadal [8] claimed that live treatment
in person is hot comparabl e to web-based treatment, even though
at times it may be a good resource or be complementary;
however, under no circumstances can it be better and “more
real” than face-to-face. Nonethel ess, the significant percentage
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(43.6%) of those who requested to receive treatment online
leads usto believe that this choice may be part of certain initial
defensive strategies precisely for the same reason.

Knaevelsrud and Mearcker [18] caution that little is known
about how the therapeutic relationship evolves in web-based
treatments and whether it influences the outcome of treatment,
as it does in traditional face-to-face treatments. In this sense,
what we still do not know with the results of this study (and
this is a limitation) is whether these percentages of the initial
choice stay the same when the psychological treatment
consolidates; that is, whether once established with a
psychotherapist, part of this group that initially preferred
treatment via safety or distance measures (web-based) would
prefer to see the therapist face-to-face as they fed safer, less
threatened, and more trusting of the other and themselves.

Intermsof thediagnosis, it isdifficult to establish patternswith
such ageneral and unspecific set of symptoms. Nonetheless, it
islikely that in symptomsin which clinically active depressive
features predominate, thefirst choicewill tend to be the contact
that is the “easiest” and entails the least effort, which is
apparently the online connection (even though these same
clinica components may respond better to closer human
contact). In grief (even though it al so containsthese components
of sadness and anhedonia), we may believe that the need to have
close contact with the other and receive affection from them,
without filters, may push the demand for face-to-face over
web-based treatment. Finally, in symptoms in which anxious
contact predominates, especially regarding human or relational
contact (eg, socia phobias, separation anxieties, and persecutory
anxieties), the first choice may be heavily conditioned by this
experience, defensive strategieswill probably predominate, and
thus web-based methodol ogies may be preferred. Infact, 73.2%
(n=23) of the subjectsin our study with adiagnosisof depression
chose the web-based modality, 67.8% (n=20) of thosewho were
grieving chose the face-to-face modality, and 59.6% (n=54) of
the subjects who had anxiety preferred the web-based option.

Attachment and Therapeutic Alliance

The results of our study show that participants with secure
attachment developed better TA compared with those with
insecure attachment. Theseresultsarein linewith other research
projects in which it is concluded that a secure attachment
predicts a better TA [33,35]. In fact, there are also studies that
provide the same conclusions from the opposite side: people
with insecure attachment have worse TA [36,37]. In our opinion,
itislogical that the subjects with secure attachment develop a
better TA. Therefore, if we see that the TA consolidates over
the course of afew sessions (which comprise the exploration),
itislikely that in anew (and hypothetical) choice to continue
(viatreatment), the percentage of the same patients preferring
face-to-facewouldrise. Infact, Traviset a [39] and Siefert and
Hilsenroth [40] state that the decrease in symptoms during
therapy is related to the establishment of a more secure
attachment. In any case, if theinitial choicewasnot areflection

Mercadal Rotger & Cabré

of this defensive variable posited above, it islikely that the end
outcome of the treatment would be similar (in terms of its
efficacy) in both modalities. Nor can we discard the possibility
of the opposite: if the TA was adequately established in the
face-to-face exploration, this “relational footprint” may make
it likely that the percentage of patients who (for different
practical reasons) request to continue the treatment (or start
psychotherapy) using the web-based method (with the same
professional with whom they established at a solid TA) would
increase, and therewould be no reason to think that the outcome,
in terms of efficacy, could not be optimal. Regardless, these
aspects entail limitations in this study and should continue to
be researched in more extensive longitudinal studies.

Therapeutic Alliance and M odality (Web-Based or
Face-to-face)

When we compared at the moment before the intervention if
there were differences between TA and modality (web-based
or face-to-face), the results showed that there were no
differences between these two groups. However, when
comparing the modality and the TA at the time after the
intervention, the results showed that the face-to-face modality
presents significantly better results when establishing a good
TA, compared to web-based interventions. These resultsdispute
the conclusions reached by investigations such as that of
Anderson et a [28], in which it was concluded that there were
no differences between web-based and face-to-faceinterventions
when establishing a good TA.

Finally, we see how the interaction at the time of evaluation
and the therapeutic modality were significant; indeed, we found
that the score on the TA was 3 times higher in the face-to-face
modality (39.6), compared with that in the web-based modality
(13.5). Therefore, even though the outcomes may be quite
positivein the web-based modality (sinceit isassumed that TA
has improved throughout the intervention), these results are
contrary to those reported by Sucala et a [29], who conclude
that the quality of TA in web-based interventions is, at least,
the same as in face-to-face interventions. However, severa
studies[20-24,30,31] statethat TA improvestherapeutic results
both in face-to-face and web-based interventions. In fact,
Eichenberg [15] stated that face-to-face is more effective than
the web-based modality and therefore shoul d be used whenever
possible.

Furthermore, we believe that is it obvious, as Tullio et al [12]
noted, that professionalsare not yet prepared to conduct remote
treatment with adegree of efficacy similar to that of face-to-face.
Furthermore, only 18.3% of therapists reported having
experience with web-based interventions, although 62.6% are
in favor of them [13].

For all these reasons, we believe that, as Mercada and Cabré
[1] stated, it is essential for professionalsto receivetraining in
this new technical resource and to understand and incorporate
the variants it entails into their daily practice.
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Abstract

Background: Worldwide, exposure to potentially traumatic events is extremely common, and many individuals develop
posttraumatic stress disorder (PTSD) along with other disorders. Unfortunately, considerable barriers to treatment exist. A
promising approach to overcoming treatment barriersisadigital mental health intervention (DMHI). However, engagement with
DMHIsisaconcern, and theoretically based research in this areais sparse and often inconclusive.

Objective: The focus of this study is on the complex issue of DMHI engagement. On the basis of the social cognitive theory
framework, the conceptualization of engagement and a theoretically based model of predictors and outcomes were investigated
using a DMHI for trauma recovery.

Methods: A 6-week longitudinal study with a national sample of survivors of trauma was conducted to measure engagement,
predictors of engagement, and mediational pathwaysto symptom reduction while using atraumarecovery DMHI (time 1: N=915;
time 2: N=350; time 3: N=168; and time 4: N=101).

Results: Confirmatory factor analysis of the engagement latent constructs of duration, frequency, interest, attention, and affect
produced an acceptable model fit (x,=8.3; P=.02; comparative fit index 0.973; root mean square error of approximation 0.059;
90% CIl 0.022-0.103). Using the latent construct, the longitudinal theoretical model demonstrated adequate model fit (comparative
fit index 0.929; root mean square error of approximation 0.052; 90% Cl 0.040-0.064), indicating that engagement self-efficacy

(B=.35; P<.001) and outcome expectations (B=.37; P<.001) were significant predictors of engagement (R>=39%). The overall
indirect effect between engagement and PTSD symptom reduction was significant (3=—065; P<.001; 90% CI —0.071 to —0.058).
This relationship was serially mediated by both skill activation self-efficacy ($=.80; P<.001) and trauma coping self-efficacy
(B=.40; P<.001), which predicted areduction in PTSD symptoms (3=-.20; P=.02).

Conclusions:  The results of this study may provide a solid foundation for formalizing the nascent science of engagement.
Engagement conceptualization comprised general measures of attention, interest, affect, and use that could be applied to other
applications. Thelongitudinal research model supported 2 theoretically based predictors of engagement: engagement self-efficacy
and outcome expectancies. A total of 2 task-specific self-efficacies—skill activation and trauma coping—iproved to be significant
mediators between engagement and symptom reduction. Taken together, thismodel can be applied to other DMHIsto understand
engagement, as well as predictors and mechanisms of action. Ultimately, this could help improve the design and devel opment of
engaging and effective trauma recovery DMHIs.

(IMIR Ment Health 2022;9(5):€35048) doi:10.2196/35048

KEYWORDS

engagement; digital health; digital mental health intervention; socia cognitive theory; SCT; self-efficacy; outcome expectations,
trauma; posttraumatic stress disorder; PTSD
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Introduction

Background

The World Mental Health Survey Consortium indicated that
>70% of adults are exposed to traumatic events [1]. In the
United States, approximately 90% of people are estimated to
have at least one exposure to a traumatic event during their
lifetime[2]. The COVID-19 pandemic has presented additional
challenges resulting in an increased global demand for mental
health services, along with increases in trauma exposure in its
aftermath [3]. As trauma exposure increases, so do the risks of
developing posttraumatic stress disorder (PTSD), along with
other menta and physical health conditions[4]. Costs associated
with mental health disorders are significant, accounting for
approximately 7% of the global burden of disease and 19% of
all years lived with disability [5]. Despite its high prevalence
and societal costs, treatment coverage remains poor, resulting
inagloba mental health treatment gap [6]. Substantial barriers
to mental health treatment include perceived stigma, access,
costs, and lack of trained personnel. Rural and underserved
communities are especially vulnerable to these barriers, which
have been exacerbated in the wake of the COVID-19 pandemic

[7].
Digital Mental Health Interventions

A promising approach to overcoming these barriersis the use
of technology to reach more people at alow cost in astructured
and confidential format [8,9]. Technology to promote mental
health and behavior change is referred to as a digital mental
health intervention (DMHI). The acceptance of DMHI apps
continues to increase, and downloads have risen exponentially
sincethe proliferation of the COVID-19 pandemic [10]. Several
systematic reviews have concluded that although DMHIs are
growing in popularity, evidence of their efficacy is till limited
[10,11]. Research suggests that some inconclusive findings on
DMHI effectiveness may be related to a lack of engagement
[12]. As engagement may influence intervention outcomes, a
greater understanding of engagement and the factors that
influence DMHI engagement is essential [13].

However, despite its importance, a consistent engagement
conceptuaizationislacking [14]. The term engagement, broadly

https://mental .jmir.org/2022/5/€35048
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defined as attention, interest, and use of aDMHI [15], has been
used in many ways, yielding inconsistent findings and making
it challenging to synthesize reliable models and measures. The
lack of guidelines or specificity makes it difficult to measure,
interpret, and compare the engagement metrics across DMHIs.
A recent systematic review concluded that the field of DMHIs
depends on user engagement, and the lack of clear definitions
and standards can be harmful to the field [16].

This study sought to address this gap by extending previous
engagement research [17] to examine atheoretical framework
for the conceptualization of engagement, predictors of
engagement, and the relationship between engagement and
outcomes. Before presenting the model, the engagement
conceptualization is described.

Engagement

Most studies agree that engagement includes some interaction
withaDMHI [18]; however, thereislittle agreement asto what
exactly engagement is, its bounds, and a precise
conceptualization of the concept in general (see Yeager and
Benight [19] for a full review). Systematic reviews of
engagement research concluded that the definition of
engagement must go beyond objective measures of use to
include subjective measures of attention, interest, and affect
[14-16]. This definition aligns with the social cognitive theory
(SCT) framework [20], where observed behaviors (ie, DMHI
use), cognitive factors (ie, attention and interest), and personal
factors (ie, affect) interact to define the more complex process
of engagement. As far as we are aware, this is one of the first
studies to explore a multidimensional conceptualization of
engagement that includes subjective measures of attention,
interest, and affect and objective measures of use.

L ongitudinal Engagement Research Model

Overview

Onthebasisof thisengagement conceptualization, alongitudinal
research model was developed and tested (Figure 1). Thismodel
was built on several frameworks [15,17,21] and included
predictors of engagement (shown in brown), objective and
subjective measures of engagement (shown in purple), and direct
and indirect relationships to DMHI outcomes (shown in blue).
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Figure 1. Proposed longitudinal digital mental health intervention engagement model. Predictors of engagement are shown in brown, objective and
subjective measures of engagement are shown in purple, and the direct and indirect relationships to digital mental health intervention outcomes are
shown in blue. Hypotheses are also indicated. DMHI: digital mental health intervention.
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Engagement Predictors

Predictors of engagement can include countless combinations
of user characteristics and DMHI design components [22,23].
Using a theoretical framework is essential to begin to whittle
down the most important factors [12]. SCT, which offers a
parsimonious, self-regulatory framework for motivating DMHI
engagement [20], suggests that behaviors are performed if one
perceives confidence in one's ability, there are few external
barriers, and the behavior isworth the effort. Self-efficacy [24]
and outcome expectations [25] are key constructs in this
self-regulatory process. SCT suggests that predictors of
engagement include both personal (eg, appraisals) and external
(eg, DMHI characteristics) factors.

Engagement self-efficacy reflects appraisals of one’s ability to
initiate and maintain engagement with aDMHI despite barriers
associated with using a DMHI [26] that focuses on trauma
recovery [27]. Engagement self-efficacy incorporates both
confidence in using technology and confidence in addressing
traumatic stress symptoms. Individuals high in engagement
self-efficacy imagine success in using a DMHI and are more
likely to initiate a new behavior, invest more effort, and persist
longer than those who are less self-efficacious [28]. These
individuals may persist despite challenges associated with using
technol ogy and avoidant behaviors, ahalmark symptom cluster
of PTSD [29]. Therefore, engagement self-efficacy ispredicted
to have a positive effect on engagement.

Outcome expectations are the estimation that a given behavior,
once performed, will lead to desired outcomes [30]. Outcome
expectancy includes DMHI characteristics such as beliefs that
the DMHI will be effective [31]. For this study, outcome
expectations are defined as perceptions that using the DMHI
will increase one's ability to cope with symptoms associated
with their trauma. Low outcome expectations are often cited as
barriers to in-person evidence-based treatment for those with
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PTSD [32]. Therefore, higher outcome expectations are
predicted to have a positive effect on DMHI engagement.

Engagement Outcomes

Understanding thefull picture of DMHI effectiveness must also
include the anticipated effects of engagement on important
postintervention outcomes. The ambiguity demonstrated in the
predictors of engagement research was also found in research
examining the relationship between engagement and DMHI
outcomes [33,34]. Research has shown that there is a
dose-response relationship: the greater the use, the greater the
positive effects [17,35]. However, not all DMHIs show this
relationship [31,36,37], which may be attributable to severa
factors, including alack of engagement consensus and lack of
consideration of DMHIS mechanisms of action [34].

These mechanisms can serve as mediators between DMHI
engagement and desired outcomes. Perski et al [15] found that
mechanisms of action include beliefs, knowledge, motivation,
self-efficacy, and skill practice. To increase our understanding
of these potential mechanisms, our model included 2 serial
mediators between engagement and outcomes (Figure 1).

On the basis of the SCT, we examined 2 forms of self-efficacy,
measured at subsequent periods, as potential mechanisms of
action. According to Bandura [20], self-efficacy is a
context-specific assessment of competence in performing a
specific task. These different types of task-specific self-efficacy,
which is an assessment targeting distinct appraisals across
different groups of behaviors, include skill activation and coping
with trauma symptoms.

Skill activation self-efficacy refers to a person’s confidence in
performing the specific skills taught by the DMHI, and coping
self-efficacy for trauma (CSE-T) refersto aperson’s confidence
in managing their internal and external posttraumatic recovery
demands [27]. In our theorizing, greater engagement with the
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DMHI enhanced skill activation self-efficacy, which led to
subsequent increases in CSE-T. In the proposed model, skill
activation self-efficacy was measured after using the DMHI for
approximately 1 week (time2[T2]), and CSE-T was measured
after using the DHMI for approximately 2 weeks (time 3[T3]).

Skill activation self-efficacy reflects confidencein one’s ability
to usethe new skillslearned from the DMHI, despite associated
barriers. According to Bandura [20], confidence in practicing
DMHI skills precedes the actual use of the skill, and this step
is often ignored in the literature. The specific trauma recovery
skills taught by the DHMI are relaxation, increasing social
support, managing triggers, identifying unhel pful thoughts, and
using healthy coping strategies. Practicing these skills may
prove to be more challenging to adhere to than expected;
however, a sdf-efficacious person will respond more
confidently, with better strategies, effort, and persistence in
overcoming such hurdles. We hypothesized that as a person
engages more with the DMHI, their confidence in using DMHI
skillswill also increase.

Textbox 1. Hypotheses of the study. CSE-T: coping self-efficacy for trauma.

Yeager & Benight

Those confident in practicing the DHMI traumarecovery skills
may also increase their confidence in managing posttraumatic
recovery demands. Research has shown that the af orementioned
skills can improve one's ability to manage trauma-related
symptoms [38]. Consequently, increasing confidence in
performing DMHI skills (ie, skill activation self-efficacy) was
hypothesized to increase one's perceived ability to cope with
traumarrelated symptoms (ie, CSE-T). Those with high CSE-T
perceive that they have the necessary coping strategies to
manage posttraumatic recovery demands and, hence, experience
fewer psychological symptoms[38]. A recent longitudinal study
showed that participants who used the DMHI for 3 weeks
experienced an increase in CSE-T and clinically lower PTSD
symptoms [39]. Therefore, CSE-T was included as a mediator
and predicted to have asignificant and negative effect on PTSD
symptoms (ie, increases in CSE-T result in decreases in
symptom severity).

From the engagement conceptualization and longitudinal
theoretical models, several hypotheses were put forth (Textbox
1 and Figure 1).

Study hypotheses

and subjective measures of attention, interest, and affect.

outcome:

. Hypothesis 1: arelationship exists between the observed subjective and objective engagement variables and their underlying engagement latent
construct, as demonstrated by the adequate model fit of the latent construct. The engagement latent construct included objective measures of use

«  Hypothesis 2: participants with higher engagement self-efficacy would experience higher levels of engagement.
«  Hypothesis 3: participants with higher outcome expectations would experience higher levels of engagement.

«  Hypothesis 4: skill activation self-efficacy and coping self-efficacy for traumawould serially mediate the relationship between engagement and

«  Hypothesis 4A: participants with higher levels of engagement would experience higher levels of skill activation self-efficacy.
«  Hypothesis 4B: participants with higher levels of skill activation self-efficacy would experience higher levels of CSE-T.

«  Hypothesis 4C: participants with higher CSE-T would experience a greater reduction in trauma symptoms.

Methods

Overview

A 6-week correlational, longitudinal study was performed using
a DMHI with a population of survivors of trauma to test the
proposed engagement conceptualization and theoretical model.
The study was completed entirely on the web without human
interaction to examine engagement in the wild with minimal
engagement-related confounds [40].

Participants

To improve external validity, recruitment for the web-based
study comprised a national sample of survivors of traumawho
had experienced a variety of traumatic events. Specificaly,
participants were recruited from flyers, social media groups,
and the university’s Sonaweb-based study system. Theinclusion
criteria were as follows: (1) having experienced at least one
traumatic event based on the Diagnostic and Statistical Manual
of Mental Disorders, Fifth edition Criterion A [29], (2) English
speaking, (3) aged =18 years, and (4) having a score >0 on a
measure of posttraumatic distress. No other inclusion or

https://mental .jmir.org/2022/5/€35048

exclusion criteria were specified to maximize the number and
diversity of respondents.

Sample Size Criteria

Although most researchers advise a sample size of 10
participants for each parameter being estimated [41], the ratio
of sample size to free parameters may be as low as 5:1 with
certain model specifications (ie, large factor loading and multiple
indicators for each latent variable [42]). This study recruited
more participants (at time 1 [T1]; 915/1367, 66.93% who met
the criteria) to achieve this minimum while allowing for nonuse,
dropout attrition, and flexibility to handle missing dataand other
unanticipated procedura or methodological issues.

Materials: DMHI (My Trauma Recovery)

The DMHI usedin this study was My Trauma Recovery (MTR),
which was designed by developers to improve an individua’s
CSE-T [43]. MTR is a self-guided, theoretically based, DMHI
with no interactions with a therapist. MTR is mainly based on
SCT [43] and focuses on increasing an individual’s ability to
cope with trauma via six self-directed modules: (1) unhelpful
ways of coping, (2) relaxation, (3) socia support, (4) self-talk,
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(5) traumactriggers and memories, and (6) seeking professional  anonymity and track their progress throughout the study. This
help. There is empirical support for the efficacy of MTR, and  study used alongitudinal research design comprising 4 periods.

itsmechanism of action (increasing CSE-T) isunderstood [39].

Study Design

Theoveral study designisshownin Figure 2. Participantswere
assigned arandom participant identification number to maintain

T1 was the baseline, T2 was approximately 1 week after T1,
and T3 was approximately 2 weeks after T1. Time 4 (T4) was
afollow-up questionnaire sent out 30 days after the completion
of the study (approximately 6 weeks after T1).

Figure 2. Fully automated, longitudinal research design. The total duration is 6 weeks. DMHI: digital mental health intervention; T1: time 1; T2: time

2; T3: time 3; T4: time 4.
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The study was designed to allow participants enough time to
practice the skills they learned from the DMHI. Each period
indicated the completion of a survey. To move from T1 to T2
and from T2 to T3, the participants had to complete aminimum
of 2 modules of the DMHI. Therefore, the individuals moved
through the study at different rates. On average, participants
moved from one period to the next every 8 days (from T1 to
T2: mean 8.88, SD 13.31 days; from T2 to T3: mean 8.49, SD
7.72 days, from T1 to T3: mean M15.67, SD 13.56 days).

After T3, the use of the DMHI was optional. After finishing a
module, participants were asked to complete ashort, postmodule
survey that measured engagement. To increase adherence,
automati c reminder emailswere sent to parti ci pants throughout
the study.

Procedures

Overview

Data were collected over 2 years between August 2018 and
August 2020. Recruitment followed three primary strategies:
(1) Western university’s Sona system posting to recruit
undergraduate students, (2) paid advertising on various social
media platforms (Facebook, Linkedin, and Twitter), and (3)
free advertising on various email listservs. Sona participants
were compensated with extra credit, and web-based participants
were compensated US $15 when they completed al study
protocols. All participants were entered in a raffle for one of
four US $50 gift cards after completing all study protocols (T1,
T2, T3,and T4). A list of resourceswas provided to participants
after completing each survey.

Screening

All participants were provided with abrief statement explaining
the procedure and a link to the study on Qualtrics. Participants
indicated that they voluntarily agreed to participate in the
web-based informed consent form. After the participants
provided informed consent viaQualtrics (by pressing thel Agree
button), they completed the screening questionnaires. Those
who did not meet the criteria (ie, did not experience atraumatic
event or were not experiencing any symptoms of posttraumatic
distress) were not included in the study.

https://mental .jmir.org/2022/5/€35048
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T1 Procedures

Those who met the inclusion criteria were automatically
provided the baseline T1 questionnaire, which included all
measures assessing demographics, engagement self-efficacy,
outcome expectations, and CSE-T. To increase the validity of
the responses, 7 questions were embedded throughout the T1
survey as an attention assessment. These questions asked
participants to select a specific response (eg, “For this item,
please select ‘None at all’”). A valid case was identified as a
participant who answered most (4 of 7) validity questions
correctly [44].

All participants who validly completed the T1 survey and met
the inclusion criteria were provided accessto MTR via email.
This email provided participants with a link to MTR and
instructions on how to create a user account, log into the site,
and begin using the site. Participants were asked to watch an
introductory video and use MTR as much as needed but were
asked to use a minimum of 2 of the 6 modules to receive
compensation. To increase adherence, a second reminder email
was sent to the participants 3 days after qualification. Thisemail
reminded the participants to create an MTR account as soon as
possible and contained instructionsto do so.

Engagement
Objective engagement levels were tracked and recorded by

MTR throughout the study. Subjective engagement was assessed
after the completion of amodule.

T2 and T3 Procedures

T2 and T3 usedidentical proceduresand occurred approximately
1 week apart. After completing =2 MTR modules, participants
were eligible to participate in the next period and were asked
tofill out aquestionnaire that assessed engagement self-efficacy,
activation self-efficacy, CSE-T, and posttraumatic distress.
After T3, participants could continue to use MTR as often as
needed; however, this was not required.

T4 Procedures

A month after completing the T3 survey (approximately 6 weeks
from the start of the study), participants received a request via
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email to fill out a brief T4 questionnaire that assessed skill
activation self-efficacy, CSE-T, and posttraumatic distress.

M easures

The measures used in this study are described in the following
sections and are included in Multimedia Appendix 1. The
internal consistencies of the measuresareincluded in the Results
section.

Demographics (T1)

Demographic information such as participants' ethnicity, age,
gender, relationship status, income, mental health treatment
history, and education was measured.

Traumatic Event (T1)

The presence of a Criterion A traumatic event was assessed
using the Life Events Checklist-5 (LEC-5), whichisa 17-item
self-report measure that assesses exposure to potentialy
traumatic events across the life span [45]. The LEC-5 was used
to determine whether participants had experienced aqualifying
traumatic event over the course of their lives. If participants
endorsed Happened to me or Witnessed it on the LEC-5, they
were eligible for the study. The LEC-5 demonstrated good
test-retest reliability (r=0.82) [46].

Engagement Self-efficacy (T1, T2, and T3)

Engagement self-efficacy was measured using 8 questions at
thebeginning of T1, T2, and T3. During T1, the questions began
with the sentence stem “I am confident that | can begin to use
My Trauma Recovery...” and during T2 and T3, the same
guestions began with the sentence stem “1 am confident that |
can continue to use My Trauma Recovery..” Questions
comprised items representing technological and coping-related
barriers. The answers were provided on a 5-point Likert scale
ranging from 1=not at all confident to 5=very confident.

Outcome Expectancies (T1, T2, and T3)

Outcome expectations were measured at the beginning of each
period with 9 questions that started with the sentence stem “If
| use MyTraumaRecovery regularly | expect that...” Responses
were scored on a 5-point Likert scale ranging from 1=strongly
disagree to 5=strongly agree. Cons were reversed scored, and
the total score was computed by summing the answers for all
items of the positive and negative outcome expectancies scales.

PTSD Symptoms (T1, T2, T3, and T4)

The PTSD checklist for the Diagnostic and Statistical Manual
of Mental Disorders, Fifth Edition (PCL-5) [47] was used to
measure PTSD symptoms and was anchored to the most rel evant
trauma on the LEC-5. The PCL-5 was assessed at T1, T2, T3,
and the 1-month follow-up. Items assessed symptoms across 4
symptom clusters of PTSD (re-experiencing, avoidance, negative
mood, and hyperarousal) on a O- to 4-point Likert scale.
Responsesranged from O=not at all to 4=extremely. The PCL-5
was scored using the total symptom severity score (range 0-80)
by summing the scores for each of the 20 items.

https://mental .jmir.org/2022/5/€35048

Yeager & Benight

Engagement (T2, T3, and T4)

Overview

Engagement was measured both subjectively and objectively.
Subjective self-report engagement measures comprised
perceived use and attention, interest, and affect. Objective data
were automatically measured from the system logs throughout
each period. These measures are described in the following
sections.

Engagement Subjective Use (Postmodule)

The subjective perception of use was measured at the completion
of each module and included depth (how much of the module
did you use [0%-100%)]?) and duration (minutes). In addition,
frequency of use was assessed at T2, T3, and T4 with the
question “How often did you use My Trauma Recovery during
the past week?’ Answers included O=never, 1=less than once
aweek, 2=once aweek, 3=two to three times per week, 4=daily,
and 5=more than once a day.

Engagement Subjectivel nterest and Attention (Postmodule)

The subjective experiences of interest and attention were
measured at the completion of each module. Participants were
asked to rank how true several statementswere while using the
DMHI surrounding interest and attention (eg, “1 was absorbed”).
Theanswerswere provided on Likert scales, ranging from O=not
at all trueto 4=extremely true.

Engagement Subjective Affect (T1 and Postmaodule)

The subjective dimension of affect was measured at baseline
and after the completion of each module using the Positive and
Negative Affect Schedule short form. The Positive and Negative
Affect Scheduleisa20-item measure that assesses both positive
and negative affect [48]. Each subscale comprised 10 items.
The answerswere provided on Likert scales, ranging from 1=not
at all to 5=extremely.

Engagement Objective Use (Continuous)

Objective engagement measuresincluded continuously recorded
data that quantified the frequency (number of logins), breadth
(number of pages), depth (number of modules completed), and
duration (total number of minuteslogged in) of the DMHI use.
The data were stored in a secure web-based database.

Skill Activation Self-efficacy (T2, T3, and T4)

Skill activation self-efficacy was measured at T2, T3, and T4
using 8 questions that began with the sentence stem “I am
confident that | can practicethe skills| learned from My Trauma
Recovery...” followed by items representing coping-related
barriers. The answers were provided on a 5-point Likert scale
ranging from 1=not at all confident to 5=very confident.

CSE-T (T1, T2, T3, and T4)

CSE-T was assessed at baseling, T2, T3, and T4 using the
CSE-T scale [27]. The CSE-T is a 9-item scale that assesses
coping self-efficacy for challenges and demands in the trauma
recovery process. Questions such as “1 feel capable that | can
manage distressing dreams or images about the traumatic
experience” were measured on a 7-point scale ranging from
1=not at all capableto 7=totally capable.
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Statistical Analyses

Preliminary Analysis

SPSS (version 28; IBM Corp) was used for the demographic
and initial analysis. Data were inspected for invalid surveys,
outliers, missingness, and other characteristics influencing fit
before the analyses. The data were then assessed for outliers
and normality.

Missing Data and Attrition

Missing datawere estimated with the full information maximum
likelihood procedureusing AMOS (version 28; IBM Corp). full
information maximum likelihood assumes that data are either
missing completely at random (MCAR) or missing at random
(MAR) but is aso robust when data are missing not at random
[49]. The first to be analyzed was the item- or scale-level
missing data within each period. Next, tests were performed to
analyze missing data because of attrition, which iscommon in
self-directed DMHI longitudinal studies (approximately 99%)
[50]. Thesetestsincluded the Little MCAR test [51], 2-tailed t
tests, and multinomial regression tests [52].

Reliability

SPSS (version 28) was used to calculate reliability. Cronbach
o [53] was used to calculate the interna consistency of the
measures, where each item was measured on the same scale (ie,
all itemswere measured on a0-5—point Likert scal€). Cronbach
0 isbased on the essentially tau-equivalent measurement model,
which assumesthat each item measuresthe samelatent variable
on the same scale (variance) but with possibly different degrees
of precision [54]. All measures met this assumption apart from
the engagement latent construct, which comprised heterogenous
items measured on different scales (eg, pages viewed, interest,
affect, and attention) with different SDs. Therefore, the
reliability of the engagement latent construct was calculated
using the composite reliability (CR) coefficient [55].

MTR Effectiveness

Although not the primary focus of this study, outcomes were
analyzed with SPSS (version 28) using repeated-measures
ANOVAS. Participants used MTR for approximately 2 weeks,
during which their PTSD symptomswere measured at baseline
(T1), 1-week (T2), 2-week (T3), and 4-week follow-ups (T4,
approximately 6 weeks from baseline).

Fit Indices

This study evaluated and interpreted model fit on two indices
in addition to the chi-square value: (1) comparative fit index
(CFI) [42] and (2) root mean square error of approximation
(RMSEA) [56]. The guidelines for acceptable fit included a
nonsignificant chi-square value. However, it should be noted
that the chi-square goodness-of -fit test statistic uses traditional
statistical significance testing procedures and is highly subject
to the sample size. A CFl >0.90 and RM SEA <0.10 were used
as guidelines for acceptable model fit to the data [57]. Given
the high attrition rates typically associated with self-directed
web-based DMHI studies, more lenient criteria were chosen a
priori and were used to evaluate modd fit in this study [58].
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Engagement Measurement Model

To verify the construct validity of the engagement measurement
model (hypothesis 1), a confirmatory factor analysis using
AMOS (version 28) was used to confirm the factor structure of
the set of observed subjective and objective engagement
variables. Initially, all observed objective and subjective
measures were included, such as objective items measuring the
extent of use (minutes, logins, pages, and modules completed)
and subjective measures of use, attention, affect, and interest.
Items that had a poor factor loading were deleted to improve
overall fit unless the deletion compromised the validity of the
construct such that it no longer supported engagement
conceptualization.

Longitudinal Research Model

The proposed longitudinal structural equation model wastested
using AMOS (version 28) to confirm hypotheses 2 to 4 (A, B,
and C) [59]. Our model specified 2 exogenous predictors of
engagement, a multidimensional engagement latent construct,
and skill activation self-efficacy and CSE-T as positive serial
mediators between engagement and symptom reduction (Figure
1). To analyze the indirect mediational effects between
engagement and outcomes, AMOS (version 28) bootstrapping
(2000 samples) analysiswas performed with bias-corrected Cls
(90% ClI).

Ethics Approval

All study materials and procedures were approved by the
University of Colorado, Colorado Springs, Institutional Review
Board (19-011) before participant contact and data collection.

Results

Preliminary Analysis

Demographics

Table 1 depicts the descriptive statistics of the demographic
variables. Of the 1367 participants who signed up for the study,
915 (66.93%) qualified and completed the T1 survey. The
participants who met the criteriawere 76.9% (704/915) White,
17.8% (163/915) Hispanic or Latino, 7.4% (68/915) Black,
6.4% (59/915) Asian or Pacific Islander, 4.7% (43/915) Native
American or Alaskan Native, and 3.3% (30/915) other (some
participants specified multipleraces). Of the 915 who qualified,
404 (44.1%) created an account on the DMHI, 350 (38.2%)
participated in the T2 survey, and 168 (18.4%) participated in
T3. Of the 168 participants who completed the T3 survey, 101
(60.12%) completed the T4 1-month follow-up survey.

All participants who met the criteria were directly exposed to
>1 traumatic event either through experiencing or witnessing
the event, including an accident (741/915, 81%), physical assault
(564/915, 61.6%), sexual assault (547/915, 59.8%),
life-threatening illness or injury (472/915, 51.6%), natural
disasters (370/915, 40.4%), sudden unexpected death of
someone close (350/915, 38.3%), military combat (72/915,
7.9%), captivity (51/915, 5.6%), and other distress (588/915,
64.3%).
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Data were assessed for outliers and normality. A series of
comparisons using ANOVA (Cronbach a=.05) were conducted
to determine whether any relevant differences existed in the
variables of interest (eg, engagement variables, activation
self-efficacy, and CSE-T) by demographic characteristics (eg,

Yeager & Benight

age and education). No significant differences were found.
Regarding multicollinearity, there was no correlation between
variables above >0.80. Therefore, there was no indication of
collinearity [60].

Table 1. Descriptive statistics for demographics for time 1, time 2, time 3, and time 4 (N=915)2,

Measure Time 1 (N=915)

Time 2 (n=350) Time 3 (n=168) Time 4 (n=101)

Age (years), mean (SD; range)

Gender, n (%)

24.11 (8.53; 18-62)

Female 698 (76.3)
Male 205 (22.4)
Other 10 (1.2)
Relationship status, n (%)
Single 646 (70.6)
Married 143 (15.6)
Divorced 48 (5.2)
Widowed 5(0.5)
Other 73(8)
Highest education, n (%)
High School 173 (18.9)
Some college 617 (67.4)
Bachelor’s degree 81 (8.9)
Graduate degree 35(3.8)
Sona (vs web-based), n (%) 713 (77.9)
Mental health
Treatment (current), n (%) 248 (27.1)
Treatment (lifetime), n (%) 548 (59.9)
Baseline PCL-5°, mean (SD) 35.83 (19.10)
Traumatic event, mean (SD)
Frequency (lifetime) 9.79 (19.01)
Intensity (0-5) 3.08(0.93)

26.13(9.39; 18-60)  28.12(9.04; 18-60)  30.32 (9.08; 18-54)

270 (77.1) 117 (69.7) 67 (66.3)

77 (22.0) 49 (28.9) 34(337)
3(1) 2(1.1) 0(0)

219 (62.6) 9 (57) 53 (52.4)
73(20.9) 46 (27.5) 34(337)
27(7.7) 14 (8.4) 10 (9.9)
2(0.6) 1(0.6) 1(1)

29(8.3) 11 (6.5) 3(3)

57 (16.3) 26 (15.5) 14 (14.1)
225 (64.3) 98 (58.4) 52 (51.5)

45 (12.9) 31(18.3) 24.(23.9)
20(5.7) 13(7.7) 11 (10.8)
238 (68) 83 (49.3) 29(28.3)

117 (33.5) 62 (36.7) 33(326)
246 (70.3) 114 (67.8) 72(71.7)
40.14 (18.27) 41.98 (18.32) 44.99 (16.97)
10.49 (15.63) 11.36 (16.32) 10.92 (16.46)
3.27 (0.79) 3.95(0.97) 412 (0.91)

350me percentages did not add up to 100% because of missing data.

bpCL-5; PTSD checklist for the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition.

Missing Data and Attrition

The missing datafor all relevant items within each period were
0.012% for T1, 0.006% for T2, and 0.005% for T3. As all
item-level missing data per period were <1%, they were deemed
negligible.

Of the 915 participants who met the criteriafor the study, 511
(55.8%) did not create an account (ie, nonuse attrition). Of the
404 participants who created an account, 236 (58.4%) did not
complete the T3 protocol. Hence, the nonuse and dropout rates
were 55.8% and 58.4%, respectively. To analyze the missing
data patterns, the Little MCAR test, a stricter criterion than
MAR, was performed with all variables used in the full model
(T1, T2, and T3) simultaneously, with age as a reference
variable. The results of this test showed that the missing data
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were not MCAR (x234: 278.2; P<.001). This suggests that
missing data from T1 to T3 are either MAR or missing not at
random; however, there are no definitive tests for these
conditions [61].

Independent-sample 2-tailed t tests (equal variances assumed)
showed significant baseline differences between noncompleters
and completers on the predictors of engagement. Completers
reported higher engagement self-efficacy (noncompleters: mean
16.85, SD 7.40; completers: mean 20.71, SD 6.70; tg;5=—6.21;
P<.001) and higher outcome expectations (noncompleters: mean
21.91, SD 5.21; completers: mean 24.23, SD 4.61; t45=—5.33;
and P<.001).
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Multinomial logistic regression was used to identify covariates
and interactions that were simultaneously predictive of
missingness for the different groups (ie, nonuse, dropouts, and
completers). Thisallowsresearchersto reasonably assume that
the data are MAR. All baseline measures were included (eg,
age, education, baseline symptoms, engagement self-efficacy,
and outcome expectations), and the results indicated that
engagement self-efficacy (B=—0.07; odds ratio=0.93; P=.003;
95% CI 0.91-0.97) and outcome expectations (B=—0.11; odds

Yeager & Benight

ratio=0.90; P=.01, 95% CI 0.88-0.95) werethe only significant
predictors of dropout or nonuse group membership. As these
significant covariates were included in the model, bias because
of missingness may be reduced, and the assumptions of
maximum likelihood were assumed to be met.

Reliability
Cronbach a [53] or the CR coefficient [54] was calculated for
each measure in the model. The results are shown in Table 2.

Table 2. Internal reliability for T13 (N=915), T2° (n=350), T3¢ (n=168), and T4 (n=101) measures.

Scale Number of items Cronbach a
T1 T2 T3 T4
Engagement predictors
Engagement self-efficacy 8 94 .95 95 _e
Outcome expectations 9 .84 .86 .78 —
Engagement variables and latent construct
Attention or interest 7 — .86 .84 .81
PANAS' (positive affect) 10 89 94 93 94
Subjective frequency 6 — .89 91 .96
Engagement latent construct (composite reliability) 4 — .70 .66 74
Outcome predictors
Activation self-efficacy 8 — 97 .96 97
Trauma coping self-efficacy 9 91 92 93 93
Outcome
PCL-59 20 95 96 97 .98
aT1: time 1.
bT2: time 2.
°T3: time 3.
9T1: time 4.

€l ndicates scale not measured during the period.
'PANAS: Positive and Negative Affect Schedule.

9PCL-5: PTSD checklist for the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition.

MTR Effectiveness

The average baseline PTSD symptom severity, as indicated by
the PCL-5, was above the 33.00 cutoff value suggested by the
National Center for PTSD (T1. mean43.77, SD 17.43). A
repeated-measures ANOVA showed that PTSD symptoms
differed significantly between time points (Wilks A=0.507;
F397=31.42, P<.001), with a large effect size (n?=0.49). Post
hoc tests using the Bonferroni correction revealed that PTSD
was reduced by an average of 11.10 points on the PCL-5 after
1 week (P<.001), 13.25 after 2 weeks (P<.001), and 18.15
(P<.001) after 6 weeks.

https://mental .jmir.org/2022/5/€35048
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The initial test of the engagement latent construct provided a
poor fit to the data (x%,;=347.8; P<.001; CFI 0.663; RMSEA
0.134; 90% CI 0.122-0.146). Nonsignificant and poor loading
factors were deleted to improve the model fit. The fina
engagement measurement model comprised attention or interest
(B=.76; P<.001), positive affect (=.83; P<.001), subjective
measure of frequency (3=.46, P<.001), and the objective
measure of pages viewed ($=.13, P=.02). The excellent fit
(x%=8.3; P=.02; CFl 00973; RMSEA 0.059; 90% ClI
0.022-0.103) of the confirmed engagement model supported
hypothesis 1 (Figure 3) and was consistent with the engagement
definition [15].
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Figure 3. Engagement latent confirmatory factor analysis that includes attention, interest, affect, subjective frequency of use, and objective pages
viewed. Results of the confirmatory factor analysis provided an adequate model fit and reliability. All regression weights were significant, P<.05. CFl:
comparative fit index; RMSEA: root mean square error of approximation; T2: time 2; TLI: Tucker-Lewisindex.

Engagement latent construct time 2
CFI=.973; TLI=.863; RMSEA=.059
X =8.3; P=.02

Engagement

0.5 0.02

T2 attention T2 positive T2 frequency T2 pages
interest affect subjective viewed objective

(=) () (=) ©

L correlation coefficients for the study variables included in the
L ongitudinal Research Model tested model. Overall, the model demonstrated good fit

Overview (X'5=85.9; P<.001; CFl 0.929; RMSEA 0.052; 90% ClI

The engagement latent construct was used in the longitudinal  0.040-0.064) and supported hypotheses 2 to 4 (Figure 4). The
research model (Figure 1). Table 3 shows the bivariate details of this process are described below.

Table 3. Correlations of variables used in the full structural equation model: T12 (N=915), T2° (n=350), and T3¢ (n=168)%¢.

Categories Predictors Engagement Outcomes
1 2 3 4 5 6 7 8 9
Variables
T1 engagement self-efficacy 1 0489" 0328 0206 035" 0195 o552 0089 0094
T1 outcome expectations —9 1 03620 03750 033" 01129 o0476' 0093 -0.1219
T2 subjective affect positive — — 1 05740  o0a3ssf 0069  s3gf 0150  0.038
T2 subjective interest or attention — — — 1 0.443f 0.077 0577 0.145 0.001
T2 subjective engagement frequency — — — — 1 0.062 0.404f -0.068 -0.026
Objective engagement pages viewed — — — — — 1 0.122" 0.037 -0.153¢
T2 skill activation self-efficacy — — — — — — 1 0.368" -0.032
T3CSE-T — — — — — — — 1 -0.189"
T3to T1PCL-5 — — — — — — — — 1
4T1: time 1.
bT2: time 2.
°T3: time 3.

dObj ective measures were continuously measured.

Predictor 1: mean 17.56 (SD 7.43); predictor 2: mean 22.33 (SD 5.18); engagement 3: mean 10.79 (SD 7.14); engagement 4: mean 14.83 (SD 4.45);
engagement 5: mean 2.36 (SD 1.07); engagement 6: mean 84.69 (SD 63.42); outcomes 7: mean 26.65 (SD 6.98); outcomes 8: mean 42.52 (SD 10.89);
outcomes 9: mean —10.78 (SD 15.86).

fP<.01.

INot applicable.

hp< 05,

ICSE-T: coping self-efficacy for trauma.

IPCL-5: PTSD checklist for the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition.
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Figure4. Full longitudina structural equation modeling results where engagement self-efficacy and outcome expectations were significant predictors
of engagement. The direct effect of engagement on symptom improvement was nonsignificant. Theindirect serial mediation pathway between engagement
and symptom improvement was significant in that engagement predicted increases in skill activation self-efficacy, which then mediated subsequent
increasesin coping self-efficacy for traumaand reductionsin posttraumatic stress disorder symptoms. CFl: comparative fit index; PCL-5: Posttraumatic
Stress Disorder checklist for Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition; RMSEA: root mean square error of approximation;

T1: timel; T2: time2; T3: time 3; TLI: Tucker-Lewisindex.

Full longitudinal model
CFI=.929; TLI=.873; RMSEA=.052
X 25=85.9; P<.001

0.49

T1 engagement
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T1 outcome
expectations
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affect

0.64 0.16
T2 skill activation ‘1‘1.0 T3 trauma coping
self-efficacy self-efficacy
'-23* 0.04
T3-T1 PCL5
> change

T2 pages viewed
objective

c

T2 frequency
subjective

T2 attention
interest

0.22 i

i 062
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Engagement Predictors

Analysisof the hypothesized predictors of engagement indicated
that engagement self-efficacy (3=.35; P<.001) and outcome
expectations (3=.37; P<.001) were significant positive
predictors of engagement (R°=39%). Adequatefit and significant
pathways supported hypotheses 2 to 3.

Engagement Outcomes

Regarding the rel ationship between engagement and outcomes,
the direct effect of engagement on changesin PTSD symptoms
was nonsignificant (3=.04; P=.58). However, theindirect serial
mediational pathway between engagement and T3to T1 PTSD
symptom reduction was found to be statistically significant
(B=-.065; P<.001; 90% CI —0.071 to —0.058]). Examination
of the mediators between engagement and symptom change
reveal ed that engagement was a strong and significant predictor
of T2 skill activation self-efficacy (B=.80; P<.001; R°=64%),
and skill activation self-efficacy was a significant predictor of

https://mental .jmir.org/2022/5/€35048

RenderX

T3 CSE-T (B=.40; P<.001; R*=16%). Importantly, the CSE-T
significantly predicted PTSD symptom reduction between T1
and T3 (B=-.20; P=.02; R°=4%). Thus, these results provided
support for hypotheses 4A, 4B, and 4C (Figure 4).

Exploratory Model

In addition to the above model, the second similar model
included those who completed the 4-week follow-up (101/915,
11%). The T1to T4 model provided an excellent fit (x2,s=49.8;

P=.002; CFl 0.950; RMSEA 0.033; 90% Cl 0.019-0.046),
suggesting that at the 4-week follow-up, participants continued
to show significant improvement through the indirect effects
of skill activation self-efficacy and CSE-T. Combined, the above
results support hypotheses 1 to 4.
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Discussion

Principal Findings

The present research aimed to address the gap in the engagement
literature surrounding the definition, measurement, and modeling
of engagement with the ultimate goal of understanding ways of
effectively increasing engagement. Using a multidimensional
definition of engagement that included both subjective and
objective components, the proposed conceptuaization was
tested with a trauma recovery DMHI. As far as we are aware,
this is the first study that offers empirica support for a
multidimensional definition of engagement. On the basis of the
confirmed measurement model of engagement, a theoretically
based model of DMHI engagement was tested with a national
sample of survivorsof trauma. The results confirmed thevalidity
and reliability of the comprehensive engagement measurement
model and the relationships between the DMHI engagement,
predictors of engagement, and clinical outcomes.

A dsrength of this study is the variety of trauma-exposed
individuals recruited. Trauma experiences included accidents,
physical and sexual assault, natural disasters, and military
combat. On average, survivors of trauma reported baseline
PTSD scores that may be interpreted as above the diagnostic
threshold (mean 35.83, SD 19.10), and those who completed
the study experienced, on average, a clinically significant
reduction in PTSD symptoms (mean 13.24 point reduction on
the PCL-5, SE 1.83; P<.001; n=168)) that persisted at the
1-month follow-up (mean 18.15-point reduction on the PCL-5,
SE 1.86; P<.001; n=101).

Engagement M easurement Model

Thefinal model demonstrated adequate reliability in thissample
(CR=0.70) and included all required components of the proposed
definition. A strength of this model is that it is not DMHI
specific; rather, it contains general measures of attention,
interest, affect, and use that could be applied to other
applications, athough this has yet to be determined. Another
advantage is its parsimony. Measuring subjective experiences
while using a DMHI can be burdensome for users [62].
Therefore, short, valid, and reliable measures of engagement
may increase compliance. Importantly, the final model did not
confound the predictors of engagement (eg, aesthetics and
satisfaction) with engagement.

Longitudinal Research M odel

Engagement Predictors

The results revealed that 2 exogenous variables, engagement
self-efficacy (=.35; P<.001) and outcome expectations (3=.37;
P<.001), were significant predictors of engagement. This
confirms previous research, where engagement self-efficacy
and outcome expectancies were major determinants of DMHI
use [17,63,64]. In these studies, highly motivated participants
felt capable of using the DMHI and perceived it as useful and
worth the effort.

Engagement Outcomes

Therelationship between engagement and outcomesis not well
understood [14]. Our model tested 2 different task-specific

https://mental .jmir.org/2022/5/€35048
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self-efficacies as serial mediators between engagement and
outcomes. Specifically, engagement was found to influence
skill activation self-efficacy, where those with higher levels of
engagement experienced greater levels of skill activation
self-efficacy (ie, belief in the ability to enact skills learned
through the DMHI). In turn, higher levels of skill activation
self-efficacy predicted higher levels of CSE-T, which mediated
an improvement in PTSD symptoms.

Skill activation self-efficacy has been shown to increase health
management behaviors in nondigital health care settings, such
as heart failure [65], diabetes management [66], and HIV [67],
but, as far as we are aware, has never been tested as a DMHI
mechanism of action. As predicted by SCT, our results suggest
that augmenting beliefs about personal efficacy in DMHI skills
practice may be an antecedent to improved confidence in
managing posttrauma recovery demands.

Similar to previous research, our study found that CSE-T was
the most proximal predictor of symptom improvement. This
confirms other studies in which CSE-T mediated posttrauma
recovery from several traumatic experiences [68], including
accidents[69], sexua abuse[70], life-threatening illnesses[71],
and natural disasters[72]. Combined, skill activation and CSE-T
mediated the relationship between DMHI engagement and
outcomes. Thisfinding is consistent with an extensive literature
base that identifies cognitive changes as mediators of mental
health symptom improvement (refer to Ehlers et a [73] and
Kleim et a [74]). However, the relatively small amount of

explained outcome variance (R°=4%) suggests that there may
be additional mechanisms of action not included in the model.

Interestingly, the direct pathway between engagement and
symptom reduction was not significant after 2 weeks. This
supports previous short-term research that failed to find a
relationship between engagement and outcomes [75-77] and
underscores the importance of understanding and targeting the
mechanisms of action between engagement and outcomes to
improve DMHI efficacy. Simply increasing engagement to
improve outcomes without considering these mediating factors
may not suffice.

Limitations

Overview

A major limitation of this model is that it views predictors,
engagement, and outcomes as unidirectional processesinwhich
predictors influence engagement and engagement influences
the outcomes. According to SCT, behaviors, personal factors,
and the environment interact with each other over time (ie,
triadic reciprocal causation). It is highly probable that these
components operate in a nonrecursive fashion of reciprocal
determinism. Further examination of this dynamic framework
can reveal how engagement changes and influences predictors
and recovery asit unfoldsacrosstime. Modeling these dynamic
reciprocating processes is beyond the scope of this study and
will beinvestigated in future studies.
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Attrition

This study had a high attrition rate, which is consistent with
other longitudina DMHI studies [78,79]. Attrition can cause
potential biases and threats to generalizability [51].

Engagement Latent Construct

Several limitations surround the engagement latent construct.
As seen in much of the literature, different objective measures
have been used to define engagement with disparate results
[14,79]. For this study, only 1 objective measure was included
in the final model. Researchers have suggested that multiple
objective and subjective measures may more accurately
represent engagement [80]. However, the equivocal findingsin
the DMHI engagement literature suggest that the most
appropriate measure of use may vary for each DMHI. Further
improvements to these measures may be warranted. Although
the final model had an excellent fit and supported hypothesis
1, the relatively weak factor loading and explained variance
leave some questions for discussion and future research
regarding which components are most relevant.

In addition, SCT suggests that predictors and outcomes of
engagement influence engagement throughout the DMHI
experience [20]. Future research may want to examine the
differential and recursive effects of outcomes such as CSE-T
and symptom reduction on engagement. An examination of
engagement over time may reveal that other measures of
engagement may become moreinfluential as users move deeper
into the intervention and experience greater (or lesser) changes
because of their efforts [81].

Study Design

This study used alongitudinal correlational design, suggesting
that cause and effect are only interpreted based on theory and
time lag and not on experimental manipulation. The fitted
models do not necessarily represent the only true models, and
there may be others that aso fit the data [41]. Severd
engagement predictorswere not investigated in this study, such
associa support [64]. Thiswill bean areafor future exploration.

Regarding outcomes, skill activation self-efficacy is assumed
to increase the practice of DHMI skills. However, ameasure of
skill practice was not included in our model. Ideally, an accurate
measure of skill practice should be captured through daily
ecological momentary assessments. Future studies should
incorporate daily ecological momentary assessments of skill
use as a mediator in symptom reduction.

DMHI-Related Limitations

In this study, only 1 DMHI was tested that targeted a mental
health disorder (PTSD). MTR isaweb-based web intervention
that does not use many recent advances in digital technology
such as socia networking, virtua reality, machine learning,
sensor technology, and mobile computing. Examination of the
engagement measurement model and theoretical models with
flexible and novel DMHIsfor avariety of mental health issues
may help confirm the generalizability of these findings.

Due to the design of MTR, participants were led through each
module by way of several predetermined steps (ie, tunneling).
The participants generally moved through the intervention at
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the samerate, which provided limited variability in engagement
use patterns. These types of tunneled interventions have been
found to generate more page views than self-paced interventions
[79]. However, this may be an artifact of making users click
through a prespecified number of pagesto progress through the
DMHI and may not be at all related to engagement.

Sample

Although anational sample of survivorsof traumawasrecruited
from throughout the United States, most of the participantswere
White female psychology students enrolled in a Western
university.

Implications

Engagement

Thefindings of this study established the validity and reliability
of a multidimensional engagement measurement model,
although questions for future research remain. In principle,
empirically supported behavioral and experiential dimensions
of engagement can be measured in every DMHI. With avalid
and reliable measurement of engagement, the therapeutic dose
of DMHIs can be established, and the relationships between
individual characteristics, engagement, and intervention
effectiveness can be better understood. Ultimately, an adequate
measure of engagement may provide the opportunity to
automatically detect disengagement and hel p identify the factors
that improve engagement.

Theoretical

This study provides a theoretical foundation for understanding
numerous predictors of engagement. Although several models
could potentialy fit the data, the present findings tend to
replicate earlier findingsin the context of engagement predictors
and are in line with the SCT.

Clinical

Importantly, these findings have implicationsfor mental health
interventions, whether in person or on the web. Treatment
dropout and its causes remain top research priorities in both
settings [82]. Improving engagement can potentially lead to
improved therapeutic outcomes. By understanding the impact
of engagement self-efficacy and outcome expectations,
interventions can be designed to enhance these perceptions
before treatment, which could, in turn, lead to improved
engagement. Skill activation self-efficacy and the CSE-T were
shown to mediate the path from engagement to symptom
reduction. Although skill training is an essential component of
most DMHIs, ensuring that users feel confident in practicing
those skills appears to be an important component of DMHI
effectiveness.

Directions for Future Research

Thisresearch provides a strong foundation for several different
explorations surrounding DMHI engagement. Although
subjective measures demonstrated strong factor loadingsin the
engagement measurement model, low response rates to
embedded DMHI engagement surveys were common.
Combining nonintrusive sensor datawith machine learning may
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be animportant area of research to help alleviate the participant
burden [83].

This study aso provides support for future research on
engagement predictors. We offered a theoretically based
predictor model. Future experimentsthat manipul ate predictors
of engagement, such as outcome expectations, are encouraged.

Logically, engagement alone does not make an intervention
effective. Our model revealed the significant indirect effects of
engagement on symptom reduction. A further understanding of
the mechanisms of action may contributeto overall intervention
effectiveness[84]. In theory, these components can be a part of
every DMHI.

Conclusions

The empirically supported engagement latent construct and
structural equation model provide steps toward formalizing the

Yeager & Benight

science of engagement. Inturn, thismay helpimprovethedesign
of engaging and effective digital interventions. Unique
individual difference variablesrelated to engagement may then
emerge, offering a more refined approach to intervention
customization.

The therapeutic dose of DM HI's can be established with avalid
and reliable measurement of engagement, and DMHI efficacy
can be evaluated in a more standardized way. Comparisons
among similar DMHIs can then be accomplished through
clinical trials to establish the safety and effectiveness of the
DMHI. Once established, DMHIs can be designed to increase
engagement in early interventions, meet the specific needs of
populations, and be used at the exact moment they are needed.
Taken together, the future is bright for the role of DMHIs in
overcoming significant barriersto care and improving outcomes
for avariety of mental health disorders.
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Abstract

Background: Major depressive disorder (MDD) is aglobal crisis with increasing incidence and prevalence. There are many
established evidence-based psychotherapies (EBPs) for depression, but numerous barriers still exist; most notably, access and
dissemination. Virtual reality (VR) may offer some solutions to existing constraints of EBPsfor MDD.

Objective: We aimed to examine the feasibility, acceptability, and tolerability of using VR as a method of delivering behavioral
activation (BA) for adults diagnosed with MDD during aglobal pandemic and to explorefor signsof clinical efficacy by comparing
VR-enhanced BA (VR BA) to a standard BA treatment and a treatment as usual control group for individuals diagnosed with
MDD.

Methods: A feasibility trial using a 3-armed, unblinded, randomized controlled pilot design was conducted. The study took
place remotely via Zoom telehealth visits between April 8, 2020, and January 15, 2021. This study used a 3-week, 4-session
protocol inwhich VR BA participants used aV R headset to compl ete their BA homework. Feasibility was measured using dropout
rates, serious adverse events, completion of homework, an adapted telepresence scale, the Simulator Sickness Questionnaire, the
Brief Agitation Measure, and an adapted Technology Acceptance Model. Efficacy was assessed using the Patient Health
Questionnaire-9.

Results: Of the 35 participants assessed for eligibility, 13 (37%) were randomized into VR BA (n=5, 38%), traditional BA (n=4,
31%), or atreatment as usual control (n=4, 31%). The mean age of the 13 participants (5/13, 38% male; 7/13, 54% female; and
1/13, 8% nonbinary or third gender) was 35.4 (SD 12.3) years. This study demonstrated VR BA feasibility in participants with
MDD through documented high levels of acceptability and tolerability while engaging in VR-induced pleasurable activitiesin
conjunction with abrief BA protocol. No adverse eventswere reported. Thisstudy alsoillustrated that VR BA may have potential
clinical utility for treating MDD, as the average VR BA participant’s clinical severity decreased by 5.67 points, signifying a
clinically meaningful change in severity from amoderate to amild level of depression as per the Patient Health Questionnaire-9
score.

Conclusions: Thefindings of this study demonstrate that VR BA is safe and feasible to explore for the treatment of MDD. This
study documented evidencethat VR BA may be efficacious and justifies further examination in an adequately powered randomized
controlled trial. This pilot study highlightsthe potential utility that VR technology may offer patientswith MDD, especialy those
who have difficulty accessing real-world pleasant activities. In addition, for those having difficulty accessing care, VR BA could
be adapted as afirst step to help people improve their mood and increase their motivation while waiting to connect with a health
care professional for other EBPs.

Trial Registration: Clinical Trials.gov NCT04268316; https://clinicaltrials.gov/ct2/show/NCT04268316
International Registered Report Identifier (IRRID): RR2-10.2196/24331
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Introduction

Background

Major depressive disorder (MDD) is a globa crisis with
increasing incidence and prevalence [1]. Depressive disorders
are among the leading drivers of yearslived with disability, and
those who meset the criteria for MDD experience significant
distress or impairment in areas of functioning [1,2].

Many evidence-based treatments have been identified for MDD
[3]. Behaviora activation (BA) is considered one of thefirst-line
treatments for MDD as the behavioral theory of depression
statesthat adearth of response-contingent positive reinforcement
catalyzes symptoms of depression owing to less frequent
engagement in pleasant activities or behaviora avoidance[3-5].
BA helpsthose who experience depression becomeless avoidant
and more behaviorally activated by engaging in activities that
are pleasurable or lead to a sense of accomplishment, which
restores lost positive reinforcement and improves mood.

However, even in pre-COVID-19 times, only 56.8% of people
diagnosed with MDD received some type of care to address
their symptoms of depression over the course of 12 months|[6].
For those who reach out for help, it isestimated that only 37.5%
receive minimally adequate or evidence-based treatment [6].
Systemic barriers such asalack of accessto care and long wait
times for appointments prevent individuals from engaging in
mental health care [7]. Furthermore, there may be externa
obstacles that prevent those who experience MDD from
engaging in BA, such as a lack of resources, financial
congtraints, physical limitations, and pandemic restrictions. The
COVID-19 outbreak and subsequent widespread confinement
to one's home with shelter-in-place and community shutdown
orders prevented individuals from partaking in enjoyable
activities.

The use of technology as an adjunct to or amethod of delivering
mental health treatments is becoming increasingly popular, as
technology can solve multiple barriers to care and grant
increased access to evidence-based care when providers are
unavailable [8]. One technology medium, virtua reality (VR),
has been successfully used to help treat a variety of mental
health conditions, with a study illustrating that VR video 360
was able to elicit similar emotional intensity and feelings of
presenceto real-life exposures [8,9]. Given the plethora of VR
options readily available on the web for free and the cheaper
headset selections, VR is now more publicly accessiblethan in
previous years [10], and thus could help eliminate many of the
aforementioned barriersto care.

Although using a VR headset presents minimal risk, studies
have indicated that users may experience cybersickness, which
may include symptoms such as headaches, nausea, dizziness,
eye strain, reduced limb control, and reduced postural control
[11-13]. However, there are ways to mitigate cybersickness,

https://mental .jmir.org/2022/5/€35526

such as limiting prolonged continuous exposure to the virtual
world [11].

Objectives

VR-enhanced psychotherapy may enable increased access to
BA by creating solutions to various barriers to engaging in
pleasant activities, including pandemic restrictions and social
isolation. The primary aim of this study wasto examine whether
using VR to engage in pleasurable activities within a BA
protocol was afeasible, acceptable, and tolerable treatment. In
addition, the study explored evidence of clinical efficacy in
VR-enhanced BA for MDD compared with traditional BA and
atreatment asusual (TAU) control. Finally, this study explored
how mood was affected after partaking in a VR activity
compared with engaging in an activity in real life.

Methods

Study Design

Thiswas primarily afeasibility study conducted asapreliminary
step in deciphering whether VR can be used as a method of
delivering pleasurable or mastery activities during BA in a
clinical sample of patientswith MDD. This study wasa 3-arm,
nonblinded, between-participant, pilot randomized controlled
trial (RCT) created to exploretheinitial feasibility and efficacy.
This study aimed to recruit and enroll 30 participants and took
place remotely viaZoom telehealth between April 8, 2020, and
January 15, 2021.

Participants

After gaining human-participant consideration and clearance
from the Stanford Ingtitutional Review Board (IRB-53483),
participants were recruited from a study flyer posted at the
Stanford School of Medicine, Department of Psychiatry and
Behavioral Sciences, located in Palo Alto, California. The
description of the study was aso listed on the department’s
currently recruiting studies website and on Clinical Trials.gov.
In addition, without solicitation, Curify, a health technology
start-up based in San Francisco, placed study advertisements
on Facebook without any formal agreement or payment from
our research group. Theinclusion criteriawere asfollows: aged
>18 years; speaking English; and meeting the Diagnostic and
Statistical Manual of Mental Disorders, Fifth Edition, criteria
for MDD. The exclusion criteria were as follows. a substance
use disorder in the past year, diagnosis of any psychotic or
bipolar | disorder, seizure in the last 6 months or untreated
epilepsy, current suicidal urgesor intent, or current nonsuicidal
self-injury or parasuicidal behavior.

Procedures

Overview

The initial screening procedure consisted of 2 steps: an initial
phone screen and a face-to-face Zoom intake session. During
the phone screen, callers were briefly assessed for initia
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eligibility and provided with the opportunity to ask questions
about the study. Initial eligibility was determined by a Patient
Health Questionnaire—8 score of =10 [14] as well as a brief
guestionnaire. If eligible and till interested in participation, a
formal initial intake was scheduled via Zoom, and the
participants were securely emailed the consent form for review
before the meeting. After asking any questions and securely
emailing the signed consent form back to the protocol director,
the intake session occurred. During the Zoom intake session,
the participants were asked to verbally complete ademographic
guestionnaire while the protocol director shared her screen via
Zoom. The participants were subsequently administered the
Mini-International Neuropsychiatric Interview by the protocol
director. The participantsweretheninformed of their eligibility
and, if eligible, scheduled for their first session via Zoom. See
the previously published case report [15] for further details.

Randomization

The participants were randomly assigned to receive one of the
3 study armsin asingle-blind fashion by using permuted blocks
of 6 in sealed envelopes. A target sample size of 30 patients
was selected in keeping with the higher end of the range of
sample sizes used for such feasibility studies.

I ntervention

At the beginning of each session, all participants were verbally
administered the Patient Health Questionnaire-9 (PHQ-9). The
protocol director shared her screen over Zoom with the
participants in the VR BA and traditiona BA arms while
collecting this measure. The participantsin the TAU arm were
only read the questions over the phone. If item 9 was endorsed,
a risk assessment was conducted in real time, and proper
measures were taken in accordance with risk.

I ntervention: Treatment as Usual Arm

After the 4 meetings were completed, these participants were
given the option to meet once with the protocol director via
Zoom for 50 minutes so that the protocol director could explain
the theory behind BA, provide psychoeducation around
pleasurable and mastery activities, and explain how the
participants could incorporate BA into their lives. The
participants also had the option to receive a Google Cardboard
asanincentiveto remainin the TAU control group. The protocol
director explained how to use the Google Cardboard as a
potential method of engaging in pleasurable activities. Only the
data accrued during the 4 meetings were used in the study.

Intervention: VR BA and Traditional BA Arms

These participants met with the protocol director 4 times, once
per week for 3 weeks, over Zoom for 50 minutes to receive BA
therapy. The VR participants were shipped aV R headset before
the first session. The headset was supplied by Limbix, now
partnered with BehaV R. Thisheadset had a5.5-inch screen size
with a resolution of 2560 x 1440 pixels, a screen aspect ratio
of 16:9, afield of view of 92 degrees, 3 df, and arefresh rate of
70 Hz. See the previously published case report for further
description of the VR device [15]. Both arms followed the
protocol for brief BA based on the guidance of published
literature [16,17]. The treatment incorporated 4 components:
establishing the therapeutic relationship, developing goals for
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trestment, conducting afunctional analysis, and treatment review
with relapse prevention [17].

The first session focused on establishing rapport, identifying
activities that the participants valued or had felt a sense of
mastery or pleasure from in the past, introducing the
mood-activity log, and setting activity goals[16]. Thetraditional
BA participants were provided with an in-person activity list
and required to schedule real life activities, whereas the
participantsin the VR BA arm were provided with VR activity
optionsand required to choose VR activitiesfor theweek. These
VR activities consisted of 360-degree videos that did not entail
the participants active involvement but were simulations of
activities that were passively watched, other than allowing the
usersto changetheir visual perspectiveswith head movements.
The VR BA participantswere al so asked to complete apost-VR
guestionnaire assessing spatial presence, simulator sickness,
agitation, and acceptability after each VR activity.

During sessions 2 and 3, the protocol director reviewed the
mood-activity log (session 2) and activity schedule (session 3)
with the participants and checked in regarding goal attainment
to reinforce homework completion [18]. The participantsin the
VR BA and traditional BA arms were asked to rate their mood
on ascale of 1to 10 (1=worst they ever felt and 10=best they
ever felt) before and after their chosen activity. Barriers to
completion of activities and problem-solving strategies were
again discussed, and new activity goals were introduced and
scheduled. During session 4, the treatment and skills were
reviewed, and feedback was provided by participants. For further
details, see the previously published case report [15].
Outcomes

Feasibility

Feasibility was assessed using dropout rates, serious adverse
eventsreported, completion of homework, and level of presence
experienced in the headset. Sense of presenceisapsychological
construct and is used as a measure of the ecological validity of
VR devices. Sense of presence is defined as a “sense of being
there” or a “feeling of being in a world that exists outside of
thesdlf” [19]. This presence questionnaireisavalidated measure
that is correlated with procedural |earning enhancement. Dropout
rates were assessed using the number of individuals who did
not complete the full 4-session protocol after randomization.
Serious adverse eventswere gathered from quditative interviews
and notes. Completion of homework in the VR BA arm was
determined by the number of times the headset was used and
the number of timesthe post-V R questionnaire was compl eted.
The number of times the headset was used was obtained from
the data collected from the headset after participant termination
or completion of the study. The number of post-VR
guestionnaires completed was calculated from the number of
post-VR questionnaires that each participant emailed to the
protocol director. The participants were asked to complete =4
VR activities per week and a post-VR questionnaire for each
VR activity completed. Completion of homework in the
traditional BA arm was defined as compl eting the mood-activity
log after session 1 and completing =4 activitiesin real life each
week after sessions 2 and 3. These data were collected via
participant reports and the completed mood-activity log and
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activity tracking forms that were emailed to the protocol
director. See the previously published case report [15] for
information on the presence scale.

Mood

See the previously published case report [15] for information
about the PHQ-9. An exploratory measure of mood was obtained
before and after participating in the BA activity of choice by
answering the following question—How would you rate your
current mood—ranging from 1 (worst ever felt) to 10 (best ever
felt). Thiswas adapted from the single-item self-rating scal e of
happiness, which has good reliability (0.86) and construct
validity (Cronbach a=.55-.94) [20].

See the previously published case report [15] for information
on the following outcome measures. demographics, the
Mini-International Neuropsychiatric Interview, acceptability,
and tolerability.

Statistical M ethods

A power analysis was deemed unnecessary given that the
primary purpose of the study was to assess the feasibility of
using VR to engage in pleasurable or mastery activities as an
adjunct to a brief BA protocol. The feasibility, or the degreeto
which VR could successfully be integrated into the brief BA
protocol, was measured by commenting on qualitative barriers
to use observed. Barriers were assessed by rates of dropout,
adverse events, and the number of times the headset was used.
Thelevel of presence was obtained via participant reports from
a Likert scale of O (not at all) to 4 (very strongly) for each
question; with 3 questions, there was a possibility of yielding
a score between 0 and 12. The average total presence for each
participant, intention-to-treat (ITT) participant, and protocol
completer was then calculated. The average presence
experienced was al so cal cul ated as a percentage by dividing the
average score by 12 (the maximum score).

Acceptability of the VR BA treatment was measured via
participant reports using the Technology Acceptance Model,
with the agreeance choice on a Likert scale ranging from 0
(strongly disagree) to 4 (strongly agree). The number of
guestionsin each category determined the outcome range (either
0-12 for 3 questions or 0-16 for 4 questions). Each participant’s
scores were then averaged along with the average ITT
participants and protocol completers scores. The average
percentage of acceptance was also calculated by dividing the
average score by the maximum score in the outcome range. To
determine the degree of acceptance as |abeled on the scale, the
average score was then scaled back depending on the number
of questions. For example, the Perceived Usefulness category
included 3 questions, yielding a potential range of 0 to 12, so
an average score of 10 would be divided by 3 to assess the
degree of acceptance (inthiscase, it would yield ascore of 3.33,
which would correlate to agree on the Likert scale).

Physical tolerability of the VR headset was assessed via
participant reports using the Simulator Sickness Questionnaire,
and the emotional tolerability of the VR headset was assessed
via participant reports using the Brief Agitation Measure.
Physical tolerability was broken into each item and ranged from
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0 (no more than usual) to 3 (severely more than usual) for each
item. Each participant’s scores were averaged along with the
average I TT participants and protocol completers’ scores. The
total percentage tolerability rating for a given activity was
calculated by dividing a participant’s score by 48, asthere were
16 items, yielding a potential range of O to 48. The percentage
of intolerability for each symptom category was similarly
calculated by dividing the average score by the maximum
potential score of 3. The average scoresfor physical tolerability
were summed for each participant along with the average
emotional tolerability scores of each participant. Emotional
tolerability was scored from 1 (strongly disagree) to 7 (strongly
agree) per question; with 3 questions, there was a possihility of
yielding a score between 3 and 21. These scores were rescaled
to a range of O to 18 by subtracting 3 from all scores. The
percentage of physica and emotiona intolerability was
calculated by dividing the average scores by the highest potential
score (48 for physica tolerability and 18 for emotional
tolerability).

To assesstheclinical efficacy of the VR BA treatment compared
with the traditiona BA and TAU control groups, the
participants depression scores were measured using the PHQ-9
at 4 time points. Owing to the small sample size, statistical
analyses were not used; rather, each group’s mean score was
graphically represented across time.

To explore whether engaging in an activity in VR increased
mood more than engaging in an activity in rea life, the
participants were asked to rate their mood on ascale of 1to 10
(1=worst they ever felt and 10=best they ever felt) before and
after their chosen activity. The differences in mood before and
after each VR activity were cumulatively added across each
participant and then divided by the number of activities
completed to find the mean. The samewas donefor the activities
completed after sessions 2 and 3 (when the participants were
asked to track their pre- and postactivity moods) for the
traditional BA group. In addition, the reported pre- to
postactivity mood changes of the participantsinthe VR BA and
traditional BA groupsweretallied and graphically represented.

Ethics Approval

Thisstudy was approved by Stanford University’sIRB (protocol
#53483) and registered on ClinicaTriadsgov (ID
#NCT04268316). A CONSORT (Consolidated Standards of
Reporting Trials) checklist is aso included in Multimedia
Appendix 1.

Results

Participant Demographics

The sample consisted of 13 adults (mean age 35.4, SD 12.3
years, 5/13, 38% male; 7/13, 54% femae, and 1/13, 8%
nonbinary or third gender), with 10 (77%) adults (mean age
34.6, SD 11.50 years; 5/10, 50% male; 4/10, 40% female; and
1/10, 10% nonbinary or third gender) completing the full
protocol. See Figure 1 for the CONSORT diagram and Table
1 for more participant demographic information.
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Figure 1. CONSORT (Consolidated Standards of Reporting Trials) diagram. BA: behavioral activation; MDD: major depressive disorder; MINI:
Mini-International Neuropsychiatric Interview; OCD: obsessive-compulsive disorder; PHQ-8: Patient Health Questionnaire-8; SUD: substance use
disorder; VR: virtual redlity.
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Table 1. Participant demographics (N=13).

Paul et al

Characteristics

VRZBAP (n=5), n (%)

Traditional BA (n=4), n(%) TAUC control (n=4), n (%) Total, n (%)

Gender
Mae
Female
Nonbinary or third gender
Age (years)
20t0 25
26t0 30
31t0 40
41t0 45
51to 55
56 to 60
Race or ethnicity
Non-Hispanic White
Chinese
Indian
African American
Mexican
Hispanic or Latino
Past mental health treatment
Yes
Psychotherapy only
Psychotropic medications only
Psychotherapy and medications
No
Current mental health treatment
Yes
Psychotherapy only
Psychotropic medications only
Psychotherapy and medications
No
Previous experience using VR
Otimes
1to4times
5to 9times
=210 times
Purpose of past VR use
Gaming
Treatment
Research

Other (conferences)

1(20)
4 (80)
0(0)

1(20)
2 (40)
0(0)
2 (40)
0(0)
0(0)

3 (60)
1(20)
1(20)
0(0)
0(0)
0(0)

5 (100)
0(0)
0(0)
5 (100)
0(0)

4 (80)
0(0)

2 (40)
2 (40)
1(20)

2 (40)
3 (60)
0(0)
0(0)

2 (40)
0(0)
0(0)
1(20)

3(75)
1(25)
0(0)

1(25)
0(0)
0(0)
1(25)
1(25)
1(25)

3(75)
1(25)
0(0)
0(0)
0(0)
0(0)

4 (100)
0(0)
0(0)
4 (100)
0(0)

4 (100)
1(25)
0(0)
3(75)
0(0)

1(25)
2(50)
0(0)

1(25)

2(50)
1(25)
0(0)
0(0)

1(25) 5(38)
2 (50) 7 (54)
1(25) 1(8)

2 (50) 4(31)
0(0) 2(15)
2 (50) 2(15)
0(0) 3(Q)
0(0) 1(8)
0(0) 1(8)
1(25) 7 (54)
0(0) 2(15)
0(0) 1(8)
1(25) 1(8)
1(25) 1(8)
1(25) 1(8)

4 (100) 13 (100)
1(25) 1(8)
0(0) 0(0)
3(75) 12(92)
0(0) 0(0)
3(75) 11 (85)
1(25) 2(15)
0(0) 2(15)
2 (50) 7 (54)
1(25) 2(15)
2 (50) 5(38)
2 (50) 7 (54)
0(0) 0(0)
0(0) 1(8)

2 (50) 6 (46)
0(0) 1(8)
1(25) 1(8)
0(0) 1(8)

3Y/R: virtual redlity.
bBA: behavioral activation.
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®TAU: treatment as usual.

VR BA Feasibility

The completion rate was 60% (3/5) in the VR BA arm, 75%
(3/4) in the traditional BA arm, and 100% (4/4) in the TAU
control arm. No participants reported any serious adverse events.
The participantsinthe VR BA arm used the headset, on average,
more than required (Table 2). Of the 5 participants, 2
(40%)—participant 4 and participant 28—noted that they kept

Table 2. Virtual reality behaviora activation feasibility.

Paul et al

the VR headset nearby so that they could more readily access
it and remember to use it. However, only 20% (1/5) of the
participants completed a post-VR questionnaire after each VR
activity, with the other participants completing less than
required. Participant 24 specifically expressed difficulty
disentangling headset use with completing the post-VR
guestionnaires, which she found stressful and tedious to
complete.

Dropout (yesor ~ Adverse  Completed mood ac-  Times headset was Completedhomework Level of presence ex-

no) events, N tivity log (yesorno)  used between session  yorksheets® N perienced in headset”

1 and session 4% N (0-12; 3 items), mean

(SD)

Participant 4 No 0 Yes 21 15 9.53 (1.96)
Participant 12 No 0 Yes 11 11 2.82(2.99)
Participant 24 Yes 0 Yes 11 5 6.40 (1.82)
Participant 28 No 0 Yes 33 9 9.56 (3.88)
Participant 30 Yes 0 No 5 1 7.00 (N/A)
Completer average  \/AC 0 N/A 21.67 11.67 7.30 (3.88)
ITT9 average N/A 0 N/A 16.20 8.20 7.06 (2.77)

@Mlinimum required headset use and completed homework worksheets was 12 each.
bLevel of presence contained 3 items with arange of O (not at all) to 4 (very strongly) for each item. Higher numbers indicate greater presence.

°N/A: not applicable.
4 TT: intention-to-treat.

The averagetotal presencerating of the ITT VR BA participants
was 59% (7.06/12), whereas the average rating of al the VR
BA protocol completerswas 61% (7.30/12; Table 2). Participant
24, who reported an average presence rating of 53% (6.40/12),
noted that she had difficulty using the head-mounted display
(HMD) with her glasses as it led to smudging. Participant 12,
who reported acomparatively lower average presence rating of
24% (2.82/12), stated that she “wanted more control of when
to stop in the video and look around” and wanted the ability to
interact in the virtual environment. She also remarked that the

https://mental .jmir.org/2022/5/€35526

image quality of the videos was not as good as that of real-life
imagery. Participant 12 further noted that there was a problem
inthelower left visual field of her VR headset, greatly impairing
her sense of presence.

VR BA Acceptability

Overall, the participants who completed the protocol “agreed”
that the VR treatment was acceptable, with an average rating
of 87% (45.32/52) acceptability, and all VR BA participants
(5/5, 100%) verbally provided positive endorsements for using
the headset (Table 3).
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Table 3. Virtual reality behavioral activation acceptability.

Paul et al

Perceived usefulness® (0-12;
3items), mean (SD)

Perceived ease of use® (0-12;
3items), mean (SD)

Attitudes toward use® (0-16;
4 items), mean (SD)

Intention to use technology?
(0-12; 3 items), mean (SD)

Participant 4 11.00 (0) 12.00 (0)
Participant 12 7.00 (1.41) 8.90 (0.32)
Participant 24 8.80 (1.48) 10.60 (0.89)
Participant 28 11.67 (1.00) 12.00 (0)
Participant 30 10,00 (N/A9) 10.00 (N/A)
Completer average 9.89 (2.52) 10.97 (1.79)
1779 average 9.69 (1.85) 10.70 (1.33)

16.00 (0) 12.00 (0)
8.10 (3.63) 9.30 (0.95)
11.20 (2.95) 6.40 (1.52)
16.00 (0) 12.00 (0)
11.00 (N/A) 8.00 (N/A)
13.37 (4.56) 11.10 (1.56)
12.46 (3.46) 9.54 (2.47)

3Domains comprising the technology acceptance model (higher numbers indicate greater acceptability). Perceived usefulness, perceived ease of use,
and intention to use technology contained 3 items with arange of O (strongly disagree) to 4 (strongly agree) for each item.

bAttitudes toward use contained 4 items with a range of O (strongly disagree) to 4 (strongly agree) for each item.

°N/A: not applicable
47T intention-to-treat.

VR BA Tolerability

Theaverage overall physical tolerability of those who completed
the full protocol and the ITT participants was 92% (44.23/48)
and 94% (45.06/48), respectively (Table 4). Nausea was the
most endorsed symptom of physical intolerability (Table 5).
Burping was the least endorsed symptom of physica
intolerability, with no participants endorsing it after any activity.
Participant 30 stated that she becomes seasick/carsick easily

Table 4. Overadl tolerability.

and found some of the VR activities nauseating. Participant 12
informed that she also becomes carsick easily and not being in
control of the image's movement made her feel sick until the
headset was removed, with the longest lingering symptom
dissipating 30 minutes after headset removal. The average
overall emotional tolerability of those who completed the full
protocol and the ITT participants was 90% (16.21/18) and 94%
(16.93/18), respectively (Table 4).

Physical tolerability? (0-48; 16 items), total mean® (SD)

Emotional tolerability® (0-18; 3 items), total mean’ (SD)

Participant 4 1.73(0.14)
Participant 12 8.73 (0.23)
Participant 24 0.40 (0.07)
Participant 28 0.78 (0.10)
Participant 30 3.00 (N/A®)
Completer average 3.75(4.34)
ITT average 2.93(3.39)

0.00 (0)
5.36 (0.14)
0.00 (0)
0.00 (0)
0.00 (0)

1.79 (3.10)
1.07 (2.40)

3physical tolerability determined using the Simulator Sickness Questionnaire. Possible responses for the 16 items ranged from 0 (no more than usual)

to 3 (severely more than usual). Lower numbers indicate greater tolerability.

B The mean scores for physical tolerability were summed for each participant.
CEmotional tolerability determined using the Brief Agitation Measure. Possible responsesfor the 3 items ranged from 0 (strongly disagree) to 6 (strongly

agree). Lower numbers indicate greater tolerability.

%The mean scores for emotional tolerabil ity were summed for each participant.

EN/A: not applicable.
fITT: intention-to-treat.
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Table5. Physical tolerability.

Paul et al

Participant 4, Participant 12,  Participant 24,  Participant 28,  Participant 30, Completer aver- |72 average
mean (SD) mean (SD) mean (SD) mean (SD) mean (SD) age, mean (SD)  mean (SD) '
Nauseab (0-3) 0.33(0.62) 0.91 (1.22) 0.20 (0.40) 0.22 (0.44) 1 (N/AC) 0.49 (0.37) 0.53 (0.39)
General discomfort®  0.20 (0.56) 0.91(1.22) 0(0) 0(0) 0 (N/A) 0.37 (0.48) 0.22 (0.39)
(0-3)
Stomach awareness®  0-27 (0.70) 0.73(1.27) 0(0) 0.33(0.71) 0 (N/A) 0.44 (0.25) 0.27 (0.30)
(0-3)
Sweating? (0-3) 0.27 (0.70) 0.55 (1.21) 0(0) 0.11 (0.33) 0 (N/A) 0.31(0.22) 0.19 (0.23)
Increased salivation?  0-13 (0.35) 0.55 (1.21) 0(0) 0(0) 0 (N/A) 0.23(0.28) 0.14 (0.24)
(0-3)
Verti gob (0-3) 0.33(0.90) 0.55(1.21) 0(0) 0.11 (0.33) 0 (N/A) 0.33(0.22) 0.20 (0.24)
Burpi ngb (0-3) 0(0) 0(0) 0(0) 0(0) 0 (N/A) 0(0) 0(0)
Difficulty concentrat- 0 (0) 0.45 (0.82) 0(0) 0(0) 1 (N/A) 0.15 (0.26) 0.29 (0.44)
ing® (0-3)
Difficulty focusi ngb 0(0) 0.45 (0.82) 0(0) 0(0) 0 (N/A) 0.15 (0.26) 0.09 (0.20)
(0-3)
Eye strain® (0-3) 0(0) 0.55 (1.21) 0.20 (0.40) 0(0) 0 (N/A) 0.18 (0.31) 0.15 (0.24)
Fatigue® (0-3) 0(0) 0.18 (0.40) 0(0) 0(0) 0 (N/A) 0.06 (0.10) 0.04 (0.08)
Headache? (0-3) 0(0) 0.64 (1.21) 0(0) 0(0) 1(N/A) 0.21 (0.37) 0.33(0.47)
Blurred vision® (0-3) 0 (0) 0.36 (0.81) 0(0) 0(0) 0 (N/A) 0.12 (0.21) 0.07 (0.16)
Dizziness (eyes 0.20 (0.56) 0.64 (1.21) 0(0) 0(0) 0 (N/A) 0.28 (0.33) 0.17 (0.28)
openb; 0-3)
Dizziness (eyes 0(0) 0.64 (1.21) 0(0) 0(0) 0 (N/A) 0.21 (0.37) 0.13(0.28)
closed®; 0-3)
Fullness of head” 0(0) 0.64 (1.21) 0(0) 0(0) 0 (N/A) 0.21 (0.37) 0.13 (0.28)
(0-3)

4TT: intention-to-treat.

bSymptoms included in the Simulator Sickness Questionnaire. Each symptom had a range of 0 (no more than usual) to 3 (severely more than usual).

Lower numbersindicate greater tolerability.
°N/A: not applicable.

Clinical Efficacy

Owing to a lower than anticipated sample size, there was not
enough power to conduct statistical analyses, and a graphical
representation was used. Figure 2 shows the PHQ-9 scores of
the participants who completed the full 4-session protocol.
Overall, the mean PHQ-9 scores of the VR BA group decreased
by 5.67, changing the average diagnostic severity category rating
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from moderate depression (14.33) to mild depression (8.67;
Figure 2), a clinically significant change (>5) [14]. The mean
PHQ-9 scores of the traditional BA group decreased by 3,
changing the average severity from moderately severe
depression (15.33) to moderate depression (12.33). The mean
PHQ-9 scores of the TAU control group decreased by 0.25,
which did not change the average diagnosis severity level
(moderate depression).
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Figure 2. Average Patient Health Questionnaire-9 (PHQ-9) score acrosstime. BA: behavioral activation; TAU: treatment as usual; VR: virtual reality.
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. who completed the traditional BA protocol was 1.48 (Table 6).
Pre- to Postactivity Mood Scores The mode-reported mood change was 1 among both the VR
Descriptive statistics of the pre- to postactivity mood scores  BA and traditional BA participants (Figure 3). The lowest
between the VR BA and traditional BA groups are presented  reported mood change among both the VR BA and traditional
in Table 6. The mean change in mood reported by the BA participants was —2, whereas the highest reported mood
participants who completed the VR BA protocol was 0.18,  change was 2 among the VR BA participants and 6 among the
whereas the mean change in mood reported by the participants  traditional BA participants.

Table 6. Average change in mood scores pre- to postactivity completion.

VR®BAP participant  Changein mood after VR activity®, mean (SD)  Traditional BA partici-  change in mood after real-life activity®, mean

pant (SD)
Participant 4 0.71(0.85) Participant 14 1.58 (1.89)
Participant 12 -0.36(1.21) Participant 21 0.65 (1.46)
Participant 24 0.36 (1.12) Participant 22 2.20 (1.06)
Participant 28 0.18 (0.86) Participant 23 N/AE
Participant 30 0.40 (1.52) N/A N/A
Completer average 0.18 (0.54) Completer average 1.48(0.78)
ITT average 0.26 (0.40) Total average N/A

3/R: virtual reality.

PBA: behavioral activation.

®The observed minimum change in the VR BA group was —2, and the observed maximum change was 2.

%The observed minimum change in the traditional BA group was -1, and the observed maximum change was 6.
EN/A: not applicable.

fITT: intention-to-treat.
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Figure 3. Participant pre- to postactivity mood changes. BA: behavioral activation; VR: virtua reality.
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Discussion

Principal Findings

The results of this study illustrate that VR is a feasible,
acceptable, and tolerable method of engaging in pleasurable
activitiesin conjunction with a BA intervention for MDD. The
attrition rate of 23% (3/13) of the participants in this study is
comparable with other VR studies [21,22], lower than that of
many RCTsof internet-based interventionsfor depression [23],
and lower than that of a small-sample pilot RCT exploring
exercise as a treatment for depression [24]. None of the
participants in the VR BA treatment arm dropped out of the
study because of adverse events, and no adverse events were
reported throughout the duration of the study.

Degspite the COVID-19 pandemic, on average, the participants
in the VR BA and traditional BA arms complied with the
homework assignment of completing >4 activities each week.
However, only 20% (1/5) of the participantsin the VR BA arm
completed a post-VR questionnaire for every VR activity
completed. Thislack of full questionnaire completion could be
due to the repetitive nature of the questions, as several
participants noted survey fatigue. This may also be the reason
why the participants in the traditional BA arm reportedly
engaged in more activities than the participants in the VR BA
arm asthosein thetraditional BA arm did not need to complete
a post-VR questionnaire equivalent after each activity; rather,
they were simply required to document their pre- and
postactivity mood.

Another potential reason for the shortage of questionnaire
completion may have been that the study was conducted via
telehealth. It is possible that providing hard copies of the
post-VR questionnaire in person at the end of each session and
collecting these copies at the beginning of the following session
may have yielded an increase in post-VR questionnaire
completion [18].

Although the VR presence ratings were lower than expected,
they were comparable with the presence ratings in other VR
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RenderX

studies[21]. In general, presence may not have been higher for
afew reasons. First, the Limbix headset created a subtle effect
that one is looking at the image through a screen owing to the
simple devicetechnology. Second, in using a 360-degree video,
to give the illusion of movement, the image moves while the
participant remains till rather than the participant being able
to walk around the virtua environment. Participant 12 even
noted that she wished she could interact more with the
environment and wanted the autonomy to decide when to stop
and look around. She stated that she would have preferred a
digitally rendered environment that wasinteractive over amore
realistic environment that did not have interactive capabilities,
which alignswith research illustrating that interactivity ismore
important than realism for yielding a greater sense of presence
[25]. Furthermore, some of the activities involved sounds that
were not natural to or consistent with the environment, such as
a voice-over description of the scene or gentle music playing
in the background. Although this HMD was chosen for its
simplicity of use and portability, it is possible that, with amore
advanced device or one with greater interactivity, the presence
ratings would be higher [25]. However, the presence ratings
were not correlated with the participants' pre- to post-V R mood
ratings in that a lower presence rating could yield a greater
increase in mood than a higher presence rating and vice versa,
afinding consistent with the literature given the nature of the
emotion [26].

Despite the presence ratings potentially being affected by the
device simplicity, on average, protocol completers strongly
agreed that the VR device was easy to use and agreed that the
VR BA protocol was useful. These findings are consistent with
the literature stating that the simpler and easier-to-use the VR
deviceis, the more useful it will be [27].

The participants rated the protocol as largely physicaly
tolerable, with an average tolerability rating of 92% (44.23/48)
among the protocol completers and 94% (45.06/48) among the
ITT participants, and no participants dropped out because of
adverse effects. Consequently, using VR to decrease symptoms
of depression may be more tolerabl e than taking anti depressant
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medications, with participantsin antidepressant trials dropping
out because of side effects[28]. However, larger-scale VR trials
must be completed to better assert this claim.

Participant 12, who endorsed the lowest physical tolerability,
specifically attributed her cybersickness to her not being in
control of the image’'s movement. The fact that most of the
cybersickness symptoms and the strongest reported intensity of
symptoms occurred during the adrenaline activities may indicate
that it was due to the mismatch between the participants
vestibular and visual cues as the movement of the image during
adrenaline activities happens more quickly than during the other
activities, such aswatching asunset or observing nature[11,13].
Despite being the only participant to report symptoms of
agitation, participant 12 did not drop out of the study, and the
symptoms did not correlate with her reported mood changes
pre- to post-VR activity. Participant 12’'sreport of thisemotional
intolerability while using the headset may be due to frustration
around the aforementioned problem with the visual field of the
headset, and her subsegquent endorsement of sadness may be
due to wishing she was in the physical space of the activity.

Although the sample size was not large enough to statistically
comment on whether thefidelity and efficacy of BA withstands
the modification of BA to a VR format, the initial signa
supportsthe possibility that it isnot inferior. Inthissample, VR
BA participants experienced agreater decreasein PHQ-9 scores
than those who completed the traditional BA or the TAU
controls. The overall clinical severity (>5) [14] decrease in
depressive symptoms for those in the VR BA arm illustrated
that, despite the restrictionsin place because of the COVID-19
pandemic, the participants were able to meaningfully clinically
improve using VR BA.

The mean scores in the traditional BA group also decreased,
with the average severity changing from moderately severe
(15.33) to moderate depression (12.33). This aligns with the
literature illustrating that a brief BA protocol can decrease
symptoms of MDD. Although the change was not considered
clinically significant as it did not meet the threshold of at least
a5-point decrease [14,16,29] per PHQ-9 criteria, this decrease
in symptoms, which shifted the diagnostic categories, isagood
indicator of the fidelity of the traditional BA group protocol.

This discrepancy in PHQ-9 scores between traditional BA and
VR BA may have occurred because of the small sample size,
and thus may not be significant. These results may also be due
to the fact that the VR BA participants could have been more
excited than the traditional BA participants when completing
their activities—the VR BA participants noted that the novelty
of using the HMD was “exciting,” whereas no such equivalent
was noted among the traditional BA participants. Furthermore,
the BA participants did not have the opportunity to engage in
VR activities, whereas the VR BA participants were not
discouraged from partaking in real-life activities. Notably, 40%
(2/5) of the participantsinformed the protocol director that they
were more motivated to partakein real-life activities after using
the headset. Therefore, it ispossiblethat the VR BA participants
increased their activitiesin real lifein addition to using the VR
headset. This could explain the fact that, although the VR BA
group endorsed less of an average change in mood pre- to
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postactivity measurement compared with the traditional BA
group, they till experienced a numerically greater decrease in
depression symptoms.

If using VR can improve mood or at least provide enough of a
boost in mood to increase one’s motivation to engage in other
pleasurable or mastery activities, it could greatly decrease the
burden that depression has on individuals and society. Thisuse
could a so provide some symptom relief for individual swaiting
to see a mental health care provider. Furthermore, once an
individual isin therapy, the use of VR could provide a sense of
novelty, which may encourage individuals struggling with
symptoms of depression to engage in the intervention [30].
Thus, providers could consider incorporating VR as afirst step
in a hierarchy of activity scheduling to incrementally increase
their clients' behavioral motivation. Scheduling activities was
not an easy feat during the COVID-19 globa pandemic, and
using VR as a means of engaging in activities that otherwise
could not be explored provided excitement and “ escape” for the
participants and could continueto do so if preventative barriers
occur in the future. Finally, although previous studies have
illustrated that BA has higher rates of retention than
antidepressant medications among patients who were more
severely depressed, this study further illustrated that VR may
be more tolerabl e than antidepressant medications [4,28]. This
finding suggests that partaking in a VR BA protocol could be
a potential treatment aternative for those who have failed
psychiatric medications owing to the side effects.

Going forward, it is necessary to replicate this study with a
larger sample size both to confirm the findings and to
statistically assessthe efficacy and effectiveness compared with
traditional BA. In addition, although this study used a Limbix
HMD with videos aready preloaded onto the headset for ease
of use and controllability, it would be interesting to conduct a
similar study with some of the more easily accessible,
interactive, and immersive content with less expensive headset
options. Headsets such as Google Cardboard could provide
greater accessibility and content variety for the general
population to engage with VR and potentially experience these
positive changes.

Furthermore, given the feedback from some participants that
they would have preferred more interaction within the VR
landscape rather than passively watching the environment
around them, research comparing the use of different headsets
on feasibility, acceptability, tolerability, and efficacy is needed.
This would provide additional data for individuals who have
the option of obtaining different headsets and alow them to
choose the option to best fulfill their wants and needs. Moreover,
future research could incorporate HM Dswith optionsto interact
with other users and assess whether the social engagement
component is correlated with an increase in mood. This
methodology would provide a more realistic opportunity for
pleasurable activities for some individuals whose values align
with being social, as well as greater social accessibility for
people who encounter barriersto engaging in social interaction,
such as pandemic restrictions. In addition, a more advanced
headset could potentially provide more activity choices, enabling
individuals to engage in activities that align with their values
and potentially increasing their mood.
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Finally, although this study was open to adults aged >18 years,
the age range of the VR BA participants was 20 to 41 years.
Given that older adults experience an increase in prevalence of
MDD after the age of 85 years, especially when residing in a
hospital or long-term care facility setting [31], and older adults
in these settings often have barriers that prevent them from
becoming behaviorally activated in real life, it is important to
conduct aVVR BA study similar to this one with older adults. If
older adults were able to experience an increase in positive
mood after using VR in a similar vein to the initial results of
this study, then perhaps long-term care facilities could
implement the use of VR for their older patrons.

Limitations

Although some of the enumerated findings are promising, this
study had severa limitations. First, many of the quantitative
and qualitative measures were subjective and completed by the
participants. Given that the participants completed fewer
post-VR questionnaires than corresponding activities, the
complete data set could not be analyzed after every activity. In
addition, although the VR BA participants aforementioned
feasibility datawere collected from the headset, the participants
in the traditional BA arm self-reported their real-life activities,
which aways yields a potential for inaccuracy. Similarly,
although the PHQ-9 is a self-report measure, because of the
remote nature of the study, the protocol director shared her
screenwith the VR BA and traditional BA participantsand read
the questions aloud to the TAU control participants over the
phone while all participants verbally answered the 9 questions.
This method may have resulted in less accurate reporting if the
participantsfelt inclined to respond in acertain way. In addition,
as there were no follow-ups, it is unknown whether the mood
gains that the participants reported were lasting.

Second, one of the largest obstacles to the study design was
recruitment. Although the goal wasto randomize 30 participants
into one of the 3 study arms, only 13 were randomized because
other potential participantswere excluded based onineligibility,
declining to participate, or being lost to follow-up. This
difficulty in recruitment may be due in part to the COVID-19
pandemic and subsequent telehealth design, with people not
wanting to participate in an unpaid study during thistransition.
It may also bedueto lack of funding and an inability to broadly
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advertise but could be an inherent problem with depression
studieswhere comorbidities and misdiagnoses are common and
cause exclusion from controlled studies. Given the difficulties
in recruiting enough participants to conduct a powered RCT
and the subsequent small sample size, the results may not be
generalizable and do not indicate causality. The results may
also not be applicable to all populations struggling with
symptoms of depression owing to the heterogeneity of the
disorder.

Conclusions

This was the first study of its kind, a historical first step in
applying VR to a clinical population with MDD. Although
technology is becoming increasingly popular and many studies
have been conducted to analyze the feasibility and efficacy of
using VR asan adjunct to or method of delivering mental health
interventionsfor avariety of mental health disorders, thisisthe
first study to analyze the feasibility and initial clinical efficacy
of using VR as amethod of engaging in pleasurable or mastery
activitiesin conjunction with abrief BA protocol for individuals
diagnosed with MDD.

Thisstudy illustrated that using VR asamethod of administering
BA in conjunction with a brief BA protocol for individuals
diagnosed with MDD was feasible and that this intervention
was ableto integrate seamlessly into atelehealth design during
agloba pandemic. Thisstudy also illustrated that using VR as
amethod of administering BA in conjunction with a brief BA
protocol was acceptable and tolerable for partici pants diagnosed
with MDD.

Thefindings of this study demonstrate that clinicians can offer
VR BA asaway for patientsto experience pleasurable activities
in conjunction with BA treatment to eliminate barriersthat some
patients may face when attempting traditional BA. VR may also
be a viable alternative to psychiatric medications for some
individuals given its high tolerability. In addition, given that
many people do not receive adequate mental health care, VR
could be afirst step to help people improve their mood and
increase activation while waiting to connect with a health care
professional. VR BA may also be away to operationalize and
standardize BA and make it more acceptable for providers to
deliver and improve the efficiency of practice. Implementation
science examining VR BA is recommended.
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Abstract

Background: A growing literature supportsthe use of internet-based interventionsto improve mental health outcomes. However,
most programs target specific symptoms or participant groups and are not tailored to facilitate improvements in mental health
and well-being or do not allow for needs and preferences of individual participants. The Be Well Plan, a5-week group-facilitated,
internet-based mental health and well-being group intervention addresses these gaps, allowing participants to select a range of
activities that they can tailor to their specific characteristics, needs, and preferences.

Objective: This study aims to test whether the Be Well Plan program was effective in improving primary outcomes of mental
well-being, resilience, anxiety, and depression compared to awaitlist control group during the COVID-19 pandemic; secondary
outcomes included self-efficacy, a sense of control, and cognitive flexibility. The study further seeks to examine participants
engagement and satisfaction with the program.

Methods: A randomized controlled trial (RCT) was conducted with 2 parallel arms, an intervention and awaitlist control group.
The intervention involved 5 weekly 2-hour sessions, which were facilitated in group format using Zoom videoconferencing
software. University students were recruited via social media posts, lectures, emails, flyers, and posters.

Results:  Using an intentional randomization 2:1 allocation strategy, we recruited 215 participants to the trial (n=126, 58.6%,
intervention group; n=89, 41.4%, waitlist control group). Of the 126 participants assigned to the intervention group, 75 (59.5%)
commenced the program and were included in modified intention-to-treat (mITT) analyses. mITT intervention participants
attended, on average, 3.41 sessions (SD 1.56, median 4); 55 (73.3%) attended at least 4 sessions, and 25 (33.3%) attended all 5
sessions. Of the 49 intervention group participants who completed the postintervention assessment, 47 (95.9%) were either very
satisfied (n=31, 66%) or satisfied (n=16, 34%). The mITT analysis for well-being (F; 15,=9.65, P=.002, Cohen d=0.48) and
resilience (Fy ,5,=7.85, P=.006, Cohen d=0.44) showed significant time x group interaction effects, suggesting that both groups
improved over time, but the Be Well Plan (intervention) group showed significantly greater improvement compared to the waitlist
control group. A similar pattern of results was observed for depression and anxiety (Cohen d=0.32 and 0.37, respectively), as
well asthe secondary outcomes (self-efficacy, Cohen d=0.50; sense of control, Cohen d=0.42; cognitive flexibility, Cohen d=0.65).
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Larger effect sizeswere observed in the completer analyses. Reliable change analysis showed that the majority of mITT participants
(58/75, 77.3%) demonstrated a significant reliable improvement in at least 1 of the primary outcomes.

Conclusions. The BeWell Plan program was effective in improving mental health and well-being, including mental well-being,
resilience, depression, and anxiety. Participant satisfaction scores and attendance indicated a high degree of engagement and

satisfaction with the program.
Trial Registration:

(IMIR Ment Health 2022;9(5):€37292) doi:10.2196/37292

Australian New Zealand Clinical Trial Registry ACTRN12621000180819; https://tinyurl.com/2p8dabsk

KEYWORDS

COVID-19; mental health; well-being; depression; anxiety; online; digital; intervention; Be Well Plan; health outcome; online
health; digital health; health intervention; primary outcome; cognition; randomized control trial; resilience; participant satisfaction;

student

Introduction

Background

Despite increased investment and a growing awareness and
acceptance of the need to address mental illness in an
evidence-based way, to date, the prevalence of mental illness
worldwide has not reduced [1,2]. On the contrary, the burden
of mental illness on society is expected to grow in the next
decade, both in economic and in health terms[3,4]. In addition
to the significant proportion of individuals experiencing a
diagnosable menta illness [5], many individuals experience
poor mental health without adiagnosis(ie, psychological distress
or low mental well-being), often referred to as the languishing
group [6]. Despite suboptimal mental health (ie, the total number
of individuals experiencing a mental illness, psychological
distress, or low mental well-being) affecting alarge proportion
of the population, our health care systems and associated
expenditures are devoted to servicing a small proportion of
individuals with the most severe mental illnesses in tertiary or
community care [7]. With respect to the use of evidence-based
psychological therapies, as is seen in many mental health
systems globally (eg, the National Health System in the United
Kingdom and the Better Access initiative through the Medical
Benefits Schedulein Australia), these are predominantly focused
on providing care for clients with comparatively complex
problems, such as moderate-to-severe common mentd illnesses.
Accessto evidence-based, widely accessible help for less severe
mental health needsislimited, ultimately leaving alarge group
at risk to develop more serious problems, particularly during
times of community stress, such as global pandemics, whichin
turn is likely to increase the incidence of mental disorders.
Therefore, afocus on prevention and early intervention should
be a priority if we redlisticaly wish to reduce the growing
burden of suboptimal mental health [8].

Stepped Care Modelsin Mental Health Promotion

Stepped care models have been proposed and implemented as
asolution to resourcing challenges and subsequent accessissues
across the spectrum of mental health care [9,10]. These models
aim to improve the match of service needsto symptom severity
and complexity, while ensuring similar or improved
effectiveness compared to care as usual [11,12]. Theaimisto
ensure that highly specialized care will mainly focus on more
severe cases, while ensuring that appropriate and effective
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evidence-based help remains availablefor those with less savere
needs. A well-known example of a system using stepped care
principles is the United Kingdom's Improving Access to
Psychological Therapies (IAPT) system [13], whereindividuals
have access to psychological interventions according to their
needs (eg, offering low-cost and low-intensity guided self-help
or group-based services as an initial step). Other examples of
stepped care model s can be readily found in the Western world,
including in European countries and Australia[14,15].

Although stepped models of care theoretically include a focus
on building or promoting good mental health, the models are
conceptually designed to deal with the impact of illness. As
such, the solutionsimplemented across the continuum focus on
preventing or treating symptoms of illness, not necessarily
promoting good mental health [16,17]. Although this
differentiation seems semantic at first glance, when considering
aparallel with physical health, clear differences can and should
be noted. The treatment of symptoms of physical illness and
activitiesto promote general physical health (or fitness) do not
necessarily equate to one another, with someinterventionsbeing
meritorious for both, while others only work for either domain.
For example, chemo- and radiotherapy help to treat cancer but
generally are not considered to be helpful for improving overall
health status [18,19]. In contrast, good nutrition and physical
activity do improve overall health and may aid in the recovery
process from cancer but are generally not sufficient to stop
established cancer from advancing onitsown. Thereisaclearly
overlooked opportunity for mental health care to mirror this
parallel and to systematically adopt solutions with a broader
focus than simply targeting or aiming to prevent and trest
symptoms of mental illness. In other words, instead of an
abundant reliance on reactive solutions, there may be a place
for proactive solutions that promote mental health and
well-being more broadly [16].

Promotion of Mental Health vs Treatment of Mental
I1Iness

Within mental health intervention research, there have been
different streams seeking to promote mental headth and
well-being (eg, focusing on positive functioning and feeling
well, high life satisfaction, more positive than negative emations,
a sense of purpose, and self-acceptance) [20]. These streams
include proponents of dual-factor models [21], research on
personal recovery [22], well-being therapy [23], positive
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(clinical) psychology [24,25], and positive psychiatry [26]. For
decades, researchers working within these streams have built a
considerable evidence base for psychological interventions for
improving mental well-being [27-29]. For example, a recent
systematic review of 419 studies (N=53,288) on psychological
interventionsto build mental well-being found that awiderange
of interventions are beneficia in improving mental well-being
but that the specific impact of intervention types depends on
moderators, including the presence and severity of clinical
symptoms [30]. For instance, interventions based on cognitive
behavior therapy (CBT), whichiswell established inimproving
symptoms of mental illness [31,32], had a lesser impact on
improving outcomes of mental well-being in nonclinical
populations compared to clinical populations. On the contrary,
i nterventions stemming from paradigms not specifically focused
on treating symptoms of illness (eg, mindfulness and positive
psychology interventions) were effective in improving mental
well-being in nonclinical populations. Ultimately, the
aforementioned review points to a sizeable evidence base that
indicates the merit specific psychological interventions can have
within stepped care models, particularly for those experiencing
nonclinical symptoms of a mental illness. Specifically, such
interventions promote mental well-being, which in turn can
prevent the occurrence of mental illness as well as address
symptomsof distressin early stages of common mental disorders
(eg, depression and anxiety) [21,33,34].

As such, our team has developed an intervention that explicitly
targets both mental health and well-being, the Be Well Plan
[35]. The intervention introduces participants to a wide range
of evidence-based psychological activities (eg, mindfulness,
problem solving, self-compassion, thought challenging), which
are derived from effective interventions identified from the
aforementioned meta-analysis [30]. The majority of selected
activities, including mindfulness-based activities, have aso
been found to be effective in improving symptoms of distress
and common mental disorders. In contrast to more structured
and manualized interventions, which often provide aset number
of activities as part of a fixed program, participants in the Be
WEll Plan can choose from an activity bank with 30 different
activities. Throughout the program, participants are supported
in experimenting with different activities while learning which
of them work well for them as individuals with their specific
needs and preferences. Over a period of 5 weeks, participants
are introduced to different methods to select and experiment
with activities that are relevant to their unique needs. Before
the start of the program, participants complete the Be Well
Tracker, a measurement tool that assesses participants
well-being, resilience, and distress. Depending on individual
responses, participantsreceive atailored report indicating areas
of strength and vulnerability. During the second session,
participants use their measurement results to select activities
for areas they would like to work on.

A key feature of the Be Well Plan is that the program does not
rely on mental health—trained clinicians. Instead, the program
isdesigned to be delivered using atrain-the-trainer methodol ogy.
Facilitators undergo a structured training schedule before they
guide participants through the program. The program content
and processes have been developed to alow inclusion of
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facilitators from a variety of different backgrounds, including
peers of participants. This supports ahigh level of tailoring for
different target groups as well as for the sustainable
implementation and scalability of the program.

Given the tailored nature of the Be Well Plan that considers
participants' characteristics, needs, and preferences, thereisthe
potential that the intervention also improves outcomes beyond
mental health and well-being, such as self-efficacy, a sense of
control, and cognitive flexibility. Although preliminary evidence
for the Be Well Plan program’s impact has been established
[36], there is a clear need now to establish its efficacy using a
more robust methodological design.

Scalable, Group-Facilitated, I nternet-Based Mental
Health Solutions

Internet-based solutions are an avenue to deliver scalable and
effective mental health interventions without draining clinical
resources from existing models of care [37]. Notably, the
effectiveness of internet-based interventions for mental health
problems has been widely established [38-40]. Although less
is known about the long-term effects (eg, follow-ups of 2 years
or longer) of these interventions, a recent meta-analysis
summarizing studies that have examined the long-term effects
of internet-supported CBT showed diminished but large effects
sizes over an average follow-up period of 3 years [41].
I nternet-based or web-based sol utions often utilize pre-recorded
content, are self-guided, or involve smartphone apps[42]. The
past 2 decades have pointed to the utility of these“ self-directed”
interventions in mental health care at al levels, demonstrating
improvements in outcomes of menta illness, as well as
outcomes of mental health and mental well-being [43,44].

Although self-guided modalities can be effective, high dropout
rates are commonly reported, and research has demonstrated
that these interventions often require highly self-motivated
participants and do not appeal to everyone[45,46]. For example,
a meta-anaysis based on individual patient data of 10
randomized controlled trials (RCTs) of self-guided web-based
interventions for depression suggested that almost 60% of
participants dropped out before completing half of the treatment
modules, while lessthan 20% completed all treatment modules
[47]. One solution to overcome these drawbacksisthe utilization
of ahybrid approach that uses technology to facilitate “ active’
in-person or group-based care. The most well known of these
approaches is telehealth, where psychological therapy is
delivered using teleconferencing software [48]. Although
telehealth has been used for a long time [49], it has been
predominantly used within rural and remote clinical populations.
Similar tothe delivery of clinical care, teleconferencing software
can be used to deliver interventions focusing on the promotion
of mental health and well-being. Videoconferencing software,
such as Skype (Microsoft Corp.), Zoom (Zoom Video
Communications), or Microsoft Teams, has experienced ahuge
uptake in recent years, proliferating during the COVID-19
pandemic [50], wherethe magjority of the global population was
forced to shift to remote working as a result of heath
restrictions. As such, many group-based programs were
successfully delivered via the internet, whereas prior to the
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pandemic, the delivery of group programs was often met with
considerable skepticism.

Internet-based interventions have the advantage of being
accessibleindependent of location, whichisparticularly relevant
at the moment where access to face-to-face interventions is
limited due to lockdowns or quarantining as a result of the
current pandemic [51]. Internet-based interventions can also
counter some existing system inequities, asthey facilitate access
beyond metropolitan areasin rural and remote areas (with good
internet access). In countries such as Australia, where internet
penetration is over 90% [52], using a program such as the Be
W&l Plan viateleconferencing softwareis particularly valuable,
asthe program can be delivered by trained facilitators and does
not rely on clinicians, which are aready limited, particularly
outside of metropolitan areas [53,54].

In addition, the Be Well Plan can successfully reach vulnerable
populations, who may beisolated or struggling but are not ready
or ableto access contemporary services dueto various barriers,
such as cost or time. One example of such a vulnerable
population is university students, who have been found to
experience significantly higher levels of psychological distress
compared to their peers. There is a sizeable body of research
[55] investigating the mental health of university students,
demonstrating high rates of mental health problems [56-58].
University students are often going through a phase of transition,
are financially vulnerable, or are removed from their support
systemsat home [59], which increasestheir risk of experiencing
psychological distress. Among others, these factors can account
for why students experience such difficulties and why they are
considered akey priority group to be targeted using innovative
mental health and well-being interventions [60].

Study Aims

This study aims to advance the literature in 2 ways. First, we
aim to test the efficacy of the Be Well Plan with a vulnerable
population (university students) inimproving primary outcomes
of mental well-being, resilience, anxiety, and depression and
secondary outcomes of self-efficacy, a sense of control, and
cognitive flexibility. Second, we aim to examine participants
engagement and satisfaction with the Be Well Plan facilitated
in group format using teleconferencing software.

Methods

Trial Design
A 2-arm RCT was conducted comparing an active intervention
(Be Well Plan) with awaitlist control condition.

Ethics Approval

The trial was approved by the local Human Research Ethics
Committee (#2163) and registered with the Australian New
Zedland Clinical Trial Registry (ACTRN12621000180819).

Recruitment and Procedure

University students were recruited between August 2020 and
April 2021 through emails, lectures, social mediaposts, posters,
and flyersat amedium-size public university (~24,500 enrolled
studentsin 2020) in Adelaide, Australia. Recruitment messaging
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focused on inviting students to participate in a new program
that aimed to build their mental health and well-being. All
enrolled students across the university were eligible to
participate; no other eligibility criteria applied. Participants
were not paid, and the study was not part of the university’s
credit system to perform research. English language proficiency
was assumed, asall students had passed the university language
requirement for English before their university enrolment.
Similarly, given the requirements of tertiary study, computer
and internet literacy was assumed.

Participants registered their interest via an online survey and
indicated their preferred day and time for the 5 intervention
sessions. They could then attend a general information session
about the content and structure of the program, hosted online
viatheteleconferencing software Zoom, or watch a pre-recorded
version. After providing their informed consent electronically
to participate in the tria, individuals completed an online
baseline assessment, including general demographic questions
(ie, age, gender, ethnicity, student and employment status) and
their overall health status (ie, diet, activity, sleep), as well as
primary (ie, well-being, resilience, depression, anxiety) and
secondary outcome measures (self-efficacy, perceived sense of
control, cognitive flexibility); see a detailed description for
outcome measures later. The baseline survey included 170
guestions, and the median completion time was 25 minutes.

After completing the baseline assessment, participants were
randomized into either the intervention or the waitlist control
group. As it was expected that some participants in the
intervention group would not be able to commencethe program
due to unavailability, we chose a 2:1 allocation ratio for the
intervention group. Randomization was stratified by gender,
performed by aresearcher who was not involved in the delivery
of the intervention using a random number generator [61].
Participants in the intervention group took part in the weekly
5-session, group-based program, which was delivered online
via Zoom and was accessible for students regardless of their
study location (ie, students who were not physically located in
Adelaide). The group sizes ranged from 18 to 26 participants,
and in total, 10 individual groups were facilitated from August
2020 to June 2021. Participants from the waitlist control group
gained access to the program after the intervention group;
facilitators were not aware whether they were delivering the
program to the intervention or the waitlist control group.

Next, 6 weeks after the baseline assessment, participantsin both
groups were asked to complete another online assessment
including the primary and secondary outcome measures. This
survey included 175 questions, and the median completion time
was 23 minutes.

This meant participants from the intervention group completed
the postintervention assessment 1 week after the final session
of the program. Participants from the intervention group were
also asked questions about their satisfaction with the program.
Participants from the waitlist control group were given access
to the intervention following their second assessment. Up to 3
email reminders were sent to participants to complete the
assessment.
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Study Conditions

The study involved 2 conditions: the intervention group, which
underwent the 5-week Be Well Plan program facilitated via
Zoom, and the waitlist control group, which gained access to
the Be Well Plan after the 5-week intervention period.

BeWel|l Plan Intervention

Participants allocated to theintervention group received detailed
information, including the Zoom link to the first session of the
Be WEIl Plan, prior to the start of the program. They further
received a separate email inviting them to complete a brief
10-to-15-minute survey to assess their levels of mental health
and well-being via a platform called the Be Well Tracker. The
Be Well Tracker uses validated mental health and well-being
scales: well-being and life satisfaction were measured using the
Mental Health Continuum-Short Form [62] and the Satisfaction
with Life Scale[63], respectively; resilience was measured with
the Brief Resilience Scale [64]; and psychological distress was
assessed using the Depression Anxiety Stress Scales[65]. The
Be Well Tracker includes 50 items, and the median completion
time for participants was 8 minutes. After completing the Be
Wl Tracker, participants received a detailed report about their
levels of well-being, resilience, and distress, which provided
them with relevant information that would be used throughout
the Be WAl Plan intervention. Thus, outcomes from the Be Well
Tracker were solely used within the intervention and not for
any analyses examining the efficacy of the program.

The Be Well Plan intervention has been previously described
in a detailed paper by van Agteren et al [35], outlining the
individual components of the program and providing insights
into program materials, including screenshots of theintervention.
In summary, the Be Well Plan is a weekly, 5-session
internet-based, group-facilitated intervention that aims to
improve mental health and well-being. The program assists
participantsin devel oping their own well-being plan tailored to
their individual circumstances and needs. Participantslearn and
experiment with arange of evidence-based activities and skills
targeted at improving mental health and well-being. Each session
provides evidence-based information, self-reflection activities,
and sharing of experiences between participants. The Be W&l
Plan introduces participants to an activity bank consisting of
30 evidence-based activities, which are selected from a large
meta-analysis. Participants use various decision-making tools
and visual aids (eg, flowchartsto find relevant activities based
on self-reflection exercises). They are further supported by
technology to find activities for their own unique needs. For
example, they use their own results from Be W&l Tracker
measurements to find activities matched to their needs. Thus,
participants can tailor the program according to particular needs
and circumstances [30]; for a more detailed description of the
individualization of the intervention, see the paper by van
Agteren et a [35].

Each session was conducted via Zoom by 2 trained facilitators
to ensure that the program adhered to the intervention protocol
[35] and was delivered in an engaging and safe way. In total, 5
facilitators (authors KA, VA, MI, and TM, and GF, AH, and
KS) with a variety of professional backgrounds, including
well-being research, counselling, and clinical psychology,
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delivered the program. A detailed description of the weekly
content of the 5-week program can be found in Table S1 in
Multimedia Appendix 1.

Waitlist Control Group

Participantsin thewaitlist control group were asked to complete
the pre- and postintervention assessments, after which they were
provided with access to the 5-week group-facilitated Be Well
Plan sessions.

Demographic Questions

At baseline, participants were asked about their age in years,
gender (ie, male, female, nonbinary), ethnicity (ie, Caucasian,
Asian/Indian, others/prefer not to say), student status (ie,
domestic, international), and employment status (ie,
part-/full-time, no employment, unemployed/lost job due to
COVID-19, other). Furthermore, general health levels were
assessed with the following questions: “1n general, how would
you say your health is?” ranked from 1 (poor) to 5 (excellent);
“What best describes your activity level?” ranked from 1
(seldom active, sedentary activities) to 3 (vigorously active for
at least 30 minutes, 3 times a week); and “Please report the
quality of your sleep over the past 24 hours,” ranked from 1
(worst-possible sleep) to 12 (best-possible sleep).

Outcome M easures

Primary outcome measures assessed participants' well-being
and resilience as well as their levels of depressive and anxiety
symptoms. Secondary outcomes included self-efficacy, asense
of control, and cognitive flexibility.

Well-Being

The Warwick Edinburgh Mental Well-Being Scale (WEMWBS)
was used to assess mental well-being, including eudaimonic
and hedonic aspects of well-being [66]. The 14-item scale asks
participants to indicate how often, over the past 2 weeks, from
0 (none of thetime) to 5 (all of the time) they have experienced
different thoughts and feelings (eg, “1’ve been feeling useful.”).
Total scores range from 0 to 70, with higher scores indicating
greater levels of mental well-being. Tennant et a [66] found
that the WEMWBS demonstrates good content and construct
validity, adequate test-retest reliability, and good internal
consistency (Cronbach a=.83). Theinternal consistency of the
WEMWABS in this study was excellent (Cronbach a=.91).
Resilience

The 10-item Connor-Davidson Resilience Scale (CD-RISC-10)
[67] was used to assess resilience. Participants respond on a
5-point Likert scalefrom 0 (not true at all) to 4 (true nearly all
the time) on how well they cope with adversity (eg, “1 am able
to adapt when changes occur.”). Total scores range from 0 to
40, with higher scores indicating greater levels of resilience.
The CD-RISC-10 has demonstrated good construct validity and
internal consistency (Cronbach a=.85) [68]. The internal
consistency of the CD-RISC-10 in this study was good
(Cronbach 0=.88).

Depression
The 9-item Patient Health Questionnaire (PHQ-9) [69] wasused
to assess symptoms of depression. Participants respond on a

JMIR Ment Health 2022 | vol. 9 | iss. 5 |€37292 | p.165
(page number not for citation purposes)


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

JMIR MENTAL HEALTH

4-point Likert scale from O (not at all) to 3 (nearly every day)
on how often they have experienced depressive symptoms (eg,
“feeling tired or having little energy” or “feeling down,
depressed, or hopeless’) over the past 2 weeks. Total scores
range from 0 to 27, with higher scoresindicating greater levels
of depressive symptoms. The PHQ-9 has demonstrated good
construct validity and internal consistency (Cronbach a=.86-.89)
[69]. Theinternal consistency of the PHQ-9 in this sample was
good (Cronbach a=.85). The following cut-offs were used in
this study: 0-9=no-to-mild depressive symptoms and
>10=moderate-to-severe depressive symptoms [69].

Anxiety

The 7-item General Anxiety Disorder (GAD-7) [70] was used
to assess symptoms of anxiety. Participants respond on a4-point
Likert scale from O (not at all) to 3 (nearly every day) on how
often they have experienced symptoms of anxiety (eg, “feeling
nervous, anxious, or on edge” or “trouble relaxing”) over the
past 2 weeks. Total scoresrangefrom 0to 21, with higher scores
indicating greater levels of anxiety. The GAD-7 has
demonstrated good construct validity and internal consistency
(Cronbach 0=.91) [70]. Theinternal consistency of the GAD-7
in this sample was good (Cronbach a=.85). The following
cut-offs were used in this study: 0-9=minimal-to-mild anxiety
and =10=moderate-to-severe anxiety [70].

Self-efficacy

The 8-item New General Self-Efficacy Scale (NGSES) [71]
was used to assess levels of general self-efficacy. Participants
respond on a 5-point Likert scale from 1 (strongly disagree) to
5 (strongly agree) on how often they believe they can achieve
their goals, despite difficulties (eg, “ When facing difficult tasks,
| am certain that | will accomplish them.”). Total scores range
from 1 to 5, with higher scores indicating greater levels of
self-efficacy. The NGSES has demonstrated good predictive
validity and internal consistency (Cronbach 0=.85-.91) [71].
Theinternal consistency of the NGSESin this samplewasgood
(Cronbach a=.87).

Sense of Control

The 12-item Sense of Control Scale (SCS) [72] was used to
assess participants’ perceived sense of control over their lives.
Participants respond on a 7-point Likert scale from 1 (strongly
agree) to 7 (strongly disagree) on how much they feel they can
control (eg, “Whether or not | am able to get what | want isin
my own hands.”) or not control (eg, “Other people determine
most of what | can and cannot do.”) their personal lives. Total
scores range from 1 to 7, with higher scores indicating greater
control. Theinternal consistency of the SCSin this sample was
good (Cronbach a=.84).

Cognitive Flexibility

The 12-item Cognitive Flexibility Scale (CFS) [73] was used
to assess participants mental and cognitive flexibility.
Participants respond on 6-point Likert scale from 1 (strongly
disagree) to 6 (strongly agree) on how much they are aware of
alternatives available to them (“1 have many possible ways of
behaving in any given situation.”) and their willingness and
ability to be flexible and adapt to situations (“1 am willing to
work at creative solutions to problems”). Total scores range
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from 12 to 72, with higher scores indicating greater cognitive
flexibility. The CFS has demonstrated good construct validity
and internal consistency (Cronbach a=.76-.77). The internal
consistency of the CFSin this sample was acceptable (Cronbach
a=.77).

Engagement

Engagement with the program was assessed by recording
whether participants attended the individual Be Well Plan
sessions. Perceived session engagement was assessed after each
session with a single item (“1 felt engaged in the session.”).
Participants responded on a5-point Likert scalefrom 1 (strongly
disagree) to 5 (strongly agree).

Satisfaction

Participants’ satisfaction with the program was assessed with
a single item (“Overadl, how satisfied were you with the
program?’) during the postintervention assessment. Participants
responded on a 5-point Likert scale from 1 (very dissatisfied)
to 5 (very satisfied). Satisfaction with the individual Be Well
Plan sessionswas assessed after each sessionwith asingleitem
(“Overall, how satisfied were you with the session?’). Again,
participants responded on a 5-point Likert scale from 1 (very
dissatisfied) to 5 (very satisfied).

Statistical Analyses

Data were collected online using Qualtrics [ 74]. Data analyses
were performed using IBM SPSS Statistics v27 [75]. For all
analyses, a significance level of Cronbach a=.05 was applied.
Cohen d was calculated for both between- and within-subject
effect sizes using the following formulae:

d = (M —My)/SDpgqieq (bEIWEEN SUbjECLS),

SDpooled = ‘/[(Slz + SZZ)/Z],
d= (M diff)/SDdiff (W|th|n SJbJeCtS),

SDgi = V[(S° +$,) =2 % 1, X S, X S,,
where M; and M, are the means of the intervention and the

waitlist control group, respectively; SD isthe standard deviation;
and ry, is the correlation between the intervention and the

waitlist control group.

Pre- and postintervention differences were analyzed with mixed
ANOVASs in both modified intention-to-treat (mITT; n=75,
59.5%) and completer (n=49, 38.9%) samples. All participants
from the intervention group who participated in at least 1 Be
WEll Plan session were included in the mITT [76]. The Little
missing completely at random (MCAR) test was performed to
test whether data were missing completely at random
(x11=14.23, P=.22), suggesting missing datain the 7 outcomes
measures were missing completely at random. Thus, for the
mITT analyses, we imputed missing data on the outcome
measures for participants who did not complete the
postintervention assessment (n=61, 37.2% of the anayzed
sample, N=164) using a Markov chain Monte Carlo method
and information from the following variables. gender, age,
ethnicity, working and student status, and pre- and
postintervention scores in well-being, resilience, depression,
anxiety, self-efficacy, a sense of control, and cognitive
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flexibility. In total, we simulated 10 new data sets using a
maximum of 100 iterations from which mean scores for
postintervention outcomes were computed and used for the
mITT analyses. As there were small but significant age
differences between the intervention and waitlist control groups,
we additionally performed separate mixed ANOVASs for all
outcome measures while controlling for age in years. As age
was a nonsignificant contributor in any of the analyses, the
following results are presented without age as a covariate.

Reliable change analysiswas conducted by calculating areliable
change index (RCI) using the method suggested by Jacobson
and Truax [77]. Separate RCIs for the mITT and completer
samples were calculated by subtracting participants
postintervention scores from their baseline and subsequently
dividing this difference score by the SE of the difference for
the measurements used. The SE of the difference was estimated

by
SEdiff = SDx X \/(1 - rxx)!
where SD, refersto the SD of the difference scoresandr,, refers

to theinternal consistency of the measure (ie, Cronbach a). Any
change larger than 1.96 was considered reliable.

Fassnacht et d

Results

Participants

The participant flow is shown in Figure 1. Based on an a priori
power anaysis [78], we estimated a sample size of 202
participants. statistical power=.80, Cronbach a=.05, Cohen
d=0.5, and 40% attrition with a 2:1 allocation ratio for the
intervention group. A total of 215 participants were randomized
to theintervention (n=126, 58.6%) or the waitlist control (n=89,
41.4%) group. Of the 126 participants who were allocated to
the Be Well Plan condition, 51 (40.5%) participants did not
commence the program. Participants who did not commence
the program reported other time commitments or unavailability
for the scheduled session time (n=44, 86.3%). There were no
significant differences between participants from the
intervention group who attended at least 1 Be Well Plan session
(n=75, 59.5%) and those who did not commence the program
on any of the baseline outcome measures or demographic
variables except for age; participants who did not commence
with the program were, on average, 5.88 years younger
(F1,125=9.81, P=.002). For thewaitlist control group, there were
no significant differences between those participants who
completed (n=54, 61%) versus those who did not complete the
postassessment (n=35, 39%); all P>.24.

Figure 1. Consolidated Standards of Reporting Trials (CONSORT) flow diagram of study. mITT: modified intention to treat.
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https://mental .jmir.org/2022/5/€37292

RenderX

IMIR Ment Health 2022 | vol. 9 | iss. 5 [e37292 | p.167
(page number not for citation purposes)


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

JMIR MENTAL HEALTH

average, participantswere 30.65 yearsold (SD 10.10), with the
majority being female (133/164, 81.1%), Caucasian (94/164,
57.9%; 48/164, 29.3%, were Asian/Indian), and domestic
(122/164, 74.4%) students. The majority of participants were
employed (part- or full-time, 87/164, 53.0%), while others did
not work (42/164, 25.6%) or were unemployed/had lost their
job dueto COVID-19 (25/164, 15.2%). On average, participants
rated their overall health (mean 2.81, SD 1.03) and their diet as
fair/good (mean 2.78, SD 1.06), their activity level asmoderate
(mean 1.76, SD 0.72), and their deep quality asfair/good (mean
7.35, SD 2.78). Almost half of the sample (n=81, 49.4%)

Fassnacht et d

reported moderate-to-severe levels of depression, while over
one-third (n=59, 36%) reported moderate-to-severe levels of
anxiety, suggesting the vulnerability of this student cohort.

Therewere no significant differences between intervention and
waitlist control groups on gender and ethnicity, nor were there
differences on student or employment status or health status.
However, there was a small but significant difference in age
between the 2 groups; participants all ocated to the Be Well Plan
intervention were, on average, 3.11 years older compared to
participants in the waitlist control group.

Table 1. Participants' demographics and preintervention characteristics (F test).

Variable Be Well Plan (N=75) Waitlist control (N=89) Significance statistics

n (%) Mean (SD) n (%) Mean (SD) Far P value
Age 75 (100) 32.33(1059) 89 (100) 29.22 (9.50) F116:=3.93 .05
Overall hedlth 74 (99) 2.77 (1.05) 87 (98) 2.85(1.01) F1,150=0.24 62
Diet 74 (99) 2.70(0.99) 87 (98) 2.85(1.12) F1150=0.78 38
Activity level 74 (99) 1.78 (0.73) 87 (98) 1.75 (0.72) F1150=0.10 75
Sleep 74 (99) 7.19 (2.64) 87 (98) 7.49 (2.91) F1150=0.48 49

Table 2. Participants' demographics and preintervention characteristics (chi-square test).

Variable

Be Well Plan (N=75) Waitlist control (N=89)

Gender? (x%4=0.10, P=.92)
Male
Female
Nonbinary

Ethnicity (x%=3.11, P=.21)
Caucasian
Asian/Indian
Others/prefer not to say

Student status(x21=1.72, P=.19)
Domestic
International

Employment status (x%s=1.34, P=.72)
Part-/full-time
No
Unemployed/lost job due to COVID-19
Other

n (%) n (%)

13 (17.3) 16 (18.0)
61 (81.3) 72 (80.9)
1(1.3) 1(1.1)
49 (65.3) 46 (51.7)
18 (24.0) 30(33.7)
8(10.7) 13 (14.6)
59 (78.7) 63 (70.8)
16 (21.3) 26(29.2)
40 (53.3) 47 (52.8)
17 (22.7) 25(28.1)
12 (16.0) 13 (14.6)
6(8.0) 4(4.5)

8Comparison conducted only for male vs female.

Participant Engagement and Satisfaction With the
Program

Participants in the intervention group (ie, n=75, 59.5%, who
attended at least 1 session) attended, on average, 3.41 sessions
(SD 1.56, median 4); 55 (73.3%) attended at least 4 sessions,

https://mental .jmir.org/2022/5/€37292

and 25 (33.3%) attended all 5 sessions. Those included in the
completer analyses (n=49, 38.9%, who attended at least 1
session and completed pre- and postintervention assessments)
attended, on average, 4.20 sessions (SD 1.00, median 4); 41
(83.7%) of the participants attended at least 4 sessions, and 23
(46.9%) attended all 5 sessions.
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Of the 49 intervention group participants who completed the
postintervention assessment, 47 (95.9%) were either very
satisfied (n=31, 66%) or satisfied (n=16, 34%). Session feedback
was available from 28 (37.3%, session 5) to 57 (76%, session
1; overall median response rate=39) of 75 participants across
the 5 Be Well Plan sessions. Overall, 68-75 (91.2%-100%) of
participants felt engaged during the sessions, while 63-75
(84.2%-100%) participantswere either satisfied or very satisfied
with the quality of the sessions.

Fassnacht et d

Primary Outcomes

A detailed outline of the scoresfor the Be Well Plan and waitlist
control groups for the primary and secondary outcomes,
including effect sizes, can be found in Tables 3 and 4. Reliable
change analysis showed that the majority (58/75, 77.3%) of the
mITT participants demonstrated a significant reliable
improvement in at least 1 of the primary outcomes. When
looking at data for the completer sample, we found that a vast
majority (40/49, 81.6%) of participants showed areliable change
inat least 1 outcome.

Table 3. Primary outcomes (well-being, resilience, depression, and anxiety): mITT® analysis.

Time Be Well Plan (N=75) Waitlist control (N=89) Effects size, Cohen d (95% ClI)
Mean (SD) SE Mean (SD) SE Within groups Between groups
Well-Being 0.65 (0.40-0.90) 0.49 (0.17-0.80)
Preintervention 40.44 (8.61) 0.99 43.43 (9.89) 1.05 N/AP N/A
Postintervention 46.12(8.41)  0.97 4474(6.99) 074 N/A N/A
Resilience 0.46 (0.22-0.69) 0.44 (0.13-0.75)
Preintervention 2293(5.72) 066 2427 (6.30) 067 N/A N/A
Postintervention 25.68 (5.52) 0.64 24.52 (5.54) 0.59 N/A N/A
Depression 0.66 (0.41-0.90) 0.32(0.01-0.63)
Preintervention 10.95 (5.81) 0.67 9.67 (5.30) 0.56 N/A N/A
Postintervention 7.70 (4.36) 0.50 8.02 (3.60) 0.38 N/A N/A
Anxiety 0.58 (0.33-0.82) 0.37 (0.06-0.68)
Preintervention 9.27 (5.06) 0.58 8.15 (4.57) 0.48 N/A N/A
Postintervention 6.46 (4.08) 0.47 7.09 (4.11) 0.44 N/A N/A

4mITT: modified intention to treat.
BN/A: not applicable.

Table 4. Primary outcomes (well-being, resilience, depression, and anxiety): completer analysis.

Time Be Well Plan (N=49) Waitlist control (N=54) Effects size, Cohen d (95% ClI)
Mean (SD) SE Mean (SD) SE Within groups Between groups

Well-Being 0.77 (0.44-1.08) 0.66 (0.26-1.06)
Preintervention 40.35 (8.55) 1.22 4374(10.24) 139 N/AZ N/A
Postintervention 46.73(10.24)  1.46 44.37 (8.94) 1.22 N/A N/A

Resilience 0.58 (0.27-0.88) 0.76 (0.36-1.16)
Preintervention 2263(520) 074 24.83(6.37) 087 N/A N/A
Postintervention 25.92 (6.81) 0.97 24.20 (7.08) 0.96 N/A N/A

Depression 0.79 (0.46-1.11) 0.39 (-0.01t0 0.78)
Preintervention 11.08 (5.86) 0.84 9.74 (5.31) 0.72 N/A N/A
Postintervention 7.61(5.37) 0.77 8.09 (4.61) 0.63 N/A N/A

Anxiety 0.56 (0.25-0.86) 0.28 (-0.11 10 0.67)
Preintervention 8.69 (4.83) 0.69 8.33 (4.71) 0.64 N/A N/A
Postintervention 6.20 (5.02) 0.72 7.15 (5.26) 0.72 N/A N/A

8N/A: not applicable.
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Well-Being

ThemITT anaysis for well-being showed a significant time x
group interaction effect (F; 15,=9.65, P=.002) and a significant
main effect of time (Fy 14,=24.77, P<.001); however, there was
no significant main effect of group (Fy,4,=0.50, P=.48). The
results suggest that both groupsimproved over time, but the Be
Well Plan group showed significant greater improvement
compared to the waitlist control group. These results were
replicated with the compl eter analysis. time x group interaction
effect (Fy10,=11.19, P=.001); main effect of time (F; ;0,=16.62,
P<.001); and main effect of group (Fy 19,=0.10, P=.76).

Resilience

The mITT analysis for resilience showed a significant time x
group interaction effect (Fy 5,=7.85, P=.01) and a significant
main effect of time (F, ;4,=11.35, P<.001); however, there was
no significant main effect of group (Fy,5,=0.01, P=.91). The
results, similar to the pattern found for well-being, suggest that
the Be Well Plan group showed significantly greater
improvement in resilience compared to the waitlist control
group. Results were again replicated in the completer sample:
time x group interaction effect (F;10,=14.91, P<.001); main
effect of time (F, ,0,=6.86, P=.01); and main effect of group
(F1101=0.04, P=.84).

Depression

The mITT analysis for depression showed again a significant
time x group interaction effect (F;5,=4.14, P=.04) and a
significant main effect of time (F; 15,=39.64, P<.001); however,
there was no significant main effect of group (Fy 15,=0.55,
P=.46). Therefore, significantly greater improvements in
depression were noted for the Be Well Plan group compared to
the waitlist control group. Results were not replicated in the
completer sample, as the time x group interaction effect
(F1,10,=3.88, P=.05) did not meet our significance threshold,
similar tothemITT analysis, therewasasignificant main effect
of time (Fy10,=30.60, P<.001) and no significant main effect
of group (Fy10,=0.21, P=.65).

Anxiety

Similarly to depression, themITT analysis for anxiety showed
asignificant time x group interaction effect (Fy 15,=5.64, P=.02)
and a significant main effect of time (F; 15,=27.41, P<.001),
however, there was no main effect of group (Fy 15,=0.17, P=.68).
Results thus indicate that the Be Well Plan group improved
more in anxiety symptoms compared to the waitlist control
group. Results from the completer anaysis differed asthe time
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x group interaction effect (F;;,0,=2.01, P=.16) was not
statistically significant; similar tothemITT analysis, there was
amain effect of time (F; 10,=15.97, P<.001) and no significant
main effect of group (F; 10,=0.11, P=.74).

Differential Changein Primary Outcomes

Of the total mITT participants who demonstrated a reliable
changein depression or mental well-being, most (27/48, 56.3%)
only showed a change in well-being, with 8 (16.7%) only
demonstrating a change in depression and 13 (27.1%)
demonstrating achangein both outcomes. Of the 48 participants
who demonstrated a change in well-being and anxiety, most
(25/48, 52.1%) showed a change in both outcomes, with 8
(16.7%) only demonstrating achangein anxiety and 15 (31.3%)
only showing a change in mental well-being.

Resultswere similar for the compl eter analysis. For participants
who had a change in mental well-being and depression, the
majority (17/33, 51.5%) improved in both outcomes, with 7
(21.2%) only improving in depression and 9 (27.3%) only
improving in mental well-being. Of the 31 participants who
demonstrated areliable changein mental well-being and anxiety,
the majority (16/31, 51.6%) showed a reliable change in both
outcomes, with 5 (16.1%) only showing a change in anxiety
and 10 (32.3%) only showing a change in mental well-being.

Only 5 participants (mITT: 5/75, 6.7%; compl eter: 5/49, 10.2%)
reported a reliable deterioration in well-being, depression, or
anxiety: 1 participant showed areliable decrease in well-being
(mITT: 1/75, 1.3%), whereas 2 participants showed areliable
increasein depression or anxiety symptoms (mITT: 4/75, 5.3%).
Importantly, no participant showed reliable deterioration in
more than 1 of the mentioned outcomes. Furthermore, no
participant reported any harmful effects from participation in
the program.

Secondary Outcomes

Self-efficacy

ThemITT analysis for self-efficacy showed a significant time
x group interaction effect (F, 15,=4.00, P=.047) and asignificant
main effect of time (F; 14,=10.75, P=.001); however, there was
no main effect of group (Fy14,=0.42, P=.52); see Tables 5 and
6. Resultstherefore suggest that participantsin the Be Well Plan
group increased more in self-efficacy compared to the waitlist
control group. Results differed in the completer analysis:
although thetime x group interaction effect was still significant
(F1,09=6.75, P=.01), the main effect of time (F; 9g=3.83, P=.05)
and group (Fy,99=0.72, P=.40) was not.
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Table 5. Secondary outcomes (self-efficacy, sense of control, and cognitive flexibility): mITT® analysis.

Fassnacht et d

Time Be Well Plan (N=75) Waitlist control (N=89) Effects size, Cohen d (95% ClI)
Mean (SD) SE Mean (SD) SE Within groups Between groups
Self-efficacy 0.41 (0.17-0.65) 0.31(0.01-0.62)
Preintervention 3.55 (0.60) 0.07 3.69 (0.62) 0.07 N/AD N/A
Postintervention 3.80 (0.51) 0.07 3.75 (0.55) 0.08 N/A N/A
Sense of control 0.38 (0.15-0.62) 0.36 (0.05-0.67)
Preintervention 4.65 (0.90) 0.10 4.89 (0.94) 0.10 N/A N/A
Postintervention 5.03 (0.88) 0.12 4,96 (0.81) 0.10 N/A N/A
Cognitive flexibility 0.47 (0.23-0.71) 0.36 (0.05-0.67)
Preintervention 51.54 (6.16) 0.71 53.51 (7.20) 0.76 N/A N/A
Postintervention 54.69 (5.42)  0.65 5428 (5.94) 065 N/A N/A

3mITT: modified intention to treat.

BN/A: not applicable.

Table 6. Secondary outcomes (self-efficacy, sense of control, and cognitive flexibility): completer analysis.

Time Be Well Plan Waitlist control Effects size, Cohen d (95% CI)
(N=49) (N=54)
Mean (SD) SE Mean (SD) SE Within groups Between groups
Self-efficacy 0.48 (0.18-0.76) 0.50 (0.11-0.90)
Preintervention 3.54 (0.55) 0.08 3.79 (0.63) 0.09 N/AR N/A
Postintervention 3.81(0.61) 0.09 3.75 (0.65) 0.09 N/A N/A
Sense of control 0.36 (0.07-0.65) 0.42 (0.03-0.82)
Preintervention 4.66 (0.81) 0.12 4,98 (0.98) 0.13 N/A N/A
Postintervention 5.02 (1.07) 0.15 4.98 (1.03) 0.14 N/A N/A
Cognitive flexibility 0.47 (0.17-0.76) 0.65 (0.25-1.05)
Preintervention 5169 (5.91)  0.84 54.89(7.22) 097 N/A N/A
Postintervention 54.79 (6.78) 0.98 53.98 (7.69) 1.06 N/A N/A

8N/A: not applicable.

Sense of Control

The mITT analysis for sense of control showed a significant
time x group interaction effect (F;44,=5.15, P=.03) and a
significant main effect of time (F; 15,=10.76, P=.001); however,
there was no main effect of group (F; 15,=0.59, P=.45). These
results indicate that participants in the Be Well Plan group
increased morein their sense of control compared to the waitlist
control group. Resultswerereplicated in the completer analysis:
time x group interaction effect (F; gg=4.53, P=.04), main effect
of time (Fjg=4.22, P=.04), and main effect of group
(F1,09=0.61, P=.44).

Cognitive Flexibility

ThemITT analysisfor cognitive flexibility showed asignificant
time x group interaction effect (F;5,=5.39, P=.02) and a
significant main effect of time (F 15,=14.65, P<.001); however,
there was no main effect of group (F; 15,=0.87, P=.35). These
findings indicate that participants in the Be Well Plan group
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increased more in cognitive flexibility compared to the waitlist
control group. Results differed in the completer analysis:
although thetime x group interaction effect was still significant
(F190=10.75, P=.001), the main effect of time (F;g9=3.23,
P=.08) and group (F45=0.92, P=.40) was not.

Discussion

Principal Findings

This study examined the efficacy of a group-facilitated,
internet-based program to promote mental health and well-being
in avulnerable population of university students. Compared to
waitlist controls, participants in the intervention group
significantly improved inal primary outcomes, including mental
well-being, resilience, depression, and anxiety, as well as
secondary outcomes, including self-efficacy, asense of control,
and cognitive flexibility. Furthermore, participants’ engagement
and satisfaction with the Be Well Plan were examined, showing
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that students were highly engaged and satisfied with the
program.

Improvementsin Well-Being and Resilience

The study clearly demonstrated the anticipated significant
improvements in mental well-being and resilience, confirming
preliminary positive effectsidentified in aprevious uncontrolled
intervention study [36]. We found medium effect sizes for
mental well-being, which isabovethe averagetypically reported
in the literature [29,79]. For example, previous meta-analyses
of psychological interventionsin the general population reported
small effect sizes for well-being interventions of similar
intensity: programslonger than 4 weeks tend to produce small,
positive effects according to van Agteren et al [30] (Hedges
0=0.32), Sin and Lyubomirsky [80] (r=.36 for 5-7-week
interventions). Importantly, effect sizes tend to be much lower
for internet-based interventions (Hedges g=0.22) [eg, 30],
attesting to the positive impact of the Be Well Plan program.
For resilience, we found small-to-medium effect sizes, which
isinlinewithwhat istypically reported in the research literature.
For example, ameta-analysis of 11 RCTsexamining resilience
interventions by Joyce et a [81] reported a standardized mean
difference of 0.44 between resilience interventions and waitlist
control groups.

There are various potential sources for the observed positive
effects. First, the program was rigorously designed based on a
best-practice intervention development methodology [35]. The
intervention-mapping approach [82] and comparable
devel opment methodol ogies, such asthe behavior change wheel
[83], are frequently used in health promotion research but not
readily in mental health or psychology research. Using the
i ntervention-mapping process meant that the program was (1)
designed based on acomprehensive needsanalysis, (2) grounded
in a well-defined theory of behavior change, (3) co-designed
using knowledge and experience from a range of different
stakeholders (ie, psychologists, counsellors, mental health
researchers, end users), and (4) composed of evidence-based
behavior change techniques. Theincluded activitieswere based
on our team'’s research into effective well-being interventions
[30], resulting in activities from a wide variety of therapeutic
approaches, including CBT, acceptance- and commitment-based
therapy (ACT), mindfulness, and positive psychology. This
“theory-agnostic” approach providesfurther explanation for the
observed positive effects across the outcomes of well-being,
resilience, depression, and anxiety, with these approaches having
solid evidence for being able to change these outcomes
[28,31,33,34,81].

Second, theintervention’sfocuson tailoring and individualizing
awell-being strategy to a participant’s unique context, needs,
and preferenceslikely aided in achieving positive effects across
all outcomes. In contrast to “generic” interventions, which are
typicaly similar for al participants (ie, everyone receives the
same content), the Be Well Plan was designed to allow
participantsto experiment with different techniquesthey wanted
to include in their own well-being program (ie, their Be Well
Plan) based on their perceived characteristics and needs.
Previous research has argued for the importance of
person-intervention fit through tailoring and individualization
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of programs or their components as a potential strategy to
improve the efficacy of and engagement with psychological
interventions, not just for clinical mental health programs, but
also for well-being and mental health promotion programs
[84-86]. Personalization plays a crucia role in face-to-face
therapy but is similarly touted as an important advantage for
internet-based interventions (eg, to increase personal relevance
and engage users) [87-89]. Although theimportance of tailoring
interventionsto individual characteristics, needs, and preferences
has been highlighted in previous research [90], tailored
interventions such as the Be Well Plan, which center around
individual agency, are rare. The program allows individuals to
choose their own activities and tailor these to their specific
needs and preferences, fostering individual agency and
autonomy, which is an important factor in improving health
behaviors, including mental health and well-being, and an
important component of contemporary well-being theories
[91,92]. It isimportant to note that although this study’s purpose
was not to investigate the superiority or noninferiority of our
tailored approach over generic programs, research should look
further into the impact of higher degrees of personalization on
both efficacy and engagement in group-based programs.

Third, the facilitated group-based format of the Be Well Plan
offered several advantages over a self-guided, individual
approach, which likely improved both outcomes and engagement
with the program. For example, sharing personal experiences
in asafe and supportive environment may have led to vicarious
learning and afeeling of being supported by others[93], while
thetrained facilitators guiding participants through the program
and supporting them possibly increased engagement [94,95].
Importantly, the aspect of social connectedness has also been
highlighted as a facilitator for user engagement in a recent
systematic review [89]. Furthermore, allowing participants in
internet-based group interventions to experiment with different
evidence-based techniques in an effective manner has become
much more within reach with the rise of technology [96,97].
For instance, technology can help qguide activity
recommendations based on an individual’ sresponseto scientific
questionnaires for mental health and well-being, aiding in
personalization, asis the case for the Be Well Plan.

Improvementsin Depression and Anxiety

The positive effects on outcomes of depression and anxiety are
encouraging, particularly as they build on similar outcomes
found in a previous uncontrolled study of theintervention [36].
Psychological distress is an independent outcome to clinical
symptoms|[98]; therefore, finding improvementsin both markers
acrossthe 2 studies pointsto the potential utility of the program
for clinical settings. Although within-subject effect sizes were
medium, between-subject effects were small. However, it is
important to note that the recruited cohort was not a clinical
sample, implying that effects could potentially be greater in
individualswith clinical depression or anxiety. Having said that,
university students are known to be an at-risk population
reporting poor mental health, including depression and anxiety
[56-58], which was shown by the high proportion of participants
reporting moderate-to-severe baseline levels of depression and
anxiety.
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Our findings also need to be interpreted in the context of the
worldwide COVID-19 pandemic. Recruitment and program
participation took place between August 2020 and June 2021.
Although the effects of COVID-19 in South Australia where
the sample was recruited from were modest compared to other
jurisdictions in Australia or worldwide, restrictions due to
COVID-19 were till in place throughout the study period. For
example, in March 2020, the South Australian government
declared a public health emergency, which included measures
such as closures of state borders and physical distancing
requirements (eg, a 3-day lockdown in November 2020).
Unsurprisingly, previous studies have found detrimental effects
of COVID-19 on mental hedth in large, representative
Australian cohorts[99,100], individuaswho have been impacted
by the adverse border closure effects of COVID-19 [101], and
university students [102,103]. Thus, it is noteworthy that
although the Be Well Plan did not directly target symptoms of
depression or anxiety, almost half of the sample (46.7% for
depression, 44.0% for anxiety) showed areliable changein the
respective outcomes.

Improvementsin Self-efficacy, Sense of Control, and
Cognitive Flexibility

After participating in the Be Well Plan, improvements in
self-efficacy, sense of control, and cognitive flexibility were
observed. It might be that the tailored nature of the intervention,
which encourages individuals to initially understand their own
mental health and well-being and subsequently identify effective
strategies to improve or maintain good levels of mental health,
elicited the belief in individuals that they are able to change or
take control of their life and can adapt to circumstances. This
is important as self-efficacy, a sense of control, and cognitive
flexibility have been identified as protective factors for good
mental health [104-106].

Participant Program Engagement and Satisfaction
With the Program

Overdll, engagement with the Be Well Plan was strong.
Participants who began the program attended, on average, over
two-thirds of the 5 sessions; of those who completed the
postsession feedback, over 90% (n=68-75, 91.2%-100%) felt
engaged during the sessions. Thefield of internet-based mental
health interventions has been grappling with high attrition and
dropout rates [107,108], particularly with fully self-guided
programs and open-access trials. For this study, it is likely that
the facilitated group-based setting of the Be Well Plan partly
led to high participant engagement. In this regard, the Be W&l
Plan program was more akin to telehealth sessions—notably
without using clinical resources—supporting participants much
more than afully self-guided internet-based intervention.

As previously discussed, a program feature is that participants
experiment with different activities and techniquesto build and
personalize their own program. This personalization may have
also led to high engagement and satisfaction with the program
[84,85]. For example, over 47 (95.9%) participants were
satisfied with the Be Well Plan program, while satisfaction rates
with individual sessions ranged from n=63-75 (84.2%-100%).
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A significant proportion of participants alocated to the
intervention group (n=51, 40.5%) did not commence the Be
WEll Plan. The majority of those participants (n=44, 86.3%)
reported other time commitments or unavailability for the
scheduled session time. Although we found no significant
differences between participants who commenced and did not
commencethe program in any of the baseline outcome measures
or demographic variables—except for participants who did not
commencethe program, being younger—apotentia for selection
bias cannot be completely ruled out. Thus, participants who
commenced the program were possibly more motivated from
the outset.

Strengthsand Limitations

A major strength of this study was the pre-registered, rigorous
RCT design. The RCT was conducted in avulnerable popul ation
with high attendance rates and whose mental health benefitted
fromtheintervention. Thisis 1 of the first studiesto rigorously
evaluate an online group-facilitated mental health intervention
via teleconferencing that aims to improve both mental health
and well-being without targeting specific symptoms or a specific
group. The intervention is unique as it allows individuals to
experiment with a variety of activities that can be tailored to
their individual s needs and circumstances and encourages habit
formation. A particular strength of the study wasthat symptoms
of depression and anxiety were reduced, even though the Be
Well Plan was not developed to specifically address these
outcomes, nor were participants provided with any traditional
psychoeducational information about these mental health
problems.

Another strength was the web-based format of theintervention,
which is particularly interesting in vast countries, such as
Australia, where internet access is sufficient in regional and
rural areas and mental health services are accepted and actively
sought out [ 109]. Web-based interventions have previously been
well accepted, allowing participantsto interact while remaining
in their own homes [110]. This modality has been investigated
inthe COVID-19 era, with interventions demonstrating efficacy,
participant satisfaction, and engagement, while removing
barriers and inconveniences related to attending in-person
sessions[111,112].

Although there were severa strengths of the study, some
limitations need to be discussed. First, the study used awaitlist
control group for comparison; although waitlist groups are
cost-effective and ethical aternative control conditions, they
might exaggerate effects sizes compared to other control
conditions (eg, no intervention or active psychological placebo
conditions) [113]. Future studies should test the Be Well Plan
against an active, psychological placebo control group. Second,
although the study population (ie, university students) was a
vulnerable group, it doeslimit the generalizability of thefindings
to the general public. For instance, the genera public typically
reports better mental health, which in turn means that effect
sizes in the general public may be considerably lower. Digital
literacy may also be higher in a student population, potentially
affecting accessibility and scalability for a broader range of
specific or general community groups. Future work should be
conducted to further test the Be Wl Planin different population
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cohorts. Third, the study was not sufficiently powered to find
significant effects for depression and anxiety in the completer
analysis, despite medium effect sizes. Although almost half of
participants showed reliable improvements in depression and
anxiety outcomes, future studies should include larger samples
to allow to test for small-to-medium effects siesin psychological
distresswith clinical samples. Fourth, there was a high number
of participants who registered their interest, completed the
baseline measures, and were randomized to the intervention
group but did not commence the first session. Although a
limitation, this is common with internet-based programs; for
example, a variety of studies in the area have noted similar
engagement (uptake and adherence) challenges[114-116]. Fifth,
our findings are short-term results only as our postassessment
wastaken at 1 week after thefinal session. Theliterature clearly
indicates that the impact of mental health interventions
diminishes over time, particularly in genera well-being
programs. Although investigating the long-term impact might
look like an interesting question, the literature on diminishing
returns is well established [30]. Rather, it is arguably more
important to invest effort in designing and testing sustainable
booster material [117]. Devel opment work is currently underway
to develop ongoing topical booster sessions that aim to both
reinforce core program learnings and introduce new content
and activities over time. Another limitation of this study was
that we did not collect data on which activitiesindividual s used
during their participation in the program. Future studies should
examine intervention processes (eg, which activities were used
and how frequently) to better understand mechanisms of change.
Furthermore, most participants were female. Although males
who did participate in the program benefitted equally asfemale
participants, some caution isrequired when generalizing results
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in males, due to a small sample size. Future studies need to
attract and evaluate more malesin programs such asthe Be Wel|
Plan.

Finally, asisthe case with most psychological treatment studies,
the outcome measures were al based on subjective reports.
Future studies could feasibly undertake evaluations using
behavioral or other objective measures. For instance, the use of
technology can now facilitate evaluations using objective
measures, such as activity levels, sleep patterns and other
physiological outcomes, the use of health services, and
prescribed psychopharmaceuticals. Knowing whether the Be
Wl Plan a so advancesimprovementsin such outcomeswould
addtoitsutility asaprevention and early intervention program.

Conclusion

This is 1 of the first studies to rigorously evaluate a
live-facilitated (eg, via teleconferencing software), online
intervention, the Be Wl Plan, that aimsto improve both mental
health and well-being without targeting specific symptoms or
aparticular target group. Theinterventionisunique asit allows
individuals to experiment with a variety of activities that can
be tailored to their individuals needs and circumstances and
encourages habit formation. A particular strength of the study
wasthat symptoms of depression and anxiety reduced (alongside
improvements in well-being and resilience), even though the
Be WeIl Plan was not developed to specifically address these
outcomes directly, nor were participants provided with any
traditional psychoeducational information about these mental
health problems. This points to the program having value in
both mental illness prevention and early intervention settings
where current offerings are limited.
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Abstract

Background: Consumption of distressing news media, which substantially increased during the COVID-19 pandemic, has
demonstrable negative effects on mental health.

Objective: This study examines the proximal impact of daily exposure to news about COVID-19 on mental health in the first
year of the pandemic.

Methods: A sample of 546 college students compl eted daily ecol ogical momentary assessments (EMAS) for 8 weeks, measuring
exposure to news about COVID-19, worry and optimism specifically related to COVID-19, hopel essness, and general worry.

Results: Participants completed >80,000 surveys. Multilevel mediation models indicated that greater daily exposure to news
about COVID-19 is associated with higher same-day and next-day worry about the pandemic. Elevations in worry specifically
about COVID-19 were in turn associated with greater next-day hopelessness and general worry. Optimism about COVID-19
mediated the relationship between daily exposure to COVID-19 news and next-day general worry but was not related to
hopel essness.

Conclusions: This study demonstrates the mental health impact of daily exposure to COVID-19 news and highlights how worry
about the pandemic contributes over time to hopel essness and general worry.

(IMIR Ment Health 2022;9(5):€36966) doi:10.2196/36966

KEYWORDS

news consumption; worry; hopel essness; ecological momentary assessment; news media; COVID-19; pandemic; mental headlth;
depression; stress; psychological distress; mediation model; digital health

: mental health conseguences of engaging with news mediaabout
Introduction COVID-19: (1) What is the short-term relationship between
Background daily news exposure and distress about the pandemic? (2) How

. . . ) does COVID-19-specific distress generalize over time to broader
The uncertain and rapidly changing nature of the pandemic,  tfacts on mental health?

coupled with shelter-in-place and work-from-home orders in

the first year of the pandemic, increased accessto and demand M edia Exposure and Mental Health

for information about COVID-19 [1,2]. News consumption  Crisis situations prompt information seeking to reduce
increased across multiple forms of media, including increases  yncertainty and increase feelings of safety, corresponding to an
in television news viewership, daily visits to news websites,  jncrease in overall news consumption during the pandemic
and the use of mobile phones to monitor pandemic updates  [2,8,10,11]. During periods of elevated stress, people may turn
[3-5]. The increased consumption of negative news during the  to mediaoutletsto help relax and copewith anxiety, particularly
pandemic likely has a negative impact on mental health [6-9].  when access to other coping resources is limited [12-15].
ThiSStUdy examines?2 quesiions about the short- and Iong-term However, naturalistic and exper|menta| research has found a
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relationship between watching distressing news and lower
emotional well-being, including elevated anxiety and worry
[16-20]. Evidence indicates that elevated exposure to news
coverage of mass trauma events (eg, natural disasters, terrorist
attacks) predicts symptoms of anxiety, depression, and
posttraumatic stress, even for individuals not directly exposed
to thetraumatic event [16,19,21,22]. These effects persist across
multiple mediums, including news consumed via print, radio,
television, and social mediaposts. Secondary sources (eg, socia
media) areincreasingly relied upon for news updates, and young
adults reported higher daily engagement with news via social
mediathan any other source early in the pandemic[23,24]. Even
brief exposure to negatively valenced news content (eg,
watching 15-minute video clips) increases anxious and sad
mood immediately following exposure [25]. Szabo and
Hopkinson [9] found that changes in mood persisted after
participants engaged in a distracting task following exposure,
suggesting that the affective impact of news consumption
extends beyond momentary reactions.

News About COVID-19 and Mental Health

A nationally representative, cross-sectional survey found that
consuming news about COV I D-19 was associated with greater
psychologica distressin theweek following theimplementation
of stay-at-home ordersin the United States[8]. Individualswho
reported following the news*“ very closely” reported the highest
levels of distress, which were associated with increases in
perceived threat of the virus [8,11,26]. Greater frequency and
duration of engagement with news about COVID-19 are
associated with symptoms of anxiety and depression regardless
of source, with individuals who consume COVID-19-related
mediaacross multiple platforms reporting the greatest increases
in symptom severity [7,27]. A recent systematic review indicated
that increased consumption of news about the pandemic was
broadly associated with mental health decline among young
people in international samples [28]. However, there has been
limited examination of specific, proximal effects of news
consumption on daily mental health and distress.

In addition to intentional engagement, exposure to
COVID-19-related news may be incidental. Due to evolutions
in news dissemination across socia network platforms, millions
areinadvertently exposed to distressing content while engaging
with social mediafor connection, social support, and distraction,
limiting the efficacy of web-based coping methods and
increasing worry [29-32]. Distress may be further compounded
in the context of COVID-19 because of an increase in
misinformation and uncertainty about news accuracy, which
may prompt additional news engagement in the light of rapidly
changing and contradictory information presented by various
sources [2,33,34].

Worry and Optimism About COVID-19

COVID-19 represents an ongoing crisis for which much of the
coverage has centered on current and future threats [8]. Given
the corresponding uncertainty across multiple domains of life,
worry and optimism about COVID-19 may be particularly
relevant for broader mental health over time. As new variants
emerge and the effects of COVID-19 continue to unfold
worldwide, increased consumption of news media about
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COVID-19 may contribute to higher levels of worry and lower
optimism about the pandemic [35].

The proxima mental health impact of daily exposure to news
about COVID-19 may generalize over time. Cross-sectional
research indicates that greater exposure to COVID-19 media
across various platformsis associated with higher levels of both
general anxiety and anxiety specifically about COVID-19,
although the relationship between the 2 forms of anxiety is not
yet understood [27]. Engaging with COVID-19 news may lead
to worry specifically about COV1D-19, which then generalizes
over time. Previous work has found that worry prompted by
news consumption generalizes to worried cognitive patterns
beyond the topics covered in the distressing media [25]. Brief
exposure to negative television news enhances the tendency to
“catastrophize” unrelated personal worries, increasing
expectations of worst-case outcomesfor personal future events.
However, studiesthat have tested the speculated generalization
of worry following news consumption have been cross-sectional
and thus not able to test this mediational chain in a way that
intensive longitudinal data allows.

Lower levels of optimism have been found to predict greater
psychological distressamong adultsduring COVID-19, and the
previous literature indicates that higher levels of pessimism are
related to a broad range of mental and physiological difficulties
[36-38]. Further, lower levels of optimism mediate the
relationship between news exposure and psychological distress
[18]. Much of the existing research on the mental health
outcomes associated with optimism have examined optimism
and pessimism cross-sectionally or as trait-level constructs
rather than examining the predictors and antecedents of
short-term fluctuations in optimism [36,39,40].

Engaging with news that decreases optimism about COVID-19
may contribute to broader psychiatric symptoms, including
worry and hopelessness. International research has found that
hopel essness, which is associated with lower optimism about
the future [41,42], has increased among adult samples during
the pandemic [43]. News outlets and mental health experts have
speculated that consumption of media related to COVID-19
may increase hopel essness[44-46]. However, this assertion has
not been empirically evaluated, nor hasthe rel ationship between
optimism specifically about COVID-19 and broader
hopelessness. Importantly, the proximal, day-to-day mental
health effects of worry and optimism about COVID-19 have
not yet been assessed.

ThisResearch

This research is among the first to use real-time monitoring
within the context of COVID-19 and, to the best of our
knowledge, the only paper to examine the impact of daily
exposure to news about COVID-19 on mental health among
undergraduate students. Undergraduate students may be
particularly vulnerable to the mental health impact posed by
the pandemic, given displacement due to campus closures,
reduced access to in-person socia networks, and uncertainty
about graduation and future employment opportunities
[29,47,48]. Given the ongoing nature of the pandemic,
fluctuations in daily news consumption, and the prevalence of
inadvertent exposure, it is crucia to understand the proximal,
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rapidly changing mental health impact of newsabout COVID-19
in ways that have not been captured in existing cross-sectional
research on mediaconsumption and mental health. Accordingly,
in this study, we utilized intensive longitudinal data collection
(ie, ecological momentary assessment [EMA]) to capture these
rapid changes.

The primary research questions, context, and hypotheses were
asfollows:

«  What is the impact of daily exposure to news about
COVID-19 on mental health? Daily levels of worry and
optimism about COVID-19 were assessed over an 8-week
study period in the early months of the pandemic. Previous
research conducted with this sample indicates that
COVID-19 worry and anxiety are significantly higher than
general, nonspecific anxious feelings among undergraduates
[49]. Given previous research [35], we hypothesized that
greater daily exposure to news about COVID-19 would
lead to increased worry and decreased optimism about the
pandemic.

«  What are mechanisms through which exposure to news
about COVID-19 increases mental health issues?
Momentary levels of hopel essness and general worry were
examined over the same 8-week period. Previous findings
indicate that specific worry can generalize following news
consumption [25] and that optimism/pessimism mediates
the relationship between news exposure and psychol ogical
distress [18]. Building upon our first hypothesis, we
expected that greater daily exposure to news about
COVID-19 would lead to increased worry and decreased
optimism about the pandemic, which would then generalize
to general worry and hopel essness.

Methods

Participants and Procedure

Data (N=546) were drawn from an ongoing study assessing
stress, emotion, and behavior among a genera college student
sample. Recruitment took place between April and December
2020 following theinitiation of stay-at-home orders. Participants
were remotely recruited via the undergraduate psychology
research pool and introductory courses at a large, public
university. Recruitment was open to all students who met
eligibility criteria, which were assessed using an online screener.
Eligible individuals were aged 18+ years, had access to a
smartphone compatible with EMA survey software
(MetricWire), and were willing to complete multiple surveys
per day acrossthe study period. Upon completion of aninformed
consent protocol, eligible participants were asked to complete
an online baseline assessment and were provided with
instructions for downloading MetricWire, a smartphone app
used to deliver EMA surveys for the 8-week period.
Compensation was provided for completing the baseline
assessment and for each of the EMA surveys completed during
the study period, with apossibletota of US$141 for completing
all study procedures. For further recruitment and compensation
details, see Kleiman et al [49].
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EMA Surveys

Participants completed 6 EMA surveys daily for 8 weeks; 5
surveys were delivered at random times throughout the day to
capture arange of real-time responses. The surveys were brief
(under 5 minutes) and asked participants to report their
in-the-moment feelings (ie, “ Right now, how much do you fedl”)
across a range of affect states (eg, excited, sad) on a 0 (not at
all) to 10 (very much) scale. To capture in-the-moment affect,
including hopel essness and general worry, single items adapted
from the Positive and Negative Affect Schedule (PANAS [50])
were used in each momentary survey. Each EMA survey
included a question about COVID-19 worry (ie, “How worried
or anxious are you about the coronavirus outbreak?’), with
answers ranging from O (not at all) to 5 (very much).

The sixth and final survey delivered each night included items
asking participants to reflect back across the day. Nightly
surveys included a single-item assessment of optimism about
COVID-19 (ie, “What best describes how optimistic you feel
about the coronavirus outbreak?’), rated on a0 (very pessimistic)
to 5 (very optimistic) scale. Finaly, the nightly survey asked
participants to share the frequency with which they were
exposed to news about COVID-19 across the day (ie, “How
frequently did you see or read news or mediaabout coronavirus
today?’) on a scale from 0 (not at all) to 5 (very much).
Questions related to COVID-19 were asked using single items
developed for this study.

Analytic Strategy

Across the sample, participants submitted a total of 86,626
survey responses. Individual surveys were excluded from
analysesif therewas no variability acrossresponsesto all items
in that specific survey (SD 0 across all variables scored on a
Likert scale), which removed 726 (0.8%) survey responses.
Since optimism about the coronavirus outbreak and exposure
to COVID-19 news were assessed once per day, momentary
variablesof interest (ie, hopel essness, general worry, and worry
about COVID-19) were aggregated to create daily average scores
for each variable for each participant. Participantswho recorded
<3 days of EMA data were excluded from analyses, yielding a
final sample of 19,888 days of data across 546 participants.

Given the hierarchical structure of our data, multilevel mediation
analyseswere used to test our hypothesisthat COVID-19 worry
and optimism would mediate the relationship between
COVID-19 news exposure and general worry and hopel essness.
We aggregated momentary variables to create a daily average
for each participant, resulting in anested structure where daily
observations (level 1) were nested within people (level 2).
Mediator and outcome variableswere examined using intraclass
correlation (ICC) to determine the proportion of variance
attributable to within-person and between-person differences
acrossthe study period. We person-mean-centered all exogenous
variables.

We conducted 2 multilevel mediation analyses with frequency
of exposure to COVID-19 news entered as the predictor,
COVID-19worry and optimism as mediators, and hopel essness
and general worry as outcome variables (see Figures 1la and
1b). The predictor, mediator, and outcome variables were each
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assessed daily across the study period. Therefore, al variables
were entered at the same level (observation), creating a 1-1-1
(ie, predictor-mediator-outcome) multilevel mediation model.
Temporal models used repeated-assessment data to examine
next-day effects of COVID-19 newsexposure. Inthefirst model,
the predictor and mediator variables were lagged to predict
next-day outcomes (ie, COVID-19 media exposure, worry, and
optimism at time T predicted hopel essness and general worry
at time T+1; see Figure 1a). In the second model only the

Kellerman et d

predictor variable was lagged to predict next-day mediator and
outcome variable scores(ie, COVID-19 mediaexposure at time
T predicced COVID-19 worry, COVID-19 optimism,
hopel essness, and general worry at time T+1; see Figure 1b).
Temporal analyses were restricted to consecutive-day pairs.
Model fit was evaluated using criteriarecommended by Hu and
Bentler [51]: root-mean-square error of approximation
(RMSEA)<0.06 and comparative fit index (CFl1)=0.95 were
considered cut-offs for adequate model fit.

Figure 1. Tempora multilevel mediation models with next-day effects. Note: the vertical dashed line indicates the break between consecutive days of
data (ie, boxes shown in the same color represent data collected on the same day). Models show the effect of variables at time T (outlined in black) on
variablesthe following day (T+1; outlined in blue). Coefficientsin green indicate a positive rel ationship; coefficientsin red indicate anegative relationship.
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To account for individual differences, a supplemental model
was run with person means for all variablesincluded at level 2
(see Multimedia Appendix 1). To examine the relationship
between the predictor variables and next-day worst-point
outcomes, a second exploratory model used the highest score
endorsed for hopel essness and general worry by each participant
on a given day rather than daily participant averages (see
Multimedia Appendix 2). The 2 additiona models yielded
similar results as the original models and are thus included as
Multimedia Appendices 1 and 2.

Effect sizesfor the direct effects of COVID-19 media exposure

on the endogenous variables were calculated using R As
recommended by Preacher and Selig [52], 95% Monte Carlo
Cls were used to examine indirect effects. All analyses were
conducted using R (R Core Team) with the lavaan, semTools,
and EMAtools packages [53-56].

Ethical Consider ations

This study was approved by the Rutgers University Institutional
Review Board (IRB #: Pro2019002249).

Results

Participant Details

Between April 24, 2020, and January 31, 2021, our final sample
of 546 undergraduate students completed 80,779 assessments
over atotal of 19,888 days of data across participants (see Table
1 for a summary of the survey schedule and responses). On
average, participants gave at least 1 survey response on atotal
of 36.4 days across the 8-week study period for an overall
response rate of 67.7% across those days. This study used a
longer EMA study period (8 weeks) than most previous EMA
research conducted with college students. On average, there
was a dlight reduction in the response rate between the
participants' first 4 weeks of the EMA period (response
rate=69.4%) and the last 4 weeks (response rate=65.1%). The
participants' average age was 19.44 years (SD 1.99, range
18.01-33.23), and 131 (24.2%) were first-generation college
students. Further demographic informationispresented in Table
2.

Table 3 shows descriptive statistics and ICCs for all variables,
with ICCs indicating noteworthy between-person to
within-person variance. Parameter estimates for both mediation
models are shown in Figure 1a and Figure 1b, respectively.
Across multiple fit indices, both the first (X% -533=225.02,
P<.001, CFI=0.95  RMSEA=0.047) and second
(X?(7n=528=198.86, P<.001, CFI=0.95, RM SEA=0.044) models
demonstrated good model fit.

Hypothesis 1 was partially supported by examining the direct
effects of changes in the frequency of daily COVID-19 media
exposure on worry and optimism about the pandemic. In the
first model (see Figure 1a), greater news exposure was
significantly associated with greater same-day worry about
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COVID-19 (P<.001). Counter to our hypothesis, a higher
freqguency of news exposure on a given day was also
significantly associated with higher levels of same-day optimism
about COVID-19 (P<.001). Similar associations were found in
the second model (see Figure 1b) for the relationship between
news exposure and next-day COVID-19 worry (P<.001), but
no relationship was found between frequency of news exposure
and next-day optimism about COVID-19 (P=.48).

For hypothesis 2, we first examined the direct relationship
between COVID-19 news exposure and general worry and
hopelessness. In the first model, a significant direct effect was
found between increased news exposure and increased next-day
general worry (P=.001) but there was no significant direct effect
of media exposure on next-day hopelessness (P=.26). Similar
resultswere found for the second model such that news exposure
exhibited a significant, albeit close to P=.05, direct effect on
next-day general worry (P=.047) but not on next-day
hopelessness (P=.16) when accounting for next-day specific
worry and optimism.

COVID-19 worry was significantly associated with same-day
genera worry (P<.001) and same-day hopelessness (P<.001).
Similar results were found for the relationship between
COVID-19 worry and next-day general worry (P<.001) and
hopel essness (P<.001). COVID-19 optimism was significantly
associated with same-day general worry (P<.001) and same-day
hopel essness (P=.01). COV1D-19 optimism was al so associ ated
with lower next-day general worry (P<.001), but no significant
relationship was found between COVID-19 optimism and
next-day hopelessness.

We then examined the indirect effects of COVID-19 news
exposure on hopelessness and general worry, as mediated by
COVID-19 worry and optimism. Significant indirect effects
were found such that worry about COVID-19 mediated the
relationship between same-day COVID-19 news exposure and
both next-day general worry (b=0.026, 95% CI 0.021-0.031)
and next-day hopelessness (b=0.012, 95% CI 0.008-0.015).
Optimism about COVID-19 aso mediated the relationship
between same-day COVID-19 news exposure and next day
general worry (b=-0.02, 95% CI -0.003 to —0.001), but no
significant mediation effect was found for the relationship
between news exposure and next-day hopelessness. Similar
significant indirect effects were found in the second model such
that COVID-19 worry also mediated the relationship between
prior-day news exposure and same-day general worry (b=0.027,
95% Cl 0.022-0.032) and same-day hopelessness (b=0.012,
95% CI 0.009-0.015). Optimism about COVID-19 did not
mediate the rel ationship between news exposure and same-day
outcomes.

Additional models yielded similar results as the origina
temporal models. Including person means and examining
worst-point daily outcomes rather than daily averages did not
meaningfully change the findings (see online Multimedia
Appendices 1 and 2 for model details).
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Table 1. Schedule and number of responses for each assessment.

Kellerman et d

Level Schedule Variables assessed at this level Number of responsesincluded in analyses, n (%)
Person 1x at the beginning of the study period Baseline measures (demographicinforma- 546 (100)
tion)
Daily 1x every night for 8 weeks Frequency of exposure to news about 31,997 (39.6)
COVID-19, optimism about COVID-19
Momentary 5 random times daily for 8 weeks Hopel essness, general worry, worry about 48,802 (60.4)

COVID-19

Table 2. Participants' (N=546) sociodemographic variables.

Characteristics

Participants, n (%)

Gender
Women
Men
Nonbinary/gender expansive
Not reported
Racial background
White
Asian
Black or African American
Bi-/multiracial

Middle Eastern

American Indian or Alaska Native

Other racia background
Not reported
Ethnicity

Non-Hispanic or non-Latino/non-L atina

Hispanic or Latino/Latina
Annual household income (US $)

<10,000 to <30,000

30,000 to <50,000

50,000 to <70,000

70,000 to <100,000

100,000 to <200,000

=200,000

Not reported

398 (72.9)
139 (25.5)
8 (1.47)
1(0.02)

192 (34.04)
268 (49.08)
31 (5.68)
21 (3.84)
7(1.29)
7(1.28)

15 (2.75)
3(0.55)

479 (87.73)
67 (12.27)

30 (5.49)
48 (8.79)
34 (6.23)
63 (11.54)
171 (31.32)
43 (7.88)
157 (28.75)
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Table 3. Mean (SD) and ICC?for all variables across the study period.

Kellerman et d

Variable Mean (SD) ICC (95% Cl)

How frequently did you see or read news or media about coronavirus today? 153 (1.5) 0.62 (0.59-0.65)
How worried or anxious are you about the coronavirus outbreak? 2.49 (1.66) 0.83 (0.81-0.85)
What best describes how optimistic you feel about the coronavirus outbreak? 2.49 (1.19) 0.69 (0.66-0.72)
Right now, how much worried do you feel? 2.69 (2.77) 0.69 (0.66-0.71)
Right now, how much hopeless do you feel ? 1.62 (2.38) 0.74 (0.71-0.76)

4 CC: intraclass correlation.

Discussion

Principal Findings

We used real-time monitoring to quantify the short- and
long-term mental health impact of daily exposure to news about
COVID-19 over time. We aimed to answer 2 primary questions:
(1) Doesgreater daily exposureto news mediaabout COVID-19
predict elevations in same-day and next-day worry and
pessimism specifically about the pandemic? (2) Do COVID-19
worry and optimism generalize to broader worry and
hopel essness?

Mental Health Impact of Exposureto News About
COVID-19

Our first hypothesis was partially supported. Greater daily
exposureto news about COVD-19 was associated with elevated
same-day and next-day COVID-19 worry. However, greater
exposure to COVID-19 news was al so associated with elevated
same-day optimism about the pandemic, suggesting that
engaging with information about COVID-19 may have both
proximal beneficial and deleterious effects on mental health.
No relationship wasfound between frequency of mediaexposure
and next-day optimism about the pandemic. Our second
hypothesisthat COVID-19 worry and optimism would mediate
therelationship between COVID-19 mediaexposureand general
worry and hopelessness was aso partialy supported. In both
temporal models, mediation effectswere found such that greater
COVID-19 worry mediated the relationship between increased
news exposure and general worry as well as the relationship
between increased news exposure and hopelessness. Both
models also yielded significant direct effects between increased
news exposure and increased general worry, indicating that
consuming more news about the pandemi ¢ increases nonspecific
worry beyond what is accounted for by the mediation effects
of COVID-19 worry.

These findings add to a limited body of literature suggesting
that specific worry prompted by distressing media generalizes
to more diffuse worry [25]. Greater exposure to COVID-19
news is associated with increases in COVID-19 worry on the
same and the next day. Elevated specific worry predicts next-day
general worry, indicating a generalization effect through which
specific worry broadens over time. This suggests that the
harmful effects of distressing news about the pandemic persist
rather than being limited to momentary reactions during and
immediately following exposure. Worry about COVID-19 is
not inherently harmful and can increase preventive behavior to
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reduce virus transmission [11]. However, given the ubiquity of
COVID-19 media and distressing media beyond the pandemic,
the generalization of COVID-19 worry to broader anxious
symptoms and feelings of hopel essness may contribute to poor
mental health outcomes.

Optimism About COVID-19 and Hopelessness

Optimism about COVID-19 was significantly associated with
decreased same-day hopel essness and decreased same-day and
next-day general worry. COVID-19 optimism also mediated
the relationship between increased news exposure and next-day
general worry, suggesting that the protective effects of some
news consumption may extend beyond same-day reactions.
Across our sample, participants were moderately optimistic
about COVID-19, reporting higher daily averagesfor optimism
than all other variables examined. This suggests that college
students may maintain a general sense of optimism about the
pandemic independent from worry, hopelessness, and media
exposure. The observed within-person variability in COVID-19
optimism scores (ICC=0.69) supports the examination of
optimism about the pandemic as a state-level variable proneto
changes over short periods of hours and days.

There was mixed support for the relationship between
COVID-19 news consumption and hopel essness. There was no
direct effect of COVID-19 news exposure on same-day or
next-day hopelessness. Indirect effects, however, were found
in both models through COVID-19 worry, indicating that
COVID-19 media consumption contributes to hopel essness by
increasing COVD-19 worry. Given the uncertainty and limited
information about the virusin 2020, perceived hel plessnessand
lack of control may have accompanied worry about COVID-19
and contributed to hopeless feelings. More research is needed
to determinethe nature of the association between specific worry
and hopel essness and to identify other possible mediating factors
driving the relationship between hopel essness and exposure to
distressing media.

Implications

This study highlights the potential risks of increased media
consumption during the COVID-19 pandemic. Although
information-seeking behavior during a crisis may be intended
to reduce uncertainty and distressing emotions, these findings
suggest that regular exposure to COVID-related media may
instead | ead to del eterious mental health outcomes by increasing
worry about the pandemic, whichin turn increases genera worry
and hopelessness. Daily engagement with news may represent
amodifiableclinical target, and coping strategiesthat minimize
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exposure to distressing news may be beneficial during and
beyond the pandemic.

This study also illuminates a potential benefit of COVID-19
news consumption, which increased same-day optimism about
the pandemic, which in turn was associated with decreased
next-day general worry. Parallel relationships between news
exposure and COVID-19 worry and optimism imply that
engaging with news about the pandemic contributesto multiple
possible outcomes. It is possible that certain types of news
stories increase optimism, while othersincrease worry. It isalso
possible that frequent news consumption is beneficial for some
individualsand harmful for others. During apandemic inwhich
preventive behaviors (eg, socialy distancing, wearing a mask,
washing hands) can contribute to individual safety and decrease
the spread of the pandemic, worry and optimism may each serve
adaptive and maladaptive functions. Elevated worry may
contribute to mental health difficulties but may also increase
adaptive safety behaviors. Recent research has found that
individuals who perceive COVID-19 as a high-risk threat are
more likely to engage in protective behavior than individuals
who are less worried about the personal risk of the pandemic
[40]. Optimism may help buffer against depressive and anxiety
symptoms during the pandemic, but COVID-19 optimism has
been linked to lower engagement in protective behaviors and
biased perceptions of risk [40,57]. Together, these findings
suggest that engaging with news media about COVID-19 is not
inherently harmful, nor is it necessarily beneficial.

News coverage and publicly available information about
COVID-19 play an important role in perceptions of risk and
subsequent preventive behaviors. Previous research hasindicated
that only specific types of media engagement (ie, news from
official government or health organizations) are related to
preventive behaviors but that COVID-19 news consumption
increases anxiety and distress regardless of platform or media
source[11,26,27]. These findings illuminate the importance of
accurate and easily accessible news about the pandemic.
Individuals who are informed about certain aspects of
COVID-19 (eg, methods of transmission, efficacy of preventive
measures) report higher optimism and lower anxiety than
individuals who endorse inaccurate information about the
pandemic [58]. Future research should examine which types of
news and which mediums of information delivery are associated
with adaptive behaviors and minimize the generalization and
harmful effects of corresponding elevationsin worry.

The generalization of specific worry highlights opportunities
for brief interventions to buffer against the deleterious
generalization effects of inadvertent news exposure. Szabo and
Hopkinson [9] found that individuals who engaged in a brief
(ie, 15-minute), progressive relaxation exercise after watching
distressing television news experienced a more rapid return to
affective baseline compared to participants who engaged in a
distraction exercise. Prolonged increases in worry and
hopel essness may contribute to the devel opment or worsening
of psychiatric disorders, including anxiety and mood disorders.
Understanding the mechanismsthrough which exposureto news

Kellerman et d

contributes to anxious and depressive symptoms as well as
identifying opportunitiesto disrupt the generalization of worry
are important targets to reduce the mental health impact of
distressing news exposure.

Limitationsand Strengths

There were limitations of this study that should be
acknowledged. We assessed daily news exposure using a broad
self-report item in the nightly surveys, which limited
examination of specific types of news engagement and
assessment of when news consumption occurred during the day.
COVID-19 optimism and news exposure were assessed
retrospectively at the daily level rather than using momentary
assessments. Previous findings from this sample indicate that
participants report higher anxiety about COVID-19 on days
when the number of new COVID-19 cases announced were
higher in participants' state of residence [49]. Future research
using more comprehensive assessments of news engagement
may provide additional information about the extent of
individuals engagement with specific types of news.
Recruitment was limited to students who were willing and able
to complete multiple daily surveys over 8 weeks, and our sample
may have systematic differences from other students (eg, less
busy schedules), potentially reducing generalizability. All
participants were undergraduate students recruited from the
same university, likely further limiting generalizability to other
populations. The identified relationships between COVID-19
news exposure and mental health should be studied in other
populations, including clinical samples with higher levels of
distress.

This study had several strengths. It is the largest and most
fine-grained study to date on the rel ationship between frequency
of daily news exposure and same-day and next-day mental health
outcomes among college students. This study used consecutive
days of data collection to test the influence of variables
specifically related to COVID-19 on general distress the
following day, allowing for longitudina analysis of proximal
effects. The research included data collected early in the
pandemic when stressorswere most novel, and included alarge
sampl e size with >80,000 assessments across 546 participants.

Future Directions

Additional research using more comprehensive assessments of
media exposure is heeded to examine the differential effects of
incidental exposure to news about COVID-19 (eg, seeing
distressing headlines posted on social media) compared to
intentional engagement. Collecting more fine-grained data (ie,
momentary assessments) of media exposure may illuminate a
proximal temporal precedent between worry and news exposure,
allowing researchers to examine the potentially reciprocal
relationship between anxious symptoms and information
gathering through news engagement. To promote preventive
behaviors and knowledge about the pandemic without impacting
mental health, future research should also examine whether
certain types of information and news delivery differentially
contribute to optimism, worry, and hopelessness.
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Temporal multilevel mediation model with person means.
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Multimedia Appendix 2

Tempora multilevel mediation models with next-day worst-point outcomes. Note: the vertical dashed line indicates the break
between consecutive days of data (ie, boxes shown in the same color represent data collected on the same day). Models show the
effect of variables at time T (outlined in black) on variables the following day (T+1; outlined in blue).
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