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ARTICLE INFO ABSTRACT
Keywords: Background: Research investigating the potential for digital mental health interventions with integrated rela-
Conversational agents tional agents to improve mental health outcomes is in its infancy. By delivering evidence-based mental health

Mobile applications

- : interventions through tailored, empathic conversations, relational agents have the potential to help individuals
Cognitive behavioral therapy

manage their stress and mood, and increase positive mental health.

Stress . . . PR
Burmnout Aims: The aims of this study were twofold: 1) to assess whether a smartphone app delivering mental health
Resilience support through a relational agent, Woebot, is associated with changes in stress, burnout, and resilience over 8

weeks, and 2) to identify demographic and clinical factors associated with changes in these outcomes.
Method: This exploratory, non-randomized, single-armed, open-labeled trial was conducted from May to July
2022. A total of 256 adults (mean age 39 + 13.35; 72 % females) recruited through social media advertising
enrolled in the study. Participants completed an 8-week intervention period during which they were invited to
use a smartphone app called Woebot-LIFE that delivers cognitive behavioral therapy through a relational agent
called “Woebot™. Participant-reported measures of stress, burnout, and resilience were collected at Baseline, and
Week 8. Changes in these outcomes during the study period were assessed. Bivariate and stepwise multiple
regression modeling was used to identify sociodemographic and clinical factors associated with observed changes
over the 8-week study period.

Results: Exposure to Woebot-LIFE was associated with significant reductions in perceived stress and burnout and
significantly increased resilience over the 8-week study period. A greater reduction in stress was observed among
those with clinically elevated mood symptoms (i.e., Patient Health Questionnaire-8 or Generalized Anxiety
Disorder 7-item scores >10) at baseline compared to those without; however, the differences in the improve-
ments in resilience scores and burnout between the two groups were not statistically significant. Although a
difference in the magnitude of change in stress was observed for participants with and without clinically elevated
mood symptoms at baseline, significant improvements in stress, burnout, and resilience over the 8-week study
period were observed for both groups. Bivariate analyses showed that race, insurance type, and baseline level of
resilience were associated with changes in each of the outcomes, though baseline resilience was the only factor
that remained significantly associated with changes in the outcomes in the stepwise multiple regression analyses.
Conclusion: Results of this single-arm, exploratory study suggest that conversational agent-guided mental health
interventions such as Woebot-LIFE may be associated with reduced stress and burnout and increased resilience in
both clinical and non-clinical populations.

Abbreviations: AIC, akaike information criterion; BRS, brief resilience scale; CBT, cognitive behavioral therapy; CONSORT, consolidated standards of reporting
trials; DBT, dialectical behavior therapy; DMHIs, digital mental health interventions; GAD, generalized anxiety disorder; GAD-7, generalized anxiety disorder 7-item
self-report tool; IRB, institutional review board; IPT, interpersonal psychotherapy; MCID, minimal clinically important difference; PHQ-8, patient health question-
naire 8-item self-report tool used to screen for depression and measure symptom severity; PSS, perceived stress scale; PSS-10, perceived stress scale, 10-item version;
VIF, variance inflation factors; WB-LIFE, a relational agent that offers CBT guided self-help.
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1. Introduction

Key constructs within mental health include stress, burnout, and
resilience. An estimated one in four United States (US) adults reports
being negatively affected by stress (Cooke et al., 2020), which the World
Health Organization (WHO) defines as “a state of worry or mental ten-
sion caused by a difficult situation.” (World Health Organization
(WHO), 2023) When prolonged or chronic, stress increases the risk of
many prevalent and costly medical conditions, including depression
(Colodro Conde et al., 2019), anxiety, incident coronary heart disease
(Richardson et al., 2012), type 2 diabetes (Harris et al., 2017), and
autoimmune disorders (Song et al., 2018). Chronic stress is also a risk
factor for burnout, a state characterized by mental and emotional
exhaustion, detachment from work or social demands, and reduced
feelings of accomplishment (Maslach et al., 1997). Indeed, chronic stress
is a leading cause of morbidity and disability in the US and elsewhere
and is associated with substantial economic costs to society and to
payers of healthcare (Hassard et al., 2018). Burnout, defined as a,
“syndrome conceptualized as resulting from chronic workplace stress
that has not been successfully managed (World Health Organization
(WHO), 2019),” also has been associated with a number of the same
types of physical, mental, and occupational effects as stress (e.g, car-
diovascular problems, pain, fatigue, insomnia, depression, job dissatis-
faction, absenteeism and presenteeism (Salvagioni et al., 2017)).

Resilience is the capacity to adapt to stress and adversity while
maintaining normal psychological and physical functioning (Southwick
and Charney, 2012). As such, resilience is negatively correlated with
psychological distress, including depression and anxiety, and positively
correlated with indicators of psychological well-being including life
satisfaction and positive emotions (Hu et al., 2015). Resilience can be
understood as the outcome of the interaction of the person with their
environment (Rutten et al., 2013), modifiable and potentially improved
by intervention (Connor and Zhang, 2006; Southwick et al., 2011).

Cognitive behavioral therapy (CBT) is a manualized, time-limited
psychotherapy that has demonstrated effectiveness for reducing stress
(Hofmann et al., 2012) and burnout (Ahola et al., 2017) and increasing
resilience (Joyce et al., 2018). However, access to CBT is limited as the
demand for mental health services far exceeds the supply of qualified
mental health professionals. Indeed, over 150 million Americans reside
in areas experiencing mental health professional shortages (Bureau of
Health Workforce, Health Resources and Services Administration
(HRSA), 2022). Additional barriers to professional mental health sup-
port include stigma, lack of time, and lack of affordability.

The translation of effective psychotherapeutic interventions such as
CBT into digital formats offers opportunities to extend these in-
terventions to a large scale, potentially reaching those who otherwise
would receive no support. Indeed, the past two decades have seen a
rapid proliferation of CBT-informed digital solutions for mental health
concerns. In particular, smartphone applications (apps) consisting of
self-guided interventions focused on stress management and the pro-
motion of positive mental health have become especially popular (Lau
et al., 2020). Meta-analytic evidence demonstrates that mental health
interventions delivered through mobile apps are efficacious in managing
stress (Linardon et al., 2019) and reducing symptoms of depression
(Firth et al., 2017a) and anxiety (Firth et al., 2017b). Despite their
accessibility and demonstrated efficacy, the impact of digital health
solutions for mental health concerns has been limited by low uptake and
engagement (Waller and Gilbody, 2009; Baumel et al., 2019).

Recent years have seen the emergence of conversational agents,
otherwise known as “chatbots”, integrated into DMHIs. Mental health
conversational agents perform a variety of functions, most commonly
screening and diagnosis, content delivery, and symptom management
(Boucher et al., 2021). Mental health conversational agents designed to
build a rapport and therapeutic bond with users are referred to as
relational agents. Conversational and relational agents delivering con-
tent are primarily CBT-based (Abd-alrazaq et al., 2019), with some
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incorporating additional approaches including mindfulness, acceptance
and commitment therapy, and dialectical behavior therapy.

While empirical research investigating these interventions is limited,
available evidence suggests the potential for mental health conversa-
tional agents to improve a variety of mental health outcomes spanning
both clinical and non-clinical issues. A 2020 meta-analysis of 12 studies
found that conversational agents were effective for improving depres-
sion, psychological distress, stress, and acrophobia, though the evidence
was considered weak due to the paucity of studies, small samples, low
quality of evidence, and a high estimated risk of bias in the included
studies (Abd-Alrazaq et al., 2020). A separate meta-analysis of 11 trials
in adults with depression and anxiety symptoms found that conversa-
tional agents significantly improved depression symptoms, with larger
effect sizes observed in samples with clinically diagnosed anxiety or
depression and for those interventions with embodied (i.e., relational)
conversational agents (Lim et al., 2022).

Research investigating the use of mental health conversational
agents to reduce stress appears to be limited to one small pilot ran-
domized controlled trial (RCT). In this study of 28 participants from a
non-clinical population, researchers found improvements in psycho-
logical well-being and perceived stress after a two-week positive psy-
chology- and CBT-informed conversational agent intervention, relative
to a waitlist control (Ly et al., 2017). To our knowledge, no studies have
investigated the effectiveness of mental health conversational agents to
reduce burnout or increase resilience.

Woebot is a relational agent, embedded in a smartphone application
called Woebot LIFE (WB-LIFE), that offers CBT-based guided self-help
through text-based conversation, and has demonstrated feasibility,
acceptability and preliminary efficacy in improving clinical outcomes
among various populations including anxiety and depression symptoms
among young adults (Fitzpatrick et al., 2017), mood among postpartum
women (Ramachandran et al., n.d.; Suharwardy et al., n.d.), and sub-
stance use among adults (Prochaska et al., 2021a; Prochaska et al.,
2021b). WB-LIFE's potential to impact stress, burnout, and resilience,
while implied by research demonstrating the efficacy of CBT to improve
these constructs, has not been investigated to date.

1.1. Aims

In this exploratory study, we assess changes in stress, burnout, and
resilience observed over an 8-week trial with WB-LIFE as well as soci-
odemographic and clinical factors associated with change in these out-
comes. We give special attention to baseline clinical factors, specifically
depression and anxiety symptomatology, as meta-analytic evidence in-
dicates larger effect sizes associated with conversational agent-delivered
psychotherapy for clinical versus non-clinical samples (Lim et al., 2022).
Identifying key associations between user demographic and clinical
characteristics and changes in outcomes may help elucidate whether the
potential benefits of this and other agent-guided CBT interventions may
be limited to certain groups or extend to all. Indeed, such research is
particularly relevant given the novelty of mental health relational
agents, and how little is known about their impact on wellness out-
comes. Given the burgeoning mental health crisis, and the well-
recognized need for early intervention, understanding the usefulness
and applicability of evidence-based, scalable programs among broad
populations is now a major public health priority.

2. Materials and methods
2.1. Study design

This exploratory, non-randomized, single-armed, open-labeled trial
was approved by the WIRB-Copernicus IRB Group (WCG) institutional
review board on January 20, 2022 and conducted from May through
July 2022. The trial was retrospectively registered on ClinicalTrials.gov
(#NCT05672745) on January 4, 2023, and was designed to explore the


http://ClinicalTrials.gov
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associations between user characteristics and clinical outcomes in the
WB-LIFE program over the course of an 8-week intervention period.

2.2. Participants

In May 2002, a convenience sample of adult participants was
recruited through paid social media advertisements for participants in a
mental wellness study testing a digital tool used for emotional support
and mood management. To be included, individuals had to be US resi-
dents able to read and write in English with regular access to a smart-
phone and available and willing to complete the study's survey
assessments. Individuals were excluded from the study if they were
younger than 18 years of age, disclosed current suicidal ideation with a
plan or intent or a suicide attempt within the past 12 months, self-
reported a lifetime diagnosis of a psychotic disorder or bipolar disor-
der, or reported previous use of WB-LIFE.

2.3. Study procedures

Individuals interested in participating in the study were directed to
the study's landing page via embedded links in online advertisements.
After reviewing the landing page, interested individuals were directed to
the informed consent form. Upon signing the informed consent, in-
dividuals received an email with a link to the screener/baseline survey,
which was to be completed within 5 days of receipt. Inmediately upon
completion of the screener/baseline survey, eligible individuals were
emailed a link to access and download the WB-LIFE app and were
instructed to register using the study's referral code and their credentials
within 3 days to enroll in the study. Ineligible individuals were thanked
for their interest and provided with a list of mental health-related sup-
portive resources. Enrolled participants entered an 8-week intervention
period, during which they were invited to engage with WB-LIFE as much
as preferred (i.e., no expectations for use were recommended) and
complete a series of online assessments at study day 3, week 4, and week
8. Access to the WB-LIFE app was terminated upon study completion.

2.4. Intervention

2.4.1. Woebot LIFE (WB-LIFE) intervention

WB-LIFE is primarily grounded in CBT, yet also offers elements of
other empirically supported treatments including interpersonal psy-
chotherapy (IPT) and dialectical behavior therapy (DBT). Such psy-
chotherapeutic content is delivered conversationally via text-based
messages with the program's relational agent, Woebot. The guided self-
help program invites users to engage in a wide variety of ways (some
guided by interactions with Woebot and others outside of the in-
teractions with Woebot), including but not limited to mood tracking, in-
vivo application of emotion regulation skills, reflection of progress,
gratitude journaling, mindfulness practice as well as learning and
chatting about techniques for mood management. Each conversation is
tailored to the user's self-reported needs and area of desired focus in the
moment. Previous research on the various programs featuring Woebot
have demonstrated feasibility, acceptability and efficacy (Fitzpatrick
et al., 2017; Suharwardy et al., n.d.; Prochaska et al., 2021a; Prochaska
et al., 2021b). Moreover, a retrospective analysis with over 36,000 users
of products that include Woebot demonstrated that Woebot establishes a
working alliance with users (Darcy et al., 2021), a construct thought to
be central to therapeutic outcomes (Martin et al., 2000). A sample
screenshot from WB-LIFE is shown in Fig. 1. For the purpose of this
study, WB-LIFE was tested as an 8-week program.

2.4.2. Safety assessment

No adverse events (AE) were reported to the Principal Investigator
during the conduct of the study.

While not designed to be a crisis service, WB-LIFE's natural language
processing algorithm detects utterances that might indicate a crisis. WB-
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And you'll start to learn when you need a
little extra help

Plus, the more we check in together, the
more insights we can draw

For example... on Tuesday you said you
were feeling excited &

But in another checkin on Monday you said
you were feeling sad &

Any ideas about what was going on that
could have caused that? %,

Well on Monday | was really missing my
friends and family and on Tuesday | had a

catch up call with my brother which really
helped

Got it, | appreciate your perspective here

We'll keep thinking about your mood, and
how & why it changes...

Because knowledge is power

True

Fig. 1. Mood monitoring and tracking within the WB-LIFE product.

LIFE responds to such language detection by asking users to confirm
whether or not they may be in crisis and then immediately provides
users with a list of resources, including emergency contact phone
numbers and crisis hotline information. This list of resources is also al-
ways available to the user via their settings and if a user enters “SOS”
into free-text. After providing the list of resources, Woebot offers tools to
assist with addressing distressing thoughts and emotions in the moment.

2.5. Measurement of stress, burnout, and resilience

Perceived stress was measured using the Perceived Stress Scale
(PSS), a 10-item instrument that measures how often an individual
perceives life as unpredictable, uncontrollable, and overwhelming in the
past month (Cohen et al., 1983). Participants respond on a 5-point Likert
scale ranging from O (never) to 4 (very often). Four items are reverse
coded and added to the sum of the responses to the remaining six items
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to obtain a final score ranging from 0 to 40, with higher scores indicating
more perceived stress. Scores of 0-13 are generally considered low
stress, 14-26 moderate stress, and 27-40 are high perceived stress.
Studies of the internal consistency of the PSS report alphas ranging from
0.74 to 0.91 (Lee, 2012).

Burnout was assessed using a non-proprietary single item validated
measure (Dolan et al., 2015; West et al., 2009) that instructs respondents
to define burnout for themselves: “Overall, based on your definition of
burnout, how would you rate your level of burnout?” Responses range from
1 (“I enjoy my work. I have no symptoms of burnout”) to 5 (“I feel
completely burned out and often wonder if I can go on. I am at the point where
I may need some changes or may need to seek some sort of help.”) (Dolan
et al., 2015). The item is dichotomized as <2 (no symptoms of burnout)
vs. >3 (1 or more symptoms).

Resilience was measured using the Brief Resilience Scale (BRS), a 6-
item tool used to assess an individual's perceived ability to bounce back
or recover from stress or a setback (Smith et al., 2008). The six items
contain statements about responses to stressful events and respondents
indicate the extent to which they agree with the statements using a 5-
point Likert scale ranging from 1 (strongly disagree) to 5 (strongly
agree). Three statements of the six items are negatively framed; after
reverse-coding these items, all items are summed and divided by 6 to
obtain an overall resilience score. Internal consistency of the BRS ranges
from 0.80 to 0.91 (Smith et al., 2008).

2.6. Demographic characteristics

Participant demographic characteristics captured at baseline
included age, sex at birth, race, ethnicity, marital status, education,
sexual orientation, employment status, and health insurance.

2.7. Clinical characteristics

2.7.1. Measurement of clinical symptomatology

Depression symptoms were assessed using the Patient Health Ques-
tionnaire (PHQ-8) (Kroenke et al., 2009), an 8-item self-report tool used
to screen for depression and measure symptom severity. The PHQ-8 is
used extensively and has demonstrated reliability as well as sensitivity
to clinical change. Scores range from 0 to 24, with the following severity
cutoffs: minimal (0-4), mild (5-9), moderate (10-14), moderately se-
vere (15-19), and severe (20-27). Participants whose scores indicated
minimal and mild depression and those whose scores indicated moder-
ate, moderately severe, and severe levels of depression were distin-
guished analytically as subclinical and clinical, respectively.

Anxiety symptoms were assessed using the Generalized Anxiety
Disorder (GAD-7) (Spitzer et al., 2006), a 7-item self-report tool that
assesses the frequency and severity of anxious thoughts and behaviors
over the past two weeks and can be used to identify probable cases of
GAD in addition to measuring anxiety symptom severity. Scores range
from O to 21, with the following severity cutoffs: minimal (0-4), mild
(5-9), moderate (10-14), and severe (15-21). Participants with GAD-7
symptom scores greater than or equal to 10 at baseline were distin-
guished analytically from those without elevated symptoms of depres-
sion or anxiety.

In our analyses, “clinically elevated” baseline mood scores are
defined as a baseline PHQ-8 or GAD-7 score > 10.

2.7.2. Concurrent mental health treatment

Concurrent mental health treatment was defined as mental health
treatment at any point in the study. At baseline, participants were asked
to indicate if they were currently seeing a therapist and/or if they were
taking medications for a mental health concern or condition. At the 8-
week survey assessment, participants were asked if psychotropic medi-
cations and/or psychotherapy were continued or if either was started
during the course of the 8-week study intervention.
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2.8. App utilization

App use data was used to evaluate use of WB-LIFE during at least 4
weeks of the 8-week study period. Although our prior research has
shown significant improvements in depressive and anxiety symptoms in
as few as two weeks (Fitzpatrick et al., 2017), in the absence of other
data, opening the app on at least 4 out of 8 weeks was selected as the
threshold for adherence to allow for the majority of participants suffi-
cient time to experience clinically meaningful improvements in each of
the wellness outcomes studied.

2.9. Analyses

All variables were descriptively characterized. Continuous variables
and outcome scores were summarized on the basis of their means and
standard deviations; discrete and/or ordinal variables were summarized
by the sample size and proportion of participants in each category.
Descriptive statistics were stratified by baseline clinical symptom-
atology such that participants with clinically elevated mood symptoms
as indicated by a baseline PHQ-8 or GAD-7 score greater than or equal to
10 were compared to those without clinically elevated mood symptoms
at baseline (i.e., those with PHQ-8 and GAD-7 scores of <10 at baseline).

Linear regression modeling was used to identify characteristics
associated with 8-week change scores in perceived stress and resilience.
Logistic regression was used to identify characteristics associated with
no longer having symptoms of burnout at 8 weeks among those with
symptoms of burnout at baseline. For each outcome, bivariate re-
gressions were fit; the independent variables were age, race/ethnicity,
sex at birth, sexual orientation, education level, employment status,
marital status, health insurance, baseline stress symptoms, baseline
burnout, baseline resilience, and baseline depression or anxiety symp-
tomatology. A two-sided test was used to assess the statistical signifi-
cance of the covariates, the level of significance was 0.05. All
independent variables were considered for inclusion in the multiple
regression models. Stepwise regression was used to determine the final
set of variables for each multiple regression model. An initial multiple
regression model was fit; covariates with Variance Inflation Factors
(VIF) greater than four were omitted in a stepwise model selection. The
stepwise model selection was carried out using Akaike Information
Criterion (AIC). Again, two-sided t-tests with a 0.05 level of significance
were employed to assess significance. For each multiple regression
model, model diagnostics, including evaluation of the VIF, were per-
formed to assess model fit. Due to the exploratory nature of the study,
adjustments for multiple comparisons were not employed. All analyses
were conducted using the R statistical software program (R Core Team,
2021).

2.10. Power analysis

The sample yielded >99.99 %, >99.99 %, and >99.99 % power to
detect change in stress, resilience, and burnout, respectively.

3. Results
3.1. Participants

As shown in the CONSORT diagram (Fig. 2), 1105 potential partic-
ipants were screened. Of these, 485 were excluded for not meeting
eligibility criteria. Following enrollment, an additional 358 participants
with unauthorized accounts (e.g., duplicate registrants or later deter-
mination of failure to meet inclusion criteria) were withdrawn from the
study and omitted from the analyses. An additional six unauthorized
registrants completed study procedures and were removed from the
analytic sample as they were initially missed due to clerical error. Thus,
the final sample included 256 participants.
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Excluded* (n=485)

Under 18 years old (n=10)

Not willing to participate (n=6)
Not US-resident (n=10)

Not fluent in English (n=5)

No smartphone access (n=3)
Prior Woebot app use (n=70)
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Completed Screening and
Baseline Survey (n=1105)

iy iy iy iy

Current/history of psychosis (n=133)

and/ar bipolar disorder (n=149)

Current suicidal intent or recent

attempt (n=112)

u ] Did not register for app (n=171)
*Note: some individuals met multiple exclusion

(]

criteria

Withdrawn for unauthorized

account creation (n=358)

Excluded for unauthorized

Enrolled (n=262)

account creation (n=6)

Analyzed (n=256)

Completed Day 3 Survey (n=245)

Completed Week 4 Survey (n=236)

Completed Week 8 Survey (n=234)

Fig. 2. CONSORT diagram.

3.2. Participant characteristics

Table 1 presents the sociodemographic characteristics of the sample
overall and by baseline clinical symptomatology. A total of 256 partic-
ipants were enrolled in the study. Participants had a mean age of 39
years (SD = 13.35), were largely female (72 %), identified as non-
Hispanic White (58 %), and self-reported as heterosexual (82 %). Of
the total sample, 54 % (n = 139) reported clinically elevated levels of
depression or anxiety at baseline. Significantly more female and single
participants reported elevated symptomatology (78 %; 43 %, respec-
tively) than not (66 %; 25 %, respectively). There was a significantly
greater percentage of non-Hispanic black participants with elevated
symptomatology (28 %) than without (15 %). Conversely, there were
significantly less non-Hispanic White participants with elevated symp-
tomatology (54 %) than without (63 %). Lastly, there was a significantly

greater percentage of participants without clinical symptomatology (81
%) who engaged with the app for at least 4 of 8 weeks compared to
participants with clinical symptomatology (68 %).

3.3. Change from baseline in outcome measures

Table 2 presents the baseline and change from baseline in outcome
measures for the sample overall and by baseline clinical symptom-
atology (i.e., baseline PHQ-8 or GAD-7 > 10 vs. baseline PHQ-8 and
GAD-7 < 10). Significant reductions in perceived stress and burnout
over the 8-week intervention period were found among the overall
sample (d = —0.391, p < 0.001), participants with clinically elevated
mood symptoms at baseline, and participants without clinically elevated
mood symptoms at baseline. Participants with clinically elevated
symptoms reported significantly greater reductions in stress compared
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Table 1
Participant characteristics, overall and by baseline clinical symptomatology.
Total PHQ-8 and PHQ-8 or P
Sample (N GAD-7 < 10 GAD > 10 (N value
= 256) (N =117) =139)
Age (years), mean 39(13.35) 41 (13.22) 38 (13.42) 0.198
(SD)
Race/ethnicity, n (%) 0.033
Non-Hispanic Black 56 (22 %) 17 (15 %) 39 (28 %)
Non-Hispanic White 149 (58 %) 74 (63 %) 75 (54 %)
Other 51 (20 %) 26 (22 %) 25 (18 %)
Sex at Birth n (%) 0.043
Female 184 (72 %) 76 (66 %) 108 (78 %)
Male 71 (28 %) 40 (34 %) 31 (22 %)
Sexual orientation, n (%) 0.992
Not heterosexual 45 (18 %) 21 (18 %) 24 (17 %)
Heterosexual 210 (82 %) 95 (82 %) 115 (83 %)
Education, n (%) 0.401
Some college or 47 (19 %) 18 (16 %) 29 (21 %)
technical school
College graduate 97 (39 %) 43 (38 %) 54 (40 %)
Graduate or 74 (30 %) 39 (35 %) 35 (26 %)
postgraduate
degree
High school only 30 (12 %) 12 (11 %) 18 (13 %)
(grade 9-12)
Employment, n (%) 0.304
Employed full-time 136 (55 %) 68 (61 %) 68 (50 %)
Employed part-time 26 (11 %) 12 (11 %) 14 (10 %)
Not employed 56 (23 %) 21 (19 %) 35 (26 %)
Other 28 (11 %) 10 (9 %) 18 (13 %)
Marital Status, n (%) 0.011
Divorced/separated/ 25 (10 %) 11 (10 %) 14 (10 %)
widowed
Married/partnered/ 136 (55 %) 73 (65 %) 63 (47 %)
cohabiting
Single 85 (35 %) 28 (25 %) 57 (43 %)
Health insurance, n (%) 0.06
Government 90 (37 %) 39 (36 %) 51 (38 %)
insurance
Private insurance 123 (51 %) 62 (57 %) 61 (46 %)
None/prefer not to 30 (12 %) 8 (7 %) 22 (16 %)
answer
Use of WB-LIFE for at 189 (74 %) 95 (81 %) 94 (68 %) 0.020
least 4 of 8 weeks
Concurrent mental 112 (44 %) 43 (37 %) 69 (50 %) 0.052

health treatment

PHQ-8 = Patient Health Questionnaire-8 item scale; GAD-7 = Generalized
Anxiety Disorder-7 item scale; SD = standard deviation.

to those without clinically elevated symptoms. Meanwhile, significant
increases in resilience were found over the same period among the
overall sample (d = 0.436, p < 0.001), participants with clinically
elevated symptoms, and participants without clinically elevated symp-
toms. However, there was no statistically significant difference in
change of resilience scores between participants with clinically elevated
symptoms and those without. Over half of those with burnout at baseline
did not continue to have burnout at 8-weeks (p = 53 %, p < 0.001,
Cohen's h = 1.64); no differences in this outcome variable were found
for those with versus without clinically elevated symptoms at baseline.
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Table 2
Baseline and change from baseline in stress, resilience, and burnout, overall and
by baseline clinical symptomatology.

Total PHQ-8 and PHQ-8 or P value for
sample (N GAD-7 <10 (N GAD > 10 (N <10vs>10
= 256) =117) =139)
Perceived stress, mean (SD)
Baseline 21.36 (5.61)  18.68 (5.13) 23.60 (4.99) <0.001
8 weeks 18.71 (5.90)  17.10 (6.19) 20.07 (5.30) <0.001
Change from —2.62 —1.52 (6.80)* —3.54 (6.48)" 0.022
baseline (6.69)*
Resilience, mean (SD)
Baseline 2.97 (0.88) 3.27 (0.84) 2.72 (0.83) <0.001
8 weeks 3.30 (0.89) 3.53 (0.94) 3.11 (0.79) <0.001
Change from 0.32 (0.749)*  0.24 (0.69)* 0.39 (0.77)* 0.128
baseline
Burnout, n/N (%)
Baseline (>3) 152/255 41/116 (35 %) 111/139 (80 <0.001
(n = 255) (60 %) %)
8 weeks (n = 87/233 (37 26/106 (25 %) 61/127 (48 <0.001
233) %)* %)*
Change (n = 74/139 (53 22/37 (59 %)* 52/102 (51 0.38
139)* %)* %)*

PHQ-8 = Patient Health Questionnaire-8 item scale; GAD-7 = Generalized
Anxiety Disorder-7 item scale; SD = standard deviation.

" Within column group change p < 0.05.

# Among those with burnout at baseline, improved to no burnout at 8 weeks.

3.4. Bivariate associations between sociodemographic variables and
outcome measures

Unadjusted bivariate linear and logistic regression was used to
evaluate demographic factors associated with changes in stress (see
Table 3a) and resilience (see Table 3b), and burnout at 8 weeks among
those with burnout at baseline (see Table 3c) over the 8-week study
period. Results indicate that age was inversely associated with reduced
stress such that smaller reductions in stress was observed with
increasing age. Females were more likely to continue to have burnout at
8 weeks than males. Participants not currently employed had less
decline in stress than those employed full-time. Non-Hispanic Black
participants showed a greater decrease in stress and were more likely to
show improvement in burnout compared to their non-Hispanic White
counterparts. Insured participants had less decline in stress and were less
likely to show improvement in burnout than those without insurance.
Meanwhile, non-Hispanic Black participants showed less incline in
resilience than non-Hispanic White participants, and insured partici-
pants had a greater increase in resilience than uninsured.

3.5. Bivariate associations between clinical characteristics and outcome
measures

To evaluate clinical factors associated with changes in stress (see
Table 3a), resilience (see Table 3b), and burnout (see Table 3c) across
the intervention period, unadjusted bivariate linear and logistic
regression models were estimated. Results show that participants
reporting moderate and high levels of stress at baseline showed a greater
decrease in stress than those reporting low levels of stress. The magni-
tude of the decrease in stress was greater for participants with burnout at
baseline than those without. Participants with normal baseline levels of
resilience showed a greater decrease in stress than those with low levels,
while participants with normal to high levels of resilience showed less
incline in resilience and were more likely to show improvement in
burnout compared to those with low resilience levels. Participants
receiving concurrent mental health treatment showed less decline in
stress and were less likely to show improvement in burnout than those
not receiving treatment. Participants with clinically elevated levels of
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Table 3a
Unadjusted bivariate linear regression models of 8-week change scores in
perceived stress.

Perceived Stress Scale (PSS):
8-week Change Scores

Variables Estimates 95 % CI P-value

Use of WB-LIFE at least 4 of 8 weeks 0.55 -1.5,2.6 0.6

Age 0.11 0.04, 0.18 0.001
Race/ethnicity

Non-Hispanic White Reference level

Non-Hispanic Black —-4.0 —6.1, -1.9 <0.001

Other -1.4 -3.6,0.76 0.2

Sex at birth
Male Reference level
Female 1.3 -0.62, 3.1 0.2

Sexual orientation
Heterosexual Reference level
Not Heterosexual 1.4 -0.92, 3.6 0.2

Education level

High School Reference level

College degree 0.78 -1.9,3.5 0.6

Graduate or postgraduate degree —2.2 —5.0, 0.62 0.13

Some college or technical school 1.6 -1.5,4.8 0.3
Employment

Full Time Reference level

Not Employed 2.7 0.61, 4.8 0.012

Other 1.7 —0.93,4.3 0.2

Part Time 2.5 -0.27, 5.2 0.077

Marital status

Married/partnered/cohabiting Reference level
Divorced/separated/widowed 0.20 -2.9,3.3 0.9
Single -1.4 -3.3,0.44 0.13

Health insurance

No insurance/prefer not to answer Reference level
Government based insurance 4.3 1.7,7.0 0.001
Private insurance 3.8 1.2,6.3 0.004

BL stress symptoms

Low Reference level

Moderate -10 -13,-7.6 <0.001
High -15 —-18, —-12 <0.001
BL burnout —-2.5 —4.2, —0.75 0.005

BL resilience

Low Reference level
Normal -3.4 -5.1, -1.6 <0.001
High 1.1 —2.3,45 0.5

BL BL symptomatology
PHQ-8 and GAD-7 < 10 Reference level
PHQ-8 or GAD-7>10 -2.0 -3.7, —0.30 0.022

Concurrent mental health treatment
No Reference level
Yes 2.5 0.79, 4.2 0.004

PHQ-8 = Patient Health Questionnaire-8 item scale; GAD-7 = Generalized
Anxiety Disorder-7 item scale; BL = baseline.

Table 3b
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Unadjusted bivariate linear regressions of 8-week change scores in resilience.

Brief Resilience Scale (BRS):
8-week change scores

Predictors Estimates 95 % CI P-value

Use of WB-LIFE at least 4 of 8 weeks 0.14 —0.08, 0.36 0.2

Age 0.00 —-0.01, 0.01 0.8
Race/ethnicity

Non-Hispanic White Reference level

Non-Hispanic Black -0.27 —0.50, —0.04 0.021

Other 0.07 -0.17, 0.32 0.5
Sex at birth

Male Reference level

Female 0.20 0.00, 0.41 0.055
Sexual orientation

Heterosexual Reference level

Not Heterosexual 0.10 -0.15, 0.35 0.4
Education level

High school Reference level

College degree —0.22 —0.53, 0.09 0.2

Graduate or postgraduate degree —0.23 —0.55, 0.09 0.2

Some college or technical school —0.18 —0.55, 0.18 0.3
Employment

Full Time Reference level

Not Employed 0.14 -0.11, 0.39 0.3

Other —0.05 —-0.37,0.27 0.8

Part 0.06 -0.27, 0.39 0.7
Marital status

Married/partnered/cohabiting Reference level

Divorced/separated/widowed -0.10 —0.44, 0.24 0.6

Single —-0.10 —-0.31,0.11 0.3
Health insurance

No insurance/prefer not to answer Reference level

Government based insurance 0.32 0.00, 0.63 0.047

Private insurance 0.38 0.08, 0.68 0.013
BL stress symptoms

Low Reference level

Moderate 0.05 —0.28, 0.38 0.8

High -0.19 —0.58, 0.20 0.3

BL burnout 0.15 —0.04, 0.34 0.13
BL resilience

Low Reference level

Normal —-0.50 —0.68, —0.31 <0.001

High -0.73 -1.1, -0.37 <0.001
BL symptomatology

BL PHQS8 and GAD7 < 10 Reference level

BL PHQS8 or GAD7 > 10 0.15 —0.04, 0.33 0.13
Concurrent mental health treatment

No Reference level

Yes —-0.10 —0.29, 0.09 0.3

PHQ-8 = Patient Health Questionnaire-8 item scale; GAD-7 = Generalized

Anxiety Disorder-7 item scale; BL = baseline.
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Table 3c
Unadjusted bivariate logistic regressions of 8-week improvement in burnout.

Burnout:
No symptoms of burnout at 8 weeks

Predictors Odds Ratio 95 % CI p-value

Use of WB-LIFE at least 4 of 8 weeks 1.03 0.48, 2.20 >0.9

Age 0.98 0.96, 1.01 0.2
Race/ethnicity

Non-Hispanic White Reference level

Non-Hispanic Black 3.84 1.60, 10.1 0.004

Other 1.23 0.51, 2.94 0.6
Sex at birth

Male Reference level

Female 0.37 0.16, 0.81 0.015
Sexual orientation

Heterosexual Reference level

Not heterosexual 0.96 0.40, 2.30 >0.9
Education level

High school Reference level

College degree 1.13 0.39, 3.33 0.8

Graduate or postgraduate degree 2.70 0.92, 8.35 0.075

Some college or technical school 2.67 0.81, 9.31 0.11
Employment

Full time Reference level

Not employed 0.62 0.26, 1.42 0.3

Other 0.54 0.18, 1.61 0.3

Part 0.81 0.25, 2.76 0.7
Marital status

Married/partnered/cohabiting Reference level

Divorced/separated/widowed 0.77 0.23, 2.44 0.7

Single 1.54 0.74, 3.24 0.2
Health insurance

No insurance/prefer not to answer Reference level

Government-based insurance 0.37 0.12,1.03 0.064

Private insurance 0.34 0.12, 0.88 0.031
BL stress symptoms

Low Reference level

Moderate 0.87 0.24, 3.07 0.8

High 1.22 0.30, 4.90 0.8
Baseline burnout severity

3 Reference level

4 0.50 0.20, 1.23 0.14

5 1.26 0.59, 2.72 0.6
BL resilience

Low Reference level

Normal/high 6.48 3.05, 14.6 <0.001
BL Symptomatology

BL PHQ8 and GAD7 < 10 Reference level

BL PHQS8 or GAD7 > 10 0.71 0.33, 1.51 0.4
Concurrent mental health treatment

No Reference level

Yes 0.46 0.23, 0.91 0.028
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mood symptoms at baseline showed a significantly greater decrease in
stress than those without. No differences in change in resilience or
burnout were found between these groups.

3.6. Multiple linear regression model of 8-week change scores in stress,
resilience, and burnout

Stepwise linear and logistic regression models were estimated to
determine whether changes in stress (see Table 4a), resilience (see
Table 4b), and burnout (see Table 4c) vary by sociodemographic factors,
clinical characteristics, and clinical symptomatology at baseline.

To identify variables associated with change in stress, the following
variables were retained in the final change in stress model: age; sexual
orientation; education level; health insurance; baseline levels of stress,
burnout, and resilience; and concurrent mental health treatment
(F13,201 = 11.32, p < 0.001, R? = 39 %). Results indicate that age was
inversely associated with reduced stress such that a smaller reduction in
stress was observed with increasing age. The magnitude of the decrease
in stress also was increased among participants with burnout at baseline
than those without. A greater decrease in stress was seen among par-
ticipants with government-based insurance, moderate and high baseline
levels of stress, and normal levels of resilience compared to those
without insurance and with low levels of stress and resilience,
respectively.

The following variables were retained in the final change in resil-
ience model: age, baseline levels of stress and resilience, and concurrent

Table 4a
Multiple linear regression model of 8-week change in perceived stress.

Perceived Stress Scale (PSS):
8-week Change Scores

Characteristic Estimate 95 % CI P-value

Age 0.07 0.01, 0.13 0.023
Sexual orientation

Heterosexual Reference level

Not heterosexual 1.5 —0.43, 3.4 0.13
Education level

High school (grades 9-12) Reference level

College degree 0.73 -1.5, 3.0 0.5

Graduate or postgraduate degree -15 —3.9, 0.98 0.2

Some college or technical school 1.6 -0.99, 4.2 0.2
Health insurance

No insurance/prefer not to answer Reference level

Government based insurance -3 —5.8, —0.20 0.036

Private insurance -1.7 —4.2,0.93 0.2
BL stress symptoms

Low Reference level

Moderate -9.2 -12, -6.8 <0.001

High -13 -16, —-10 <0.001

BL burnout —-2.4 -3.9, -0.87 0.002
BL resilience

Low Reference level

Normal —-2.8 —4.4,-1.2 <0.001

High —-0.53 -3.5,2.4 0.7

Concurrent mental health treatment 1.4 -0.07, 2.8 0.062

PHQ-8 = Patient Health Questionnaire-8 item scale; GAD-7 = Generalized
Anxiety Disorder-7 item scale; BL = baseline.

PHQ-8 = Patient Health Questionnaire-8 item scale; GAD-7 = Generalized
Anxiety Disorder-7 item scale; BL = baseline.

Note: A stepwise regression approach was used to determine the final form of the
multiple regression model. Akaike Information Criterion (AIC) was used to
include (or exclude) variables from the model.
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Table 4b
Multiple linear regression model of 8-week change in resilience (BRS).

Brief Resilience Scale (BRS):
8-week change scores

Characteristic Estimate 95 % CI P-value

Age —-0.01 —0.01, 0.00 0.11
BL stress symptoms

Low Reference level

Moderate —0.04 —0.37,0.28 0.8

High -0.3 —0.68, 0.08 0.13
BL resilience

Low Reference level

High —0.78 -1.2, —0.39 <0.001

Normal —0.54 —0.74, —0.34 <0.001

Concurrent mental health treatment —0.17 —0.37, 0.02 0.084

PHQ-8 = Patient Health Questionnaire-8 item scale; GAD-7 = Generalized
Anxiety Disorder-7 item scale; BL = baseline.

Note: A stepwise regression approach was used to determine the final form of the
multiple regression model. Akaike Information Criterion (AIC) was used to
include (or exclude) variables from the model.

Table 4c
Multiple logistic regression model of 8-week change in burnout among those
with burnout at baseline.

Burnout:
Characteristic Odds ratio 95 % CI P-value
BL resilience
Low Reference level
Normal/high 5.67 2.60, 13.1 <0.001
Concurrent mental health treatment 0.48 0.22, 1.04 0.064

PHQ-8 = Patient Health Questionnaire-8 item scale; GAD-7 = Generalized
Anxiety Disorder-7 item scale; BL = baseline.

Note: A stepwise regression approach was used to determine the final form of the
multiple regression model. Akaike Information Criterion (AIC) was used to
include (or exclude) variables from the model.

mental health treatment (Fg 210 = 7.31, p < 0.001, R? = 15 %). Baseline
levels of resilience emerged as the only significant predictor of change in
resilience in the model: compared to participants with low levels of
resilience at baseline, those with normal and high levels showed less
increase in resilience across the study period as compared to those with
low baseline levels.

Resilience levels at baseline and concurrent mental health treatment
comprised the final model to identify factors associated with change in
burnout. In assessing model fit, the difference in the null and model
deviance is 25.67 (179.45-153.77) with 129 and 127 degrees of
freedom, respectively. The corresponding p-value, based on the Chi-
Square test, is <0.001. The percent of variance explained is 14 %. Re-
sults reveal that participants with normal to high levels of resilience
were more likely to show improvement in burnout over the study period
compared to those with low levels.

4. Discussion
4.1. Principal findings

In this single-arm exploratory trial of WB-LIFE, we sought to assess
the magnitude of change in perceived stress, burnout, and resilience

over an 8-week study period as well as explore potential relationships
between demographic and clinical characteristics and change in each
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outcome. Exposure to WB-LIFE was associated with significant re-
ductions in perceived stress and burnout and significantly increased
resilience over the 8-week study period. A greater reduction in stress was
observed among those with clinically elevated mood symptoms (i.e.,
PHQ-8 or GAD-7 scores >10) at baseline compared to those without
clinically elevated symptoms; however, differences in the improvement
in resilience scores and burnout between the two groups were not sta-
tistically significant. While the magnitude of change in stress varied for
those with and without clinically elevated mood symptoms at baseline,
significant improvements in stress, burnout, and resilience over the 8-
week study period were observed for both groups.

Baseline levels of stress, burnout, and resilience were generally
associated with the magnitude of 8-week changes in those measures.
These findings are consistent with expectations given that greater ab-
solute scores at baseline offer more room for change than smaller scores.
Interestingly, participants reporting concurrent mental health treatment
experienced smaller reductions in stress and reduced likelihood of
showing improvement in burnout than those not reporting concurrent
mental health treatment. One potential explanation for these findings is
that those receiving concurrent mental health treatment could be doing
so for a condition or concerns that are weakly related to the outcomes of
this analysis.

Despite the identification of several significant demographic char-
acteristics in the bivariate analyses, most of the significance was not
retained in the multiple regression models that adjusted for baseline
levels of each outcome. Baseline resilience was the only factor associated
with changes in each of the outcomes in both the bivariate and multi-
variate analyses, consistent with research showing that resilience is
negatively correlated with psychological distress and positively corre-
lated with indicators of psychological well-being (Hu et al., 2015). That
most of the characteristics found to be significantly associated with the
outcomes in the bivariate analysis were not significant in the multi-
variate analyses that controlled for baseline levels of the outcomes
suggests that the benefits of WB-LIFE may extend broadly to those across
different demographic subgroups.

Results of this study add to the nascent and growing body of
empirical research investigating the impact of mental health relational
agents on psychological well-being. Our results are consistent with those
of previous studies demonstrating support for mental health conversa-
tional agents to reduce stress and depression symptoms in both clinical
and non-clinical samples (Abd-Alrazaq et al., 2020). To date, no studies
of which we are aware have investigated the impact of mental health
conversational agents on burnout or resilience.

4.2. Limitations

Results of this study must be considered in light of several limita-
tions. First, due to its observational design and lack of a control group,
causal links between changes in stress, burnout, and resilience, and the
intervention cannot be inferred. A randomized controlled trial should be
conducted to determine efficacy in improving these outcomes. Second,
the extent to which the statistically significant improvements in the
outcomes are clinically meaningful is unknown. To our knowledge,
there are no accepted minimal clinically important differences (MCIDs),
or magnitudes of change that are meaningful to individuals, for the PSS-
10 (measuring perceived stress), BRS (measuring resilience), or the
single-item burnout measure evaluated in our study. Third, while our
sample was relatively diverse for a naturalistic sample, it was dispro-
portionately female and well-educated, with 69 % having college or
advanced degrees. Additional studies with more representative samples
are warranted to ensure generalizability. Fourth, we did not find a sig-
nificant association between the dichotomous indicator of app utiliza-
tion (i.e., use during 4 of 8 weeks) and any of the outcomes examined in
adjusted models. Additional analyses including more fine-grained uti-
lization and additional engagement variables would permit us to
determine if the null finding may be the result of the crude measure used
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in the current study or if perhaps there is no linear relationship that
would be captured in analytic models. Finally, this study examined
symptom changes over an 8-week intervention period and did not
examine durability of observed changes. In future research, we plan to
follow participants beyond the intervention period to investigate longer
term outcomes.

5. Conclusion

Results of this single-arm, exploratory study suggest that WB-LIFE, a
relational agent-guided mental health intervention, may be associated
with reduced stress and burnout and increased resilience in populations
presenting with clinical and non-clinical levels of mood and anxiety
symptoms. Response to such interventions irrespective of baseline
clinical symptomatology or baseline demographic or clinical charac-
teristics suggests that delivery to a broad population may be most
beneficial to public health. Hypothesis-testing studies are warranted to
draw conclusions about efficacy.
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