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ARTICLE INFO ABSTRACT
Keywords: Background: Highly accessible and scalable, digital mental health interventions can reduce barriers associated
Digital mental health intervention with traditional treatment. Woebot for Substance Use Disorders (W-SUD) is a smartphone application in

Artificial intelligence

development that uses Woebot, a guided self-help relational agent intended to offer support to track and reduce
Substance-related disorders

; . problematic substance use. Two formative studies supported W-SUD's feasibility, acceptability, and efficacy to

Randomized controlled trial

Relational conversational agent reduce substance use at end-of-treatment (EOT).

Mobile health Objectives: In a randomized trial with a 1-month post-treatment follow-up, we aimed to evaluate W-SUD's efficacy

Alcohol in reducing substance use occasions relative to a psychoeducational control.
Methods: U.S. adults (N = 258) with problematic substance use (CAGE-AID>2) were recruited online and ran-
domized to W-SUD or an email-delivered psychoeducational control. Primary and secondary outcomes were
change in past-month substance use occasions from baseline to 8-weeks EOT and baseline to 1-month follow-up,
respectively.
Resuits: The analytic sample (N = 202; 107 = W-SUD; 95 = psychoeducation) averaged 38.3 years of age (SD =
10.4) and was 53.5% (108/202) female and 71.3% (144/202) White. At baseline, participants averaged 33.1 (SD
= 18.3) past-month substance use occasions with problematic substance use reported as alcohol (73.3%, 148/
202), cannabis (30.7%, 62/202), stimulants (17.3%, 35/202), and cocaine (12.4%, 25/202). Anxiety (32.7%,
66/202) or depression (23.3%, 47/202) co-occurred. W-SUD participants sent a median of 322.5 (interquartile
range: 59.8, 924.0) in-app messages during the intervention. There was no significant treatment effect on the
primary (beta = —0.675, p = 0.741; 95%CI = -4.96-3.49) or secondary outcomes. Baseline to EOT within-group
change in past-month substance use occasions were —13.6 (SD = 15.4, d = —0.879) and —12.9 (SD = 15.3,d =
—0.847) for the W-SUD and psychoeducation conditions, respectively, indicating moderate to large changes in
both, which was sustained at 1-month follow-up. Decreases in substance use occasions significantly correlated
with decreases in anxiety and depression and with greater treatment satisfaction in both groups. There were no
serious adverse events.
Conclusions: Participants in both conditions reported significant improvements in primary and secondary out-
comes at EOT and 1-month post-treatment, with no statistically significant difference in improvement between
conditions.
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Abbreviations

ANOVA Analysis of Variance statistical test to analyze differences
between multiple group means

BSCQ Brief Situational Confidence Questionnaire

CAGE-AID Measure of problematic substance use; CAGE is an acronym
from main parts of the four questions that comprise the
measure (Cut down, Annoyed, Guilty, Eye-opener); AID refers
to Adapted to Include Drugs, as the original CAGE assessed
alcohol use

CSQ-8  Client Satisfaction Questionnaire — 8 questions

DAST-10 Drug Abuse Screening Test — 10 questions

DSMB  Data Safety Monitoring Board

EOT End-of-treatment

GAD-7  Generalized Anxiety Disorder — 7 questions
NIDA National Institute on Drug Abuse

PHQ-8 Patient Health Questionnaire — 8 questions
SIP-AD  Short Inventory of Problems — Alcohol and Drugs
SPS-6 Stanford Presenteeism Scale — 6 questions

SUDs Substance Use Disorders

URP-I User Rating Profile — Intervention

Us United States
WAI-SR  Working Alliance Inventory — Short Revised
W-SUD  Woebot for Substance Use Disorders

1. Introduction

Substance use disorders (SUDs) are a pervasive and global public
health concern (Grodniewicz & Hohol, 2023; Rehm & Shield, 2019;
Steel et al., 2014; Xiong et al., 2020). According to the 2023 National
Survey on Drug Use and Health, 48.46 million people in the U.S. met
criteria for a SUD in the past year: 28.86 million for alcohol use disorder,
27.15 million for a drug use disorder, and 7.55 million for both; yet, just
over 1 in 4 (26.38%) had received treatment (Substance Abuse and
Mental Health Services Administration & Center for Behavioral Health
Statistics and Quality, 2024). Reaching and engaging people in SUD
treatment requires the development of broadly accessible, affordable,
and high-quality evidence-based programs (Grodniewicz & Hohol,
2023; Patel et al., 2018).

The 2016 U.S. Surgeon General report on “Facing Addiction in
America” called for enhanced public education to improve awareness
about substance use problems and improved access to evidence-based
treatment services (U.S. Department of Health and Human Services
(HHS) & Office of the Surgeon General, 2016). The report identified the
many potential advantages of technology-based interventions for
treating SUDs, including increased access in underserved areas; reduced
costs; offsetting time demands of service providers, thereby enabling
them to care for more patients; providing alternatives for people hesitant
to engage in traditional in-person treatment; and systematic delivery of
treatments as designed. Many health care providers remain reluctant to
address addiction in their practice, citing institutional barriers (e.g., lack
of support, insufficient resources, competing demands), insufficient
training, and fear of harming clinical rapport (Campopiano von Klimo
et al., 2024; Magnan et al., 2024).

Digital mental health interventions (DMHIs) are tools and resources
that utilize digital technologies to address mental health concerns.
DMHIs range from self-guided applications to programs augmented with
structured receipt of human-delivered professional support. DMHIs have
tremendous potential as a scalable modality to address SUDs. DMHIs can
reduce barriers associated with traditional treatment, and an expanding
evidence base supports DMHIs for the treatment of a variety of mental
health conditions (Andrews et al., 2018; Bower et al., 2013; Firth, Tor-
ous, Nicholas, Carney, Pratap, et al., 2017; Firth, Torous, Nicholas,
Carney, Rosenbaum, & Sarris, 2017; Linardon et al., 2019; Sawyer-
Morris et al., 2024; Wright et al., 2019), including SUDs (Boumparis
et al., 2019; Maricich, Gerwien, et al., 2021; Maricich et al., 2022;
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Maricich, Xiong, et al., 2021; Prochaska, Vogel, Chieng, Baiocchi, et al.,
2021; Prochaska, Vogel, Chieng, Kendra, et al., 2021; Sawyer-Morris
et al.,, 2024; Xiong et al., 2023). Recently reported findings indicate that
DMHIs for SUDs are associated with significantly reduced healthcare
costs and acute care resource utilization (Sawyer-Morris et al., 2024;
Shah et al., 2022; Velez et al., 2022; Velez, Colman, et al., 2021; Velez,
Ruetsch, & Maricich, 2021). Despite their notable benefits, people do
not consistently engage with DMHIs and when they do, clinical out-
comes do not always improve as expected (Donkin et al., 2011). For
example, while some research linked greater DMHI engagement to
improved SUD clinical outcomes (Bakker & Rickard, 2018; Garnett
et al., 2018), other studies reported opposite findings, associations that
vary by engagement cluster type (Graham et al., 2021; Hoffman et al.,
2023; Yardley et al., 2016), or no significant relationship at all (Graham
et al., 2020; Graham et al., 2021).

Engagement remains one of the central challenges in digital mental
health, with most apps losing the majority of their users within days of
installation (Baumel et al., 2019; Torous et al., 2018). Yet meta-analytic
evidence suggests that conversational, text-based agents may buck this
trend by increasing both engagement and enjoyment (Vaidyam et al.,
2019). Animated, screen-based relational agents can provide in-the-
moment support and deliver treatment in ways modeled after the core
principles of effective human counseling, including rapport-building,
trust, and therapeutic alliance (Bickmore & Gruber, 2010). Research
suggests people may actually be more willing to disclose personal in-
formation when they believe they are interacting with a computer rather
than a human observer (Lucas et al., 2014). A strong therapeutic alli-
ance, it turns out, does not require face-to-face contact; it can develop
through in-app interactions and conversational agents alike (Beatty
et al., 2022; Darcy et al., 2021). Early research also indicates that text-
based delivery tends to produce stronger program adherence than ver-
bal presentation (Tielman et al., 2017).

The current evaluation is the third in a series of studies investigating
Woebot for Substance Use Disorders (W-SUD) for evidence based
treatment (Prochaska, Vogel, Chieng, Baiocchi, et al., 2021; Prochaska,
Vogel, Chieng, Kendra, et al., 2021). W-SUD is a smartphone-based 8-
week DMHI that encourages mood tracking, provides behavioral
pattern insight, and guides users through behavior change tools rooted
in cognitive behavioral therapy (CBT) techniques (Fig. 1 shows screen-
shots of the W-SUD app). To deliver these interventional tools, W-SUD
utilizes a guided self-help relational agent (“Woebot”) that is intended to
present to users a friendly, helpful, self-help ally that is explicitly not a
human or a therapist. W-SUD was previously evaluated in a single-arm
pilot study followed by a two-arm randomized controlled trial (RCT)
comparing the efficacy of W-SUD relative to a waitlist control condition
(Prochaska, Vogel, Chieng, Baiocchi, et al., 2021; Prochaska, Vogel,
Chieng, Kendra, et al., 2021). W-SUD was found to be feasible, accept-
able, engaging, and associated with significant reductions in past-month
substance use occasions and with improvement in other substance use
related outcomes. Depression and anxiety symptoms among W-SUD
users significantly declined. Relative to participants randomized to a
waitlist control, participants receiving W-SUD reported significantly
reduced past-month substance use occasions.

A systematic review found that most online interventions targeting
problematic substance use produced significant short-term improve-
ment on at least one measure of problematic substance use (Xiong et al.,
2020). Longer-term follow-up evaluations are needed and with attention
to multiple outcomes of interest including substance use, substance use
problems and productivity effects, and factors associated with relapse (e.
g., ongoing cravings and urges to use). The current two-arm RCT sought
to expand on prior evidence by examining the efficacy of W-SUD relative
to an attention control condition (email-delivered psychoeducation) and
by evaluating the sustainability of treatment effects at 1-month post-
treatment (Prochaska et al., 2023).

Psychoeducation, or providing information and education on mental
health (Magill et al., 2021), is an established control condition in
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Fig. 1. Sample screen shots of W-SUD.

substance use treatment research (Brendryen & Kraft, 2008; Chiauzzi
et al., 2005; Collins et al., 2002; Deady et al., 2016; Doumas et al., 2009;
Doumas & Haustveit, 2008; Lau-Barraco & Dunn, 2008; Mullins et al.,
2004; Naughton et al., 2012; Parsons et al., 2014; Schaub et al., 2012;
Stein et al., 2018; Ybarra et al., 2013). With variability, the impact of
psychoeducational controls on substance use outcomes appears to be
negligible (Cohen's d / hedges' g < 0.2) to moderate (Cohen's d / hedges'
g > 0.5 to <0.8) at primary endpoint assessments (Batterham et al.,
2018; Deady et al., 2016; Doumas et al., 2009; Doumas & Haustveit,
2008; Lau-Barraco & Dunn, 2008), with some studies reporting
continued improvements at follow-up (Batterham et al., 2018; Deady
et al., 2016; Schaub et al., 2012).

Building upon and extending our prior evaluations, we hypothesized
that U.S. adults recruited online and reporting problematic substance
use who were randomized to W-SUD for 8 weeks of treatment would
significantly reduce their substance use by the end of treatment (EOT)
and sustain this reduction out to 1-month follow-up. The primary
measure was reduction in substance use occasions as described in prior
studies (Prochaska, Vogel, Chieng, Baiocchi, et al., 2021; Prochaska,
Vogel, Chieng, Kendra, et al., 2021). We further hypothesized that re-
ductions observed with W-SUD treatment would outperform the effects
of emailed psychoeducational materials sent for 8 weeks.

2. Materials and methods
2.1. Study design and procedures

In a 2-group randomized controlled trial described in detail previ-
ously (Prochaska et al., 2023), we evaluated W-SUD relative to a psy-
choeducation control condition. Both study conditions were 8 weeks in
duration, with access to intervention content discontinued after week 8
to permit a 1-month follow-up evaluation post-EOT. To prevent partic-
ipant bias or differential attrition, each randomized participant received
a private link to a page that described their group assignment without
identifying it as the experimental or comparison condition. At study end
(week 12), participants received a full description of the two groups.

Follow-up assessments were at 8 weeks (EOT) and 12 weeks (1-
month follow-up). The primary outcome was the change from baseline
to EOT in the past-month number of substance use occasions, summed
across all substances (i.e., response at EOT minus response at baseline).

Substance use occasions is the sum of the reported days of use, over the
past 30 days, across substances. A secondary outcome was the change in
substance use occasions from baseline to 1-month follow-up. Additional
secondary outcomes were changes (baseline to EOT and baseline to 1-
month follow-up) in: the percent of days abstinent from all substances,
number of heavy drinking days, substance use problems, thoughts about
abstinence, craving intensity, situational confidence to resist substance
use urges, mood symptoms (depression, anxiety), and work productiv-
ity. Acceptability was assessed within the W-SUD program and in the
EOT survey. Engagement data were collected for both conditions.
Stanford Medicine's Institutional Review Board approved study pro-
cedures (protocol 58725).

The trial was fully remote. Decentralized clinical trials have grown in
popularity over the past decade, accelerated by the Covid-19 pandemic
(McCarthy et al., 2024; Petrini et al., 2022; Van Norman, 2021).
Decentralized clinical trials offer several advantages, including
increasing accessibility, sample diversity, and representativeness, while
reducing participant burden and enhancing operational flexibility
(Guest et al., 2021; McCarthy et al., 2024; Mitchell et al., 2020; Petrini
et al., 2022; Teitcher et al., 2015; Underhill et al., 2024; Van Norman,
2021). However, methodological challenges, such as fraudulent efforts
at enrollment and participation solely for research compensation, pose a
threat to data quality and validity (Guest et al., 2021; Mitchell et al.,
20205 Teitcher et al., 2015). Our trial undertook a number of proactive
steps at recruitment and screening and reactive steps as needed post-
randomization to mitigate fraudulent efforts to participate, described
elsewhere (Moore et al., 2025) and detailed in the study's Consort dia-
gram (Fig. 2).

2.2. Study conditions

2.2.1. W-SUD

W-SUD is an investigational use only DMHI utilizing Woebot, a
guided self-help relational agent intended to offer support to track and
reduce problematic substance use. W-SUD is accessible via its own
native applications on iPhone and Android smartphones (Prochaska,
Vogel, Chieng, Kendra, et al., 2021). Within W-SUD, Woebot is presented
as a friendly, helpful character that is explicitly not a human, nor a
therapist, but rather a guided self-help ally. Each text-based conversa-
tion with Woebot is crafted to users' reported concerns, moods, and/or
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Fig. 2. Study CONSORT Diagram.

readiness to regulate their behaviors and emotions and use skills for
change in the moment. Woebot delivers empathetic responses tailored to
user-reported elements and offers to guide them through the in-vivo
practice and application of a wide array of psychotherapeutic tools for
change including cognitive techniques (e.g., thought challenging),
mindfulness exercises, gratitude journaling, and mood tracking. Such
techniques are primarily derived from cognitive behavioral therapy and
include infused elements from motivational interviewing and dialectical
behavior therapy. Through push notifications, W-SUD invites daily
check-ins. W-SUD includes mood and substance use craving tracking,
psychoeducational lessons on substance use (e.g., substance use impacts
upon the brain, sleep, and mood; coping with cravings), and behavior
change and emotion management skills derived from principles of psy-
chotherapy. Outside of push-notifications designed to prompt optional
daily check-ins, app usage is completely self-determined, and partici-
pants randomized to the intervention arm could access W-SUD at any
time for the first 8 weeks of the study. The app collects counts of active
days, messages sent and received, tools and stories started and
completed, moods logged, and craving ratings entered.

W-SUD's onboarding explains the product's intended use, how data
are treated, and service limitations that emphasize that W-SUD is not a
crisis service. If crisis language is detected via the app's natural language
processing algorithms, and the user confirms, W-SUD offers helpline
resources (e.g., 9-1-1, suicide crisis hotlines), which also are readily
available within the app navigation.

2.2.2. Email-delivered psychoeducational control

A psychoeducational control condition was created with information
on: (a) alcohol-specific topics; (b) drug-specific topics; (c) general
addiction topics; and (d) statistics relating to alcohol and substance use.
The information came from the National Institute on Drug Abuse, Na-
tional Institute on Alcohol Abuse and Alcoholism, and the Centers for
Disease Control and Prevention. Psychoeducation is commonly provided
to people with substance use problems and is intended to increase
knowledge of their substances of use, including effects on the body and
mind, and consequences (Magill et al., 2021). Once a week, by email,
participants received a link to open a factsheet on REDCap Cloud, a
secure survey platform. The link was active throughout the 8-week study

period. To determine receipt, participants who opened the factsheets
were asked to confirm they had finished reading by pressing the submit
button at the bottom of the webpage.

2.3. Sample recruitment, randomization, & retention

U.S. adult residents (aged 18-65) concerned about their substance
use were recruited online. Inclusion criteria were any alcohol or drug
use in the past 30-days, endorsing two or more items on the CAGE-AID,
owning a WiFi- or data-enabled smartphone, English literacy, and being
available to participate for the duration of the 12-week study. An upper
age limit of 65 years was set due to interest in assessing treatment effects
on work productivity. Study exclusion criteria were prior Woebot use,
current or anticipated pregnancy during the study period, tobacco use as
the sole substance of concern, history of severe alcohol or drug-related
medical problems (e.g., delirium tremens, seizure, liver disease,
gastrointestinal bleeding, hallucinations), history of opioid overdose
requiring Narcan (naloxone), current opioid misuse without medication-
assisted treatment, and past-year attempted suicide. The latter four ex-
clusions were for risk management considerations as W-SUD is not a
crisis service and does not detect or treat medical emergencies. SUD
treatment referrals were provided to ineligible individuals. Co-occurring
psychiatric disorders were not an exclusion.

The effect size for the primary outcome of substance use occasions at
EOT in a previous randomized controlled trial with a waitlist compari-
son was Cohen's d = 0.36 (Vogel et al., 2021). In the current trial, with
an active comparator, we anticipated a slightly smaller effect (Cohen's d
= 0.32). Based on power calculations with a two-sided rejection region,
alpha level of 0.05, power of 80%, projected effect size of Cohen's d =
0.32 at EOT, and 20% attrition, the target sample size was N = 194 per
group or about 400 total participants.

REDCap Cloud, a secure survey and database web-application, was
used for web-based screening, collecting Part 11 compliant consent,
randomization, and study assessments. Recruitment campaigns pro-
moted the study via paid ads on social media (i.e., Instagram, Facebook);
however, the effort attracted a high volume of fraudulent efforts to
participate (Moore et al., 2025). Hence, we pivoted recruitment to
Qualtrics Research Services survey panels and utilized Qualtrics' secure
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survey platform for web-based screening only. Detection of fraudulent
efforts continued post-randomization and included checking for incon-
sistency in birthdates provided over time, multiple screening attempts
and duplicate enrollment, prior Woebot use, and registering on the W-
SUD app though assigned to the psychoeducation group (i.e., likely a
duplicate enrollment).

Randomization followed completion of the baseline assessment using
permuted blocks (Broglio, 2018) programmed into REDCap Cloud based
on CAGE-AID scores (2, 3, 4) and prior therapy experience (yes/no). The
allocation ratio was 1:1, and each block size had a minimum of 4 and
maximum of 6. Participants provided their phone numbers and received
compensation up to US$100 for assessment completion (US$25 e-gift
cards per assessment, excluding screening) to maximize study retention.
A prior randomized trial of W-SUD utilizing similar strategies had 84%
retention at EOT (Prochaska, Vogel, Chieng, Baiocchi, et al., 2021).

2.4. Assessments

Participants completed demographic, substance use, and mental
health measures at screening and baseline; substance use and mental
health measures again at EOT and 1-month post-EOT follow-up; and W-
SUD feasibility and acceptability measures at EOT. Research staff
tracked serious adverse events at EOT and 1-month follow-up, and
collected W-SUD app usage data and factsheet “viewed” receipts
throughout the 8-week intervention period (Prochaska et al., 2023).

2.4.1. Demographic characteristics
Included age; gender identity; sexual orientation; race and ethnicity;
education, and marital, employment, disability, and insurance statuses.

2.4.2. Substance use measures

Included frequency of use, quantity of use for alcohol, problematic
substance(s), substance use problems or consequences, craving and
confidence to resist urges, and thoughts about abstinence.

The primary outcome of interest was substance use occasions re-
ported for the past 30 days. Substances assessed were alcohol, cannabis,
cocaine, prescription stimulants, methamphetamine, inhalants, seda-
tives, hallucinogens, street opioids, and prescription opioids. To capture
the different substances used, days of reported alcohol use and days of
use for each assessed drug was summed to reflect past-month substance
use occasions. Past-month substance use occasions could exceed 30 if
multiple substances were used in a day. This measure proved sensitive to
treatment effects in earlier studies of W-SUD (Prochaska, Vogel, Chieng,
Baiocchi, et al., 2021; Prochaska, Vogel, Chieng, Kendra, et al., 2021).
For the current study, past 30-day tobacco use also was assessed, though
not included in the calculation of substance use occasions, because W-
SUD was not designed to target tobacco use.

A secondary measure of past 30-day substance use occasions was
limited to one's self-reported problematic substance(s), identified as
their primary, secondary, or tertiary problematic substance (other than
tobacco). Days of heavy drinking and average drinks per week were
measured using the Quick Drinking Screen (QDS) (Sobell et al., 2003).
The QDS defines heavy drinking as having 5 or more standard drinks (for
men) or 4 or more standard drinks (for women). Average drinks per
week was calculated as the product of the responses to average drinks
per day and the average days of drinking per week.

Substance use problems were measured using the 15-item Short In-
ventory of Problems—Alcohol and Drugs (SIP-AD) (possible range
0-45), which assesses substance use problems in the past 30 days
(Blanchard et al., 2003). The 10-item Drug Abuse Screening Test-10
(DAST-10) (possible range 0-10) (Skinner, 1982) assessed drug-
related consequences in the past 30 days, excluding alcohol and to-
bacco. A total score of 3 or more on the DAST-10 indicates significant
drug abuse problems. The DAST-10 item concerning drug-related med-
ical problems was a screening exclusion criterion; hence, the sample's
total possible range at baseline was 0-9. Additionally, participants'
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perceptions of the effects of substance use on their work productivity in
the past 2 weeks was measured using the Stanford Presenteeism Scale
(SPS-6) (Koopman et al., 2002), a 6-item scale with response options
ranging from strongly disagree (1) to strongly agree (6).

Craving of substances was assessed with a single item asking, “In the
past 7 days, how much were you bothered by cravings or urges to drink
alcohol or use drugs?” with response options of not at all (0), a little bit
(1), moderately (2), quite a bit (3), and extremely (4). Confidence to
resist the urge to use was measured using the Brief Situational Confi-
dence Questionnaire (BSCQ) (Breslin et al., 2000), a state-dependent
measure. The BSCQ assesses self-confidence to resist the urge “right
now” to drink heavily (self-defined) or use drugs in different situations.
Self-confidence is reported on visual analog scales (100-mm lines)
anchored from 0% “not at all confident” to 100% “totally confident.”

Thoughts about abstinence (TAA) were measured with 3 continuous
items all with possible range of 1-10: the desire to abstain from all
substances, the expectation of successfully achieving abstinence, and the
perceived difficulty of avoiding relapse (Hall et al., 1990).

Engagement in mental health or substance use treatment was
assessed for the past 2 months at the end-of-treatment and for the past
30 days at baseline and the 1-month follow-up. Forms of treatment
included: self-help groups/meetings (AA/NA/12 Step); outpatient ser-
vices (group or individual); intensive outpatient or partial hospitaliza-
tion; residential/inpatient (e.g. hospital program, inpatient
detoxification); or other. Follow up questions assessed the extent of
attention to substances (from O = none at all to 10 = great extent);
duration of treatment; medication use to help with reducing substance
use (e.g. Antabuse, naltrexone, buprenorphine/Suboxone, methadone);
and treatment satisfaction.

2.4.3. Mental health measures

Included diagnoses, treatment history, and active symptomatology.
Ten lifetime psychiatric diagnoses were assessed plus a write-in option
for others. A single item assessed current use of prescribed medications
for a psychiatric diagnosis. Prior therapy engagement was asked as
“have you ever been seen by a therapist for mental health or substance
use concerns?” with affirmative responses leading to additional ques-
tions about treatment type. Depression was measured using the 8-item
Patient Health Questionnaire (PHQ-8) (Kroenke et al., 2009). Anxiety
was measured using the 7-item Generalized Anxiety Disorder (GAD-7)
(Spitzer et al., 2006).

2.4.4. Feasibility and acceptability

Were assessed with the Usage Rating Profile-Intervention (URP—I)
Feasibility (6 items) and Acceptability (6 items) scales (Briesch et al.,
2013), the 8-item Client Satisfaction Questionnaire (CSQ-8) (Larsen
etal., 1979), and the 12-item Working Alliance Inventory-Short Revised
(WAI-SR) (Hatcher & Gillaspy, 2006). Higher scores indicate greater
feasibility and acceptability and a better therapeutic alliance. The WAI-
SR consists of three 4-item subscales, with 5-point rating scales, that
reflect development in treatment of an affective bond and level of
agreement with treatment goals and treatment tasks. URP-I item
response options range from strongly disagree to strongly agree; the
items are summed for a total score within each scale, with one feasibility
item reverse coded. The CSQ-8 items have 4-point rating scales with
response descriptors that vary (internal consistency >0.90); the total
sum score ranges from 8 to 32, with higher total scores indicating higher
satisfaction.

2.4.5. Serious adverse events

Occurring since study start were assessed for hospitalization related
to substance use, suicide attempt, alcohol or drug overdose, and severe
withdrawal (e.g., delirium tremens).

2.4.6. Measures of treatment engagement
Were collected for both study conditions. Participants' W-SUD use,
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including days of use and number of messages sent, were collected via
the app, as were module completion rates, lesson acceptability ratings
indicated on a binary scale (i.e., a “thumbs up” or “thumbs down”
emoticon), and mood impact after tools utilization (i.e., feeling “same”,
“better”, or “worse” after completion). For each day of the intervention,
the participant was considered “active” if they exchanged one or more
messages on the app that day. Additionally, W-SUD assessed mood and
cravings or urges to use. Current emotional states were reported through
emoji selection with a default menu of 19 total moods including options
for negative (angry, sad, anxious), positive (happy, content), and
average mood (okay), with additional functionality to type in free text
emotion words and/or self-selected emoji expressions. Cravings were
assessed via the W-SUD app as: not at all (0), a little bit (1), moderately
(2), quite a bit (3), or extremely (4). In the psychoeducational control
condition, treatment engagement was determined by participants' but-
ton clicks to affirm reading the online factsheets.

2.5. Statistical analyses

2.5.1. Participant Retention and Sample Description

Detection of ongoing fraudulent concerns led to removal of some
participants post-randomization. Threats to the equating of conditions
via randomization were evaluated by testing baseline characteristic
differences by group. Specifically, we characterized the magnitude of
imbalance between groups on each covariate using the standardized
mean difference (SMD). The SMD is most commonly used as a balance
diagnostic in propensity score-matched observational samples but can
also be applied to assess balance in a randomized trial setting (Austin,
2009; Stuart et al., 2013). An SMD above 0.1 is often considered an
indicator for meaningful covariate imbalance, though higher thresholds
can be tolerated if the imbalanced covariates are adjusted for in the
analysis. Note that imbalance on prognostically relevant covariates is
more important to address in analysis (e.g., through covariate adjust-
ment) than imbalance on covariates that are not prognostic of the
outcome (Ho et al., 2007).

2.5.2. Primary outcome analysis

The primary analysis compared the change in the number of sub-
stance use occasions from baseline to EOT between the W-SUD inter-
vention group and the psychoeducational control group. To estimate the
average treatment effect on the primary outcome, we fit a weighted
linear regression model of substance use change score against group
assignment, adjusting for a subset of observed covariates determined
through a stepwise selection procedure. Because the outcome measure
necessitated both baseline and EOT data, we used an intent-to-treat
approach including only the subsample of participants retained, where
retention was defined as remaining in the study (not withdrawing) and
completing the 8-week survey. Among those deemed nonfraudulent,
retention was >91% at each follow-up assessment. To account for dif-
ferential dropout of participants, data were weighted by the inverse
estimated probability of retention. Missing items within multi-item
scales were imputed using the mean of non-missing items. Further de-
tails on the regression models (e.g., methods for variable selection,
weight stabilization, and confidence interval estimation) and on
handling of missing data can be found in Supplement A.1 and A.2.

In addition to comparing substance use change scores between
groups, we estimated within-group Cohen's d effect sizes, calculated as
the mean of the within-group substance use change scores divided by the
within-group standard deviation in change scores. Lastly, we estimated
pairwise Pearson correlations between the primary outcome change
score and the change scores for confidence (BSCQ), depression (PHQ-8),
anxiety (GAD-7), and work productivity (SPS-6).

2.5.3. Secondary outcome analysis
We estimated within-group effect sizes and treatment effects for all
secondary outcomes using the same methods described above. When
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fitting the linear regression model, whichever outcome measure was
being entered as the dependent variable was excluded from the set of
possible covariates to include as independent variables. For secondary
outcomes that had missing values due to branching logic (DAST-10, SPS-
6, QDS), participants with missing values for the outcome were excluded
(i.e., a complete-case analysis was performed). Otherwise, missing data
were handled as described above and in Supplement A.2. To account for
multiple hypothesis testing across secondary outcomes, we adjusted p-
values using the Benjamini-Hochberg procedure, which controls for
false discovery rate (Benjamini & Hochberg, 1995).

2.5.4. Exploratory analyses

In an exploratory subgroup analysis, we examined subgroups defined
by the following variables: gender (man vs. woman or other), race
(White vs. non-White), ethnicity (Hispanic/Latinx vs. not Hispanic/
Latinx), primary substance (alcohol vs. not alcohol), prior therapy
experience (never vs. formerly vs. currently), online screening platform
(REDCap vs. Qualtrics), age (below vs. above median), past 30-day to-
bacco use (no vs. yes), baseline substance use occasions (below vs. above
median), CAGE-AID (2 vs. 3 vs. 4), PHQ (<10 vs. > 10), GAD (<10 vs. >
10), DAST-10 (<3 vs. > 3), BSCQ (below vs. above median), SIPAD
(below vs. above median), QDS Days of Heavy Drinking (below vs.
above median), QDS-Average Drinks Per Week (below vs. above me-
dian), TAA-Goal (fully quit vs. other goal), Cravings (below vs. above
median), prior diagnosis of mental health condition (no vs. yes), and
CSQ (high = 31-32 vs. medium = 26-30 vs. low = 8-25). Gender, race,
ethnicity, primary substance, and prior therapy experience were pre-
registered moderators in the trial protocol.

To examine whether treatment effects for the primary outcome
differed across subgroups, we used the same regression model-fitting
procedure described above but included binary subgroup label(s) and
interaction(s) between group assignment and subgroup label(s) as in-
dependent variables. Details on how treatment effect estimates were
extracted from the fitted coefficients can be found in Supplement A.3.

Additionally, we assessed whether changes in substance use were
associated with self-reported engagement in additional SUD treatment
services external to the trial. Specifically, within each trial arm, we
calculated the Spearman correlation between the change in the number
of substance use occasions from baseline to EOT and whether the
participant reported past two-month engagement in SUD treatment
services at EOT. We also calculated the correlation between baseline to
1-month follow-up substance use change and whether the participant
reported past 30-day engagement in SUD treatment services at follow-
up. Finally, we calculated the correlation between the EOT and 1-
month follow-up substance use change and whether the participant re-
ported past 30-day engagement in SUD treatment services at follow-up.

2.5.5. Satisfaction, acceptability/feasibility, alliance, and engagement
analyses

We used Kendall's tau rank correlation coefficient to measure the
correlation between substance use change scores and satisfaction,
acceptability, feasibility, and therapeutic alliance scores. Additionally,
we ran descriptive analyses for engagement-related data in both the W-
SUD and psychoeducational control groups. For the W-SUD group, we
examined patterns in the app activity across the 8-week intervention
period. For the psychoeducational control group, we examined the
number of PDFs that were opened and “read” by participants, where
“read” status was tracked through clicking a “Submit” button in REDCap
Cloud.

2.5.6. Sensitivity analyses

To check whether our results were sensitive to choice of analysis
methods, in addition to the weighted linear regression, we estimated
treatment effects for the primary and secondary outcomes using a simple
difference-in-means estimator and an unweighted linear regression. As
an alternative to the stepwise selection procedure for choosing
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adjustment variables in the regression, we also selected adjustment
variables based on observed standardized mean differences between
groups, i.e. SMD > 0.1, SMD > 0.2. We also performed a per-protocol
analysis for the primary outcome, where we estimated the treatment
effect using only W-SUD participants who were active for at least 4
weeks (sent at least one in-app message on at least one day per week
across 4 or more weeks) and for psychoeducational control participants
who opened at least 4 PDFs.

3. Results
3.1. Sample recruitment, enrollment, and exclusion

Participant recruitment spanned 11/14/2022-12/13/2022 and 3/
20/2023-5/4/2023, with the final follow up assessment completed on
8/17/2023. The 3-month gap in recruitment was due to the study's need
to shift recruitment methods and update IRB approval for research panel
recruitment following high-volume fraudulent efforts at enrollment via
social media. To meet the study's timeline and budgetary constraints,
participation was closed 8/31/2023 before the target sample size was
met, though lack of power did not appear to affect study conclusions, as
discussed later.

Of the 258 participants randomized, 2 (0.8%) withdrew and 55
(21.3%) were removed from the study. Post-randomization removals
were due to: failure to provide a consistent birthdate (28/258, 10.9%);
duplicate enrollment (5/258, 1.9%); multiple screening attempts with
inconsistent information (5/258, 1.9%); prior Woebot use (7/258,
2.7%); W-SUD app registration when assigned to the psychoeducation
group (7/258, 2.7%); and reporting substance use at screening but not in
the past 30 days at baseline (3/258, 1.2%) (see Fig. 2 Consort diagram).
One participant who withdrew from the study was retained for analysis
because trial eligibility criteria were met; the other 56 (21.7%, 56/258)
withdrawals and removals were excluded from analyses with signifi-
cantly more (p = 0.007) from the W-SUD group (24/131, 18.3%) than
the psychoeducational control group (32/127, 25.2%).

3.2. Sample description at baseline

The analytic (N = 202) sample averaged 38.3 years of age (SD =
10.4), was 53.5% (108/202) female, 71.3% (144/202) White, 88.1%
(178/202) non-Hispanic, 52.0% (105/202) partnered, and 66.8% (135/
202) employed part- or full-time. Most participants (73.3%, 148/202)
identified alcohol as their primary, secondary, or tertiary problematic
substance, followed by cannabis (30.7%, 62/202); stimulants (17.3%,
35/202); and cocaine (12.4%, 25/202). At baseline, the number of
substance use occasions averaged 33.1 (SD 18.3). Though W-SUD was
not designed to treat tobacco use, a majority (58.9%) reported past 30-
day use of tobacco.

At baseline, the sample's mean score on the SIP-AD was 18.1 (SD
11.2), 4.1 (SD 2.5) on the DAST-10; 2.0 (SD 1.1) for cravings; and 50.1%
(SD 18.7%) on the BSCQ. A majority (54.5%, 110/202) reported no
history of a psychiatric diagnosis; 32.7% (66/202) reported an anxiety
disorder, 23.3% (47/202) unipolar depression, and 7.4% (15/202) an
SUD diagnosis. Over a quarter (27.2%, 55/202) reported multiple prior
psychiatric diagnoses. One in five (20.8%, 42/202) were currently tak-
ing psychiatric medication, 15.3% (31/202) were currently in therapy,
and 10.4% (21/202) were actively in SUD treatment. At baseline, the
sample averaged 8.7 (SD 5.9) on the PHQ-8 and 7.7 (SD 5.6) on the GAD-
7, in the mild range for depression and anxiety, respectively.

Table 1 presents baseline characteristics by treatment group, N =
105 for W-SUD and N = 97 for the psychoeducational control. Some
characteristics became imbalanced between the two groups after dif-
ferential removal of participants post-randomization. There were
apparent group differences on demographic characteristics for sex (SMD
= 0.290), gender (SMD = 0.279), race (SMD = 0.556), and insurance
status (SMD = 0.251). There were also apparent differences on baseline
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Table 1
Baseline Demographic, Mental Health, and Substance Use Characteristics by
Group (N = 202).

W-SUD (N = 107) Psychoeducational Abs
Control (N = 95) SMD
Variable M (SD), n (%) M (SD), n (%)
Range Range
Age in Years 38.2 (11.4), 38.6 (9.2), 0.04
18-65 21-63
Biological Sex 0.29
Female 50 58
(46.7) (61.1)
Male 57 37
(53.3) (38.9)
Gender 0.28
Woman 50 56
(46.7) (58.9)
Man 56 37
(52.3) (38.9)
Non-binary 1 2
0.9) 2.1
Sexual Orientation 0.13
Heterosexual 920 84
(84.1) (88.4)
Non-heterosexual 17 11
(15.9) (11.6)
Ethnicity' 0.008
Hispanic/Latinx 12 11
(11.2) (11.6)
Not Hispanic/Latinx 94 84
(87.9) (88.4)
Race 0.44
White 86 58
(80.4) (61.1)
Black/African 17 28
American (15.9) (29.5)
Other (e.g., Asian 3 9
American, Native 2.8) (9.5)
American,
Multiracial)
Marital Status 0.12
Married/ 53 52
Cohabitating/ (49.5) (54.7)
Partnered
Divorced/Separated/ 13 9
Widowed (12.1) (9.5)
Never Married/Single 41 34
(38.3) (35.8)
Educational Degree 0.09
High School Degree or 17 13
Less (15.9) (13.7)
Some College / 37 36
Technical School (34.5) (37.9)
College Degree 30 27
(28.0) (28.4)
Graduate or Post- 23 19
graduate Degree (21.5) (20.0)
Employment Status 0.11
Employed Part or Full- 74 61
Time (69.2) (64.2)
Unemployed 33 34
(homemaker, (30.8) (35.8)
student, retired)
Disability Status 0.10
Yes (has disability) 8 10
(7.5) (10.5)
No (does not have 98 85
disability) (91.6) (89.5)
Insurance Status 0.25
Private 56 47
(52.3) (49.5)
Medicaid or Medicare 32 33
(29.9) (34.7)
VA or TRICARE 1 3
(0.9) (3.2)
Don't have insurance 18 10
(16.8) (10.5)

(continued on next page)
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Table 1 (continued)
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Table 1 (continued)

W-SUD (N = 107) Psychoeducational Abs W-SUD (N = 107) Psychoeducational Abs
Control (N = 95) SMD Control (N = 95) SMD
Variable M (SD), n (%) M (SD), n (%) Variable M (SD), n (%) M (SD), n (%)
Range Range Range Range
Lifetime Mental Health Conditions 3+ Moderate/Severe 56 45
Unipolar Depression 20 27 0.23 (52.3) (47.4)
(18.7) (28.4) SIP-AD, possible range 18.3 (10.9), 17.9 (11.7), 0.03
Bipolar/Manic 9 5 0.12 0-45 0-42; N = 0-45; N =
Depression 8.4) (5.3) 105 94
Anxiety Disorder 34 32 0.04 CAGE-AID, possible 3.38 (0.74), 3.33(0.78), 0.08
(31.8) (33.7) range 2-4 2-4;N = 2-4; N =94
Substance Use 8 7 0.004 105
Disorder (7.5) (7.4) BSCQ, possible range 50.4 (18.8), 49.8 (18.7), 0.06
Other Mental Health 23 24 0.09 0-100% 3.8-93.9; N 1.9-92.5;
Disorder (21.5) (25.3) =103 N=091
Multiple Diagnoses 29 26 0.006 Cravings Past 7 days, 1.97 (1.13), 1.96 (1.18), 0.01
(27.1) (27.4) possible range 04 0-4; N = 0-4;N =95
No History of Mental 62 48 0.15 107
Illness (57.9) (50.5) Thoughts About
Prior Therapy Experience 0.20 Abstinence, possible
Never in Therapy 66 52 range 1-10 per item
(61.7) (54.7) Desire to quit 6.47 (2.11), 6.81 (2.70), 0.14
In Therapy Formerly 28 25 2-10; N = 1-10; N =
(26.2) (26.3) 106 95
Currently in Therapy 13 18 Expected success in 5.75 (2.36), 6.01 (2.56), 0.11
(12.1) (18.9) quitting 1-10; N = 1-10; N =
Psychiatric 25 17 0.14 107 95
Medications (23.4) 17.9) Difficulty not 7.04 (1.85), 6.62 (2.67), 0.18
Currently relapsing 2-10; N = 1-10; N =
Past 30-Day SUD Treatment 107 95
Self-help Groups 2 5 0.18 Quick Drinking Screen Past 30 days
(1.9) (5.3) Average days per 4.01 (1.70), 4.13 (2.03), 0.07
Outpatient Services 4 5 0.07 week 0-7; N=91 0-7; N=83
3.7) (5.3) Average standard 4.67 (3.68), 4.27 (2.99), 0.12
Intensive Outpatient/ 2 2 0.02 drinks per day 1-27; N = 1-15; N =
Residential (1.9) (2.1) 91 83
Medication use for SUD 2 1 0.07 Number of heavy 7.11 (7.42), 5.92 (6.57), 0.17
Treatment (1.9) (1.1) drinking occasions 0-30; N = 0-30; N =
Primary, Secondary, or Tertiary Problematic Substance 91 83
Alcohol 76 72 0.11 Past 30 Days of Substance Use
(71.0) (75.8) Alcohol 15.1 (8.1), 91 16.6 (9.2), 83 0.15
Cannabis 27 35 0.25 0-30 (85.0) 1-30 (87.4)
(25.2) (36.8) Cannabis 16.8 (10.5), 53 19.8 (10.1), 59 0.34
Stimulants 20 15 0.08 1-30 (49.5) 2-30 (62.1)
(18.7) (15.8) Cocaine 10.5 (6.5), 17 13.4 (9.2), 8 0.12
Cocaine 16 9 0.17 2-25 (15.9) 2-30 (8.4)
(15.0) (9.5) Prescription 13.5 (11.4), 12 17.2 (13.5), 6 0.10
Tobacco 36 34 0.05 stimulants 0-30 (11.2) 2-30 (6.3)
(33.6) (35.8) Methamphetamine 18.1 (10.2), 15 21.5(9.5), 14 0.08
Other (e.g. Heroin, 22 15 0.12 3-30 (14.0) 5-30 (14.7)
Hallucinogens, (20.6) (15.8) Inhalants 10.4 (8.4), 5 4.0 1 0.23
Inhalants) 5-25 4.7) 1.1)
PHQ-8, possible range 8.7 (6.1), 8.7 (5.8), 0.004 Sedatives 8.5(7.7), 18 10.7 (9.2), 11 0.02
0-24 0-24; N = 0-23; N = 1-30 (16.8) 0-30 (11.6)
106 94 Hallucinogens 2.3 (1.5), 6 8.6 (8.8), 5 0.17
10+ Moderate/Severe 40 35 1-5 (5.6) 2-21 (5.3)
(37.4) (36.8) Street Opioids 5.0 1 8.0 (2.8), 2 0.13
GAD 7-Anxiety, 7.6 (5.8), 7.8 (5.3), 0.04 (0.9) 6-10 (2.1)
possible range 0-21 0-21; N = 0-21; N = Prescription Opioids 12.1 (9.8), 15 14 (8.3), 9 0.07
106 94 1-30 (14.0) 3-30 9.5)
10+ Moderate/Severe 33 34 Past Month Substance 31.0 (18.5) 35.5(17.9), 0.25
(30.8) (35.8) Use Occasions 4-117 5-80
SPS-6, possible range 6-30 0.27 Past 30-day tobacco 13.9 (14.0), 63 14.3 (13.9), 56 0.03
6-10 (Low 0 0 use 0-30 (58.9) 0-30 (58.9)
presenteeism) . ‘ ,
11-15 6 4 Abs SMD = Absolute Standardized Mean Difference. Note that for variables
(5.6) (4.2) where participants were able to choose multiple values (e.g. Lifetime Mental
16-20 16 19 Health Conditions), a separate SMD is reported for each level of that variable.
(15.0) (20.0) ! one W-SUD participant indicated prefer not to answer.
21-25 26 14
(24.3) (14.7) is . .
2630 (High 2% 2 mental health conditions (unipolar depression SMD = 0.231), substance
presenteeism) (24.3) (25.2) use treatment (self-help groups SMD = 0.184), SPS-6 (SMD = 0.273),
DAST, possible range 4.0 (2.4), 4.2 (2.5), 0.09 past 30-day substance use (cannabis = 0.339, inhalants = 0.228, hal-
0-10 2610; N= 2;0; N= lucinogens = 0.168). Some covariates had an SMD only slightly greater

than the 0.1 threshold for imbalance, which we interpret as weaker
evidence and potentially an artifact of small sample size, as seen with
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past 30-day inhalant use, rather than a meaningful sign of imbalance.
Baseline imbalance was addressed in the analyses through regression
adjustment and inverse probability of retention weighting, which ad-
justs for differential dropout.

3.3. Primary and secondary outcomes by group

Table 2 summarizes primary and secondary outcomes by group.
Between baseline and EOT, the within-group change in substance use
occasions was —13.6 (SD 15.4, d = —0.879) in the W-SUD group and —
12.9 (SD 15.3, d = —0.847) in the psychoeducational control group,
indicating a moderate to large pre- versus post-study change in both
groups. Similar within-group changes were observed for substance use
occasions summed only across primary, secondary, and tertiary sub-
stances (W-SUD: -11.4, SD 13.0, d = —0.884; psychoeducational control:
-9.8, SD 13.1, d = —0.750). At EOT, 8 out of 100 (8%) W-SUD partici-
pants with substance use occasion data and 9 out of 90 (10%) psycho-
educational control participants with substance use occasion data
reported no substance use at all in the past 30 days.

In the W-SUD group, the change from baseline to EOT was medium
to large for SIP-AD (—9.02, SD 11.6, d = —0.775), DAST-10 (—1.21, SD
2.33, d = —0.519), cravings (—0.66, SD 1.18, d = —0.558), heavy
drinking days (—4.09, SD 6.35, d = —0.644), drinks per week (—8.67, SD
14.7, d = —0.591), and SPS (-5.42, SD 7.2, d = —0.752). In the psy-
choeducational control group, the change from baseline to EOT was
medium to large for SIP-AD (—9.24, SD 10.2, d = —0.903), DAST-10
(-1.95, SD 1.99, d = -0.981), cravings (—0.722, SD 1.2, d =
—0.602), BSCQ (11.6, SD 20.3, d = 0.571), drinks per week (—8.18, SD
11.5, d = —0.710) and SPS (—4.12, SD 6.97, d = —0.591).

Table 3 shows the estimated treatment effects for all primary and
secondary outcomes. The estimated average treatment effect for change
in substance use occasions between baseline and EOT (primary
outcome) was —0.675 (p = 0.741; 95% CI -4.96-3.49, d = —0.040), and
the estimated treatment effect for change in substance use occasions
between baseline and 12-week follow-up (secondary outcome) was
—0.339 (p = 0.88; 95% CI -5.1-4.1, d = —0.018). While the differences
between groups were weak and not significant, negative point estimates
indicate a larger average decrease in substance use occasions in W-SUD
than in psychoeducational control at both 8- and 12-week follow-ups.
No treatment effects for other secondary outcomes were found to be
significant after adjusting for multiple hypothesis testing. The covariates
included in the regression models used for estimating treatment effects
can be found in Supplemental Table B7.

Null treatment effects across all primary and secondary outcomes
were also observed in the per-protocol analysis (Supplemental

Table 2

Changes in Outcome Measures from Baseline to Week 8 and Baseline to Week 12 by
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Table B1), when different treatment effect estimation methods (un-
weighted linear regression, difference-in-means) were used, and when
adjustment variables were chosen by standardized mean difference
threshold rather than stepwise selection (Supplemental Tables B2-B4).
Supplemental Table B5 shows estimated treatment effects for baseline-
to-EOT change in substance use occasions across subgroups of interest.
No significant between treatment group effects were found within- or
between subgroups. Supplemental Table B6 shows no significant asso-
ciations between change in substance use occasions and engagement in
SUD treatment services.

Table 4 shows Pearson correlations between baseline-to-EOT change
in substance use occasions (primary outcome) and the baseline-to-EOT
change scores for confidence (BSCQ), depression (PHQ-8), anxiety
(GAD-7), and work productivity (SPS-6). In the W-SUD group, baseline-
to-EOT decrease in substance use occasions was significantly correlated
with baseline-to-EOT increase in BSCQ confidence score (r = —0.345, p
< 0.01). In the psychoeducational control group, baseline-to-EOT sub-
stance use occasions was significantly correlated with baseline-to-EOT
decrease in PHQ-8 depression score (r = 0.238, p < 0.05) and GAD-7
anxiety score (r = 0.331, p < 0.001). Comparing the W-SUD group to
the psychoeducational control group, there was a significant difference
in correlation for the BSCQ change score (Fisher-transformed z =
—0.286, p < 0.01).

3.4. Engagement and acceptability by group

Table 5 and Fig. 3 summarize engagement metrics in the W-SUD and
psychoeducational control groups.

3.4.1. W-SUD group engagement

Of the 107 participants assigned to W-SUD, 92 (86.0%) registered
with the app and 90 (84.1%) had at least one day of activity in the app,
with a median of 322.5 [IQR 59.8-924.0] in-app messages sent by users
across the 8-week intervention. Across all 8 weeks, 82 (89%, 82/92)
participants completed and rated at least one psychoeducational lesson,
and 47 (51%, 47/92) participants utilized and rated at least one tool for
practicing psychotherapeutic skills. Participants could rate lessons
either positively or negatively using a “thumbs up” or “thumbs down”
emoticon and could rate tools positively, neutrally, or negatively by
reporting feeling “better”, the “same”, or “worse” after tool use. Across
all 8 weeks, W-SUD users completed and rated 1191 lessons and 1139
(95.6%) were rated positively (thumbs up). Across all 8 weeks, W-SUD
users completed 128 total tools and 98 (76.6%) were rated positively
(“feel better™), 29 (22.7%) neutrally, and 1 (<1%) worse, respectively.

Group.

Baseline to Week 8 (EOT) Change

Baseline to Week 12 (1-mo follow-up) Change

Measure W-SUD Psychoed. Control W-SUD Psychoed. Control

M (SD) Cohen's d M (SD) Cohen's d M (SD) Cohen's d M (SD) Cohen's d
Sub Use Occ —13.6 (15.4) —0.879 -12.9 (15.3) —0.847 —15.7 (18.0) —0.873 —15.4 (16.6) —0.929
Pri/Sec/Ter Sub Use Occ -11.4 (13.0) —0.884 -9.8 (13.1) —0.750 -12.4 (14.1) —-0.88 -12.7 (14) —0.907
SIP-AD -9.02 (11.6) —0.775 —9.24 (10.2) —0.903 -11.5(11.5) —0.994 —10.9 (11.5) —0.95
DAST -1.21 (2.33) —0.519 —1.95 (1.99) —0.981 - - - -
Cravings —0.66 (1.18) —0.558 -0.722 (1.2) —0.602 —0.816 (1.15) —-0.709 —0.892 (1.4) —0.636
BSCQ 6.77 (20.4) 0.332 11.6 (20.3) 0.571 11.6 (21.8) 0.533 15.6 (26.1) 0.591
QDS - Heavy Drinking —4.09 (6.35) —0.644 —2.51 (6.02) —0.417 —5.43(7.21) —0.753 —3.14 (7.75) —0.405
QDS - Drinks Per Week —8.67 (14.7) —0.591 —8.18 (11.5) -0.710 -11.1 (15.7) —0.706 —9.43 (13.9) —0.676
TAA - Desire to Quit 0.21 (2.33) 0.091 0.12 (2.71) 0.046 - - - -
TAA - Expected Success 0.42 (2.37) 0.177 0.53 (2.72) 0.197 - - - -
TAA - Difficulty Not Using —0.64 (2.44) —0.262 —0.28 (2.91) —0.098 - - - -
GAD —1.88 (4.77) —0.395 -1.72 (4.91) —0.351 —2.09 (4.67) —0.447 —2.57 (5.08) —0.506
PHQ —2.82 (4.65) —-0.607 —2.05 (5.95) —0.345 —2.83(4.79) —-0.591 —2.87 (6.3) —0.455
SPS —5.42 (7.20) —0.752 —4.12 (6.97) —0.591 - - - -

Note: Sample sizes for analyses range from n = 65 (DAST) to 100 for W-SUD and n = 54 (DAST) to 90 for Psychoed. Control.
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Table 3

Estimated Treatment Effects for Primary and Secondary Outcomes.
Measure Beta (p; 95% CI), Adj p, Beta (p; 95% CI), Adj p,

8-week Change Score 8-week 12-week Change Score 12-week

Primary Outcome
Substance Use Occasions —0.675 (0.741; [—4.96, 3.49] - - -
Secondary Outcomes
Substance Use Occasions [see above, primary outcome] - —0.339 (0.88; [-5.1, 4.1]) 0.913
BSCQ —2.48 (0.419; [—9.05, 2.92]) 0.913 —4.69 (0.157; [—11.6, 2.07]) 0.896
DAST 0.893 (0.019; [0.189, 1.76]) 0.608 - -
GAD —0.142 (0.835; [-1.37, 1.25]) 0.913 0.125 (0.832; [-1.15, 1.28]) 0.913
PHQ —0.629 (0.384; [—-2, 0.651]) 0.913 0.0111 (0.99; [-1.61, 1.45]) 0.990
SPS —0.877 (0.405; [—2.79, 0.941]) 0.913 - -
Cravings 0.0804 (0.568; [—0.239, 0.415]) 0.913 0.107 (0.546; [—0.261, 0.444]) 0.913
QDS - Heavy Drinking —1.28 (0.168; [—3.1, 0.595]) 0.896 —2.03 (0.099; [—4.65, 0.249]) 0.896
QDS - Drinks Per Week —0.427 (0.843; [-4.68, 3.31]) 0.913 —0.807 (0.747; [—5.96, 2.88]) 0.913
TAA - Desire to Quit 0.125 (0.75; [—0.598, 0.858]) 0.913 - -
TAA - Expected Success —0.543 (0.138; [—1.22, 0.072]) 0.896 - -
TAA - Difficulty Not Using —0.402 (0.31; [-1.15, 0.309]) 0.913 - -
SIP-AD —0.277 (0.87; [—2.76, 2.99]) 0.913 —1.07 (0.499; [—3.94, 2.16]) 0.913
Pri/Sec/Ter Sub Use —1.28 (0.471; [—5.07, 2.36]) 0.913 0.701 (0.678; [—3.26, 4.42]) 0.913

Identical adjusted p-values result from the Benjamini-Hochberg (BH) correction, which preserves rank order by carrying the last (larger) adjusted value backward
when smaller p-values would otherwise appear out of order after scaling. The correction was implemented in R using p.adjust(method = “BH”).

3.4.2. Psychoeducational control group engagement

Of the 90 participants assigned to psychoeducational control with
primary outcome data at 8-weeks, 84 (93.3%) opened and clicked sub-
mit on at least one PDF through the REDCap Cloud interface. The mean
number of PDFs opened across all psychoeducational control partici-
pants was 5.8 (SD 2.4). Out of the psychoeducational control partici-
pants, 73 (81.1%) opened four or more PDFs, and 29 (32.2%) opened all
eight PDFs.

Table 6 summarizes satisfaction, acceptability, and feasibility ratings
in both the W-SUD and psychoeducational control groups. A higher
satisfaction score at EOT was significantly associated with a greater
baseline-to-EOT decrease in substance use occasions in both the W-SUD
group (tau = —0.174, p = 0.015) and in the psychoeducational control
group (tau = —0.203, p = 0.009). There was a significant association
between feasibility and baseline-to-EOT decrease in substance use oc-
casions in the psychoeducational control group (tau = —0.167, p =
0.031) but not in the W-SUD group. In the W-SUD group, higher scores
on the goals (tau = —0.190; p = 0.008), tasks (tau = —0.190; p = 0.017),
and affective bond formation (tau = —0.158; p = 0.029) WAI-SR sub-
scales were significantly associated with greater baseline-to-EOT
decrease in substance use occasions.

3.5. Safety outcomes

No study participants reported a serious adverse event during the
study period. Of the 202 participants, 8 selected “prefer not to answer”
on one of four serious adverse event assessment questions, of whom 3
confirmed with study staff by phone that there was no adverse event.
The other 5 did not respond to study staff and were provided with a
resource list. The IRB was consulted and the selection of “Prefer not to

Table 4

Correlation Between Substance Use Change Score and Confidence, Depression,
Anxiety, and Work Productivity Change Scores from baseline to EOT in W-SUD
versus Psychoeducational Control.

answer” was not considered to be an adverse event.
4. Conclusions

Building upon prior findings of feasibility, acceptability, and short-
term efficacy relative to a waitlist control, the current study examined
the sustained effects of W-SUD for reducing problematic substance use at
1-month post-treatment and tested against a psychoeducation control
condition. Significant within-group reductions in substance use occa-
sions were observed from baseline to EOT, replicating prior findings and
with comparable effect sizes for changes over time. Further, the changes
were sustained at 1-month follow-up. Yet, the between-group compar-
isons indicated that W-SUD's effects did not significantly differ from the
psychoeducational control condition. Notably, both conditions had
moderate to large pre- versus post-treatment change (>0.80), which for
the psychoeducational control condition was higher than anticipated
based on the literature (Batterham et al., 2018; Deady et al., 2016;
Doumas et al., 2009; Doumas & Haustveit, 2008; Lau-Barraco & Dunn,
2008).

It is possible that both conditions reduced substance use behaviors
and roughly equally so. The high engagement, acceptability, and feasi-
bility scores corroborate this. Selection of a control group comparison is
nuanced. Here, we chose one that was perhaps more active than desired
for a trial intended to test superiority. Further, the psychoeducation
condition may have activated some of the same mechanisms of short-
term improvement as W-SUD, such as increased self-monitoring,

Table 5
Engagement in W-SUD and Psychoeducational Control Groups Across all 8
Weeks.

Pearson correlation between ~ W-SUD Psychoed. Fisher-transformed
Sub Use Occ and: Control Z-score

BSCQ —0.345%* 0.07 —0.286"*

PHQ 0.158 0.238* —0.568

GAD 0.177 0.331%** -1.12

SPS —-0.071 —0.23 0.878

" p<0.05,

" p<0.01.

" p < 0.001.
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W-SUD (N = 107) N Any (%) M (SD) Mdn
Days Active 90 (84.1) 16.2 (13.6) 12.5
Messages Sent by Users 90 (84.1) 322.5 (446.9) 322.5
Lessons completed and rate 1191
% Completed Lessons Rated Positive 1139 (95.6%)
% Completed Lessons Rated Negative 52 (4.3%)
Tools Completed and Rated 128
% Completed Tools Rated Positive 98 (76.6%)
% Completed Tools Rated Neutral 29 (22.7%)
% Completed Tools Rated Negative 1 (<1%)
Psychoeducation (N = 95) N Any (%) M(SD) Mdn
Opened PDF (per submission in REDCap Cloud) 84 (93.3) 5.8 (2.4) 6.5
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Fig. 3. Distribution of Weeks of Engagement with W-SUD and the Psychoeducational Control Group.

Table 6

Within Group Correlations for the Primary Outcome (Substance Use Change Score, baseline to EOT) with Satisfaction, Acceptability, Feasibility, and Alliance.

W-SUD (N = 107)

Psychoeducational Control (N = 95)

Scale Sub-scales N M (SD) Min, Max Tau (p-value) N M (SD) Min, Max Tau (p-value)
CSQ 99 26.9 (5.2) 13.3,32 —0.174 (0.015) 87 28.1 (4.5) 14, 32 —0.203 (0.009)
URP-1

Acceptability 99 30.1 (5.6) 12, 36 —0.134 (0.061) 89 30.3 (5.8) 11, 36 —0.118 (0.120)

Feasibility 99 30.6 (4.5) 16, 36 —0.016 (0.822) 89 32.6 (3.5) 23, 36 —0.167 (0.031)
WAI-SR

Goals 97 14.8 (14.4) 4, 20 —0.190 (0.008) - - -

Tasks 98 14.4 (4.5) 4,20 —0.190 (0.017) - - -

Bond 97 15.2 (4.5) 4,20 —0.158 (0.029) - - -

expectancy effects, and structured weekly engagement. With theoretical
basis and changes observed over time, W-SUD's core components may
still be clinically meaningful. Also plausible is that exogenous factors
unrelated to either condition, such as transitioning back into usual
routines after easing of COVID pandemic restrictions, may have
contributed to the larger-than-usual reported decreases in substance use.

The noise introduced by fraudulent activity also remains a concern.
Even with careful filtering, we may not have caught all fraudulent en-
rollments (Moore et al., 2025), and any remaining in the W-SUD treat-
ment group could have biased findings toward the null. Notably, more
participants in the comparison arm were excluded post-randomization
than in the intervention arm, largely because they were caught having
enrolled into W-SUD, suggesting double enrollment. Discussed in detail
elsewhere (Moore et al., 2025), additional strategies for defeating dou-
ble enrollment include live video consenting with ID verification,
comparing IP address to physical address, and budgeting for more
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extensive identity verification software or services.

The high volume surges in fraudulent efforts at study enrollment, due
in large part to social media recruitment, took staff attention with study
time delays (Moore et al., 2025). Ultimately, the size of the analytic
cohort was roughly half the target sample size (N = 107 in the W-SUD
group and N = 95 in the psychoeducation group compared to the target
sample size of N = 194 participants in each group). A smaller sample size
reduces the probability of detecting a true effect. However, the observed
treatment effect for baseline to EOT (d = —0.040) was far weaker than
forecasted (d = 0.32), and a larger sample was unlikely to change the
study conclusion. Despite not meeting the target sample size, we were
still able to observe significant within-group pre- versus post-treatment
change in substance use occasions and in most secondary measures of
interest.

Another study limitation was reliance on self-report of substance use,
though a strength was assessment of various aspects of substance use,
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cravings/urges, and substance use problems/consequences, and findings
were highly consistent with detection of change over time within but not
between groups. Testing for phosphatidylethanol (PEth), a biomarker of
alcohol use, was deemed unsuitable for our large, decentralized trial
addressing varied SUDs. In a remotely conducted trial testing a non-
human therapeutic, demand characteristics to underreport use or
misreport abstinence are low, and any misreporting of substance use
changes over time are not anticipated to differ by condition. A study
strength was high engagement in both treatment conditions. No serious
adverse events were reported despite a population potentially at
increased risk for them.

While participants in both conditions reported significant improve-
ments in the primary and secondary outcomes from baseline to EOT and
sustained at 1-month post-treatment, with no statistically significant
difference in the magnitude of improvement between conditions, follow-
up studies may benefit from a setting shift, implementing a real-world
effectiveness study rather than an efficacy trial. Investigation within a
mental health and/or SUD-specific telehealth treatment clinic may, for
example, lend insights into other elements of each program's utility,
uptake, retention, and sustained impact. Such implementation science
methodology could track and evaluate relevant clinical deployment
metrics between the two programs such as referral to either program by
providers, provider opinion regarding either program (at baseline and
end of intervention), longer-term follow-up periods, and/or health
claims data highlighting health care resource utilization. These types of
real-world data elements were not captured in the current study and
remain relevant to ultimate success of program deployment within
healthcare systems, especially in an ambulatory care clinical program
design.

Lastly, while engagement with Woebot suggested a respectable dose,
with most sending over 300 in-app messages during the 8-week inter-
vention (more than 5 a day), previous research on Woebot specifically
identified participant clusters meaningfully different in engagement
patterns which related to mood and anxiety outcomes (Hoffman et al.,
2023). Recent research recommendations indeed suggest that digital
mental health intervention research ought to explore optimal engage-
ment patterns associated with key outcomes, rather than broadly
applying a ‘one size fits all’ metric to engagement (Boucher & Raiker,
2024). A sufficiently powered prospective trial of W-SUD may benefit
from further analysis of such specified clusters to better define the
quality and type of engagement over time as well as potential associa-
tions with outcomes. Such analyses may illuminate patterns otherwise
unobservable when the entire group is analyzed together.
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