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Purpose: Approach bias modification (ApBM), a cognitive training intervention that reduces “alcohol approach bias” (impulses to
approach alcohol-related stimuli), reduces post-treatment relapse rates when delivered during residential alcohol use disorder (AUD)
treatment. However, few residential treatment services provide ApBM to their clients. Smartphone app-delivered ApBM may
circumvent barriers to implementation within services by allowing clients to self-administer ApBM after discharge instead. This
double-blind RCT tested whether providing a personalised ApBM smartphone app to people discharging from residential AUD
treatment increased alcohol abstinence rates.

Participants and Methods: Participants were recruited while attending residential AUD treatment programs. 171 participants were
sent app download instructions following discharge, of whom 134 installed it (61 receiving the ApBM version; 73 sham-training
controls), providing only 39% power for primary outcome analysis. App notifications reminded participants to complete training tasks
each week for 4 weeks. Alcohol use and other secondary outcomes were measured post-intervention and at 1-month, 3-month, and
6-month follow-ups. The primary outcome was past-month abstinence from alcohol at the 3-month follow-up.

Results: Abstinence rates at 3-month follow-up were 55% [95% CI: 40%, 70%] in controls and 52% [95% CI: 36%, 67%] in ApBM
participants. This difference was non-significant (contrast: —3% [95% CI: —25%, 18%], p = 0.758). All secondary outcomes analyses
also found non-significant effects of group. Exploratory post-hoc analyses suggested that duration of residential treatment and number
of ApBM sessions completed may moderate ApBM’s effects on abstinence.

Conclusion: Findings did not support the efficacy of post-discharge, personalised, app-delivered ApBM for relapse prevention in
residential AUD treatment clients. These findings should be treated with caution due to this trial’s low statistical power. Exploratory
analyses suggest that future trials may be more likely to find evidence of efficacy for this approach if they focus on clients with shorter
admissions and deliver a more sustained, structured ApBM intervention.
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Introduction

Alcohol use contributes to more than 2.6 million deaths annually and accounts for 4.7% of the global burden of disease."
An estimated 400 million people are living with alcohol use disorder (AUD)." In Australia, alcohol was the most
common primary drug of concern among clients accessing publicly funded addiction rehabilitation services in 2023-24,
accounting for 43% of publicly funded rehabilitation episodes.” Although residential rehabilitation is among the most
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resource-intensive treatment approaches for AUD, over half of clients relapse within one year of discharge.> This
underscores the importance of providing evidence-informed relapse prevention support during the vulnerable period of
transition from residential care back into the community.

Vulnerability to relapse is related to multiple demographic, clinical, treatment-related, and structural variables.
Australian studies suggest that post-treatment engagement with social welfare and allied health services (eg., mental
health, housing, and family counselling services) and attendance at mutual aid groups (eg., Alcoholics Anonymous,
SMART Recovery) may be protective against relapse,” while higher alcohol craving at the end of treatment predicts
higher risk of relapse.” A large Danish treatment outcome study suggested that younger age and history of psychiatric
illness also predicted relapse.®

Vulnerability to relapse is also influenced by strongly ingrained “cognitive biases” that develop with repeated heavy
drinking. These include “attention bias” (the tendency for alcohol-associated stimuli to capture attention) and “approach
bias” (the automatic action tendency to approach alcohol-related stimuli).” Visual, auditory, olfactory, and contextual/
social stimuli associated with alcohol, such as advertisements, pubs, bottle shops, and alcoholic beverages themselves,
are so ubiquitous in Australian society that, in many contexts, they are unavoidable. Therefore, biased cognitive
processing of these stimuli poses a serious challenge for people making the transition from protective residential
treatment settings, where they are sheltered from these cues, to community settings where they are bombarded by
reminders of alcohol use.

Cognitive bias modification interventions have been developed to reduce these biases, with “approach bias modifica-
tion” (ApBM) showing the most consistent effects in treatment-seeking populations. ApBM involves training individuals
to repeatedly make avoidance responses to alcohol-related images and approach responses to non-alcohol-related images.
When delivered during residential treatment, ApBM typically involves a computerised task in which participants use
a joystick to “push” alcohol images “away”; and “pull” non-alcohol images “closer”. Over time, individuals learn to
“avoid” alcohol-related cues more automatically, with several studies showing reductions in approach bias, or develop-
ment of an alcohol avoidance bias, among people undergoing AUD treatment following ApBM training.'®'*

Multiple randomised controlled trials (RCTs) have shown that delivering ApBM during residential AUD treatment
can reduce post-treatment relapse risk.>'*'*™'® However, despite there now being an international expert consensus

recommending implementation of ApBM for AUD treatment,'*-*°

very few treatment services have done so internation-
ally. Organisational, resource, and training barriers likely contribute to its limited service-level implementation. While
overcoming these barriers is an important research direction, exploring alternative modalities of ApBM that do not rely
on in-service implementation is also warranted.

Delivering ApBM via a smartphone app would allow individuals to access ApBM after leaving residential treatment,
including at times and in contexts when they are at most risk of relapse, such as during acute cravings. To date, only
a small number of studies have examined alcohol ApBM apps, and most have recruited general community samples,
rather than people undergoing treatment. In a factorial RCT, Crane et al*' tested apps which either included or omitted
ApBM (alongside other intervention modules) among people drinking heavily. Although initial analyses suggested that
versions of the app that included both ApBM and normative feedback modules reduced weekly alcohol consumption
more than versions that lacked this combination, later re-analysis in a larger sample found no significant effects.*
Peerenboom et al** found that participants who completed a session of app-based ApBM showed reduced cue-induced
alcohol craving the following day, and reduced AUD severity after 1 week, compared to controls. However, their app
delivered only a single, unusually long ApBM session, which is not an approach likely to be implemented widely.
Laurens et al** piloted an ApBM smartphone app in a community sample of individuals who wanted to reduce their
drinking, encouraging them to complete two ApBM sessions per week over three weeks. Participants reported reductions
in weekly alcohol consumption over this 3-week period, with further declines at 3-month follow-up. However, the lack of
a control group in this study limits causal conclusions.

Laurens et al also reported qualitative data, including participants’ criticisms of the lack of personalisation of
beverage images used in the app’s ApBM training task, and of the task’s repetitiveness, suggesting that game-like
features could improve engagement.”* Personalisation of training stimuli may improve ApBM’s efficacy too, because
approach bias is thought to develop through repeated associative conditioning experiences,” and individuals with AUD
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typically consume a limited range of alcoholic beverages. Hence, using generic alcohol stimulus sets that may include
images of beverages an individual rarely or never consumes, may limit ApBM’s efficacy. In addition, most alcohol
ApBM studies train participants to approach non-alcoholic beverages. Using positive images representing personally
meaningful goals and healthy sources of pleasure (eg., friends, family, pets, exercise) may be more engaging, and, as
suggested by our recent qualitative studies of personalised ApBM,?®?’ also reinforces motivations towards adaptive
behaviours, potentially enhancing the therapeutic impact of ApBM. Indeed, we have recently trialled a personalised
approach to ApBM in a small sample of people undergoing inpatient treatment for methamphetamine use disorder, with
promising preliminary results.*®

Following this reasoning, we developed “SWiPE”, the first personalised, gamified ApBM smartphone app.29 Our
open-label feasibility study of SWiPE, in a community sample of individuals drinking at hazardous levels (Alcohol Use
Disorder Identification Test (AUDIT) score of at least 8), observed reductions in alcohol use, craving, and dependence
severity after 4 weeks of using the app.’® However, since this study lacked a control group, it is unclear whether these
outcomes were attributable to ApBM.

Building on these findings, we tested this personalised ApBM app (renamed “AAT-App”, which stands for “Alcohol
Avoidance Training App”, to preserve blinding, following publicity that SWiPE received) in two recently published
RCTs. In one RCT, AAT-App was delivered as an adjunctive intervention to people receiving outpatient AUD
treatment,®’ while the other RCT tested it in people aged over 55 years recruited from the general community and
drinking at hazardous levels.*® Participants in both RCTs were randomised to receive either personalised, gamified
ApBM or a sham-training control version of the app. Participants were prompted to use the app for four weeks. While
significant differences between groups were not observed for the primary outcome (past-week alcohol consumption at the
end of the 4-week intervention) in either trial, both trials detected differences between groups in weekly alcohol
consumption at secondary endpoints. In the outpatient trial, ApBM participants reduced their alcohol consumption,
relative to baseline levels, significantly more than controls at the final follow-up (3 months after the end of the 4-week
intervention); while in the trial of people aged over 55, participants who received ApBM consumed less alcohol than
controls during the second week of the intervention. The present trial was the third RCT of AAT-App and aimed to test its
efficacy as a relapse-prevention tool for people discharging from residential AUD treatment.

Materials and Methods
Study Design and Setting

We conducted a multi-site, double-blind, randomised, parallel-group controlled superiority trial. Participants were
recruited while receiving residential treatment for AUD from 5 addiction treatment services in Victoria, Australia.
Four services were private psychiatric hospitals offering inpatient addiction withdrawal and rehabilitation programs that
typically ranged from 1 to 3 months duration. One was a service run by a public hospital organisation that offered
a (typically 3—4 week) withdrawal and stabilisation program. One of the private services was located in a small regional
town, while all other services were in the Melbourne metropolitan region.

Participants were recruited between November 28, 2022 and November 11, 2024 and were randomised to receive the
ApBM or sham-training control version of AAT-App. Participants activated the app between November 30, 2022 and
December 17, 2024, and the final follow-up data collection occurred on July 11, 2025. The study was approved by the
Eastern Health Human Research Ethics Committee (HREC; project number 87504), Monash University HREC (project
number: 35421), and The Melbourne Clinic REC (project number: 351). Eastern Health HREC review ensured the study
complied with Australia’s National Statement on Ethical Conduct in Human Research 2007 (Updated 2018),** which
complies with the Helsinki Declaration. The study was prospectively registered on the Australian New Zealand Clinical
Trials Registry (project ID: ACTRN12622001245785).

Participants
One-hundred-thirty-four participants installed the app. Inclusion criteria were: Aged >18 years; owned an Apple or
Android smartphone with an Australian phone number; smartphone operating system updated within the past year;
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currently receiving residential treatment for AUD at the time of recruitment; >4 DSM-5 symptoms of AUD present
within the past 6 months; and sufficient English literacy to use the app and complete questionnaires. Patients were
excluded if they were planning to transfer to another residential treatment facility following discharge; or if their treating
clinician considered them too cognitively or psychiatrically impaired to provide informed consent or safely participate.

The initial sample size target was 300. The a priori power calculation assumed a 45% abstinence rate in controls

3,10,14

(based on previous research), and assumed a 17% increase (ie., 62% abstinence rate) in the ApBM group, based on

the effect size we observed in per protocol analysis of 2-week outcomes in a previous ApBM trial."

This suggested that
300 participants would provide 82% power. A later re-analysis of power based on a more conservative 13% increase in
abstinence rate observed in intention-to-treat 3-month follow-up analyses in the previous trial'® indicated that 300
participants would provide only 68% power. Hence, we decided to aim to recruit a larger sample if time and recruitment
rates allowed. However, due to lower-than expected recruitment rates, only 134 participants had installed the app when
recruitment ended due to funding limitations. A post-hoc power analysis, based on the control group’s abstinence rate at
the 3-month follow-up in this trial, found that this sample size provided only 39% power to detect the expected 13%

increase in abstinence rate in the ApBM group.

Measures

Demographic Characteristics

A survey hosted on Qualtrics Plus assessed participants’ age, gender, race, whether English was their first language,
highest level of education, employment status, and postcode of residence.

Alcohol Consumption

Quantity of alcohol consumed on each of the 28 days immediately preceding admission to the residential treatment
service was assessed at baseline using an in-person timeline follow-back (TLFB) interview.>* These data were used to
derive past-month and past-week measures of baseline alcohol use, including total number of standard drinks (defined in
Australia as 10 grams alcohol), total drinking days (days on which any alcohol was consumed); and total number of
heavy drinking days (HDDs: days on which 5 or more standard drinks were consumed). Five standard drinks was chosen
as the definition of an HDD based on the Australian National Health and Medical Research Council (NHMRC)
guidelines, which recommend limiting intake to no more than four standard drinks on any day to minimise risk of
alcohol-related harm.*”

During the 4-week intervention period, the app automatically prompted participants each week (ie., 7, 14, 21, and 28
days after they installed the app) to report the number of standard drinks consumed on each of the past 7 days. Examples
of how many standard drinks commonly consumed beverages typically contained were displayed in the app to assist
participants with estimating consumption. The final week’s report was used to calculate past-week standard drinks,
drinking days and HDDs at the end of the intervention period. At the 1-month and 3-month post-intervention follow-ups,
the app prompted participants to complete the same assessment of past-week alcohol use, and also to estimate the total
number of drinking days in the past 28 days. Past-month drinking days data were used to categorise participants as
abstinent (0 drinking days) vs. non-abstinent (1-28 drinking days) for the purpose of primary outcome analysis. At the
6-month follow-up, a researcher administered a TLFB by phone covering the past 28 days.

AUD Severity

The current AUD module of the Structured Clinical Interview for DSM-5 Disorders—Research Version (SCID-5-RV)*®
was used to confirm eligibility at baseline and to assess whether participants met criteria for current AUD at 6-month
follow-up. Questions were modified to refer to the past six months (rather than the past year) to allow assessment of
equivalent non-overlapping periods at each time. The Alcohol Use Disorders Identification Test (AUDIT)*” and The
Severity of Dependence Scale (SDS)*® were also used as secondary outcomes and are described further in the
Supplement (see Supplementary Methods).
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App Acceptability

At the end of the 4-week intervention period, participants rated each of the following 6 statements using 5-point Likert
scales ranging from “strongly agree” to “strongly disagree”: “The app helped me reduce my alcohol use”, “The app
increased my alcohol consumption”, “The app helped reduce my cravings for alcohol”, “The app increased my cravings
for alcohol”, “The app helped increase my interest in healthy activities and positive goals”, and “The app helped increase
my engagement in healthy activities and pursuing positive goals”.

Blinding Success

At the end of the 6-month follow-up interview, participants were reminded that they had been randomly assigned to
either a version of the app that delivered “brain training that was designed to change automatic reactions to alcohol
images” or a version where “the training task was not designed to change these automatic reactions to alcohol” and were
asked to guess which version they received.

Other Secondary Outcomes
Other secondary outcome measures are described in more detail in the Supplement (see Supplementary Methods). These

include the Craving Experience Questionnaire Frequency scale (CEQ-F);*° items from the Australian Treatment
Outcomes Profile (ATOP)* assessing psychological health, physical health, and overall quality of life; the Depression
Anxiety Stress Scales (DASS-21);*' The Snaith-Hamilton Pleasure Scale (SHAPS);** and an assessment of readmission
to substance use withdrawal or rehabilitation treatment, or any alcohol-related emergency department or inpatient
hospital admissions, during the post-discharge follow-up period.

Intervention

ApBM

After activating the ApBM version of the app, participants viewed a short video explaining the concept of “alcohol
cognitive bias”. They were then prompted to select 6 alcohol-related images that represent the drinks they most
frequently consumed. A library of 67 alcohol-related images, representing a broad range of alcoholic beverages
commonly consumed in Australia, was provided in the app, but participants could also select from their own photographs
of alcohol (if they had images of alcohol stored on their phone) or take new photographs (eg., to include a specific drink
type/brand not already in the app’s image library). Participants were then prompted to select 6 images that “represent
your goals and motivations”. Again, participants could either select from a library of 68 images representing a range of
healthy activities or sources of pleasure, or positive goals (eg., people socialising; financial success; employment;
exercise, sports, and recreational activities; healthy foods; pets; travel and holidays), or use photographs from their
own phone. If participants used their own photographs, instructions reminded them to select positive images that did not
contain depictions of alcohol.

The alcohol and positive image libraries provided in the app were based on similar image libraries used in the
previous SWiPE app.®° These image libraries were developed following a focus group, comprising people with lived
experience of undergoing treatment for AUD, which we convened to help us select appropriate sets of alcohol-related and
positive images for use in our AUD research program. The SWiPE image libraries were further refined following
consultation with people with lived experience of trying to quit or reduce heavy drinking, who tested an early version of
SWIiPE. The content of the image libraries used in AAT-App was further informed by qualitative feedback from SWiPE
trial participants.”®

After selecting their 12 training images, participants were presented with ApBM task instructions. Images were
displayed inside a white rectangular “frame” which was either in landscape or portrait orientation. Participants were
instructed to “approach” images presented in landscape frames by swiping downwards (ie., towards themselves). This
caused the image to expand, to simulate the experience of “pulling” the image “closer”. Participants were instructed to
“avoid” images in portrait frames by swiping upwards (ic., away from themself). This caused the image to shrink and
disappear, simulating the experience of “flicking” the image “away”. If participants swiped in the incorrect direction,
a red “X” was displayed.
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Participants completed 10 practise trials before proceeding to their first ApBM session. Each session comprised 156
trials (13 presentations of each of the 12 images), and typically took 3—5 minutes to complete. For each alcohol image, 12
of the 13 presentations were framed in portrait orientation, and hence required an “avoidance” response, and one was in
landscape orientation. For each positive image, 12 of the 13 presentations were framed in landscape orientation
(requiring an “approach” response), while one was framed in portrait orientation. Thus, participants were supposed to
avoid 92% of alcohol images and approach 92% of positive images. This was intended to help participants practice
“over-riding” their alcohol approach impulses and train an automatic “avoidance” response to alcohol instead, while
reinforcing “approach” responses to positive stimuli.

To increase engagement and encourage accurate responding, the task was gamified with a scoring system that
awarded points for correct responses (with faster responses gaining more points) and deducted points for incorrect
responses. Scores were displayed at the top of the screen as participants performed the task, and upon task completion,
the final score was displayed. On the second, and subsequent, sessions, participants’ final score for that session was
shown alongside their previous personal best score, so they could compare their performance. Further details of task
parameters are available in the protocol attached to the trial registration.*

App notifications reminded participants to complete two training sessions each week for 4 weeks (ie., they were
encouraged to complete at least 8 sessions in total). Participants could complete more than 2 sessions in a week if they
wanted and could continue using the app after the first 4 weeks (but no longer received notifications to do so). After the
first session, participants had the option of whether or not to review the task instructions and complete practise trials prior

to training sessions.

Sham Training

Participants who activated the control version of the app were first presented with a text explanation that the app was
“designed to target their alcohol use and awareness” and would involve completing one training task at the end of each
week and answering questions about their alcohol consumption. Participants were then presented with task instruc-
tions, which were identical to those in the ApBM condition, and completed 10 practice trials prior to their first sham
training session. Each sham training session involved presentation of 20 alcohol and 20 neutral (eg., stationary,
kitchenware) images. Images were not personalised (ie., the same 40 images were used for all participants in the sham-
training control group). Each image was presented twice, once with a landscape frame and once with a portrait frame,
for a total of 80 image presentations per session. Hence, participants were supposed to swipe 50% of alcohol
images and 50% of neutral images away; and swipe 50% of each category towards themselves. By requiring an
equal number of approach and avoidance responses to each image category, the sham training was intended to neither
reduce nor increase approach bias. Following completion of their first session, participants were instructed that they
would be notified to complete additional “brain-training” tasks at the end of each of the following 4 weeks. They could

not complete additional sessions.

Randomisation

The app developers provided two lists of app access codes, one comprising codes which activated the ApBM version, and
the other comprising codes which activated the control version of AAT-App. A research manager who was not involved in
recruitment, data collection, or analysis combined these into 5 randomised lists of codes (one list for each recruitment site),
based on site-stratified randomisation sequences computer-generated by the research manager using a 1:1 allocation ratio
and variable block sizes. The versions of the randomised code lists provided to researchers involved in recruitment did not
include information regarding which codes activated which condition to ensure blinding of research staff involved in
recruitment and data collection. When participants discharged from residential treatment, blinded researchers accessed the
code list for the participant’s treatment site and sent them the first unused activation code from the list. Versions of the lists
that identified which codes activated each condition were protected with a password that was not shared with staff involved

in recruitment and data collection until all data collection was complete.
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Procedure

Clinicians at participating residential treatment services were informed of eligibility criteria and asked to inform
potentially eligible clients about the study. If a client was interested, a researcher met with them to explain the research
and obtain written informed consent. If a client consented, the researcher administered a battery of measures to confirm
eligibility and collect baseline data. Measures administered at each timepoint are summarised in Table 1. At baseline,
demographic questions, SCID-5-RV AUD module, AUDIT, and TLFB were interviewer-administered; and SDS, CEQ-F,
ATOP items, DASS-21, and SHAPS were self-administered.

When a participant discharged from residential treatment, researchers sent them an app download link and access
code by SMS. If they did not activate the app within 1 day, researchers attempted to remind participants up to 5 times
over the following days by phone, SMS, and email.

After completing their week 4 alcohol use questions, participants were prompted to follow a link to the post-
intervention Qualtrics survey (see Table 1). Participants received a $20 (Australian dollars) supermarket gift voucher for
completing this survey. Access to post-intervention assessments expired after 1 week (ie., they could only be completed
28-35 days after app activation).

Twenty-eight days after the end of the intervention period (ie., 56 days post-activation), an app notification prompted
participants to complete 1-month follow-up alcohol use questions in the app, after which they followed a link to
a Qualtrics survey (see Table 1). The same process occurred 84 days after the end of the intervention period (for the
3-month follow-up). Participants received $20 vouchers for completing each of these follow-ups. Access to the 1-month
follow-up expired 14 days after the due date, and after 28 days for the 3-month follow-up. Researchers attempted to
contact participants up to 5 times during these intervals to remind them to complete follow-ups if they did not complete
them on the day they were due.

At least 168 days after the end of the intervention, researchers contacted participants to complete the 6-month follow-up
phone interview (see Table 1). There was an 8-week allowable interval for 6-month follow-up completion (ie., 168-224
days after the end of the intervention period). Participants received a $30 voucher for completing the 6-month follow-up.

Table | Schedule of Measures and Tasks

Baseline | Discharge | WI | W2 | W3 | W4 1-Month 3-Month 6-Month
FU FU FU

Demographics

SCID-5-RV current AUD module
AUDIT

SDS

DASS-21

SHAPS

CEQ-F

ATOP items

Past-month alcohol use*

X X X X X X X X X X
X X X X X

X X X X X X X

X X X X X X X X

X X X X X

Past-week alcohol use*
App installation & |st training session X
Prompts to complete ApBM/sham X X X X
training
App acceptability X
Treatment service use X
Blinding check X

Notes: “X” is used to indicate timepoints at which the measure was administered. *Alcohol use was measured via interviewer-administered timeline follow-back at baseline
and 6-month follow-up and via in-app self-administered questions during the 4-week intervention and at |-month and 3-month follow-ups.

Abbreviations: ApBM, approach bias modification; ATOP, Australian Treatment Outcomes Profile; AUD, alcohol use disorder; AUDIT, Alcohol Use Disorders
Identification Test; CEQ-F, Craving Experience Questionnaire — Frequency scale; DASS-21, 21-item version of the Depression, Anxiety, and Stress Scale; FU, follow-up;
SCID-5-RV, Structured Clinical Interview for the DSM-5 — Research Version; SDS, Severity of Dependence Scale; SHAPS, Snaith-Hamilton Pleasure Scale; W, week.
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Data Analysis

Statistical significance was ascertained using a = 0.05. Any participants who commenced at least 1 session of ApBM (if
in the ApBM condition) or sham-training (if in the control condition) were included in the analysis set. Analyses were
conducted using Stata 19.

Primary Outcome

The primary outcome, past-month abstinence, was analysed over the 3 post-intervention follow-ups using a mixed-effects
logistic regression model which tested the fixed effects of group (ApBM vs. sham); time (1-month, 3-month, and
6-month follow-up; entered as a categorical variable with 1-month follow-up as the reference timepoint); and group x
time interaction effects to test whether the size of between-group differences varied across timepoints. Levels were
included for participant and for recruitment site (to allow for possible non-independence of data from participants from
the same site). Planned contrasts between groups’ estimated marginal proportions abstinent were conducted for the
primary outcome endpoint (3-month) and the secondary outcomes (1-month and 6-month). The primary analysis was
conducted with no imputation of missing outcomes, while a supplementary sensitivity analysis imputed outcomes by
assuming that participants lost to follow-up were not abstinent.

Secondary Outcomes

Acceptability ratings were explored using descriptive statistics, particularly proportions of participants endorsing each
response option, with Pearson’s chi-squared tests conducted to compare these response distributions between groups.
Pearson’s chi-squared test was used to compare the proportion of each group who believed they received the active
training intervention. Statistical analyses used to analyse other secondary outcomes are described in the Supplement (see
Supplementary Methods).

Post-Hoc Exploratory Analyses

Due to variance in duration of residential treatment, time taken to install the app after discharge, and number of ApBM
sessions completed, we conducted post-hoc exploratory analyses to examine whether these factors may have influenced
effects of ApBM on past-month abstinence rates. These were conducted for the purpose of guiding the design of, and
generating hypotheses for, future research. For duration of residential treatment, this involved repeating the mixed-effects
logistic regression models described above with the additional inclusion of the fixed effect of residential treatment
duration (in days, entered as a continuous variable) and its 2-way and 3-way interactions with group and timepoint. This
was conducted twice, using both non-imputed and imputed abstinence outcome data.

The association between number of ApBM sessions completed and abstinence rates at follow-ups was explored at
each follow-up separately using mixed-effects logistic regression testing the effect of number of sessions on abstinence,
with site included as a level. Only participants in the ApBM group were included in these models, since differences
between groups in the number of sessions the app allowed them to complete would otherwise confound analyses.
Moreover, since increased number of sessions significantly predicted follow-up completion, these analyses used only
non-imputed outcomes, since assuming non-abstinence in those lost to follow-up could otherwise inflate associations
between number of sessions and abstinence. Finally, we repeated the primary analyses of past-month abstinence
excluding participants who did not activate the app within 1 week after discharge.

Results

Figure 1 shows the number of clients who were referred, screened, randomised, activated the app, and completed follow-
ups. Table 2 presents the baseline demographic characteristics of the sample and Table 3 presents the baseline clinical
and treatment characteristics. Typical of AUD treatment samples, participants’ mean age was in the mid-40s. There were
similar numbers of male and female participants, and the sample predominantly comprised White, native-English
speakers recruited from private treatment services. Approximately half had completed university degrees. Participants
had consumed alcohol on a mean of 22 of the 28 days before they commenced residential treatment, and their mean
consumption was more than 10 times higher than the 10 standard drink-per-week limit suggested by Australia’s NHMRC
to minimise long-term risk of alcohol-related disease.*> Approximately half of participants used nicotine daily and
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Table 2 Baseline Demographic Characteristics of Participants Who Activated the App

Total N=134) | ApBM (n=61) | Control (n=73)
Age (years) 45.0 (11.4) 45.2 (11.6) 449 (11.2)
Gender
Male 67 (50) 32 (52) 35 (48)
Female 66 (49) 29 (48) 37 (51)
Non-binary 1 () 0 1 ()
Race® (N = 133, ApBM: n = 61, Control: n = 72)
White/European 120 (90) 57 (93) 63 (88)
East Asian/Southeast Asian 4 (3) 1 (2) 34
African 2(1) 2 (3) 0
South Asian 2 () 0 2 (3)
Aboriginal/Torres Strait Islander 1 (1) 0 1 ()
Other 1 () 0 1 ()
Both African and White/European® 1 (1) 0 1 (1)
Both East Asian/Southeast Asian and White/European® 1 (1) 1 (2) 0
Both White/European and Other® 1 () 0 1 ()
Highest level of completed education
Less than Year 12 16 (12) 5(8) Il (15)
Year |2 and/or apprenticeship, diploma, or Professional qualification 56 (42) 25 (41) 31 (42)
Bachelor’s degree or higher 62 (46) 31 (51) 31 (42)
Any paid past-month employment 71 (53) 32 (52) 39 (53)
English as First Language 130 (97) 60 (98) 70 (96)
Phone operating system
Apple 95 (71) 44 (72) 51 (70)
Android 39 (29) 17 (28) 22 (30)

Notes: Statistics presented are mean (standard deviation) for age and are n (%) for all other variables. ®N differs for some variables due to missing data.
PParticipants were able to choose more than one option for race, hence three participants chose two options.

Abbreviation: ApBM, Approach bias modification.

Table 3 Baseline Clinical Characteristics of Participants Who Activated the App

Total (N =134) | ApBM (n=61) | Control (n =73)
AUDIT total score 31.3 (6.5) 311 (7.0) 31.5 (6.0)
SDS score 1.1 3.1) 11.6 (2.9) 10.8 (3.2)
CEQ-F total score® (N = 31, ApBM: n = 58, Control: n = 73) 1.9 (2.2) 2.2 (2.3) 1.7 (2.0)
Past week standard drinks 103.7 (77.0) 94.1 (67.6) 111.7 (83.7)
Past week drinking days 5.4 (2.5) 53 (2.6) 54 (2.5)
Past week heavy drinking days®® (N = 133, ApBM: n = 61, Control: n = 72) 4.9 (2.8) 4.7 (2.9) 5.1 (27)
Past month standard drinks® (N = 133, ApBM: n = 61, Control: n = 72) 425.9 (286.5) 408.1 (252.7) 440.9 (313.3)
Past month drinking days 21.7 (8.7) 21.6 (8.3) 21.8 (9.0)
Past month heavy drinking days*® (N = 131, ApBM: n = 59, Control: n = 72) 20.5 (9.2) 20.2 (9.1) 20.8 (9.4)
Daily nicotine use® 69 (51) 26 (43) 43 (59)
Any past-month use of illicit or non-prescribed substances (other than alcohol and nicotine) 37 (28) 17 (28) 20 (27)
ATOP psychological health 52 (23) 5.0 (23) 5.3 (23)
ATOP physical health 54 (24) 5.2 (2.5) 5.6 (2.3)
ATOP quality of life 52 (24) 5.0 (2.5) 5.3 (23)
DASS-21 depression 6.0 (4.7) 6.5 (4.5) 5.6 (4.9)
DASS-21 anxiety 44 (3.8) 5.0 (42 39 (34)
DASS-21 stress 6.5 (4.2) 74 (4.5) 5.7 (3.7)
SHAPS score 10.7 (7.0) 11.5(7.4) 10.0 (6.7)
Duration of residential treatment (days) 36.3 (17.8) 35.9 (l6.1) 36.7 (19.3)
(Continued)
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Table 3 (Continued).

Total (N =134) | ApBM (n=61) | Control (n =73)

Treatment site type

Private 122 (91) 57 (93) 65 (89)

Public 12 (9) 4(7) 8 (Il
Treatment goal

Abstinence 121 (90) 57 (93) 64 (88)

Reduced alcohol use 13 (10) 4(7) 9 (12)
Interval between discharge and app activation (days) 3.9 (83) 4.4 (11.3) 34 4.7)

Notes: Statistics presented are mean (standard deviation) except for nicotine use, illicit/non-prescribed substance use, treatment site type, and treatment goal, which are
presented as n (%). °N differs for some variables due to missing data. ®Heavy drinking days were days on which 25 standard drinks (i.e., 250 grams pure alcohol) were
consumed. “Participants were classified as daily nicotine users if they reported either smoking tobacco or vaping nicotine on the majority of the 28 days prior to admission.
Abbreviations: ApBM, Approach bias modification; ATOP, Australian Treatment Outcomes Profile; AUDIT, Alcohol Use Disorders Identification Test; CEQ-F, Craving
Experience Questionnaire — Frequency scale; DASS-21, 21-item version of the Depression, Anxiety, and Stress Scales; SDS, Severity of Dependence Scale; SHAPS, Snaith-
Hamilton Pleasure Scale.

approximately a quarter had used illicit drugs in the month prior to their admission. A large majority of participants said
their goal was complete abstinence from alcohol.

Duration of the residential treatment episode from which participants were recruited ranged from 9 to 103 days.
Following discharge, participants took between 0 and 87 days to activate the app, although 89% activated the app within
a week of discharging. Participants in the ApBM condition completed a mean of 7.3 sessions of ApBM during the first
4 weeks after installing the app (range: 1-16), or 8.0 in total (range 1-17) if additional sessions completed after the first
4 weeks are counted. Participants in the control group completed a mean of 2.9 sham training sessions (range 1-5) during
the 4-week intervention period or 3.9 (range 1-7) overall.

Primary Outcome

Figure 2 shows proportions of participants reporting past-month abstinence at each follow-up. Results of the mixed-effects
logistic regression analysis of past-month abstinence across the 1-month, 3-month, and 6-month follow-ups are shown in
Table 4. There were no significant effects of group or interactions between group and time. The significant main effect of
time in the contrast between the 6-month and 1-month follow-up indicates that abstinence rates decreased between these two
follow-ups. Consistent with the overall model, planned between-group contrasts for the primary outcome (3-month follow-
up) found no significant effect. The observed-data analysis suggested that controls’ abstinence rate was 55% [95% CI: 40%,
70%], while in the ApBM group it was 52% [95% CI: 36%, 67%] (contrast: —3% [95% CI: —25%, 18%], p = 0.758). The
analysis that assumed non-abstinence for participants lost to follow-up suggested a 34% [95% CI: 25%, 44%] abstinence rate
in controls and 36% [95% CI: 26%, 47%] in the ApBM group (contrast: 2% [95% CI: —12%, 17%], p = 0.746). Contrasts
between groups at the secondary endpoints also found non-significant effects at both the 1-month follow-up (Observed data:
p = 0.701; imputed: p = 0.985) and 6-month follow-up (Observed data: p = 0.991; imputed: p = 0.661).

Secondary Clinical Outcomes

Supplementary Material describes results of mixed-effects models for past-week drinking days (Supplementary Table S1), past-
week HDDs (Supplementary Table S2), past-week standard drinks (Supplementary Table S3), AUDIT scores (Supplementary
Table S4), SDS scores (Supplementary Table S5), CEQ-F scores (Supplementary Table S6), ATOP psychological health
(Supplementary Table S7), ATOP physical health (Supplementary Table S8), ATOP quality of life (Supplementary Table S9),
DASS-21 depression (Supplementary Table S10), DASS-21 anxiety (Supplementary Table S11), DASS-21 stress
(Supplementary Table S12), and SHAPS (Supplementary Table S13). None of these analyses suggested that ApBM affected
outcomes. There was also no significant difference between groups in survival analysis of time until return to subsequent

substance use withdrawal or rehabilitation or alcohol-related emergency department or hospital inpatient admission.
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Figure 2 Predicted marginal percentages from mixed-effects logistic regression model of proportions of participants reporting past-month abstinence from alcohol at each
follow-up. The top panel shows results from the model only using observed data, while the bottom panel shows results based on the assumption that participants lost to
follow-up were not abstinent. Error bars show 95% confidence intervals.

Participant Ratings of the App
Figure 3 shows the proportions of participants endorsing each response option for the six app rating items (and numerical data
used to construct Figure 3 are provided in Supplementary Table S14). When asked if the app had positive effects (helping

reduce alcohol use or cravings; or increasing interest or engagement in healthy activities and positive goals), the most common
response was “unsure”, with few participants strongly agreeing or disagreeing. When asked if the app had harmful effects
(causing participants to drink or crave alcohol more), most participants disagreed, with only four participants (8%) in the
ApBM group feeling it had increased cravings, and no participants feeling it increased their alcohol use. Pearson’s chi-squared
tests did not detect significant differences between groups in distributions of responses (all ps > 0.076).
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Table 4 Results of Mixed-Effects Logistic Regression Analysis of Past-Month Abstinence at Follow-Ups

Effect Observed Data (N = 109) Imputed Model (N = 134)
Odds Ratio 95% CI P Odds Ratio | 95% CI P
Constant 293 0.82, 10.43 | 0.098 041 0.15, .15 | 0.091
Group (control as reference) 0.70 0.12,4.23 | 0.701 1.01 0.24, 4.32 | 0.985
Time (I-month follow-up as reference)
3-month follow-up 0.52 0.14,1.88 | 0316 0.59 022, 1.63 | 0.311
6-month follow-up 0.23 0.06, 0.90 | 0.035 0.34 0.12,0.98 | 0.045
Group X time interaction
3-month follow-up 1.08 0.17,6.73 | 0.936 1.26 0.29,5.43 | 0.758
6-month follow-up 1.41 0.21,9.23 | 0.722 1.39 031, 6.23 | 0.669

Notes: Bold font indicates statistically significant p values (p < 0.05).
Abbreviation: Cl, confidence interval.

Assessment of Blinding Success

Forty-seven controls and 44 ApBM participants completed the allocation guessing item at their 6-month follow-up. Of
these participants, 21 controls (45%) and 26 ApBM participants (59%) guessed they received an active intervention (y*
(1) = 1.89, p = 0.169).

Post-Hoc Exploratory Analyses of Past-month Abstinence

Does Duration of Residential Treatment Episode Moderate ApBM’s Effect on Abstinence?

Given the wide range in duration of the residential treatment episode participants underwent prior to accessing the app
(9-103 days), we repeated the analyses of past-month abstinence to test whether duration of residential treatment
moderated the size of ApBM’s effect on abstinence. These models are shown in Table 5. Both the observed data and
imputed models indicated main effects of residential treatment duration, suggesting that longer residential treatment
predicted higher odds of abstinence. We noted that the group x duration interaction approached significance in the
observed data analysis (p = 0.081) and was significant in the imputed analyses (p = 0.045). To visualise the significant
interaction in the imputed analysis, we trichotomised treatment durations to create short (9—28 days, n = 50), medium
(29-36 days, n = 43), and long (37-103 days, n = 41) categories and generated estimated proportions abstinent for each
duration category in each group at each follow-up (see Figure 4). Figure 4 suggests that this moderation effect arises from
a tendency for ApBM participants to have higher abstinence rates than controls among participants with shorter
residential treatment durations, which is lost, or even reversed, in those with longer treatment durations.

Association Between Number of ApBM Sessions Completed and Odds of Abstinence

Within the ApBM group participants who completed the 1-month follow-up, each additional session of ApBM completed
during the first 28 days after installing the app predicted a 25% increase in odds of past-month abstinence at the 1-month
follow-up (ie., OR =1.25[95% CI: 1.03, 1.52], p=0.021). However, this association became non-significant at the 3-month
(OR =1.13 [95% CI: 0.97, 1.32], p = 0.127) and 6-month follow-up (OR = 1.04 [95% CI: 0.90, 1.20], p = 0.618).

Abstinence Outcomes in Participants Who Installed the App Within | Week of Discharge

The app was intended, in this trial, to be installed soon after discharge from residential treatment to be tested as a relapse-
prevention tool. However, 11% of participants (n = 15) took more than a week after discharge to install the app, with the delay
between discharge and installation ranging up to 87 days. Hence, to test the app’s performance in conditions closer to its
intended use, we repeated the primary analysis excluding participants who installed the app more than 7 days after discharge.
However, these analyses did not show any evidence for differences between groups (see Supplementary Table S15).

Discussion
Analysis of our primary outcome found no significant effect of providing a personalised ApBM smartphone app to
people recently discharged from residential AUD treatment on abstinence rates at the 3-month post-intervention follow-
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Figure 3 Percentages of participants endorsing each response option for the six ratings of the app.
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Table 5 Results of Mixed-Effects Logistic Regression Analysis of Past-Month Abstinence at Follow-Ups, Including Duration
of Residential Treatment as a Moderator

Effect Observed Data (N = 109) Imputed Model (N = 134)
Odds Ratio 95% CI P Odds Ratio 95% ClI P

Constant 0.0l 0.00, 1.29 0.064 0.04 0.00, 0.44 0.009
Group (control as reference) 160.46 0.36,72,116.92 | 0.103 34.72 0.87, 1389.74 | 0.060
Time (I-month follow-up as reference)

3-month follow-up 5.84 0.05, 641.56 0.461 0.62 0.05, 6.94 0.696

6-month follow-up 2.40 0.02, 274.62 0.717 0.66 0.06, 7.47 0.734
Admission duration 1.19 1.02, 1.39 0.031 1.07 1.01, .14 0.033
Group X time interaction

3-month follow-up 0.02 0.00, 14.65 0.244 0.86 0.02, 34.80 0.934

6-month follow-up 0.21 0.00, 87.99 0.609 0.86 0.02, 37.78 0.939
Group x admission duration interaction 0.84 0.69, 1.02 0.081 091 0.82, 0.998 | 0.045
Time x admission duration interaction

3-month follow-up 0.92 0.79, 1.07 0.287 1.00 0.94, 1.06 0.960

6-month follow-up 0.92 0.79, 1.08 0.303 0.98 0.92, 1.05 0.553
Group x Time % admission duration interaction

3-month follow-up I.15 0.93, 1.42 0.207 1.0l 0.92, 1.12 0.814

6-month follow-up 1.07 0.89, 1.30 0.472 1.01 0.92, 1.12 0.784

Notes: Bold font indicates statistically significant p values (p < 0.05).
Abbreviation: Cl, confidence interval.

up. Nor did past-month abstinence rate differ between groups at either of the secondary timepoints at which it was
measured (1 month or 6 months after the end of the 4-week ApBM app intervention). Other psychological and clinical
variables also showed no significant effects of ApBM.

Findings did, however, support the effectiveness of the residential treatment programs from which participants were
recruited — it is remarkable that, as noted in the Supplement, almost half of participants no longer met DSM-5 criteria for
AUD at the 6-month follow-up, given participants’ AUD severity at baseline. Analyses of secondary outcomes related to
quantity and frequency of alcohol consumption and presence and severity of AUD suggested substantial average
improvements following rehabilitation treatment (see Supplement for details). However, the magnitude of these changes
did not differ significantly between groups. Hence, these outcomes are likely related to benefits of engaging in residential
treatment, along with non-specific effects, eg., of participants’ motivation, rather than their use of the ApBM app.

Our lack of any findings supporting efficacy contrasts with findings from multiple previous RCTs where ApBM was
delivered during residential treatment (using computers and joysticks, rather than a smartphone app), which found that rate of
relapse was reduced (typically by approximately 10%) at follow-up intervals ranging from 2 weeks to 1 year.>'*"*"'® It also
contrasts with the two other RCTs of the same app (AAT-App) used in the present study which, despite not finding significant
effects at either trials’ primary outcome (week 4), both found that the ApBM group reduced drinking more than sham controls
at a secondary endpoint (after 2 weeks in older adults who were drinking at hazardous levels;** at 3-month follow-up in AUD
outpatients).>' However, as is typical of people accessing residential treatment, this trial’s sample tended to have more severe
AUD than participants in the other two RCTs of AAT-App. Given this high severity, participants may have required a more
structured, prolonged, or intensive ApBM intervention to derive benefits. Previous trials that delivered ApBM during
residential treatment, with sessions administered on-site by treatment or research staff in a therapeutic context that reinforced
recovery motivations, could ensure that most participants completed the number and frequency of sessions consistent with
their protocol. The less-structured, unsupervised app-based delivery in the present trial relied on participants, who had already
exited residential treatment, to remember to complete sessions in response to app prompts, resulting in substantial variance in
the actual number of sessions completed. Indeed, exploratory post-hoc analyses found that participants who completed more

ApBM sessions were more likely to report abstinence at the 1-month follow-up. While this post-hoc analysis cannot be
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Figure 4 Predicted past-month abstinence rates (based on imputed outcomes) at follow-ups in participants whose index residential treatment admission was 9-28 days
(top; n = 50), 29-36 days (middle; n = 43), or 37-103 days (bottom; n = 41). Error bars show 95% confidence intervals.
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interpreted as confirming causality, it does suggest the hypothesis that a more intensive schedule of ApBM sessions could yield
positive effects in this setting in future research.

The interval between discharge and app installation also varied between participants. Since not all participants
installed the app immediately upon discharge, it is possible that this also resulted in some participants only installing
the app after a first lapse to alcohol use, undermining the intention for the app to be used as a relapse-prevention measure.
Future trials could address this by having treatment service staff facilitate app installation as part of the discharge process.

The exploratory post-hoc finding that duration of residential treatment moderated the association between ApBM and
abstinence suggests that future studies may be more likely to detect a positive effect of post-discharge smartphone ApBM
if they focus on people who received briefer periods of residential treatment (eg., withdrawal treatment only). Briefer
periods of residential treatment may be less effective at preparing clients to resist impulses to consume alcohol, hence
leaving a vulnerability that post-discharge ApBM helps ameliorate. Clients who remain in residential treatment for longer
periods undergo more sustained psychotherapeutic interventions and interaction with other clients, which emphasise the
negative consequences of alcohol use, and further reinforce clients’ recovery-oriented motivations. According to some
theoretical models, ApBM’s efficacy (when effective) is driven by the formation of negative and avoidance-related

inferential evaluations of alcohol.**

However, if these have already been substantially reinforced by prolonged residential
treatment, a relatively minimal program of smartphone ApBM may not have as much additional benefit.

Participants’ subjective ratings of the app’s effects supported the safety of the intervention. Despite the training tasks
involving exposure to alcohol-related stimuli, participants did not feel that it exacerbated alcohol use, and only a small
number of participants felt that ApBM increased craving. Despite differences between the ApBM and sham training
schedules, the two groups appeared to have similar subjective perceptions of the app’s effects (Figure 3). Moreover, when
blinding was assessed at 6-month follow-up, approximately half of each group believed they received an active
intervention. Hence, it is unlikely that outcomes were substantially influenced by differences between groups in
expectancy effects.

Several limitations affected these analyses. Our sample size was substantially smaller than the planned target,
meaning the study had only 39% power to detect an effect size similar to what we previously observed using
computer/joystick-delivered ApBM during withdrawal treatment.'> At the time we applied for funding, we overestimated
the likely recruitment rate. In part, this was due to recruitment commencing while COVID-19 pandemic-related
restrictions or changes in practice were still in effect at services, causing delays in commencing recruitment at some
services, temporary suspensions of recruitment at some services which experienced COVID-19 outbreaks, and generally
slower recruitment than anticipated. Hence, our originally intended study timeline, which was based on an ambitious
estimate of likely recruitment rate, allowed insufficient time to recruit a sample that would have provided adequate
statistical power. We therefore suggest that researchers planning future studies in similar settings use very conservative
a priori estimates of recruitment rates.

Our reliance on self-reported alcohol consumption, where recall errors or social desirability bias may introduce
inaccuracies, may have further impacted precision of our analyses. Post-intervention app ratings may have been affected
by attrition bias, eg., if participants with less positive experiences using the app were more likely to disengage and
therefore not complete post-intervention measures. Finally, demographic characteristics of the sample (eg., 90% White,
97% with English as their first language) may limit generalisability of our findings, eg., to other national or cultural
contexts. Moreover, participants were predominantly recruited from private treatment services and were required to own
a working, recently updated smartphone. These factors may have led to under-representation of more socio-economically
disadvantaged people, further limiting generalisability.

In summary, this study suggested that providing personalised smartphone-delivered ApBM to clients following
discharge from residential alcohol rehabilitation treatment was safe and acceptable, although this conclusion may be
influenced by attrition bias. However, outcomes provided no significant evidence for smartphone ApBM’s clinical
efficacy in this population and context. Nonetheless, exploratory analyses suggested the possibility of better efficacy
for patients with shorter treatment durations, though this underpowered analysis would require replication in a fully
powered study. Additionally, people who engaged in more ApBM sessions had higher rates of abstinence, although we
note that correlational analysis does not infer causality. Future research could examine whether residential treatment
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outcomes could be bolstered by a more structured and/or intensive delivery of smartphone ApBM; whether this
intervention could be more effective in shorter-duration residential treatment settings; or whether an ApBM app could
have additive effects if delivered following computer-based ApBM during residential treatment.

Data Sharing Statement

Due to conditions of ethical approval, we do not intend to make the dataset accessible to the general public. However,
researchers interested in accessing deidentified individual participant data may contact the chief investigator, Professor
Victoria Manning (victoria.manning@monash.edu) with a proposal explaining their intended analyses. Granting access to
other researchers to use deidentified data will require completion of data sharing agreements between Monash University
and the researchers seeking to access the data. Data will be retained for 7 years after the completion of reporting of trial
outcomes but may be unavailable after that point.
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