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ARTICLE INFO ABSTRACT
Keywords: Background: Around one in five people who use cannabis develop a cannabis use disorder (CUD) during their
Marijuana lifetime. Attentional bias toward substance-related stimuli is theorised to drive substance-seeking behaviour,

Cannabis use disorder
Attentional bias
Cognitive bias

Visual probe task
Cannabis stimuli

contributing to the development of addiction and relapse. There is mixed evidence of cannabis-related atten-
tional bias in individuals with CUD and its association with cannabis quantity, CUD severity, and confounders (e.
g., alcohol, nicotine use). We aimed to examine cannabis attentional bias in non-treatment-seeking adults with a
CUD (n = 74) versus controls (n = 30), and in relation to levels of cannabis and nicotine use, adjusting for alcohol
use.

Methods: Attentional bias was measured using a visual probe task. To detect attentional bias differences between
groups (CUD, controls), we ran linear mixed-effect models with reaction times (RTs) to cannabis versus neutral
images as the outcome variable, adjusting for intra-individual variability and stimulus onset asynchrony (SOA,
200/500 ms). Within the CUD group only, we explore the association between attentional bias and cannabis
quantity, craving, Cannabis Use Disorder Identification Test — Revised (CUDIT-R) scores, image valence ratings,
and nicotine use. All models were adjusted for alcohol use.

Results: No significant effects were found for group, cannabis quantity, craving, CUDIT-R scores, or nicotine use
on attentional bias toward cannabis cues.

Conclusion: Findings suggest that non-treatment seekers with CUD do not exhibit attentional bias to cannabis
cues. Replication in treatment-seeking samples is needed to determine whether attentional bias has clinical
relevance, using objective measures (e.g., eye tracking).
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1. Introduction

Cannabis use disorder (CUD) is characterised by the continued use of
cannabis despite the experience of significant distress and/or functional
impairment (American Psychiatric Association [APA], 2013), and is
estimated to affect 22% of the ~228 million current consumers world-
wide (Butterworth et al., 2014; United Nations Office for Drugs and
Crime [UNODC], 2023). Symptoms of CUD can include failed attempts
to reduce use and cue-induced craving (APA, 2013; Sehl et al., 2021).
Frequent cannabis use has been linked to poorer mental health (e.g.,
depression [Lev-Ran et al., 2014], anxiety [Kedzior & Laeber, 2014] and
psychotic symptoms [Di Forti et al., 2019]), impaired cognitive perfor-
mance (Broyd et al., 2016) and lower educational attainment (Lorenzetti
et al., 2020; Morissette et al., 2024); with worse outcomes associated
with greater chronicity of cannabis use (Zehra et al., 2018).

Attentional bias (AB), defined as the tendency for substance-related
stimuli to disproportionately capture attention, is a key mechanism
posited to underscore continued cannabis use and relapse (Field & Cox,
2008). AB is theorised to develop through repeated pairing between
cannabis-related cues (e.g., cannabis paraphernalia) and progressive
sensitisation of reward pathways due to cannabis intake, strengthening
the incentive salience of those cues (Robinson & Berridge, 1993). World
trends towards cannabis legalisation, and increased cannabis availabil-
ity and advertising have been associated with a higher risk of CUD
(Cerda et al., 2020; Rup et al., 2020), potentially hindering people’s
attempts to reduce or cease use due to their attention-grabbing prop-
erties (Topbas et al., 2025). Thus, determining whether AB is present in
individuals who experience a CUD could prove helpful in informing
public health policies and targeted interventions.

Higher frequency of cannabis use has been associated with greater
AB toward cannabis cues, particularly in heavier users in treatment
(Campbell et al., 2018; Cousijn et al., 2013; Kroon et al., 2023; Ruglass
et al., 2019; Vujanovic et al., 2016; Yoon et al., 2019), although meth-
odological differences constrain the evidence. First, the examined
cannabis samples vary from “regular users” to people with CUD, with
most studies confirming cannabis dependence using now outdated
diagnostic and screening tools (e.g., Diagnostic and Statistical Manual of
Mental Disorders — 4th edition — text revised [DSM-IV-TR]; APA, 2000;
Cousijn et al., 2013; Ruglass et al., 2019; van Hemel-Ruiter et al., 2016;
Vujanovic et al., 2016). The inconsistent characterisation limits the
comparability of findings and leaves a knowledge gap for practitioners
using the latest diagnostic tools (i.e., DSM-5; APA, 2013).

Second, the measurement of AB varies (e.g., Stroop task, visual probe
task), and the methods used to calculate AB scores are inconsistent. Most
methods subtract the mean reaction times (RTs) to cannabis images from
the mean RTs to neutral images, with positive and negative scores
indicating AB toward and away from the target stimuli, respectively
(Field et al., 2004). These methods do not account for intra-individual
variability in RTs, which has been demonstrated in moderate-to-severe
CUD (Quinones-Valera et al., 2026). Thus, unique fluctuations within
task performance may have been overlooked, inflating statistical error
rates.

Third, when using the visual probe task to measure cannabis AB,
which presents pairs of substance/neutral stimuli simultaneously,
recording individuals’ RTs (Field et al., 2004; Field et al., 2006; van
Hemel-Ruiter et al., 2016; Vujanovic et al., 2016), key task parameters
(i.e., stimuli onset asynchrony or SOA) have been inconsistently
accounted for in analyses. Importantly, different SOAs may reflect
distinct aspects of AB, including automatic versus sustained processes,
measured at < 200 and > 500 ms, respectively (O'Neill et al., 2020).
Therefore, it is critical to account for the influence of SOA to determine
the nature of cannabis AB in CUD. Additionally, how the subjective
valence of stimuli used affected AB has been rarely examined, with
emerging evidence suggesting significant effects (Field et al., 2004;
Quinones-Valera et al., 2026).

Fourth, cannabis-related metrics, such as quantity (e.g., joints,
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grams) and craving, have been inconsistently measured across studies,
and their association with AB has seldom been explored (e.g., up to two
studies per variable) (Campbell et al., 2018; Field et al., 2004; Kroon
et al., 2023; Van Kampen et al., 2020; Yoon et al., 2019). Therefore, it is
unclear if cannabis quantity and craving are associated with AB in CUD.
Fifth, the role of alcohol and nicotine use on AB in individuals with CUD
has been inconsistently examined, despite their co-occurrence (Rabin &
George, 2015; Yurasek et al., 2017). Importantly, prior research suggests
a “washed-out” effect, where accounting for problematic alcohol/nico-
tine use eliminated previously evidenced AB deficits in individuals with
CUD undergoing treatment (Kroon et al., 2023). Such “washed-out”
effect underscores the importance of accounting for alcohol/nicotine use
when examining AB in CUD.

The primary aim of this study was to compare AB to cannabis-related
versus neutral images between participants with mild-to-severe CUD
and non-cannabis-using controls. Based on neuroscientific theories of
addiction (Field & Cox, 2008; Robinson & Berridge, 2008; Volkow et al.,
2019) and existing evidence (O'Neill et al., 2020), we hypothesised that
individuals with CUD would have a stronger AB toward cannabis-related
images. We explored associations between AB and cannabis-related
variables (i.e., grams/past month, craving, CUDIT-R scores, valence
ratings and cigarettes/past month). All analyses were adjusted for SOA,
alcohol use and intra-individual variability in RTs. Alcohol use was
selected as a covariate since it was reported in both groups; however,
nicotine was only reported in the CUD group, therefore explored as a
predictor of AB in CUD.

2. Methods

This study was nested within a larger neuroimaging longitudinal
project approved by the University of Wollongong Human Research
Ethics Committee (HREC ID: 2017/389) and acknowledged by Austra-
lian Catholic University’s HREC.

2.1. Participants

Participants were recruited from the general community/university
campuses in Wollongong, Australia, via flyers and online social media
platforms, which included study details and a QR code linking to a
questionnaire to determine eligibility. Participants were contacted via
phone for detailed screening (Supplementary Methods 1.1 for details on
the original sample recruited, participants excluded and power
analysis).

2.2. Eligibility Criteria

The following eligibility criteria were initially established for the
larger neuroimaging study. Participants were deemed eligible if they: (i)
were aged 18 to 55 years; (ii) had normal/corrected vision; and (iii)
were fluent in English. Additionally, CUD participants were required to:
(i) use cannabis >4 days/week for > 12 months, and (ii) meet diagnostic
criteria for CUD ascertained by the Structured Clinical Interview for
DSM-5 Research Version (SCID-5-RV; First, 2015).

Exclusion criteria for all participants were: (i) self-reported lifetime
history or current diagnosis - or currently meeting criteria for - psy-
chotic, bipolar, and obsessive compulsive-related disorders, or severe
alcohol use disorder, assessed by the Mini International Neuropsychi-
atric Interview (MINI; Sheehan et al., 1998); (ii) self-reported nicotine
dependence or a score of >8 on the Fagerstrom Test for Nicotine
Dependence (FTND; Fagerstrom et al., 2012) and/or self-reported
alcohol dependence or a score of >20 on the Alcohol Use Identifica-
tion Test (AUDIT; Babor et al., 2001); (iii) current or previous history of
prescribed medication for psychiatric disorders; (iv) pregnancy or
currently breastfeeding; (v) use of illicit substances (other than cannabis
for the CUD group) above recreational levels, defined as: a total of >50
lifetime episodes; use greater than weekly for >3 months within the past
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5 years; >5 lifetime use of methamphetamine or any drug administered
intravenously; and use in the last 30 days before testing, (vi) contrain-
dications for MRI scanning or data interpretation (e.g., history of
neurological diseases, metal implants, claustrophobia). All participants
were asked to refrain from any substances except nicotine for at least 12
hours before testing.

2.3. Assessment Procedure

Face-to-face testing was conducted at the School of Psychology at the
University of Wollongong. Participants provided informed written
consent before testing, which was conducted across two sessions, each
lasting ~3 hours. Participants completed demographic, mental health,
and substance use history questionnaires and provided a urine sample
for toxicology assessment of substance use and pregnancy status (Sup-
plementary Methods 1.2). Participants completed cognitive testing
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afterwards, including the visual probe task. The reimbursement totalled
$80 AUD.

2.4. Measures

The measures administered to characterise the sample and assess-
ment of experimental variables related to substance use are overviewed
in Table 1.

2.4.1. Measurement of AB

AB was measured via the visual probe task (Fig. 1). The rationale
behind the task is that faster RTs would be displayed toward stimuli that
participants were visually attending to. The task comprised four buffer
and 160 critical trials, lasting ~15 minutes. It included 10 pairs of
generic cannabis (e.g., cannabis, bongs, joints) and neutral (e.g., sta-
tionary) images matched on composition and brightness. Trials began

Table 1
Overview of measures for sample characteristics and substance use-related variables.
Measure Variable Number of items Modality of Scores  Interpretation
administration
Sociodemographic Questionnaire Age, sex, education years B Self-report B B
information and IQ completed
WASI-II (Wechsler, 1Q 31 items Tester- _ _
2011) —Vocabulary 30 administered
items —Matrix
Reasoning
Mental health BDI-II (Beck et al., 1996)  Depression 21 Self-report 0-63 Minimal = 0-13
Mild = 14-19
Moderate = 20-28
Severe = 29-63
STAI-Y (Spielberger State-anxiety 40 Self-report 20-80  No or low anxiety = 20-37
et al., 1983) Moderate anxiety = 38-44 High
anxiety = 45+
PSS (Cohen et al., 1983) Stress 10 Self-report 0-10 Low = 0-13
Moderate = 14-26
High = +27
CAPE (Stefanis et al., Depressive and psychotic 42 Tester- _ Higher scores reflect a higher
2002) (positive and negative) administered frequency of the experience
experiences
Cannabis use and SCID-5-RV (First, 2015) Presence of CUD and level of B Tester- 0-11 Mild = 2-3 symptoms
related variables severity administered Moderate = 4-5 symptoms
Severe = 6+
CUDIT-R (Adamson Cannabis-related problems 8 Self-report 0-32 A clinical cut-off of > 13 is
et al., 2010) suggestive of a possible CUD
VAS (Aitken, 1969) Craving pre-to-post the visual 1 Tester- 0-10 Higher scores indicate higher
probe task administered level of craving
MCQ (Heishman, 2009) Session levels of craving 45 Self-report _ Higher scores indicate greater
craving in the compulsivity,
emotionality, expectancy or
purposefulness domains
CWS (Allsop et al., Withdrawal symptoms 19 Self-report 5-190  Mild = 5-12
2011) Moderate = 13-24
Moderately severe = 25-36
Severe = 36+
Measures of substance TLFB (Sobell & Sobell, Cannabis, alcohol, nicotine and Not applicable Tester- _ _
use 1992) other substances use (quantity administered
and frequency over the last
month, hours since last use)
AUDIT (Babor et al., Problematic alcohol 10 Self-report 0-40 A clinical cutoff of > 19 to
2001; de Meneses-Gaya consumption identify alcohol dependence
et al., 2009)
FTND (Fagerstrom et al.,  Nicotine dependence 6 Self-report 0-10 Scores > 3 indicate nicotine
2012) dependence
Semi-structured Age of onset Not applicable Tester- _ _
interview (Lorenzetti Duration of cannabis use administered
et al., 2015; Solowij
et al., 2002)
Note. IQ = Intellectual Quotient. “—” = Not applicable/Not available. WASI-II = Wechsler Abbreviated Scale of Intelligence — Second Edition. BDI-II = The Beck

Depression Index —II. STAI-Y = State-Trait Anxiety Index — Y Form. PSS = Perceived Stress Scale. CAPE = Community Assessment of Psychic Experiences. SCID-5-RV =
Structured Clinical Interview for DSM-5 Diagnoses — Research Version. CUDIT-R = Cannabis Use Disorder Identification Test — Revised. VAS = Visual Analogue Scale.
MCQ = Marijuana Craving Questionnaire. CWS = Cannabis Withdrawal Scale. TLFB = Timeline Follow-Back. AUDIT = Alcohol Use Identification Test. FTND =
Fagerstrom Test for Nicotine Dependence.
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Fig. 1. Example of the visual probe task, with a cannabis trial (left) and a neutral trial (right) (Quinones-Valera et al., 2026) Note. Ms = milliseconds. RTs =

reaction times.

with a centred fixation cross (500 milliseconds), followed by one
cannabis and neutral image, side by side, for either 200 or 500 milli-
seconds (SOA) to measure automatic and sustained attention, respec-
tively. Next, a probe (i.e., black arrow pointing upwards or downwards)
replaced either the cannabis (i.e. congruent trials) or the neutral image
(i.e., incongruent trials).

Participants were instructed to indicate, as quickly and accurately as
possible, the probe's orientation with the response key. RTs were
recorded. The probe type (up/down) and position (left/right), target
position (left/right) and SOA were counterbalanced across the task. The
task was programmed with Experiment Builder (SR Research, Kanata,
ON, Canada). Reliability results indicated a Cronbach’s Alpha between
0.84 and 0.96 and split-half reliability between 0.97 and 0.99 for RTs,
across the four key types of trials (i.e., type of image x SOA). For AB
scores, Cronbach’s Alpha ranged between 0.05 and 0.62, and split-half
correlations were between -0.001 and 0.446 (See Supplementary
Methods 1.3 and Results 2.1 for more information about the task and its
reliability).

2.4.2. Subjective ratings of valence of cannabis and neutral images from the
visual probe task

An image rating task, programmed using Experiment Builder (SR
Research, Kanata, ON, Canada), was administered to measure partici-
pants’ appraisal of the subjective valence of the images. A fixation cross
appeared for 500 milliseconds, followed by one of the 10 cannabis or

neutral images, centred on the screen. Participants rated images on a
scale ranging from -3 for “very unpleasant” to 3 for “very pleasant”
(Supplementary Methods 1.4 for detailed instructions).

3. Statistical Analyses
3.1. Normality checks and outliers

Variables were examined for normality (Kolmogorov-Smirnov test).
Distributions were visually inspected for outliers using Tukey’s method
(data points 1.5 interquartile range below Q1 and above Q3), which
were removed for all analyses. For RTs, incorrect trials (i.e., wrong
response key entered), and any individual RTs <200 and >2000 and
more than 43 standard deviations from the mean at a trial level, were
removed.

3.2. Descriptives

Group comparisons were conducted via Chi-Square test for cate-
gorical variables (sex), t-test for variables that were normally distributed
(stress, CUDIT-R scores), and Mann-Whitney U tests for the remaining
non-normally distributed data.
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3.3. Aim 1: Group differences in AB

We conducted a linear mixed-effects model to examine the primary
aim. The outcome variable was RTs. Subject ID was used as a random
intercept, and predictors included: group (CUD, controls); image type (i.
e., cannabis, neutral); SOA (200, 500 milliseconds). Interaction terms
were group-by-image type to measure AB differences between the CUD
and control groups and group-by-image type-by-SOA to examine AB
differences between groups as a function of SOA. AUDIT scores were
adjusted for as a covariate in all models. A likelihood ratio test was
conducted to examine whether there was significant variability in RTs
within individuals, comparing two models (with and without Subject ID
as the random intercept). A significant effect of the group-by-image type
indicates the presence of attentional bias, as such an effect demonstrates
that RTs between CUD and control participants depend on image type
(cannabis vs neutral).

For comparability purposes with most studies in the field (Cousijn
et al., 2013; Kroon et al., 2023; van Hemel-Ruiter et al., 2016; Van
Kampen et al., 2020), we additionally calculated AB scores via sub-
tracting — within each participant — their mean RTs to cannabis images
from the mean RTs to neutral images (Field et al., 2004). This resulted in
a single AB score per participant. We compared these AB scores between
CUD and controls.

3.4. Aim 2: Association between level of AB and cannabis-related
variables

We ran a series of five linear mixed-effects models to address the
secondary exploratory aim, including one moderator in each analysis
(cannabis grams/past month, VAS subjective craving, CUDIT-R scores,
valence ratings, number of cigarettes/past month). Additional pre-
dictors in all models included: image type (cannabis/neutral) and SOA
(200/500 milliseconds), along with interaction terms between each
moderator and image type. RTs were the dependent variable. AUDIT
scores were adjusted for in all models. Bonferroni corrections for mul-
tiple comparisons were applied to all aim two analyses, with significance
set at p < 0.01. The Statistical Package for the Social Sciences was used
to complete all statistical analyses for the primary and secondary aims
(SPSS version 29; IBM, Chicago, IL, USA). GLIMMPSE 3.1.3 was used to
conduct post hoc power analysis (Kreidler et al., 2013) (See Supple-
mentary Methods 1.1 for details).

Table 2
Overview of sample characteristics.
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3.5. Sensitivity analysis

Sensitivity analyses were conducted for the primary and secondary
aims to confirm the robustness of the results obtained by removing
outliers (+3 standard deviations from the mean) and 44 participants
from the CUD group whose performance on the visual probe task may
have been affected by use of substances other than cannabis, alcohol and
nicotine and other cannabis-related items (e.g., last cannabis con-
sumption within last 12 hours before testing). These participants were
retained in the sample to allow greater representation of the broader
population of cannabis users, including those with concurrent use of
other substances (Hasin & Walsh, 2020) (see Supplementary Methods
1.5 for details). Sensitivity analysis was also conducted for the primary
aim by removing AUDIT scores as a covariate to assess the robustness of
the findings (see Supplementary Results 2.3).

4. Results
4.1. Sample Characteristics

The sample characteristics are summarised in Table 2, comprising
104 participants (31 females and 73 males), including 74 participants
with CUD and 30 controls, with a median age of 23.10 years (range:
18.47-32.46 years). Groups were matched by age and sex and did not
significantly differ in their perceived stress levels. The CUD group dis-
played significantly lower IQ, fewer years of education than controls and
showed significantly higher trait anxiety, depression, positive and
negative psychotic symptom scores. The CUD group also had signifi-
cantly higher AUDIT scores, consumed more standard drinks and ciga-
rettes and on more days in the last 30 days, despite showing comparable
FTND scores. Six CUD participants (8.10%) and one control (3.33%)
endorsed nicotine dependence (FTND score > 3).

4.2. Cannabis use and related problems

Table 3 presents cannabis use patterns. The CUD group consumed
cannabis on most days, on the 30 days before testing and abstained from
cannabis 25 hours on average before baseline. Withdrawal symptoms
were mild and cannabis craving levels were relatively low. The CUD
group reported using cannabis for the first time significantly earlier than
controls.

Within the control group, 56.7% endorsed trying cannabis in their
lifetime and using cannabis for a total of 6 lifetime occasions on average.

Variable CUD Control Group differences
N Total [females] N Total [females] xy/u° p
N Total [females] 74 [20] 30 [11] 0.948° 0.330
M (SD) Range M (SD) Range xy/u° P
Age, years 23.38 (3.34) 18.47-32.46 22.41 (2.90) 13-21 -1.327¢ 0.184
Education, years 14.96 (1.95) 11-21 16.05 (2.07) 6.50-25 —2.442¢ 0.015*
1Q, WASI-II 115.65 (10.28) 88-136 126 (8.20) 84-135 —4.592¢ 0.001*
State anxiety, STAI-Y 33.55 (9.19) 20-69 29.37 (8.43) 20-56 —2.590¢ 0.010*
Perceived stress, PSS 15.52 (5.92) 5-30 10.25 (6.87) 1-30 3.534° 0.773
CAPE symptomsfrequency Positive psychotic 25.61 (3.79) 20-35 21.37 (1.56) 20-25 —5.746° 0.001***
Depressive 13.61 (13) 8-20 11.30 (2.94) 8-20 —3.524¢
Negative psychotic 23.56 (5.11) 14-35 19.47 (5.27) 14-40 -3.973¢
Alcohol AUDIT 7.26 (4.23) 0-22 4.07 (3.34) 0-12 —3.623¢
Days of use past/month, TLFB 4.36 (5.23) 0-24 2.66 (2.71) 0-8 —1.263¢
Drinks past/month, TLFB 22.70 (30.93) 0-157 10.27 (14.56) 0-52 —2.221¢
Nicotine FNTD 1.73 (1.18) 1-6 1.80 (1.30) 1-4 —0.048¢ 0.962
Days of use past/month, TLFB 9.14 (12.34) 0-30 0.10 (0.54) 0-3 —4.953¢ 0.001%**
N cigarettes past/month, TLFB 55.69 (155.55) 0-1200 0.17 (0.93) 0-5 —4.508¢ 0.001%**

Note. 1Q = Intelligence Quotient. WASI-II = Wechsler Abbreviated Scale of Intelligence, 2nd Edition; STAI-Y = State-Trait Anxiety Inventory; PSS = Perceived Stress
Scale; CAPE = Community Assessment of Psychic Experiences; AUDIT = Alcohol Use Disorder Identification Test; TLFB = Timeline Follow-back; FTND = Fagerstrom

Test for Nicotine Dependence.
*p < 0.05. **p < 0.01. ***p < 0.001.
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Table 3

Addictive Behaviors 184 (2027) 108838

Overview of cannabis use and related problems, reaction times to cannabis and neutral images and AB scores.

Variable CUD (n=74) Controls (n = 30) Group differences
M (SD) Range (min-max) M (SD) Range (min-max) U P r
CUD symptoms, SCID-5-RV 5.39 (2.33) 2-11 _ _ _ _ _
CUDIT-R 17.77 (5.22) 7-30 _ _ _ _ _
Cannabis Days of use/past month, TLFB 24.96 (6.08) 5-30 _ _ _ _ _
Grams/past month, TLFB 19.08 (24.05) 0.50-152.50 _ _ _ _ _
Craving MCQ 39.97 (12.36) 20-64 15.33 (5.77) 12-22 —2.830 0.005%* -0.277
VAS pre-visual probe task 3.99 (2.64) 0-10 0.86 (0.38) 0-1 —3.342 0.001%** —0.328
VAS post-visual probe task 4.41 (2.82) 0-10 0.86 (0.38) 0-1 —3.491 0.001%** —0.342
Withdrawal, CWS 9.15 (6.94) 0-30 0.50 (0.70) 0-1 —2.157 0.031* —-0.212
Age of onset First use, total years 16.65 (2.68) 10.75-27 18.47 15-20.92 —2.889 0.004** —0.283
At least monthly, total years 18.46 (2.81) 12.50-28 _ _ _ _ _
THC-COOH in urine, ng/mL 61.80 (76.77) 0-375.48 _

Reaction times Cannabis images

Neutral images

511.23 (56.42)
511.69 (57.69)

AB scores 0.46 (17.08) —86-37.55
ValenceRatings Cannabis images 0.83 (1.36) -3-3
Neutral images —0.34 (1.16) -3-3

407.90-658.76
394.99-661.05

493.76 (50.41)  456.31-492.70 21399 0162

493.28 (51.59) 457.14-498.53 —1.686 0.092 _
—0.48 (10.17) -22.10-21.23 —0.868 0.385 _
—1.15(1.32) —-3-3 —6.969 0.001*** —0.683
—0.09 (1.24) -3-3 —1.116 0.264

Note. CUD = Cannabis use disorder. SCID-5-RV = Structured Clinical Interview for DSM-5 Diagnoses Research Version; CUDIT-R = The Cannabis Use Disorder
Identification Test-Revised; TLFB = Timeline Follow-back; MCQ = Marijuana Craving Questionnaire; VAS = Visual Analogue Scale; CWS = Cannabis Withdrawal
Scale; THC-COOH = 11-Nor-9-carboxy-A9-tetrahydrocannabinol; ng/mL = Nanograms per millilitre. AB = Attentional bias computed as the formula mean RTs neutral

images minus mean RTs cannabis images (Field et al., 2004).
*p < 0.05. **p < 0.01. ***p < 0.001.

Only two controls reported having a history of using cannabis monthly
in the past, with a mean of 2.75 days/month. Six controls endorsed a
maximum of two occasions of use over the last 12 months.

4.3. Group Differences in subjective valence ratings for cannabis and
neutral images

Ratings of subjective valence for the CUD and control groups are
displayed in Table 2. CUD participants rated cannabis images as
significantly more pleasant than controls, whereas neutral images were
rated similarly in both groups. CUD participants also rated cannabis
images as significantly more pleasant than neutral images (Z = -6.701, p
<.001, 112 = 12.11), which contrasted with controls, who rated neutral
images as significantly more pleasant than cannabis images (Z = -3.886,
p<.001, ’=12.29).

4.4. Group Differences in RTs to cannabis and neutral images and AB
scores

Fig. 2 and Table 3 overview group differences in RTs to cannabis and
neutral images and AB scores. RTs towards cannabis and neutral images
did not differ significantly between groups. AB scores for the CUD group
(mean=0.46) and controls (mean=-0.48) did not significantly deviate
from zero (Z=0.924, p=.356 and Z=-0.504, p=.614, respectively) or
differ between groups, indicating no AB existed in either group.

4.5. Main and interaction effects of group, image type and SOA on RTs,
adjusting for AUDIT scores

The likelihood ratio test was significant (p<0.0001), and the inter-
cept significantly differed from zero, indicating significant intra-
individual variability. Additionally, there was a significant main effect
of SOA on the outcome variable, with RTs being significantly faster at
500 milliseconds compared to 200 milliseconds (F=103.006, SE =
3.176, t(8721.037) = 6.209, p<0.001), although not as a function of
image type. We did not find any other significant main effects or in-
teractions (Supplementary Results 2.2). These results were unaltered
after sensitivity analyses, without outliers and comorbid substance use
(See Supplementary Results 2.3).

550.00

500.00

—

Mean RTs (ms)

450.00

400.00

Ccubp cup Controls

Controls

Cannabis images Neutral images

Fig. 2. Mean RTs (in milliseconds) to cannabis and neutral images per CUD and
control groups. Note. Error bars: 95% CI. Ms = milliseconds. RTs = reaction
times. CUD = cannabis use disorder.

4.6. Associations between AB (defined as RTs to cannabis versus neutral
images), and cannabis use and related problems

The results indicated the intercept was significantly different from
zero and a main significant effect of SOA on RTs in all analyses
(p<0.001), with faster RTs at 500 milliseconds compared to 200. When
examining the association between AB and cannabis quantity, we found
a significant main effect of alcohol on RTs (p<0.001, $=0.198) (Sup-
plementary Results 2.4). Additionally, we found a significant main effect
of craving (p<0.001, f=1.96), CUDIT-R scores (p=0.029, =-0.444) and
number of cigarettes on RTs (p<0.001, f=-0.042 (Supplementary Re-
sults 2.5, 2.6 and 2.7). However, these effects were small and not
observed as a function of image type, indicating no significant associa-
tions with cannabis AB. These results remained the same after
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conducting sensitivity analyses, without outliers and comorbid sub-
stance use.

5. Discussion

This study examined AB toward cannabis-related images in partici-
pants with mild-to-severe CUD, recruited from the general community.
Contrary to our hypothesis, we did not find evidence of AB in partici-
pants with CUD compared to controls, based on RTs to cannabis versus
neutral images, adjusting for SOA and alcohol use. Similarly, in the CUD
group, we did not find any significant associations between cannabis AB
and cannabis quantity, craving, CUDIT-R scores, valence ratings and
nicotine use.

The absence of AB differs from other studies in similar-aged samples
and abstinent for multiple days (Cousijn et al., 2013; Kroon et al., 2023),
as well as in abstinent (Ruglass et al., 2019) and non-abstinent older
CUD participants (Vujanovic et al., 2016; Yoon et al., 2019). Our results
also differ from those obtained in samples of individuals with cannabis
abuse/dependence as per DSM-IV criteria, of unclear abstinence status,
using the visual probe task (van Hemel-Ruiter et al., 2016). However,
our results are consistent with findings obtained in adolescents and
young adults in treatment and those abstinent for longer periods (>8
days) (Van Kampen et al., 2020) and with earlier findings of cannabis
attentional bias measured via the visual probe task (Field et al., 2004;
Field et al., 2006). Importantly, our non-significant results are consistent
with studies on non-treatment seekers where intra-individual variability
was adjusted for in the statistical framework used (Field et al., 2006;
Quinones-Valera et al., 2026). Thus, these mixed findings could arise
from variability in sample characteristics such as mean age, severity of
CUD, treatment status and duration of abstinence. Meta-analyses and
meta-regressions of the latest evidence prove useful to confirm the role
of moderators in cannabis AB in CUD.

Within the CUD group, craving (positively), CUDIT-R scores and
number of cigarettes in the past month (negatively) significantly
affected RTs, although not as a function of image type (cannabis,
neutral), and therefore, these variables do not affect AB. Of note, par-
ticipants’ cannabis craving significantly increased pre-to-post the visual
probe task (p=0.007, 1?=12.097), suggesting the cannabis images were
craving-inducing, although potentially not enough to elicit cannabis AB
(mean score of 4.41/10). Cannabis craving is theorised to have a
mutually excitatory association with AB (Field & Cox, 2008). However,
the evidence is mixed, with some studies finding AB in high-craving
samples (Field et al., 2004; Kroon et al., 2023), whilst others failed to
find such associations (Cousijn et al., 2013; Van Kampen et al., 2020).
The role of craving on AB requires further examination.

Similarly, despite the CUD group rating cannabis images as signifi-
cantly more pleasant than neutral images compared to controls, the
ratings were not associated with cannabis AB, consistent with previous
evidence in a non-treatment-seeking CUD sample (Quinones-Valera
et al., 2026). Our findings contrast with theoretical frameworks,
which posit valence as deterministic of the attention-grabbing properties
of stimuli (Lang et al., 2000; Robinson & Berridge, 1993). Given the
evidence of associations between valence and nicotine AB (Mogg et al.,
2003), further investigation of the relationship between valence and
cannabis AB is warranted.

The findings of this study must be interpreted in light of potential
methodological limitations. First, we might have been underpowered to
detect subtle effects for the primary and secondary analyses in this non-
treatment-seeking sample. Secondly, participants were asked to refrain
from cannabis use for at least 12 hours before testing, which may be a
brief duration for an AB to manifest. Evidence of AB is reported in
studies with more prolonged abstinence periods from cannabis and
alcohol (> 3.5 days) (Cousijn et al., 2013; Kroon et al., 2023; Ruglass
et al., 2019), and recent use may attenuate AB (Monem & Fillmore,
2019).

Additionally, whilst the visual probe task showed good internal
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consistency for RTs, reliability for actual AB scores was poor, in line with
existing literature (Ataya et al., 2012; Jones et al., 2018). Thus, con-
current use of direct measures of AB (e.g., dual probe task [Grafton et al.,
2021], eye tracking) and personalised stimuli to enhance potential
image salience (Yoon et al., 2019) is warranted in future research, as
another limitation of the current study was the use of generic, non-
personalised cues. How previous environmental exposure to cannabis-
related stimuli affects AB in CUD requires further examination, given
evidence that tobacco exposure predicts AB (Oliver & Drobes, 2012).
Similarly, the role of alcohol use in cannabis AB requires further eluci-
dation, given their co-occurrence (Yurasek et al., 2017), as well as evi-
dence of alcohol exposure influencing attentional bias towards other
substance-related cues, including tobacco and cocaine (Field et al.,
2005; Montgomery et al., 2010). Lastly, the observed faster RTs during
longer SOA (500 milliseconds) could be explained by additional limi-
tations of the visual probe paradigm, where RTs phenomena other than
AB could influence the results. Variable foreperiods (i.e., the interval
between a warning and an imperative stimulus) increase participants’
uncertainty/expectancy of stimulus occurrence, thus resulting in slower
RTs at shorter SOA and faster RTs at longer SOA, with the latter allowing
for more preparation and motor readiness (Han & Proctor, 2022).

In conclusion, AB might not be a key feature in this young sample of
individuals with a CUD (as per DSM-5 criteria), comprised of non-
treatment-seeking individuals, predominantly university students.
Instead, AB may be limited to those with more severe cannabis-related
problems, in treatment and abstinent for several days (Kroon et al.,
2023). This study replicated findings obtained previously, where AB
was absent when accounting for intra-individual variability in non-
treatment-seeking adults (Quinones-Valera et al., 2026). Replication
studies, using sound statistical frameworks and valid tasks are required
to confirm if AB is associated with CUD.
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