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Abstract

Aims: Magnetic resonance imaging (MRI) studies have identified brain structural predictors of treatment response in individuals with alcohol
use disorder (AUD) but with varying findings and primarily in male veterans. The present study investigated cortical surface area and thickness
(CT) as predictors of brief intervention response in community-based adults with AUD.
Methods: Sixty-five non-treatment-seeking adults with AUD (44.6% male, aged 33.2 ± 1.3 years) underwent an MRI and received a brief
intervention comprising personalized feedback and motivational interviewing, with follow-up ∼6–8 weeks later to quantify changes in drinks/week
(DPW), the primary outcome. Eighteen bilateral a priori regions of interest (ROIs) were used to predict DPW at follow-up, adjusting for baseline
drinking. Significant predictors were examined with secondary outcomes, percent drinking and heavy drinking days, and in relation to out-of-
scanner measures of impulsivity and comorbidities.
Results: Participants exhibited significant decreases in alcohol consumption in response to the brief intervention. Eight bilateral CT ROIs in the
frontal, temporal, and occipital lobes, most notably medial orbitofrontal, middle temporal, and lateral occipital gyri, predicted DPW; however, only
three predicted the secondary outcomes. Significant associations were observed between CT in frontal and occipital regions and impulsivity
(delay discounting, lack of premeditation), executive functioning, anxiety, and stress.
Conclusions: Thinner frontal, temporal, and occipital ROIs predicted poorer brief intervention response, with notable overlap with brain regions
previously implicated in AUD. Clarifying whether these regions reflect premorbid or acquired differences and, if the latter, the potential for
recovery of cortical gray matter following drinking reductions are future priorities.
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Introduction

Globally, alcohol is the most widely used substance with
roughly 7% of the population reporting consumption that
is consistent with alcohol use disorder (AUD) (World Health
Organization 2024). Based on the Diagnostic and Statistical
Manual of Mental Disorders, 5th edition (DSM-5), individ-
uals meet the criteria for AUD upon fulfilment of at least 2
of 11 criteria, including items such as previous attempts or
desire to reduce alcohol consumption; alcohol craving; social,
health, or occupational consequences of use; tolerance; and
withdrawal (MacKillop et al. 2022). Moreover, individuals
with AUD often demonstrate higher levels of mood disorders,
such as anxiety and depression, stress (Castillo-Carniglia et al.
2019), and impulsivity (Dick et al. 2010), as well as poorer

neurocognitive and executive function (Maharjan et al. 2022).
Due to its heterogeneous nature and compounded by these
additional features, AUD remains difficult to understand and
treat, with many individuals struggling to successfully reach
abstinence (Creswell and Chung 2018).

There has been rising interest in leveraging neuroimag-
ing, including magnetic resonance imaging (MRI), to better
characterize the impact of chronic alcohol consumption on
the brain. MRI studies of brain structure and function have
identified neurobiological phenotypes of AUD (Arienzo et al.
2020; Dennis et al. 2020; Gerhardt et al. 2022). Compared
to healthy controls, global reductions in cortical gray mat-
ter volume and thickness are consistently reported among
AUD samples, as well as in regions such as the dorsolateral
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prefrontal cortex (DLPFC), anterior cingulate cortex (ACC),
and orbitofrontal cortex (OFC) (Morris et al. 2019; Spindler
et al. 2021; Daviet et al. 2022).

Several existing studies have found that cortical volume and
thickness predict treatment response in AUD (Durazzo et al.
2011, 2017; Durazzo and Meyerhoff 2017, 2020). Previous
studies have found that larger frontal (i.e., DLPFC), ACC,
OFC, and insula volumes were associated with better clini-
cal outcomes after 3–12 months (Moeller and Paulus 2018;
Durazzo and Meyerhoff 2020); however, there is considerable
variability in findings across studies. In addition, the existing
research predominantly represents samples of male veterans
with other comorbidities and does not evaluate nonabstinent
treatment outcomes, which may conceal important neurobi-
ological aspects of treatment response (Creswell and Chung
2018; Shmulewitz et al. 2021). Therefore, the extant literature
necessitates further investigation of brain morphometry pre-
dictors of intervention outcomes in AUD, specifically among
more community-based samples to enhance generalizability
and understanding.

The primary goal of the present study was to identify struc-
tural brain predictors of response to a brief intervention com-
prising personalized feedback with motivational interviewing
in AUD+ adults from the general community. We exam-
ined cortical surface area and thickness in 18 brain regions
previously implicated in AUD across larger neuroanatomical
regions such as the DLPFC, OFC, and ACC, as well as
regions implicated in reward, such as the insula (Rando et al.
2011; Durazzo and Meyerhoff 2017; Morris et al. 2019).
Given the non-treatment-seeking nature of the present study’s
sample, nonabstinent outcomes being acceptable within the
intervention, and evidence that nonabstinent endpoints reflect
clinically meaningful benefits (Creswell and Chung 2018;
Shmulewitz et al. 2021), the primary outcome was the change
in the quantity of alcohol consumption (i.e., measured as
standard drinks per week) post-intervention. However, to
comprehensively capture alcohol consumption patterns fol-
lowing the intervention, as secondary outcomes, we also
examined the percentage of days alcohol was consumed (i.e.,
percent drinking days) and percent of days of heavy drinking
days (i.e. ≥ 4/3 standard drinks on 1 day for males/females;
MacKillop et al. 2022). We hypothesized that greater interven-
tion response (i.e., reduction in alcohol consumption) would
be predicted by greater cortical thickness and surface area
at baseline (Durazzo et al. 2011, 2017; Rando et al. 2011;
Creswell and Chung 2018), although, given the variability
in previous findings, we did not make specific differential
hypotheses among the a priori regions of interest (ROIs).

Materials and Methods

Participants

Non-treatment-seeking AUD+ adults aged 21–55 years were
recruited from the general community in Hamilton, ON,
Canada, from June 2019 to December 2022 as part of a
larger case–control design study. Participants were required
to meet the following inclusion criteria: (i) current AUD (i.e.,
≥ 2 DSM-5 symptoms), as determined by a semi-structured
clinical interview; and (ii) consistently high alcohol consump-
tion over the past 3 months, based on National Institute
on Alcohol Abuse and Alcoholism guidelines (i.e., ≥ 14/7
standard drinks per week for males/females). Participants
were also required to be right-handed and fluent English

speakers. Exclusion criteria included: (i) MRI research con-
traindications (e.g., pregnancy, metal implants, claustropho-
bia); (ii) current substance use disorder other than alcohol,
cannabis, or tobacco; (iii) weekly or greater use of recreational
substances other than alcohol, cannabis, or tobacco; (iv)
history of severe mental health disorder (e.g., schizophrenia,
bipolar disorder); and (v) significant history of brain injury
(e.g., repeated concussion, traumatic brain injury, stroke) or
other neurological disorder (e.g. multiple sclerosis, epilepsy).
All participants provided written informed consent, and the
study procedures were approved by the Hamilton Integrated
Research Ethics Board (#4551).

A total of 68 AUD+ participants completed the baseline,
MRI, and follow-up assessments. Three participants were
excluded from the present analysis due to poor MRI realign-
ment during preprocessing, resulting in a total of 65 partici-
pants in the final sample (Table 1).

Procedures

Interested individuals were assessed for eligibility through a
telephone interview or online screen. All participants com-
pleted (i) an in-person screening session to confirm eligibility
based on alcohol consumption (or a virtual equivalent during
COVID-19 pandemic restrictions), (ii) a baseline session that
included out-of-scanner and clinical assessments, and (iii)
an MRI session that was immediately followed by the brief
intervention. Participants were reassessed ∼6–8 weeks later
(47.72 ± 8.54 days between sessions, range = 35–74 days) to
quantify any changes in alcohol consumption; however, the
duration range between these sessions varied as a result of
scheduling and the number of additional brief intervention
sessions (i.e., additional sessions needed to be at least 1 week
apart) the participant chose to access.

In terms of brief intervention content, immediately after
the MRI, participants met with a trained study clinician
(i.e., clinical psychology doctoral trainees [M.G., E.L., and
S.K.S.], supervised by a licensed psychologist [E.M.]) for a
session comprising structured personalized feedback about
drinking delivered with motivational interviewing. Brief
interventions using these components have been found to be
effective in reducing drinking among non-treatment-seeking
individuals (MacKillop et al. 2022). More details can be found
in the Supplementary Materials; however, all participants
received the brief intervention, following the same manualized
procedure.

Assessments
Demographics, clinical characteristics, and additional

alcohol use disorder–associated features

At the first visit, participants were asked to provide demo-
graphic information including their age, sex assigned at birth,
gender, race, years of education, and household income. As a
measure of AUD severity during the baseline visit, participants
were administered the Diagnostic Assessment Research Tool,
a structured, clinician-reported tool based on the DSM-5 AUD
criteria (Schneider et al. 2022). To determine the presence of
a current AUD, participants were asked to respond based on
their typical behaviour over the past 3 months. The 28-day
Timeline Followback was used to assess drinking outcomes;
specifically, participants were asked to recall the quantity and
volume of alcohol consumption over the previous 28 days
(Sobell and Sobell 1992). Participants were asked to recall
estimates of alcohol consumption in standard drinks, which
were then used to quantify the number of drinks per week,
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Table 1. Participant characteristics (n = 65)

Indicator Mean (SD) T (P-value) (baseline vs. follow-up) Cohen’s d

Age 33.18 (1.30)
Sex [male; n (%)] 29 (44.62)
Race [European White, n (%)] 53 (81.54)
Years of education 14.83 (2.97)
Income (median) $75 000–90 000
Smoker [n (%)]a 26 (4.00)
Cannabis use [n (%)]
Regular cannabis useb 52 (8.00)
Cannabis use disorderc 10 (15.39)
Alcohol use
Baseline AUD symptomsc 6.51 (2.46)
AUD severity [n (%)]

Mild (2–3 symptoms) 8 (12.31)
Moderate (4–5 symptoms) 19 (29.23)
Severe (6+ symptoms) 38 (58.46)

Drinking outcomes
Drinks per week

Baseline 25.70 (15.75) 5.00 (P < .001) 0.61
Follow-up 16.99 (12.60)

% Drinking days
Baseline 62.42 (23.45) 4.04 (P < .001) 0.53
Follow-up 48.68 (26.90)

% Heavy drinking daysd

Baseline 38.19 (24.08) 2.54 (P = .014) 0.29
Follow-up 30.99 (25.44)

Notes: Based on aself-report and confirmed with FTND score > 1 bweekly or greater cannabis use cWHO-ASSIST and DART scores at baseline dbiological
sex (i.e. males ≥4 drinks on a single occasion; females ≥3 drinks on a single occasion).

percent of drinking days, and percent of heavy drinking days
(MacKillop et al. 2022).

For supplemental analyses to inform the functional
relevance of observed associations, participants were admin-
istered out-of-scanner assessments of impulsivity using
the Urgency-Premeditation-Perseverance-Sensation-Seeking-
Positive Urgency Scale (UPPS) (Cyders et al. 2014) and
delayed reward discounting paradigms (Koffarnus et al.
2015), as well as internalizing disorders including depression
(9-Item Patient Health Questionnaire; Kroenke et al. 2001),
anxiety (7-Item Generalized Anxiety Disorder assessment;
Spitzer et al. 2006), and perceived stress (10-Item Perceived
Stress Scale; Cohen et al. 1983). Finally, neurocognitive
performance was assessed using the National Institute of
Health (NIH) Toolbox Cognition Battery (Akshoomoff et al.
2013).

MRI data acquisition

Participants were scanned with a 3-Tesla whole-body GE
Discovery 750 MRI scanner (General Electric, Milwaukee,
WI, USA). T1-weighted whole-brain volumes were acquired
using a 4:43 min BRAVO sequence with the following
parameters: repetition time = 8.2 ms, echo time = 3.2 ms,
inversion time = 450 ms, 12◦ flip angle, field of view = 25.6 cm,
matrix = 256 × 256, and 160 contiguous 1 mm sagittal slices,
resulting in 1 mm isometric voxels. Resting-state and task-
based imaging runs were acquired after the T1 acquisition as
part of the entire study protocol, resulting in a total scanning
time of 60 min.

Data analysis

Drinks per week at baseline and follow-up were square
root–transformed to normalize the data distributions. The

percentage of drinking and heavy drinking days, as well as
other study variables, were normally distributed and did not
require transformation.

To improve precision, T1-weighted structural MR images
were skull stripped using the AFNI program @SSwarper
(Reynolds et al. 2023), followed by cortical parcellation and
subcortical segmentation using the standard recon-all pipeline
in FreeSurfer v7.3 (https://surfer.nmr.mgh.harvard.edu/). Full
details outlining this pipeline can be found elsewhere (https://
surfer.nmr.mgh.harvard.edu/fswiki/recon-all); however, the -
noskullstrip flag was added and the skull stripped output from
@SSwarper was implemented instead (Reynolds et al. 2023).
Following this processing stream, surface area and thickness
estimates of the left and right hemispheres of a priori ROIs
were extracted for further analysis. All images were visually
inspected by two trained raters (T.L.H., C.M.W.).

Based on previous literature, we identified a set of 18
bilateral a priori ROIs (Durazzo et al. 2011; Rando et al.
2011; Durazzo and Meyerhoff 2017; Creswell and Chung
2018; Morris et al. 2019). We were interested in the surface
area and thickness of cortical regions that have previously
been implicated in AUD or as predictors of treatment response
in AUD patients. We examined surface area and thickness
independently for greater specificity and because they may
reveal distinct information relative to their combined metric
of volume (Durazzo et al. 2011). The ROIs were located
in the following larger anatomical regions, calculated by
combining parcellations based on the Desikan atlas (see
Supplementary Table 1 for corresponding Desikan atlas
regions): the DLPFC, ACC, OFC, inferior frontal gyrus,
temporal lobe, portions of the parieto-occipital junction,
somatosensory cortex, primary motor cortex, and lateral
sulcus.
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Statistical analysis

Baseline and follow-up alcohol consumption assessments
were contrasted using paired-sample t-tests to quantify
changes in drinking behaviours. To confirm changes in drink-
ing behaviours were consistent when including covariates
used in subsequent analyses, linear mixed modelling was
conducted with age, sex, and smoking and cannabis use
status as binary variables (i.e., smoking indicated by 1 ≥ on
Fagerström Test for Nicotine Dependence; cannabis use
indicated by weekly or greater use of cannabis; Gabrys and
Porath 2019) included in the model.

To assess the predictive utility of each ROI, a series of multi-
ple linear regressions were conducted with drinks per week at
follow-up as the outcome variable; each bilateral ROI as the
predictor; and controlling for age, sex, intracranial volume,
smoking status (Durazzo et al. 2007), cannabis use status
(Lorenzetti et al. 2019), and drinks per week at baseline. False
discovery rate (FDR) corrections (Benjamini and Hochberg
1995) were used to minimize type I error inflation for each
ROI. To further reduce the type I error rate, ROIs were aver-
aged across the left and right hemispheres to create a bilateral
estimate. Bilateral ROIs that survived FDR correction (i.e.,
q < 0.05) were retained for further investigation of laterality
differences to determine if meaningful hemispheric differences
were present following the same statistical procedure.

Secondary analyses were conducted to assess the utility
of each ROI in predicting changes in the percent of drink-
ing and heavy drinking days at follow-up. Multiple linear
regressions were conducted wherein the percent of drinking
or heavy drinking days was the outcome variable and the
same covariates were included. To avoid excessive type I
error rate inflation, only bilateral ROIs that survived FDR
correction in our primary analyses were examined. Implicated
bilateral ROIs in the secondary analyses were also corrected
for multiple comparisons using FDR.

Further, correlation analyses were conducted to determine
whether any of the significant brain–behaviour relationships
identified from the primary regression analyses were related
to additional AUD-associated features such as anxiety, stress,
neurocognition, and impulsivity.

All statistical analyses were conducted in R (version 4.3.1;
R Foundation for Statistical Computing, Vienna, Austria).

Results

Brief intervention response

All demographic and clinical characteristics are outlined in
further detail in Table 1. Linear mixed modelling analyses
demonstrated consistent patterns of changes in drinking out-
comes (Supplementary Table 2). As expected, there were
significant decreases in alcohol consumption at the follow-
up visit (Table 1, Fig. 1). The largest effect was observed in
reductions in drinks per week, where participants consumed
an average of nine drinks fewer per week. Participants also
demonstrated a mean decrease of 4 fewer days of any alcohol
consumption (overall 14% reduction in drinking days) and
2 fewer days of heavy alcohol consumption (overall 7%
reduction in heavy drinking days) over the previous 28 days.
In terms of the clinical significance of the changes, 53.8%
(n = 35) of the study participants exhibited at least a one-
level reduction in hazardous alcohol consumption using the
World Health Organization guidelines. These guidelines have

been validated as reflecting a clinically important reduction
(Shmulewitz et al. 2021).

Brain structural predictors of reduction in drinks
per week

For cortical thickness, eight bilateral ROIs across the DLPFC,
OFC, ACC, temporal lobe, and parieto-occipital junction
were significant predictors of drinks per week beyond FDR
correction (Table 2, Fig. 2). All coefficients were negative,
demonstrating a consistent inverse relationship between corti-
cal thickness and number of drinks per week at follow-up. The
insula was nominally significantly associated with changes
in drinking but not beyond FDR correction. In follow-up
analyses by hemisphere, the rostral ACC and precuneus
were significantly implicated in the right hemisphere only,
suggesting potential lateralization within these two regions
(Supplementary Table 3).

For surface area, only the pars opercularis was a nominally
significant predictor of change in drinks per week but did not
survive FDR correction (Table 2). No follow-up hemispheric
analyses were warranted.

Brain structural predictors of percent drinking days
and heavy drinking days

The eight implicated bilateral ROIs from the primary analysis
were investigated in secondary analyses of percent drinking
days and heavy drinking days. Greater cortical thickness of
the middle and superior temporal and lateral occipital gyri
were significant predictors of decreased percent drinking days
beyond FDR correction (Table 3). With respect to hemispheric
analyses, there appeared to be little specificity between the left
and right hemispheres among the implicated brain regions,
mirroring primary outcomes (Supplementary Table 4).

Cortical thickness of only the middle temporal gyrus sig-
nificantly predicted lower percent of heavy drinking days
following FDR correction (Table 3). Consistent with percent
drinking days, the significant predictors lacked specificity
across hemispheres (Supplementary Table 5).

Relationships between brain morphometry and
collateral alcohol use disorder features

The following features associated with AUD were significantly
correlated with brain measures of cortical thickness: lack of
premeditation (via the UPPS) and rostral ACC, delayed reward
discounting of $100 and rostral middle frontal gyrus, anxiety
and medial orbitofrontal gyrus, perceived stress and lateral
occipital gyrus, working memory (NIH Toolbox List Sort-
ing) and lateral occipital gyrus, and attention and inhibitory
control (NIH Toolbox Flanker) and posterior cingulate cor-
tex (see Supplementary Fig. 1). Except for the relationship
between anxiety and the medial orbitofrontal gyrus, and
between attention and inhibitory control and the posterior
cingulate, all associations were negatively correlated, demon-
strating that participants with greater cortical thickness in the
rostral ACC, rostral middle frontal gyrus, and lateral occipital
gyrus showed lower levels of lack of premeditation, delayed
reward discounting, and working memory, respectively.

Discussion

Following a brief intervention, participants in the present
study demonstrated statistically and clinically significant
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Figure 1 Line graphs demonstrating the changes in (a) drinks per week, (b) percent of drinking days, and (c), percent of heavy drinking days. Each
diamond denotes the mean and standard error. ∗ P < .05, ∗∗ P < .01, ∗∗∗ P < .005, ∗∗∗∗ P < .001.

Table 2. Associations among bilateral a priori regions of interest and drinks per week at follow-up

Broader neuroanatomical
region

Specific region of interest Thickness Surface area

B (95% CI) P B (95% CI) P

Dorsolateral prefrontal cortex Superior frontal gyrus −0.35 (−0.646 to −0.044) .025 0.23 (−0.087 to 0.553) .150
Caudal middle frontal gyrus −0.13 (−0.414 to 0.147) .345 0.21 (−0.061 to 0.478) .128
Rostral middle frontal gyrus −0.33 (−0.592 to 0.065) .015 0.17 (−0.167 to 0.401) .412

Orbitofrontal cortex Lateral orbitofrontal −0.19 (−0.476 to .107) .210 0.10 (−0.172 to 0.374) .463
Medial orbitofrontal −0.45 (−0.686 to −0.222) < .001 0.24 (−0.048 to 0.523) .102

Anterior cingulate cortex Caudal anterior cingulate 0.03 (−0.227 to 0.293) .801 −0.10 (−0.361 to 0.167) .463
Rostral anterior cingulate −0.38 (−0.618 to −0.132) .003 0.09 (−0.162 to 0.342) .478

Inferior frontal gyrus Pars opercularis −0.26 (−0.516 to −0.008) .043 0.28 (0.017 to 0.534) .037
Pars orbitalis −0.09 (−0.353 to 0.179) .515 0.15 (−0.132 to 0.421) .300
Pars triangularis −0.26 (−0.512 to −0.014) .039 0.20 (−0.051 to 0.456) .116

Temporal lobe Middle temporal gyrus −0.54 (−0.762 to −0.310) < .001 0.21 (−0.080 to 0.505) .150
Superior temporal gyrus −0.36 (−0.594 to −0.127) .003 0.25 (−0.043 to 0.533) .094

Parieto-occipital junction Lateral occipital −0.36 (−0.577 to −0.140) .002 0.21 (−0.063 to 0.474) .131
Precuneus −0.32 (−0.563 to −0.069) .013 0.19 (−0.121 to 0.499) .226
Posterior cingulate −0.30 (−0.548 to −0.060) .016 −0.01 (−0.290 to 0.265) .929

Primary motor cortex Precentral gyrus −0.21 (−0.473 to 0.058) .124 0.21 (−0.068 to 0.490) .135
Somatosensory cortex Postcentral gyrus −0.14 (−0.372 to 0.092) .232 0.19 (−0.088 to 0.467) .177
Lateral sulcus Insula −0.27 (−0.532 to −0.006) .046 0.09 (−0.199 to 0.381) .532

Notes: All multiple linear regressions were adjusted for age, sex, intracranial volume, smoking status (binary variable indicating weekly or greater recreational
use of tobacco), cannabis use status (binary variable indicating weekly or greater recreational use of cannabis), and baseline drinks per week. Bolded values
are retained after false discovery rate correction (i.e., q < 0.05).

reductions in drinks per week, percent of drinking days,
and percent of heavy drinking days. Of the 18 a priori
ROIs, thickness of the rostral middle frontal gyrus, medial
OFC, rostral ACC, middle and superior temporal gyri, lateral
occipital gyrus, precuneus, and posterior cingulate cortex
were associated with reductions in standard drinks per week;
participants who exhibited greater reductions in alcohol
consumption, quantified by drinks per week, at follow-up
showed greater cortical thickness at baseline. Our results are
consistent with those of Durazzo et al., who have repeatedly
identified frontal brain region morphometry as predictors of
treatment response in veterans with AUD. In their previous
work, individuals who were unable to achieve remission
demonstrated lower cortical surface area and thickness at
baseline in the ACC, insula, OFC, regions in the DLPFC,
and temporal gyri (Durazzo et al. 2011, 2017; Durazzo and
Meyerhoff 2017, 2020; Durazzo et al. 2024).

Our results are also consistent with existing neurobiological
structural and functional phenotypes of AUD. The DLPFC
and ACC are frequently implicated in AUD-specific cognitive
functions such as impulsivity, craving, decision-making,
reward processing, goal-directed behaviours, and executive
functioning (Dick et al. 2010; Castillo-Carniglia et al. 2019;
Maharjan et al. 2022). Previous functional MRI studies
have demonstrated aberrated blood-oxygen-level-dependent
signalling and functional connectivity within and between
the DLPFC, ACC, and OFC in AUD+ participants, as well
as thinner cortices and smaller volumes of these regions,
highlighting the neurobiological correlates between these
regions and behaviours characteristic of AUD (Moorman
2018; Oberlin et al. 2020; Zeng et al. 2021; Murray et al.
2022; Atmaca et al. 2023; Kirsch et al. 2024). To explore
whether these conclusions were supported in the present
sample, we examined the relationships between these ROIs
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Figure 2 Significant bilateral a priori cortical thickness regions of interest in relation to changes in drinks per week at follow-up following the
intervention. Regions that were implicated in secondary outcome analyses are indicated by ∗ for percent of drinking days and ∗∗ for percent of drinking
and heavy drinking days.

and key features of AUD. Impulsivity, executive function
(i.e., working memory, attention, and inhibitory control),
delayed reward discounting, and features of internalizing
disorders were significantly correlated with the predictive ROI
measures in the primary outcome assessments. Specifically,
delayed reward discounting and lack of premeditation were
negatively correlated with the rostral middle frontal gyrus
and ACC, respectively, demonstrating that more impulsive
individuals showed thinner cortical regions. Working memory,
as measured by the list sorting task, and stress were negatively
correlated with lateral occipital thickness. Anxiety and
attention, and inhibitory control demonstrated a positive
correlation, such that participants with higher levels of anxiety
or attention/inhibition showed greater cortical thickness in the
medial OFC and posterior cingulate, respectively; however,
these findings were unexpected and necessitate further
investigation. Taken together, these results demonstrate that in
the present study, the individuals who were more impulsive,
had higher levels of stress, and poorer cognitive function
exhibited thinner DLPFC, ACC, and lateral occipital gyrus,
as a group, which was also linked to a poorer response to the
brief intervention.

We found that with drinks per week as the outcome, only
the rostral ACC and precuneus were significant predictors in
the right hemisphere; however, these analyses demonstrated
overlapping 95% confidence intervals, suggesting there was
no significant difference across hemispheres. While previous
studies have found patterns of laterality in predicting alcohol
initiation in adolescents and adults with AUD (Mashhoon
et al. 2014; Rosenthal et al. 2019), there is an overall lack

of literature discussing the impact of structural brain later-
alization in AUD treatment. Therefore, additional research
is necessary to better understand potential laterality as a
predictor of change in drinks per week.

Thickness in the middle and superior temporal gyri and
lateral occipital gyrus were also significant predictors of brief
intervention response when assessing percent drinking days
as the outcome; however, only the middle temporal gyrus
was predictive of change in the percent of heavy drinking
days. These results suggest that these regions are related to
the frequency of drinking, not just the quantity. A potential
explanation for this finding exists in the neurotoxic effect of
alcohol; alcohol harms are dose-dependently related to the
amount of alcohol consumption (MacKillop et al. 2022). The
neurotoxicity of alcohol may affect brain regions differently;
frontal brain regions appear to be more sensitive to the quan-
tity of alcohol consumption since research demonstrates more
prominent thinning in these regions (Nutt et al. 2021). How-
ever, further research is needed to identify any neuroprotective
mechanisms in the DLPFC, precuneus, and posterior cingulate
to higher frequency and intensity alcohol consumption.

Research has highlighted the distinct nature of cortical
thickness and surface area, demonstrating the importance
of assessing both measures in studies of brain morphology
(Panizzon et al. 2009; Kremen et al. 2010; Winkler et al.
2010). While previous studies have found significant associa-
tions between AUD treatment outcomes and cortical surface
area, none of the a priori ROIs in the current study were
able to predict intervention response beyond FDR correction.
The pars opercularis and postcentral gyrus were significant
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predictors of response but were not retained following
correction. These results, as well as the directionality and
nominal significance of the other brain regions, are consistent
with the existing literature demonstrating that greater
cortical surface area can serve as a predictor of treatment
response (Durazzo et al. 2011; Creswell and Chung 2018;
Baranger et al. 2023); however, there is an overall lack of
research aimed at understanding the relationship between
cortical surface area and AUD interventions, warranting
future investigation.

Future directions and limitations

The current study has a number of strengths. First, most
similar studies consist of male veterans (Durazzo et al.
2011; Durazzo and Meyerhoff 2017, 2020; Durazzo et al.
2024), whereas the current study sample was recruited from
the general community and the ratio of males and females
is balanced. Additionally, previous research studies have
dichotomized individuals into responder and nonresponder
groups, which is defined as complete abstinence (Durazzo
et al. 2011, 2017; Rando et al. 2011; Durazzo and Meyerhoff
2017, 2020). In the current study, we opted to assess treatment
response in terms of alcohol consumption reduction, which
may offer greater insights into brain structure underlying brief
intervention response. Reciprocally, several limitations of the
present study bear mentioning and can be used to inform
future research. First, we assessed 18 ROIs that were selected
based on previous research; future research may benefit from
expanding to include additional ROIs that are implicated
in other areas of cognition or substance use disorders.
Next, while we did exclude participants with a significant
history of brain trauma, neurological disorders, and MRI
contraindications, we did not collect information from
participants regarding all potential medical conditions that
could be pertinent such as diabetes mellitus or hypertension.
Future studies may benefit from collecting such information to
confirm any relationships are not confounded by these factors.
Moreover, while we included cannabis and smoking use as
binary covariates, this approach did not allow for the assess-
ment of potential dose-dependent effects or differences based
on the route of administration, both of which may influence
brain morphometry and brief intervention response; therefore,
future studies may benefit from incorporating these factors
into statistical analyses to better understand the relationship
between substance use and clinical outcomes in AUD-focused
interventions. Finally, it is unclear if the relationships observed
in the current study are a direct result of chronic alcohol
consumption (i.e., thinner cortical regions due to long-term
drinking patterns) or if they reflect a potential neurobiological
predisposition to the development of AUD. Previous studies
have reported similar uncertainties regarding the directional-
ity of such findings (Baranger et al. 2023); therefore, future
longitudinal studies across the lifespan are necessary to better
understand and characterize this relationship.

Conclusion

In the present study, we identified several brain regions with
variations in cortical thickness that predicted response to a
brief intervention in individuals with AUD. Participants with
greater intervention response showed thicker cortical regions
at baseline, representing potential neurobiological markers for
treatment response. Regions that were predictive of outcome
were primarily located in the frontal and temporal lobes,

which are largely involved in cognitive processes including
motivation and decision-making. These results may help to
enhance understanding of the neural mechanisms underlying
AUD intervention and response, thereby better informing
treatment and intervention success.
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