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Abstract

Background: Alcohol use disorder (AUD) represents a major global health burden associated with substantial neurocognitive
impairment affecting executive function, memory, attention, and decision-making. Despite decades of research, the mechanisms
underlying alcohol-related cognitive dysfunction, optimal assessment approaches, and factors influencing recovery remain
incompletely understood.

Aim: This narrative review aimed to: (i) characterize the phenomenology and patterns of neurocognitive impairment in AUD;
(i1) examine proposed pathophysiological mechanisms including neurotoxicity, neuroinflammation, thiamine deficiency, and
neurodevelopmental factors; (iii) evaluate neuroimaging findings across structural, functional, and metabolic modalities; (iv)
review assessment approaches and their clinical utility; (v) synthesize evidence regarding neurocognitive recovery trajectories
following abstinence; (vi) analyze factors predicting recovery versus persistent impairment; and (vii) identify implications for
treatment and future research directions.

Methods: Comprehensive literature review of peer-reviewed publications examining neurocognitive function in AUD, with
emphasis on longitudinal studies, neuroimaging investigations, and mechanistic research.

Results: Alcohol-related neurocognitive impairment manifests across multiple domains with executive dysfunction, memory
deficits, and impaired decision-making representing cardinal features. Proposed mechanisms include direct neurotoxic effects
of alcohol and its metabolites, neuroinflammation, oxidative stress, thiamine deficiency, glutamate excitotoxicity, altered
neuroplasticity, and neurodevelopmental disruption. Neuroimaging demonstrates grey matter volume loss, white matter
degradation, altered functional connectivity, and metabolic abnormalities particularly affecting frontal cortex, limbic structures,
and cerebellum. Recovery occurs in many individuals following sustained abstinence, though trajectories vary substantially.
Early abstinence (first 3 months) shows maximal neurobiological and cognitive improvement. Factors predicting favorable
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and other substance effects.

recovery, Wernicke-Korsakoff syndrome
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recovery include younger age, shorter drinking duration, higher baseline cognitive reserve, absence of liver disease, adequate
nutrition, and sustained abstinence. However, some individuals demonstrate persistent deficits despite prolonged sobriety.
Assessment challenges include distinguishing primary alcohol effects from premorbid vulnerabilities, psychiatric comorbidities,

Conclusion: Neurocognitive impairment represents a core feature of AUD with profound implications for treatment
engagement, relapse risk, and functional outcomes. While significant recovery potential exists, individual variability
necessitates personalized approaches to assessment and intervention. Critical gaps remain regarding optimal assessment tools,
biomarkers predicting recovery, mechanisms underlying individual differences, and effective cognitive remediation strategies.
Future research should emphasize longitudinal designs, multimodal neurobiological assessment, investigation of sex
differences, and development of precision medicine approaches matching interventions to individual recovery profiles.

Keywords: alcohol use disorder, cognitive impairment, executive function, neuroimaging, neuroplasticity, abstinence,
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1. INTRODUCTION

Alcohol use disorder (AUD) represents one of the most
prevalent and costly psychiatric conditions globally, affecting
approximately 283 million people worldwide and contributing
substantially to morbidity, mortality, and societal burden [1].
Beyond the well-recognized physical health consequences
affecting the liver, cardiovascular system, and other organs,
chronic  alcohol produces  significant
neurocognitive impairment that profoundly impacts treatment

consumption

outcomes, relapse risk, occupational functioning, and quality of
life [2]. Understanding the nature, mechanisms, and recovery
potential of alcohol-related cognitive dysfunction holds critical
importance for optimizing prevention, assessment, and
treatment approaches.

The relationship between alcohol and cognition proves
complex and multifaceted. Acute alcohol intoxication impairs
virtually all cognitive functions in a dose-dependent manner,
affecting attention, memory formation, executive function,
psychomotor speed, and judgment [3]. Chronic heavy alcohol
consumption produces more persistent and sometimes
irreversible deficits through multiple
pathophysiological mechanisms. The spectrum of alcohol-
related neurocognitive disorders ranges from subtle
impairments detectable only through sensitive

cognitive

neuropsychological testing to severe conditions like Wernicke-
Korsakoff syndrome characterized by profound amnesia and
executive dysfunction [4].

Historical perspective illuminates evolving understanding of
alcohol's effects on the brain. Early observations by Wernicke
in 1881 and Korsakoff in 1887 described acute and chronic
syndromes associated with chronic alcoholism, initially
attributed solely to nutritional deficiency [5]. Subsequent
research throughout the 20th century established that alcohol
itself exerts direct neurotoxic effects independent of nutritional
factors, though thiamine deficiency remains an important

contributor [6]. Modern neuroimaging techniques beginning in
the 1970s and accelerating through recent decades have
revealed structural, functional, and metabolic brain alterations
in individuals with AUD, advancing mechanistic understanding
and highlighting recovery potential [7].

Several factors contribute to the clinical and research
significance of neurocognitive impairment in AUD. First,
cognitive deficits directly impair treatment engagement and
adherence. Individuals with executive dysfunction struggle
with planning, organization, and self-monitoring required for
successful behavior change [8]. Memory impairments limit
learning from therapeutic interventions and increase forgetting
of relapse prevention strategies. Impaired decision-making and
impulse control undermine ability to resist drinking urges in
high-risk situations [9]. Second, cognitive function predicts
treatment with greater baseline impairment
associated with higher relapse rates and poorer long-term

outcomes,

prognosis [10]. Third, cognitive deficits impair occupational
and social functioning independent of drinking status, limiting
recovery of full quality of life even with maintained abstinence
[11]. Fourth, understanding recovery trajectories and factors
promoting versus hindering cognitive improvement can guide
development of adjunctive interventions to enhance outcomes.

Despite extensive research, several critical knowledge gaps
constrain current understanding and clinical management of
alcohol-related neurocognitive impairment. First, the relative
contributions of direct neurotoxicity, nutritional deficiency,
genetic neurodevelopmental factors, and
comorbid conditions remain incompletely characterized.
Second, the relationship between peripheral biomarkers,
neuroimaging findings, and functional cognitive outcomes
requires clarification. Third, optimal assessment approaches

vulnerability,

balancing comprehensiveness, sensitivity, and clinical
feasibility need identification. Fourth, predictors of recovery
versus persistent impairment lack sufficient characterization to
individualized prognostication.  Fifth,

enable effective
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interventions specifically targeting cognitive recovery require
development and validation. Sixth, sex differences in
vulnerability, manifestation patterns, and recovery trajectories
deserve systematic investigation. Seventh, the impact of
drinking pattern variables including age of onset, duration,
quantity, and pattern (steady versus binge) on cognitive
outcomes needs better delineation.

Based on these identified gaps in knowledge, this
comprehensive narrative review aimed to: (i) characterize the
phenomenology and patterns of neurocognitive impairment
across the spectrum of AUD severity; (ii) examine proposed
pathophysiological mechanisms including direct neurotoxicity,

neuroinflammation, thiamine deficiency, glutamate
excitotoxicity, and neurodevelopmental disruption; (iii)
evaluate neuroimaging findings using structural MRI,

functional MRI, diffusion tensor imaging, and magnetic
resonance spectroscopy; (iv)
assessment approaches and their clinical utility; (v) synthesize

review neuropsychological
evidence regarding neurocognitive recovery trajectories
following abstinence and factors influencing recovery; (vi)
analyze the relationship between cognitive function and clinical
outcomes including treatment retention and relapse; (vii)
discuss implications for assessment and treatment in clinical
practice; and (viii) identify critical priorities for future research
to advance wunderstanding and improve outcomes for
individuals with AUD-related cognitive impairment.

2, PHENOMENOLOGY AND
PATTERNS OF NEUROCOGNITIVE
IMPAIRMENT

2.1. Overview of Cognitive Domains Affected

Chronic heavy alcohol consumption affects multiple cognitive
domains with variable severity across individuals depending on
drinking history, genetic factors, nutritional status, and other
variables. function impairments represent
particularly prominent and clinically significant deficits [12].

Executive

Executive functions encompass higher-order cognitive
processes including planning, cognitive flexibility, inhibitory
control, working memory, and abstract reasoning. Individuals
with AUD demonstrate difficulties with multitasking,
organizing complex information, adapting to changing
circumstances, inhibiting prepotent responses, and reasoning
about abstract concepts [13]. These executive deficits manifest
clinically as poor treatment planning, difficulty implementing
behavioral strategies, rigid thinking patterns, and impaired

ability to learn from consequences.

Memory dysfunction in AUD affects multiple memory
systems. Episodic memory for personally experienced events
shows impairment in encoding new information and retrieving
previously learned material [14]. Working memory, the ability
to temporarily maintain and manipulate information,
demonstrates deficits that contribute to difficulties with
tracking, mental arithmetic, and complex
reasoning. Prospective memory for future intentions
(remembering to take medications, attend appointments) proves
particularly vulnerable [15]. Semantic memory for general
knowledge and vocabulary typically remains relatively
preserved until advanced disease stages. Procedural memory
for motor skills and habits shows greater resilience, though
acquisition of new procedures may be slowed.

conversation

Attention and processing speed deficits manifest as slowed
mental processing, increased distractibility, difficulty
sustaining attention over time, and impaired ability to divide
attention between multiple tasks [16]. These deficits contribute
to reduced work productivity, difficulty following
conversations, and increased errors in daily activities.
Visuospatial abilities including spatial perception, construction,
and navigation may be impaired, particularly with posterior
brain involvement [17].

Decision-making and impulse control impairments hold
particular relevance for addiction maintenance and relapse.
Individuals with AUD demonstrate preference for immediate
rewards over larger delayed rewards, difficulty learning from
negative feedback, increased risk-taking, and impaired ability
to inhibit prepotent responses [18]. These impairments directly
contribute to continued drinking despite negative consequences
and vulnerability to relapse in high-risk situations. Emotional
processing and social cognition may be affected, with
difficulties recognizing facial emotions, understanding others'
perspectives, and regulating emotional responses [19].

2.2. Clinical Presentation and Heterogeneity

The clinical presentation of alcohol-related neurocognitive
impairment varies substantially across individuals. Mild
impairment may manifest only as subtle difficulties with
complex tasks, reduced processing efficiency, or subjective
complaints about memory and concentration [20]. Moderate
impairment produces noticeable difficulties with occupational

and social functioning, requiring accommodations or
limitations. Severe impairment substantially restricts
independent living and may meet criteria for major

neurocognitive disorder (dementia).

Table 1. Clinical Spectrum of Alcohol-Related Neurocognitive Disorders

Disorder/Severity

Cognitive Features
Level

Mild Cognitive executive

Impairment

Subtle dysfunction;
mild memory difficulties; slowed

Primary
Regions Affected

Prefrontal cortex (mild
atrophy);
(subtle

Brain | Typical

Timeline

Recovery Potential
with Abstinence

Develops Excellent; near-complete

hippocampus recovery  within = 3-12

volume  loss);

gradually over

years of heavy use | months in most cases
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Disorder/Severity

Level

Moderate Cognitive
Impairment

Severe Cognitive
Impairment  (Alcoholic
Dementia)

Wernicke Encephalopathy
(Acute)

Korsakoff
(Chronic)

Syndrome

Alcohol-Related
Cerebellar Degeneration

Hepatic Encephalopathy
(with AUD)

Cognitive Features

processing; detectable mainly on
sensitive testing

Noticeable executive deficits;
clear memory problems; impaired
attention and processing speed;
functional impact on work/social
activities

Profound executive dysfunction;
significant memory impairment;
global cognitive deficits;
substantial functional limitations;
may meet dementia criteria

Acute confusion; disorientation;
ataxia; ophthalmoplegia (classic
triad in ~10% of cases); altered
consciousness

Severe anterograde amnesia;
retrograde amnesia with temporal
gradient; confabulation;
executive dysfunction; preserved
procedural memory and

intelligence

Ataxia; gait disturbance; balance
problems; limb incoordination;
cognitive  deficits  (executive
function, processing speed)

Fluctuating confusion; slowed
mentation; personality changes;
asterixis; may progress to coma in
severe cases

4
Primary Brain | Typical Recovery Potential
Regions Affected Timeline with Abstinence

white  matter  (early

degradation)

Frontal lobes (moderate
atrophy); temporal lobes;

Years to decades
of chronic heavy

Good; substantial
improvement over 6-18

hippocampus; corpus | drinking months, though complete
callosum; cerebellar recovery variable
degeneration
Widespread cortical | Decades of very | Partial; some
atrophy;  frontal and | heavy  drinking; | improvement over 12-24+
temporal predominance; | often with | months but often
ventricular enlargement; | nutritional persistent moderate
white matter damage; | deficiency deficits remain
cerebellar atrophy
Mammillary bodies; | Acute Variable; 20% mortality if
thalamus  (mediodorsal | presentation; untreated; 25% progress
nucleus); periaqueductal | medical to Korsakoff syndrome;
gray; cerebellar vermis emergency ~50%  recover  with
requiring prompt treatment
immediate
thiamine
Mammillary bodies | Develops acutely | Poor; only 20-25% show
(atrophy/necrosis); or follows | substantial recovery; most
anterior and mediodorsal | Wernicke have permanent severe
thalamic nuclei; | encephalopathy; memory impairment

hippocampus (secondary
damage); frontal cortex

becomes chronic

requiring long-term care

Anterior superior | Gradual onset over | Limited; motor symptoms
cerebellar vermis; | years; may present | partially improve but
cerebellar  hemispheres | with or without | cognitive deficits often
(variable) other cognitive | persist; structural damage
impairment largely permanent

Diffuse dysfunction; basal

Variable; depends

Depends on liver disease

ganglia (with | on liver function | reversibility;  cognitive
hepatolenticular and precipitating | improvement if liver
degeneration in chronic | factors function restored;
cases); white  matter transplant may be required
changes

Wernicke-Korsakoff syndrome represents the most severe
manifestation of alcohol-related neurocognitive disorder,
resulting primarily from thiamine (vitamin B1) deficiency
superimposed on chronic alcohol neurotoxicity [21]. Wernicke
encephalopathy presents acutely with the classic triad of
confusion, ataxia, and ophthalmoplegia, though this complete
triad appears in only a minority of cases. Without prompt
thiamine treatment, Wernicke encephalopathy may progress to
chronic Korsakoff syndrome characterized by
anterograde amnesia (inability to form new memories),
retrograde amnesia with temporal gradient, confabulation,
apathy, and preserved general intelligence and procedural
memory [22]. Only 20-25% of individuals with Korsakoff
syndrome recover substantially with thiamine treatment and

severe

abstinence, with most showing persistent severe impairment
requiring long-term care.

Alcoholic dementia refers to progressive cognitive decline in
heavy drinkers not explained by other dementias or Wernicke-
Korsakoff syndrome [23]. Diagnostic criteria remain
controversial given overlap with other conditions and difficulty
establishing causality. Features include insidious onset,
progression during active drinking, prominent executive
dysfunction and memory impairment, neuroimaging evidence
of brain atrophy, and history of heavy alcohol use. Unlike
Alzheimer's disease, alcoholic dementia may partially reverse
with sustained abstinence, though complete recovery is
uncommon in advanced cases [24].
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Considerable heterogeneity exists in susceptibility to alcohol-
related cognitive impairment. Not all heavy drinkers develop
significant deficits, and among those who do, severity varies
widely [25]. Factors contributing to this heterogeneity include
genetic vulnerability, age of drinking onset, drinking pattern
and duration, concurrent nutritional status, liver disease
severity, head injuries, psychiatric comorbidities, other
substance use, educational attainment and cognitive reserve,
sex, and apolipoprotein E genotype [26].

3. PATHOPHYSIOLOGICAL
MECHANISMS

3.1. Direct Neurotoxic Effects

Ethanol and its primary metabolite acetaldehyde exert direct
neurotoxic effects on brain cells through multiple mechanisms.
Chronic alcohol exposure disrupts neuronal membrane
structure and function through interactions with lipid
components, altering membrane fluidity and receptor function
[27]. This membrane disruption affects neurotransmitter
receptors, ion channels, and signalling molecules.
Mitochondrial dysfunction represents another key mechanism,
with alcohol impairing oxidative phosphorylation, reducing
ATP production, increasing oxygen species
generation, and triggering apoptotic pathways [28]. These
mitochondrial effects prove particularly damaging to energy-
demanding neurons. Alcohol disrupts calcium homeostasis in
neurons, with excessive intracellular calcium triggering
excitotoxicity, mitochondrial damage, and activation of
degradative enzymes [29]. The resulting neuronal damage and
death particularly affect vulnerable brain regions including
prefrontal cortex, hippocampus, and cerebellum. Chronic

reactive

alcohol exposure also impairs neurogenesis in the
hippocampus, reducing formation of new neurons that normally

contribute to memory and cognitive flexibility [30].

3.2. Neurotransmitter System Alterations

Chronic alcohol consumption produces profound and persistent
alterations in multiple neurotransmitter systems that contribute
to cognitive impairment. The glutamatergic system, responsible
for excitatory neurotransmission crucial for learning and
memory, undergoes compensatory changes during chronic
alcohol exposure [31]. Alcohol acutely inhibits NMDA
glutamate receptors. With chronic exposure, the brain
upregulates these receptors to maintain normal function.
During withdrawal, this upregulation produces glutamate
hyperactivity and excitotoxicity, damaging neurons through
excessive calcium influx [32].

The GABAergic system, mediating inhibitory
neurotransmission, shows opposite adaptive changes. Alcohol
enhances GABA-A receptor function, producing sedation and
anxiolysis. Chronic exposure downregulates GABA receptors,
requiring higher alcohol doses for effects and producing
hyperexcitability during withdrawal [33]. These GABA

alterations contribute to anxiety, seizure risk, and sleep
disturbances that worsen cognitive function.

Dopaminergic system dysfunction affects reward processing,
motivation, and executive function. Chronic alcohol initially
increases dopamine release in reward circuits, but long-term
use depletes dopamine and downregulates D2 receptors,
impairing reward sensitivity and executive function [34].
Cholinergic system impairment contributes particularly to
memory deficits. Alcohol reduces acetylcholine synthesis and
release while increasing its breakdown. Damage to cholinergic
neurons in the basal forebrain, particularly in the context of
thiamine deficiency, further compromises this critical memory
system [35]. Serotonergic dysfunction affects mood regulation,
impulse control, and sleep architecture. Noradrenergic
alterations impact arousal, attention, and stress responses.

3.3. Thiamine Deficiency and Wernicke-
Korsakoff Syndrome

Thiamine (vitamin B1) deficiency represents a critical
nutritional factor in alcohol-related brain damage. Thiamine
serves as an essential cofactor for enzymes involved in glucose
metabolism and energy production [36]. Chronic alcohol use
produces thiamine deficiency through multiple mechanisms:
reduced dietary intake due to poor nutrition, impaired intestinal
absorption, decreased hepatic storage, increased metabolic
requirements for alcohol metabolism, and potential genetic
polymorphisms affecting thiamine transport and utilization
[37]. Severe thiamine deficiency produces Wernicke
encephalopathy through metabolic crisis particularly affecting
mammillary bodies, thalamus, and periaqueductal grey matter
[38]. These structures show high metabolic rates and specific
vulnerability to thiamine depletion. Neuroimaging reveals
characteristic lesions in these regions. Without prompt thiamine
replacement, irreversible neuronal death occurs, leading to
chronic Korsakoff syndrome. The amnesia in Korsakoff
syndrome results from damage to mammillary bodies, anterior
and mediodorsal thalamic nuclei, and their connections to
hippocampus and prefrontal cortex, disrupting memory
encoding and retrieval circuits [39].

3.4. Neuroinflammation and Immune

Activation

Growing evidence implicates neuroinflammation in alcohol-
related brain damage. Chronic alcohol exposure activates
microglia, the brain's resident immune cells, and astrocytes,
producing inflammatory mediators including cytokines,
chemokines, and reactive oxygen species [40]. Peripheral
inflammation from alcohol-induced gut permeability and liver
disease contributes to central nervous system inflammation
through inflammatory signals crossing the blood-brain barrier.
This neuroinflammation damages neurons, disrupts synaptic
function, impairs neurogenesis, and alters neurotransmitter
systems [41]. Specific mechanisms linking neuroinflammation
to cognitive impairment include inflammatory cytokine effects
on hippocampal synaptic plasticity and long-term potentiation
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required for memory formation, inflammatory disruption of
dopaminergic and serotonergic neurotransmission affecting
executive function and mood, and inflammatory promotion of
oxidative stress and neurotoxicity [42]. Genetic variants in
immune system genes may confer differential vulnerability to
alcohol-induced neuroinflammation, contributing to individual
differences in cognitive outcomes [43].

3.5. Oxidative Stress and Cellular Damage

Alcohol metabolism generates reactive oxygen species that
exceed antioxidant defences, producing oxidative stress. This
oxidative damage affects lipids, proteins, and DNA, impairing
cellular function and promoting cell death [44]. Brain tissue
proves particularly vulnerable to oxidative damage due to high
oxygen consumption, abundant polyunsaturated lipids
susceptible to peroxidation, and relatively limited antioxidant
capacity. Oxidative stress contributes to mitochondrial
dysfunction, inflammatory signalling, excitotoxicity, and
impaired neuroplasticity [45].

3.6. White Matter Degradation

White matter, consisting of myelinated axons connecting brain
regions, shows particular vulnerability to alcohol effects.
Chronic alcohol consumption degrades myelin sheaths,
damages oligodendrocytes that produce myelin, and disrupts
white matter integrity [46]. These changes slow information
transmission between brain regions and disrupt coordinated
network function. White matter damage particularly affects
frontal regions and corpus callosum, contributing to executive
dysfunction and interhemispheric communication deficits. The
mechanisms underlying white matter vulnerability include
direct toxic effects on oligodendrocytes, thiamine deficiency
impairing myelin synthesis, oxidative stress damaging myelin
lipids, and inflammatory cytokine effects on oligodendrocytes
[47].

3.7. Neurodevelopmental Factors

Age of drinking onset influences neurocognitive outcomes,
with earlier onset associated with greater impairment [48].
Adolescent brain development continues through the mid-20s,
particularly affecting prefrontal cortex and associated executive
functions. Alcohol exposure during this developmental period
may disrupt normal maturation, alter synaptic pruning, impair
myelination, and affect neurotransmitter system development
[49]. These neurodevelopmental disruptions may create lasting
vulnerability even if drinking moderates in adulthood.
Additionally, early-onset heavy drinking often reflects genetic
and environmental risk factors that independently contribute to
cognitive difficulties, complicating attribution of effects
specifically to alcohol exposure [50].

4. NEUROIMAGING FINDINGS

4.1. Structural Magnetic Resonance Imaging

Structural brain imaging using MRI demonstrates widespread
abnormalities in individuals with AUD. Gray matter volume

reductions appear in multiple cortical and subcortical regions,
with prefrontal cortex showing particularly consistent and
severe atrophy [51]. The prefrontal regions most affected
include dorsolateral prefrontal cortex critical for executive
function and working memory, orbitofrontal cortex involved in
decision-making and impulse control, and anterior cingulate
cortex important for error monitoring and conflict resolution.
These regional volume losses correlate with severity of
executive dysfunction and impulsivity [52]. Hippocampal
volume reduction occurs frequently in AUD, contributing to
memory impairment. The hippocampus shows bilateral atrophy
proportional to drinking duration and severity [S3]. Amygdala,
involved in emotional processing and stress responses,
demonstrates volume reduction that may relate to emotional
dysregulation and stress-related relapse vulnerability.
Cerebellar degeneration particularly affects the anterior
superior vermis, producing ataxia, balance problems, and
cognitive deficits given the cerebellum's role in cognitive
processing [54]. Ventricle enlargement reflects overall brain
tissue loss and proves common in chronic heavy drinkers. The
degree of ventricular enlargement correlates with duration and
severity of alcohol use and partially reverses with sustained
abstinence [55]. Cortical thinning assessed through surface-
based morphometry reveals widespread reduction in cortical
thickness, particularly in frontal and temporal regions [56].

4.2. Diffusion Tensor Imaging

DTI examines white matter microstructural integrity through
water diffusion properties. Reduced fractional anisotropy (FA),
indicating compromised white matter integrity, appears widely
in individuals with AUD [57]. The corpus callosum connecting
cerebral hemispheres shows particularly robust FA reductions,

correlating with interhemispheric transfer deficits and
executive dysfunction. Superior longitudinal fasciculus
connecting frontal and posterior regions demonstrates

impairment related to processing speed and executive function
deficits [58]. Fornix, critical for memory circuitry between
hippocampus and other structures, shows degradation
contributing to memory impairment. Uncinate fasciculus
connecting orbitofrontal cortex and temporal lobe demonstrates
abnormalities potentially relating to decision-making and
emotional regulation deficits [S9]. Increased mean diffusivity
suggests increased water content and degraded tissue
organization. These diffusion abnormalities correlate with
cognitive impairment severity, drinking history variables, and
recovery outcomes [60]. Importantly, DTI detects white matter
microstructural damage not visible on conventional MRI,

providing sensitive markers of alcohol-related brain changes.

4.3. Functional
Imaging

Magnetic Resonance

Task-based fMRI during cognitive tasks reveals altered brain
activation patterns in AUD. Executive function tasks including
working memory, cognitive flexibility, and inhibitory control
demonstrate hypoactivation in prefrontal and parietal regions
normally engaged by these demands [61]. Some studies report
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hyperactivation that may reflect compensatory recruitment or
inefficient processing. The direction of activation differences
may depend on task difficulty, with hyperactivation when tasks
remain achievable and hypoactivation when demands exceed
capacity [62]. Reward processing tasks reveal blunted
activation in ventral striatum and orbitofrontal cortex during
reward anticipation and receipt, consistent with reward system
dysfunction in addiction [63]. Memory encoding and retrieval
tasks demonstrate altered hippocampal and prefrontal
activation correlating with memory performance. Decision-
making tasks show abnormal activation in orbitofrontal cortex,
anterior cingulate, and insula related to impulsive choices and
impaired learning from feedback [64].

Resting-state fMRI examines intrinsic
organization without requiring task performance. Studies reveal
altered connectivity within and between large-scale networks
including default mode network, executive control network,
and salience network [65]. These connectivity alterations may

brain network

reflect fundamental disruption of brain network organization
underlying cognitive impairment. Some findings suggest
reduced network segregation and altered hub connectivity that
could impair efficient information processing [66].

4.4. Magnetic Resonance Spectroscopy

MRS provides non-invasive measurement of brain metabolite
concentrations. Studies in AUD populations report reduced N-
acetylaspartate (NAA), a marker of neuronal integrity, in
frontal cortex, suggesting neuronal dysfunction or loss [67].
Elevated choline-containing compounds may reflect increased
membrane turnover from cell damage and repair processes.
Alterations in glutamate and GABA levels reflect excitatory-
inhibitory neurotransmitter dysfunction [68]. Some studies
report elevated myo-inositol, a glial marker, suggesting glial

activation or  proliferation  potentially  related to

neuroinflammation. These metabolic abnormalities correlate
with cognitive function and show partial normalization with
abstinence [69].

4.5. Positron Emission Tomography

PET imaging with fluorodeoxyglucose demonstrates reduced
glucose metabolism in frontal cortex and other regions in
individuals with AUD, indicating hypofunction of these areas
[70]. The degree of hypometabolism correlates with cognitive
impairment severity. Dopamine system imaging using specific
radioligands reveals reduced D2 receptor availability in
striatum, relating to executive dysfunction and impulsivity [71].
Some studies report altered dopamine release in response to
alcohol cues. Neuroinflammation imaging using translocator
protein ligands demonstrates elevated microglial activation in
individuals with AUD, supporting neuroinflammatory
mechanisms [72].

5. NEUROPSYCHOLOGICAL
ASSESSMENT

5.1. Comprehensive Evaluation Approaches

Neuropsychological assessment in AUD serves multiple
purposes including characterizing cognitive strengths and
weaknesses, identifying individuals
accommodations in treatment, predicting treatment outcomes,

requiring cognitive
monitoring recovery, and assessing functional capacity [73].
Comprehensive evaluation examines multiple cognitive
domains using standardized tests with established psychometric
properties.  Table 2  presents a  comprehensive
neuropsychological assessment battery for alcohol use disorder,
including test selection, domains assessed, and clinical
interpretation guidelines.

Table 2. Comprehensive Neuropsychological Assessment Battery for Alcohol Use Disorder

Cognitive Recommended What Test Measures | Typical Findings in | Clinical Assessment
Domain Tests AUD Significance Time
Executive Wisconsin Card Sorting | Cognitive flexibility; | Increased  perseverative | Predicts treatment | 20-25 min
Function Test (WCST) abstract reasoning; set- | errors; difficulty shifting | adherence;
shifting ability; | mental sets; concrete | planning
perseveration thinking difficulties; rigid
thinking patterns
Stroop Color-Word Test | Inhibitory control; | Increased interference; | Impulsivity; 5-10 min
interference  resolution; | slowed color-word | difficulty filtering
processing speed condition; errors distractions;
relapse
vulnerability
Trail Making Test Part B | Set-shifting; mental | Slowed performance; | Multitasking 5-10 min
flexibility;  visuomotor | sequencing errors; | problems; reduced
speed perseveration efficiency in
complex tasks
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Cognitive

Domain

Recommended
Tests

What Test Measures

Typical
AUD

Findings in

Clinical
Significance

Assessment
Time

Memory

Attention &
Processing Speed

Decision-Making
& Impulsivity

Verbal Fluency (FAS,
Category)

Tower Test

(Hanoi/London)

Rey Auditory Verbal
Learning Test (RAVLT)
or California Verbal
Learning Test (CVLT)

Brief Visuospatial
Memory Test-Revised
(BVMT-R)

Wechsler Memory
Scale-IV: Working
Memory Index
Prospective ~ Memory
Task

Trail Making Test Part A
Digit Symbol Coding
(WAIS-IV)

Symbol Search (WAIS-
V)

Continuous
Performance Test (CPT)

Iowa Gambling Task
(IGT)

Delay Discounting Task

Strategic retrieval;
cognitive flexibility;
working memory

Planning; problem-
solving; impulse control

Verbal learning;
encoding; delayed recall;
recognition

Visual learning and
memory; delayed recall

Auditory working
memory; mental
manipulation

Future intention memory;
time-based and event-
based remembering

Visual scanning;

psychomotor speed;

sustained attention

Processing speed; visual-
motor coordination;
working memory

Processing speed; visual
discrimination; sustained
attention

Sustained attention;

vigilance; impulsivity

Learning from
rewards/punishments;
risk-taking; decision-

making

Temporal  discounting;

impulsivity; self-control

Reduced word generation;
clustering deficits;
switching problems

Increased moves; rule
violations; impulsive
responding

Reduced learning slope;
impaired delayed recall;
normal recognition

Impaired encoding and
recall of visual material

Reduced digit span
(especially backward);
impaired sequencing

Frequent failures; missed
appointments; medication
errors

Slowed
proportional
severity

performance
to drinking

Significantly reduced
compared to

vocabulary/comprehension

Impaired performance;
errors increase with fatigue

Increased omission and
commission €rrors;

variable responding

for
disadvantageous  decks;
insensitivity to punishment

Preference

Steep discounting
(preference for immediate

rewards)

Communication
difficulties;
reduced cognitive
efficiency

Goal-directed
behavior
problems;  poor
treatment

planning

Forgetting
therapeutic
content;
medication non-
adherence;
appointment
lapses

Difficulty  with
visual-spatial
tasks; navigation

problems

Conversation
tracking
problems; mental
calculation
difficulties

Critical for
treatment
adherence;
functional

independence

Overall cognitive
slowing; reduced
work efficiency

Processing
inefficiency; need
for extended time

Reduced
productivity;
difficulty with
time-pressured
tasks

Attention lapses;
difficulty with
monotonous tasks

Continued
drinking  despite
consequences;
relapse risk

Immediate
gratification
seeking; difficulty

5-10 min

10-15 min

20-30 min

10-15 min

10-15 min

5 min
(embedded)

3-5 min

2 min

2 min

15-20 min

15-20 min

10-15 min
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Cognitive Recommended What Test Measures | Typical Findings in | Clinical Assessment
Domain Tests AUD Significance Time
with  abstinence
goals
Go/No-Go Task Response inhibition; | Increased false alarms | Impulsive 10 min
impulse control (commission errors); | drinking;
reduced inhibition difficulty resisting
cues
Global Cognitive | Montreal Cognitive | Brief ~ screening  of | Scores below 26 common; | Indicates need for | 10 min
Screening Assessment (MoCA) multiple domains; | executive and memory | comprehensive
suitable for detecting | items particularly affected | evaluation; tracks
mild impairment recovery
Mini-Mental State | Global cognitive | Often normal in mild- | Not recommended | 10 min
Examination (MMSE) function; primarily | moderate AUD; insensitive | as sole screening
detects moderate-severe | to executive dysfunction tool in AUD;
impairment misses  relevant
deficits
Premorbid Test of Premorbid | Estimated premorbid | Provides baseline estimate | Helps distinguish | 10 min
Function Estimate | Functioning (TOPF) or | intellectual ability for comparison decline from
WTAR lifelong patterns
Effort/Validity Test of Memory | Effort; engagement; | Identifies inadequate effort | Ensures reliable | 10-15 min
Testing Malingering (TOMM) | validity of performance affecting test validity interpretation;
or Performance Validity detects non-
Tests credible
performance
Functional Independent Living | Real-world  functional | Impaired medication | Directly assesses | 30 min
Assessment Scales (ILS) or UCSD | capacity; daily living | management; financial | treatment-relevant
Performance-Based skills difficulties; reduced | abilities;  guides
Skills Assessment independence support needs
(UPSA)

Note: Timing: Assess 2-3 weeks after last alcohol use to allow acute effects to resolve. Baseline Comparison: Use premorbid function estimates and educational
history to interpret scores. Serial Assessment: Repeat at 1, 3, 6, and 12 months to track recovery trajectory. Confounds: Consider effects of withdrawal, psychiatric
comorbidity, medications, fatigue, motivation. Functional Correlation: Always relate test findings to real-world functional impairments. Clinical Integration:
Combine with neuroimaging when available; consider nutritional status, liver function.

Executive function assessment includes Wisconsin Card
Sorting Test measuring cognitive flexibility and abstract
reasoning, Stroop Color-Word Test assessing inhibitory
control, Trail Making Test evaluating processing speed and set-
shifting, verbal fluency tests examining strategic retrieval and
cognitive flexibility, and Tower tests measuring planning
ability [74]. Memory evaluation encompasses tests of verbal
learning and memory such as California Verbal Learning Test
or Rey Auditory Verbal Learning Test, visual memory tests like
Brief Visuospatial Memory Test, and working memory
assessments from Wechsler Memory Scale [75]. Attention and
processing speed assessment utilizes Digit Span for auditory
attention and working memory, Digit Symbol Coding and
Symbol Search for processing speed, and continuous
performance tests for sustained attention [76]. Decision-making
and impulsivity measures include Iowa Gambling Task
assessing learning from rewards and punishments, delay
discounting tasks measuring preference for immediate versus
delayed rewards and Go/No-Go tasks evaluating response

inhibition [77]. Global cognitive screening instruments like
Montreal Cognitive Assessment provide brief assessment
suitable for clinical settings, though they lack sensitivity for
mild or domain-specific impairments [78].

5.2. Practical
Limitations

Considerations and

Optimal timing of neuropsychological assessment requires
consideration of acute effects, withdrawal, and recovery
processes. Assessment during acute intoxication or withdrawal
produces unreliable results given temporary cognitive
impairment from these states [79]. Guidelines recommend
waiting at least 2-3 weeks after last alcohol use to allow acute
effects to resolve, though subtle withdrawal effects may persist
longer. For individuals entering treatment after heavy use, serial
assessment at 1, 3, and 6 months may better characterize
baseline function and early recovery trajectory than single
assessment [80].
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Interpretation challenges include distinguishing alcohol-
specific effects from premorbid cognitive function, psychiatric
comorbidity effects, other substance use contributions,
medications' impact, and demographic factors. Lack of
premorbid testing for most individuals limits ability to
determine whether current performance reflects decline versus
lifelong pattern. Educational attainment and estimated
premorbid IQ provide rough indices of cognitive reserve but
imperfectly predict individual premorbid function [2].

Brief cognitive screening tools offer practical alternatives to
comprehensive assessment when time or resources constrain
evaluation. The Montreal Cognitive Assessment (MoCA) takes
approximately 10 minutes and shows reasonable sensitivity for
moderate to severe impairment but may miss mild or domain-
specific deficits [78]. The Mini-Mental State Examination,
while widely used, shows inadequate sensitivity for executive
dysfunction common in AUD [73]. Screening instruments
serve best for identifying individuals requiring comprehensive
evaluation rather than providing definitive characterization of
impairment patterns.

6. RECOVERY TRAJECTORIES AND
FACTORS INFLUENCING OUTCOMES

6.1. Time Course of Recovery

Substantial evidence demonstrates that cognitive recovery
occurs in many individuals with AUD following sustained
abstinence, though the degree and time course vary
considerably [80]. The most rapid improvements typically
occur during the first 3 months of abstinence, with slower
continued improvement over 6-12 months and sometimes
beyond [81]. Different cognitive domains show distinct
recovery trajectories. Processing speed and attention often
improve relatively quickly within weeks to months. Executive
functions demonstrate more gradual recovery over several
months. Memory shows variable patterns, with some aspects
improving while severe amnesia in Korsakoff syndrome
typically persists [82].

Neuroimaging studies document structural brain recovery with
abstinence. Gray matter volume increases occur in multiple
regions during the first months of sobriety, likely reflecting
rehydration, remyelination, and neuroplasticity rather than
neurogenesis [55]. White matter integrity measured by DTI
shows improvement, particularly in frontal regions and corpus
callosum [60]. Ventricular enlargement partially reverses with
tissue volume increases. Metabolic normalization occurs with
increased glucose metabolism and improved metabolite
profiles on MRS [69]. However, individuals with long drinking
histories and severe baseline impairment may show incomplete
recovery even with prolonged abstinence [83].

6.2. Factors Predicting Recovery

Age influences recovery potential, with younger individuals
showing greater neuroplasticity and more complete cognitive
improvement compared to older adults [84]. The duration and

severity of alcohol use predict outcomes, with longer, heavier
use associated with more severe baseline impairment and less
complete recovery. Age of drinking onset relates to outcomes,
with adolescent-onset use potentially producing lasting effects
through neurodevelopmental disruption [48]. Nutritional status
and thiamine replacement prove critical, particularly for
preventing progression to Wernicke-Korsakoff syndrome and
supporting recovery processes. Adequate nutrition provides
substrates for repair and remyelination [36]. Liver disease
severity affects recovery, as hepatic encephalopathy produces
additional cognitive impairment and severe liver dysfunction
limits metabolism of toxins affecting brain function [85].
Genetic factors including APOE genotype and variants
affecting thiamine metabolism and neuroplasticity may
influence vulnerability and recovery capacity [26].

Comorbid psychiatric conditions affect recovery trajectories,
with depression, anxiety, and PTSD potentially impairing
cognitive function independent of alcohol effects [86].
Treatment of these conditions may facilitate cognitive recovery.
Polysubstance use complicates assessment and may worsen
outcomes, particularly with stimulants, benzodiazepines, or
cannabis [87]. Cognitive reserve from educational attainment
and cognitively stimulating activities predicts better outcomes,
potentially through compensatory mechanisms or greater
baseline capacity to tolerate damage [20].

Most critically, abstinence duration and consistency determine
recovery potential. Continued heavy drinking or frequent
relapses prevent recovery and may worsen impairment [83].
Even reduced drinking shows less cognitive benefit than
complete abstinence. The longer abstinence is maintained, the
greater the recovery, particularly during the first year.
Engagement in cognitive rehabilitation and stimulating
activities during recovery may enhance improvement beyond
spontaneous recovery [88].

6.3. Persistent Impairment

Despite recovery potential, a substantial subset of individuals
with long-term AUD shows persistent cognitive deficits despite
prolonged abstinence [24]. Factors associated with incomplete
recovery include very long duration of heavy use, severe
nutritional deficiency history, multiple episodes of withdrawal
or Wernicke encephalopathy, older age, severe baseline
impairment, comorbid medical conditions, genetic risk factors,
and concurrent other substance use [83]. Persistent executive
dysfunction, memory impairment, and processing speed
deficits may affect functional outcomes including occupational
capacity, independent living skills, and relationship functioning
[11]. Individuals with persistent impairment require long-term
cognitive accommodations and may benefit from cognitive
rehabilitation, although evidence for specific interventions
remains limited [88].

7. RELATIONSHIP BETWEEN
COGNITIVE FUNCTION AND
CLINICAL OUTCOMES
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7.1. Impact on Treatment Engagement and
Retention

Cognitive impairment substantially affects AUD treatment
processes and outcomes. Executive dysfunction impairs ability
to plan and organize treatment attendance, remember
appointments and therapeutic strategies, monitor drinking urges
and implement coping skills, learn from treatment sessions, and
maintain motivation through setbacks [8]. Memory deficits
limit retention of psychoeducation, recognition of high-risk
situations, and recall of coping strategies when needed.
Impaired decision-making and impulse control undermine
ability to resist drinking urges and choose long-term goals over
immediate gratification [9]. Studies demonstrate that
individuals with greater baseline cognitive impairment show
lower treatment retention, more frequent relapses, and poorer
long-term outcomes [10]. Cognitive dysfunction particularly
impairs response to cognitive-behavioral therapy and other
interventions requiring learning, memory, and executive
function. However, cognitive impairment does not preclude
benefit from treatment, and many cognitively impaired
individuals achieve sustained recovery with appropriate
support and accommodations [89].

7.2. Relapse Risk and Prevention

Cognitive function, particularly executive function and
decision-making, predicts relapse risk. Impaired inhibitory
control increases vulnerability to impulsive drinking in
response to cues, cravings, or negative emotions [18]. Deficient
decision-making produces preference for immediate reward
(drinking) over delayed benefits (sobriety), undermining
motivation for abstinence. Poor working memory limits ability
to keep long-term goals active during craving episodes.
Impaired learning from negative consequences of drinking
episodes reduces protective effect of relapse experiences [9].
Neuroimaging biomarkers show promise for relapse prediction.
Reduced prefrontal cortex gray matter volume, diminished
prefrontal activation during inhibitory control tasks, disrupted
functional connectivity in executive control networks, and
reduced dopamine D2 receptor availability associate with
increased relapse risk [90]. Combining
neuroimaging, and clinical variables may enable personalized

cognitive,

relapse risk assessment to guide treatment intensity and
intervention selection [91].

7.3. Functional Outcomes

Beyond treatment response and relapse, cognitive function
affects multiple functional domains. Occupational functioning
depends heavily on cognitive abilities, with executive
dysfunction, memory impairment, and slowed processing
limiting work capacity and productivity [11]. Many individuals
with significant cognitive deficits cannot return to pre-illness
occupation levels even with maintained sobriety. Social
functioning suffers when cognitive impairment affects
conversation, relationship maintenance, emotional regulation,
and social problem-solving [19]. Independent living skills

including financial management, medication adherence, and
household organization require cognitive capacities that may
remain impaired [92]. Quality of life relates to cognitive
function both through direct effects on daily activities and
indirect effects through limiting employment and relationships
[11].

8. CLINICAL IMPLICATIONS AND
MANAGEMENT APPROACHES

8.1. Assessment in Clinical Settings

Routine cognitive screening should be incorporated into AUD
assessment to identify individuals requiring accommodations
and comprehensive evaluation. Brief instruments like MoCA
provide practical screening, with scores below 26 indicating
need for detailed neuropsychological assessment [78].
Screening should occur after acute withdrawal resolution,
ideally 2-3 weeks post-drinking. Identified impairments should
prompt treatment modifications to enhance effectiveness [79].
Comprehensive neuropsychological provides
detailed characterization enabling individualized treatment
planning. Assessment results guide cognitive accommodations

evaluation

in therapy, realistic goal-setting, and identification of
compensatory strategies [73]. Serial assessment monitors
recovery and identifies those with persistent impairment
requiring long-term support. However, access limitations and
cost considerations constrain widespread use of comprehensive
assessment, necessitating prioritization for those with screening
abnormalities or clinical indicators of impairment [93].

8.2. Treatment Modifications for Cognitive
Impairment

Multiple modifications enhance treatment effectiveness for
cognitively impaired individuals. Simplifying treatment
materials using clear language, visual aids, and limited
information per session accommodates processing deficits [8].
Repetition and practice of key concepts and skills improve
retention despite memory impairment. Written materials and
homework assignments supplement verbal instruction. External
memory aids including calendars, reminder systems, and
checklists support prospective memory [94]. Shorter, more
frequent sessions may prove more effective than longer
sessions given attention and mental fatigue limitations.
Concrete, structured approaches may prove more accessible
than abstract or insight-oriented therapies for those with
executive dysfunction [89].

Medication management warrants special attention given
memory and executive function impairments affecting
adherence. Simplified regimens with once-daily dosing, pill
organizers, reminder systems, and regular monitoring improve
adherence [95]. Medications for AUD including naltrexone,
acamprosate, and disulfiram show efficacy in cognitively
impaired populations, though adherence challenges may limit
real-world effectiveness without support [96].
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8.3. Cognitive Rehabilitation

Cognitive rehabilitation approaches aim to improve cognitive
function through systematic training, compensatory strategy
instruction, and functional skills practice [88]. Despite
theoretical appeal, evidence for cognitive rehabilitation
specifically in AUD remains limited. Computer-based
cognitive training programs show modest improvements in
trained tasks but inconsistent transfer to untrained abilities or
real-world function [97]. Compensatory strategy training
teaching use of external aids, organizational systems, and
problem-solving approaches may improve daily functioning
even without restoring underlying cognitive -capacities.
Functional skills training targeting specific activities of daily
living shows promise for improving independence [98].
Emerging interventions including cognitive-enhancing
medications, anti-inflammatory agents, neurostimulation
techniques, and aerobic exercise deserve investigation as
adjuncts to standard treatment [99]. However, current evidence
remains specific cognitive
standard treatment,

insufficient to recommend

enhancement interventions beyond

nutritional rehabilitation, and abstinence support.

9. FUTURE RESEARCH DIRECTIONS

Multiple critical gaps in knowledge require investigation
through rigorous research. First, longitudinal mechanistic
studies tracking individuals from active drinking through
extended abstinence could clarify causal pathways, identify
predictors of recovery versus persistent impairment, and
elucidate mechanisms underlying individual differences [91].
Such studies should integrate comprehensive cognitive
assessment, multimodal neuroimaging, biomarkers, genetics,
and clinical outcomes. Second, sex differences deserve
systematic investigation given evidence that women may show
greater vulnerability to alcohol-related brain damage despite
lower alcohol consumption levels [100]. Whether women and
men demonstrate different cognitive impairment patterns,
recovery trajectories, and treatment responses requires
clarification through adequately powered studies with sex-
stratified analyses. Third, precision medicine approaches
matching treatments to individual characteristics hold promise
for improving outcomes [91]. Machine learning methods
integrating clinical, cognitive, neuroimaging, and biomarker
data could enable personalized relapse risk assessment and
treatment selection. Identifying subtypes with distinct
pathophysiological ~mechanisms might guide targeted
interventions addressing specific impairment patterns.

Fourth, development and validation of cognitive enhancement
interventions specifically for AUD populations represents a
priority [88]. Potential approaches including pharmacological
cognitive enhancers, structured rehabilitation
protocols, neurostimulation techniques, anti-inflammatory
interventions, and aerobic exercise programs require rigorous

cognitive

testing through randomized controlled trials with clinically
meaningful outcomes. Fifth, biomarker development for
predicting outcomes and monitoring recovery could guide

clinical decision-making [91]. Neuroimaging markers,
inflammatory markers, metabolic markers, and genetic variants
warrant investigation as predictors of cognitive impairment
severity, recovery capacity, and relapse risk. Accessible, cost-
effective biomarkers would prove most clinically useful. Sixth,
understanding relationships between drinking patterns and
cognitive outcomes requires refinement [S0]. Disentangling
effects of age of onset, duration, quantity, pattern (steady versus
binge), beverage type, and abstinence periods could inform
prevention messages and treatment approaches. Large
epidemiological studies with detailed drinking histories and
cognitive assessment would address these questions. Seventh,
investigation of interventions during adolescence and young
adulthood when neurodevelopmental vulnerability to alcohol
proves greatest could prevent long-term consequences [49].
Understanding whether early intervention reduces persistent
cognitive effects requires longitudinal studies following at-risk
youth into adulthood.

10. CONCLUSION

Neurocognitive impairment represents a core feature of alcohol
use disorder with profound implications for understanding
addiction mechanisms, predicting treatment outcomes, and
optimizing intervention approaches. The spectrum of alcohol-
related cognitive dysfunction ranges from subtle deficits
detectable only through sensitive testing to severe conditions
like Wernicke-Korsakoff syndrome producing devastating
amnesia and functional impairment. Executive function,
memory, attention, processing speed, and decision-making
show particular vulnerability, reflecting the neurobiological
impact of chronic alcohol exposure on prefrontal cortex,
hippocampus, and interconnected neural circuits.

Multiple pathophysiological mechanisms contribute to alcohol-
related brain damage including direct neurotoxic effects of

ethanol and acetaldehyde, neurotransmitter  system
dysregulation particularly affecting glutamate and GABA,
thiamine  deficiency  producing  metabolic  crisis,

neuroinflammation with microglial activation and cytokine
release, oxidative stress damaging cellular components, white
matter degradation impairing neural communication, and
neurodevelopmental disruption when exposure occurs during
adolescence. The relative contributions of these mechanisms
vary across individuals depending on drinking patterns,
genetics, nutrition, and other factors, contributing to substantial
heterogeneity in cognitive outcomes. Neuroimaging studies
reveal structural abnormalities including grey matter volume
loss in frontal and limbic regions, white matter integrity
degradation affecting major fiber tracts, ventricular
enlargement reflecting tissue loss, functional alterations in
brain activation and connectivity patterns, and metabolic
disturbances indicating neuronal dysfunction. These
neurobiological changes correlate with cognitive impairment
severity and show partial reversibility with sustained
abstinence, documenting remarkable brain plasticity even after
prolonged alcohol exposure.
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Recovery trajectories vary considerably across individuals and
cognitive domains. Most individuals show substantial
improvement during the first 3-12 months of abstinence, with
processing speed and attention recovering more rapidly than
executive function and memory. Factors predicting favorable
recovery include younger age, shorter drinking duration, less
severe baseline impairment, adequate nutrition, absence of
severe liver disease, and sustained abstinence. However, some
individuals demonstrate persistent cognitive deficits despite
prolonged sobriety, particularly those with very long drinking
histories, severe nutritional deficiency, older age, and genetic
risk factors.

Cognitive impairment substantially affects treatment processes
and outcomes. Executive dysfunction, memory deficits, and
impaired decision-making limit treatment engagement,
learning from interventions, and relapse prevention. Greater
baseline cognitive impairment predicts lower treatment
retention and higher relapse rates. These findings underscore
the importance of routine cognitive screening, treatment
modifications accommodating impairment, and development of
cognitive enhancement strategies to improve outcomes.
Clinical assessment should incorporate cognitive screening to
identify individuals requiring comprehensive evaluation and
treatment accommodations. The Montreal Cognitive
Assessment provides practical brief screening, with abnormal
scores prompting detailed neuropsychological testing.
Assessment should occur after acute withdrawal resolution to
ensure valid results. Treatment modifications including

References

1. Organization WH. Global status report on alcohol and health 2018.
Geneva: World Health Organization; 2018.

K. Alcohol: Effects on
Neurobehavioral Functions and the Brain. Neuropsychology review.
2007;17(3):239-57.

3. Weissenborn R, Duka T. Acute alcohol effects on cognitive function
in social drinkers: their relationship to drinking habits.
Psychopharmacologia. 2003;165(3):306-12.

4. The Wernicke-Korsakoff Syndrome and Related Neurologic
Disorders Due to Alcoholism and Malnutrition. Journal of

2. Oscar-Berman M, Marinkovi¢

neuropathology and experimental neurology. 1990;49(1):80.1-.

5. Thomson AD, Marshall EJ. THE NATURAL HISTORY AND
PATHOPHYSIOLOGY OF WERNICKE'S ENCEPHALOPATHY
AND KORSAKOFF'S PSYCHOSIS. Alcohol and alcoholism.
2006;41(2):151-8.

6. Harper C. The Neuropathology of Alcohol-Related Brain Damage.
Alcohol and alcoholism. 2009;44(2):136-40.

7. Sullivan EV, Pfefferbaum A. Neurocircuitry in alcoholism: a
substrate of disruption and
2005;180(4):583-94.

8. Bates ME, Bowden SC, Barry D. Neurocognitive impairment
associated with alcohol use disorders: Implications for treatment.

repair.  Psychopharmacologia.

Experimental and clinical psychopharmacology. 2002;10(3):193-212.
9. Noel X. CORRELATION BETWEEN INHIBITION, WORKING
MEMORY AND DELIMITED FRONTAL AREA BLOOD FLOW
MEASURED BY 99mTc-BICISATE SPECT IN ALCOHOL-

simplified materials, repetition, external memory aids, shorter
sessions, and concrete approaches enhance effectiveness for
cognitively impaired individuals.

Critical gaps remain regarding optimal assessment approaches
balancing comprehensiveness and feasibility, biomarkers
predicting recovery and relapse, mechanisms underlying
individual differences in outcomes, effective cognitive
remediation strategies, sex differences in vulnerability and
recovery, and precision medicine approaches matching
interventions to individual profiles. Future research should

emphasize longitudinal designs integrating multimodal
assessment, investigation of mechanistic pathways,
development and testing of cognitive enhancement

interventions, biomarker discovery, and translation of findings
to clinical practice through implementation research. The
profound impact of cognitive impairment on addiction
maintenance, treatment response, and functional outcomes
establishes it as a critical target for assessment and intervention
rather than merely a consequence of chronic alcohol use.
Advancing understanding of alcohol-related neurocognitive
dysfunction through rigorous research and translating findings
to improved clinical approaches holds potential to substantially
enhance outcomes for the millions affected by this devastating
disorder. Integration of cognitive assessment and remediation
into standard AUD treatment represents an evidence-based
imperative that could transform recovery trajectories and
improve quality of life for individuals working to overcome
addiction.

DEPENDENT PATIENTS. Alcohol and alcoholism. 2001;36(6):556-
63.

10. Bates ME, Pawlak AP, Tonigan JS, Buckman JF. Cognitive
impairment influences drinking outcome by altering therapeutic
mechanisms of change. Psychology of addictive behaviors.
2006;20(3):241-53.

11. 1S, A H. Management of alcohol Korsakoff syndrome. Advances
in Psychiatric Treatment. 1999;5(4):271-8.

12. Stavro K, Pelletier J, Potvin S. Widespread and sustained cognitive
deficits in alcoholism: a meta-analysis. Addiction biology.
2013;18(2):203-13.

13. Cunha PJ, Novaes MA. Avaliagdo neurocognitiva no abuso e
dependéncia do alcool: implicagcdes para o tratamento. Revista
Brasileira de Psiquiatria. 2004;26(suppl 1):23-7.

14. Pitel AL, Beaunieux H, Witkowski T, Vabret F, Guillery-Girard
B, Quinette P, et al. Genuine Episodic Memory Deficits and Executive

Dysfunctions in Alcoholic Subjects Early in Abstinence. Alcoholism:
clinical and experimental research. 2007;31(7):1169-78.

15. Heffernan T. The Impact of Excessive Alcohol Use on Prospective
Memory: A Brief Review. Current Drug Abuse Reviewse.
2008;1(1):36-41.

16. Sex differences in alcohol-related neurobehavioral consequences.
Amsterdam :: Elsevier; 2014. 253-72 p.

17. Sullivan EV, Rosenbloom MJ, Pfefferbaum A. Pattern of Motor
and Cognitive Deficits in Detoxified Alcoholic Men. Alcoholism:
clinical and experimental research. 2000;24(5):611-21.

18. Bechara A, Dolan S, Denburg N, Hindes A, Anderson SW, Nathan
PE. Decision-making deficits, linked to a dysfunctional ventromedial



N Asian J Med 2025; 3(4):1-32

14

prefrontal cortex, revealed in alcohol and stimulant abusers.
Neuropsychologia. 2001;39(4):376-89.

19. Uekermann J, Daum I. Social cognition in alcoholism: a link to
prefrontal cortex dysfunction? Addiction. 2008;103(5):726-35.

20. Le Berre AP, Fama R, Sullivan EV. Executive Functions, Memory,
and Social Cognitive Deficits and Recovery in Chronic Alcoholism: A
Critical Review to Inform Future Research. Alcoholism: clinical and
experimental research. 2017;41(8):1432-43.

21. Sechi G, Serra A. Wernicke's encephalopathy: new clinical settings
and recent advances in diagnosis and management. The Lancet
neurology. 2007;6(5):442-55.

22. Kopelman MD, Thomson AD, Guerrini I, Marshall EJ. The
Korsakoff Syndrome: Clinical Aspects, Psychology and Treatment.
Alcohol and alcoholism. 2009;44(2):148-54.

23. Ridley NJ, Draper B, Withall A. Alcohol-related dementia: an
update of the evidence. Alzheimer's Research & Therapy. 2013;5(1):3.
24. Gupta S, Warner J. Alcohol-related dementia: a 2 1st-century silent
epidemic? British Journal of Psychiatry. 2008;193(5):351-3.

25. Sullivan EV, Harris RA, Pfefferbaum A. Alcohol's effects on brain
and behavior. Alcohol Research & Health. 2010;33(1-2):127-43.

26. Prescott CA, Kendler KS. Genetic and Environmental
Contributions to Alcohol Abuse and Dependence in a Population-
Based Sample of Male Twins. The American journal of psychiatry.
1999;156(1):34-40.

27. Fadda F. Chronic ethanol consumption:from neuroadaptation to
neurodegeneration. Progress in neurobiology. 1998;56(4):385-431.
28. Manzo-Avalos S, Saavedra-Molina A. Cellular and Mitochondrial
Effects of Alcohol Consumption. International Journal of
Environmental Research and Public Health. 2010;7(12):4281-304.
29. Carpenter-Hyland EP, Chandler LJ. Homeostatic plasticity during
alcohol exposure promotes enlargement of dendritic spines. The
European journal of neuroscience. 2006;24(12):3496-506.

30. Nixon K, Crews FT. Binge ethanol exposure decreases
neurogenesis in adult rat hippocampus. Journal of neurochemistry.
2002;83(5):1087-93.

31. Krystal JH, Petrakis IL, Mason G, Trevisan L, D'Souza D. N-
methyl-d-aspartate glutamate receptors and alcoholism: reward,
dependence, treatment, and vulnerability. Pharmacology &
therapeutics. 2003;99(1):79-94.

32. Tsai G, Coyle JT. The Role of Glutamatergic Neurotransmission
in the Pathophysiology of Alcoholism. Annual review of medicine.
1998;49(1):173-84.

33. Kumar S, Porcu P, Werner DF, Matthews DB, Diaz-Granados JL,
Helfand RS, et al. The role of GABAA receptors in the acute and
chronic  effects of ethanol: a decade of
Psychopharmacologia. 2009;205(4):529-64.

34. Volkow ND, Wang G-J, Telang F, Fowler JS, Logan J, Jayne M,
et al. Profound Decreases in Dopamine Release in Striatum in
Detoxified Alcoholics: Possible Orbitofrontal Involvement. The
Journal of Neuroscience. 2007;27(46):12700-6.

35. Arendt T, Bigl V, Arendt A, Tennstedt A. Loss of neurons in the
nucleus basalis of Meynert in Alzheimer's disease, paralysis agitans
and Korsakoff's disease. Acta neuropathologica. 1983;61(2):101-8.
36. Thomson AD, Guerrini I, Marshall EJ. The Evolution and
Treatment of Korsakoff's Syndrome. Neuropsychology Review.
2012;22(2):81-92.

37. Martin PR, Singleton CK, Hiller-Sturmhofel S. The role of
thiamine deficiency in alcoholic brain disease. Alcohol Res Health.
2003;27(2):134-42.

progress.

38. Zuccoli G, Santa Cruz D, Bertolini M, Rovira A, Gallucci M,
Carollo C, et al. MR Imaging Findings in 56 Patients with Wernicke
Encephalopathy: Nonalcoholics May Differ from Alcoholics.
American Journal of Neuroradiology. 2009;30(1):171-6.

39. Harding A. Degeneration of anterior thalamic nuclei differentiates
alcoholics with amnesia. Brain a journal of neurology.
2000;123(1):141-54.

40. Crews FT, Vetreno RP. Mechanisms of neuroimmune gene
induction in alcoholism. Psychopharmacology. 2016;233(9):1543-57.
41. Qin L, Crews FT. NADPH oxidase and reactive oxygen species
contribute  to  alcohol-induced microglial  activation and
neurodegeneration. Journal of Neuroinflammation. 2012;9(1):5.

42. Marshall SA, McClain JA, Kelso ML, Hopkins DM, Pauly JR,
Nixon K. Microglial activation is not equivalent to neuroinflammation
in alcohol-induced neurodegeneration: The importance of microglia
phenotype. Neurobiology of disease. 2013;54:239-51.

43. Mayfield J, Ferguson L, Harris RA. Neuroimmune signaling: a key
component of alcohol abuse. Current opinion in neurobiology.
2013;23(4):513-20.

44. Haorah J, Ramirez SH, Floreani N, Gorantla S, Morsey B,
Persidsky Y. Mechanism of alcohol-induced oxidative stress and
neuronal injury. Free radical biology & medicine. 2008;45(11):1542-
50.

45. Montoliu C, Vallés S, Renau-Piqueras J, Guerri C. Ethanol-
Induced Oxygen Radical Formation and Lipid Peroxidation in Rat
Brain: Effect of Chronic Alcohol Consumption. Journal of
neurochemistry. 1994;63(5):1855-62.

46. Pfefferbaum A, Rosenbloom M, Rohlfing T, Sullivan EV.
Degradation of Association and Projection White Matter Systems in
Alcoholism Detected with Quantitative Fiber Tracking. Biological
psychiatry. 2009;65(8):680-90.

47. He J, Crews FT. Neurogenesis decreases during brain maturation

from adolescence to adulthood. Pharmacology, biochemistry and
behavior. 2007;86(2):327-33.

48. De Bellis MD, Clark DB, Beers SR, Soloff PH, Boring AM, Hall
J, et al. Hippocampal Volume in Adolescent-Onset Alcohol Use
Disorders. American Journal of Psychiatry. 2000;157(5):737-44.

49. Squeglia LM, Jacobus J, Tapert SF. The Influence of Substance
Use on Adolescent Brain Development. Clinical EEG and
Neuroscience. 2009;40(1):31-8.

50. Grant BF, Dawson DA. Age at onset of alcohol use and its
association with DSM-IV alcohol abuse and dependence: results from
the national longitudinal alcohol epidemiologic survey. Journal of
substance abuse. 1997;9:103-10.

51. Chanraud S, Martelli C, Delain F, Kostogianni N, Douaud G,
Aubin H-J, et al. Brain Morphometry and Cognitive Performance in
Detoxified Alcohol-Dependents with Preserved Psychosocial
Functioning. Neuropsychopharmacology : official publication of the
American College of Neuropsychopharmacology. 2007;32(2):429-38.
52. Rando K, Hong K-I, Bhagwagar Z, Li C-SR, Bergquist K,
Guarnaccia J, et al. Association of Frontal and Posterior Cortical Gray
Matter Volume With Time to Alcohol Relapse: A Prospective Study.
American Journal of Psychiatry. 2011;168(2):183-92.

53. Agartz I, Momenan R, Rawlings RR, Kerich MJ, Hommer DW.
Hippocampal Volume in Patients With Alcohol Dependence. Archives
of general psychiatry. 1999;56(4):356.

54.  Sullivan EV.
Cerebellothalamocortical

Pontocerebellar  and
Their
Contributions to Cognitive and Motor Impairment in Nonamnesic

Compromised
Systems:  Speculations  on



N Asian J Med 2025; 3(4):1-32

15

Alcoholism.  Alcoholism:
2003;27(9):1409-19.

55. Cardenas VA, Studholme C, Gazdzinski S, Durazzo TC,
Meyerhoff DJ. Deformation-based morphometry of brain changes in
alcohol dependence and abstinence. Neurolmage. 2007;34(3):879-87.
56. Makris N, Oscar-Berman M, Jaffin SK, Hodge SM, Kennedy DN,
Caviness VS, et al. Decreased Volume of the Brain Reward System in
Alcoholism. Biological psychiatry. 2008;64(3):192-202.

57. Pfefferbaum A, Adalsteinsson E, Sullivan EV. Dysmorphology
and microstructural degradation of the corpus callosum: Interaction of
age and alcoholism. Neurobiology of aging. 2006;27(7):994-1009.
58. Pfefferbaum A, Rosenbloom MJ, Fama R, Sassoon SA, Sullivan
EV. Transcallosal White Matter Degradation Detected With
Quantitative Fiber Tracking in Alcoholic Men and Women: Selective
Relations to Dissociable Functions. Alcoholism: Clinical and
Experimental Research. 2010;34(7):1201-11.

59. Yeh P-H, Simpson K, Durazzo TC, Gazdzinski S, Meyerhoff DJ.
Tract-based spatial statistics (TBSS) of diffusion tensor imaging data
in alcohol dependence: Abnormalities of the
neurocircuitry. Psychiatry research. 2009;173(1):22-30.
60. Monnig MA, Tonigan JS, Yeo RA, Thoma RJ, McCrady BS.
White matter volume in alcohol use disorders: a meta-analysis.
Addiction biology. 2013;18(3):581-92.

61. Pfefferbaum A, Desmond JE, Galloway C, Menon V, Glover GH,
Sullivan EV. Reorganization of Frontal Systems Used by Alcoholics
for Spatial Working Memory: An fMRI Study. Neurolmage.
2001;14(1):7-20.

62. Chanraud S, Pitel AL, Pfefferbaum A, Sullivan EV. Disruption of
Functional Connectivity of the Default-Mode Network in Alcoholism.
Cerebral cortex. 2011;21(10):2272-81.

63. Wrase J, Schlagenhauf F, Kienast T, Wiistenberg T, Bermpohl F,
Kahnt T, et al. Dysfunction of reward processing correlates with
alcohol  craving in  detoxified
2007;35(2):787-94.

64. Park MS, Sohn S, Park JE, Kim SH, Yu IK, Sohn JH. Brain
functions associated with verbal working memory tasks among young
males with alcohol use disorders. Scandinavian journal of psychology.
2011;52(1):1-7.

65. Miiller-Oehring EM, Jung Y-C, Pfefferbaum A, Sullivan EV,
Schulte T. The Resting Brain of Alcoholics. Cerebral cortex.
2015;25(11):4155-68.

66. Sjoerds Z, Stufflebeam SM, Veltman DJ, Van den Brink W,
Penninx BWJH, Douw L. Loss of brain graph network efficiency in
alcohol dependence. Addiction biology. 2017;22(2):523-34.

67. Meyerhoff DJ, Durazzo TC. Proton Magnetic Resonance
Spectroscopy in Alcohol Use Disorders: A Potential New
Endophenotype? Alcoholism: clinical and experimental research.
2008;32(7):1146-58.

68. Hermann D, Weber-Fahr W, Sartorius A, Hoerst M, Frischknecht
U, Tunc-Skarka N, et al. Translational Magnetic Resonance
Spectroscopy Reveals Excessive Central Glutamate Levels During
Alcohol Withdrawal in Humans and Rats. Biological psychiatry.
2012;71(11):1015-21.

69. Durazzo TC, Gazdzinski S, Banys P, Meyerhoff DJ. Cigarette
Smoking Exacerbates Chronic Alcohol-Induced Brain Damage: A

clinical and experimental research.

motivational

alcoholics.  Neurolmage.

Preliminary Metabolite Imaging Study. Alcoholism: clinical and
experimental research. 2004;28(12):1849-60.

70. Volkow ND, Fowler JS, Wang GJ, Hitzemann R, Logan J, Schlyer
DJ, et al. Decreased dopamine D 2 receptor availability is associated

with reduced frontal metabolism in cocaine abusers. Synapse.
1993;14(2):169-77.

71. Heinz A. Correlation Between Dopamine D2 Receptors in the
Ventral Striatum and Central Processing of Alcohol Cues and Craving.
American Journal of Psychiatry. 2004;161(10):1783-9.

72. Kalk NJ, Guo Q, Owen D, Cherian R, Erritzoe D, Gilmour A, et
al. Decreased hippocampal translocator protein (18 kDa) expression in
alcohol dependence: a [11C]PBR28 PET study. Translational
Psychiatry. 2017;7(1):996-¢.

73. Allen DN, Goldstein G, Seaton BE. Cognitive rehabilitation of
chronic alcohol abusers. Neuropsychology review. 1997;7(1):21-39.
74. Moselhy HF. FRONTAL LOBE CHANGES IN ALCOHOLISM:
A REVIEW OF THE LITERATURE. Alcohol and alcoholism.
2001;36(5):357-68.

75. Pitel AL, Beaunieux H, Witkowski T, Vabret F, De La Sayette V,
Viader F, et al. Episodic and Working Memory Deficits in Alcoholic
Korsakoff Patients: The Continuity Theory Revisited. Alcoholism:
clinical and experimental research. 2008;32(7):1229-41.

76. Parsons OA. Neurocognitive deficits in alcoholics and social
drinkers: a continuum? Alcohol Clin Exp Res. 1998;22(4):954-61.

77. Dom G, De Wilde B, Hulstijn W, Van Den Brink W, Sabbe B.
Decision-Making Deficits in Alcohol-Dependent Patients With and
Without Comorbid Personality Disorder. Alcoholism: clinical and
experimental research. 2006;30(10):1670-7.

78. Alarcon R, Nalpas B, Pelletier S, Perney P. Mo CA as a Screening
Tool of Neuropsychological Deficits in Alcohol-Dependent Patients.
Alcoholism: clinical and experimental research. 2015;39(6):1042-8.
79. Mann K. RAPID RECOVERY FROM COGNITIVE DEFICITS
IN ABSTINENT ALCOHOLICS: A CONTROLLED TEST-RETEST
STUDY. Alcohol and alcoholism. 1999;34(4):567-74.

80. Fein G, Torres J, Price LJ, Di Sclafani V. Cognitive Performance
in Long-Term Abstinent Alcoholic Individuals. Alcoholism: clinical
and experimental research. 2006;30(9):1538-44.

81. Rosenbloom MJ, Pfefferbaum A. Magnetic resonance imaging of
the living brain: evidence for brain degeneration among alcoholics and
recovery with abstinence. Alcohol Res Health. 2008;31(4):362-76.
82. Kopelman MD. The Korsakoft Syndrome. The British journal of
psychiatry. 1995;166(2):154-73.

83. Sullivan EV, Rosenbloom MJ, Lim KO, Pfefferbaum A.
Longitudinal changes in cognition, gait, and balance in abstinent and
relapsed alcoholic men: relationships to changes in brain structure.
Neuropsychology. 2000;14(2):178-88.

84. Duka T, Townshend JM, Collier K, Stephens DN. Impairment in
Cognitive Functions After Multiple Detoxifications in Alcoholic
Inpatients.  Alcoholism: clinical and
2003;27(10):1563-72.

85. Bajaj JS, Hafeezullah M, Franco J, Varma RR, Hoffmann RG,
Knox JF, et al. Inhibitory Control Test for the Diagnosis of Minimal
2008;135(5):1591-

experimental research.

Hepatic
600.el.
86. Scheurich A. Neuropsychological functioning and alcohol

Encephalopathy. Gastroenterology.

dependence. Current opinion in psychiatry. 2005;18(3):319-23.

87. Knox J, Hasin DS, Larson FRR, Kranzler HR. Prevention,
screening, and treatment for heavy drinking and alcohol use disorder.
The Lancet Psychiatry. 2019;6(12):1054-67.

88. Bates ME, Buckman JF, Nguyen TT. A Role for Cognitive
Rehabilitation in Increasing the Effectiveness of Treatment for
Alcohol Use Disorders. Neuropsychology review. 2013;23(1):27-47.



N Asian J Med 2025; 3(4):1-32

89. Morgenstern J, Bates ME. Effects of executive function
impairment on change processes and substance use outcomes in 12-
step treatment. Journal of studies on alcohol. 1999;60(6):846-55.

90. Beck A, Wiistenberg T, Genauck A, Wrase J, Schlagenhauf F,
Smolka MN, et al. Effect of Brain Structure, Brain Function, and Brain
Connectivity on Relapse in Alcohol-Dependent Patients. Archives of
general psychiatry. 2012;69(8):842.

91. Yip SW, Scheinost D, Potenza MN, Carroll KM. Connectome-
Based Prediction of Cocaine Abstinence. American Journal of
Psychiatry. 2019;176(2):156-64.

92. Zahr NM, Pfefferbaum A, Sullivan EV. Perspectives on fronto-
fugal circuitry from human imaging of alcohol use disorders.
Neuropharmacology. 2017;122:189-200.

93. Rourke SB. The neurobehavioral correlates of alcoholism. In:
Grant I, editor. Neuropsychological assessment of neuropsychiatric
and neuromedical disorders, 3rd ed. New York, NY, US: Oxford
University Press; 2009. p. 398-454.

94. Goldstein G, Allen DN, Seaton BE. A comparison of clustering
solutions for cognitive heterogeneity in schizophrenia. J Int
Neuropsychol Soc. 1998;4(4):353-62.

95. Anton RF, O’Malley SS, Ciraulo DA, Cisler RA, Couper D,
Donovan DM, et al. Combined Pharmacotherapies and Behavioral
Interventions for Alcohol Dependence. JAMA : the journal of the
American Medical Association. 2006;295(17):2003.

96. Johnson BA. Update on neuropharmacological treatments for
alcoholism: Scientific basis and clinical findings. Biochemical
pharmacology. 2008;75(1):34-56.

97. Rupp CI, Kemmler G, Kurz M, Hinterhuber H, Wolfgang
Fleischhacker W. Cognitive Remediation Therapy During Treatment
for Alcohol Dependence. Journal of studies on alcohol and drugs.
2012;73(4):625-34.

98. Zinn S, Stein R, Swartzwelder HS. Executive Functioning Early in
Abstinence From Alcohol. Alcoholism: clinical and experimental
research. 2004;28(9):1338-46.

99. Sofuoglu M, DeVito EE, Waters AJ, Carroll KM. Cognitive
enhancement as a treatment for drug addictions. Neuropharmacology.
2013;64:452-63.

100. Hommer DW, Momenan R, Kaiser E, Rawlings RR. Evidence for
a Gender-Related Effect of Alcoholism on Brain Volumes. American
Journal of Psychiatry. 2001;158(2):198-204.



