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Summary points 

 This chapter focuses on a review of structural brain imaging studies that have examined 

differences in adolescents with alcohol use disorder 

 Left hippocampal, prefrontal, temporal and parietal cortex volumes are particularly 

susceptible to the effects of alcohol in adolescents 

 The neuropsychological link to brain volume differences in these regions will be 

discussed 

 Other mediators/moderators of brain volume differences, such as the experience of early 

life adversity, comorbidity with psychiatric conditions, family history of alcohol abuse 

and gender will be discussed. 

 Left-lateralised effects of alcohol use disorder on brain volume may increase risk for 

adolescents to develop Wernike-Korsakoff syndrome later in life 
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Key facts about brain volume differences in alcohol use disorder 

 Bilateral hippocampal volumes are significantly smaller in subjects with AUD, with 

some evidence that such reduction is linked to duration of illness.   

 Reduced volume in the bilateral hippocampus may be a premorbid effect predisposing 

adolescents to the risk of alcohol use disorder, and may be associated with self-reported 

higher levels of childhood trauma.   

 The effects might be more pronounced in the left hippocampus, and greater right than left 

hippocampal volumes (asymmetry) has been associated with superior executive 

functioning. 

 Prefrontal cortex volumes are significantly smaller in AUD and are associated with 

amount of alcohol consumption  

 There is some evidence for a gender interaction in the PFC, with females who abuse 

alcohol may have smaller grey and white matter PFC volumes, and AUD males appear to 

have larger PFC volumes.   

 Females may have thicker and males may have thinner frontal cortices, which has been 

linked to deficits in executive functioning. 

 Other brain regions: Reduced bilateral superior temporal gyrus in AUD adolescents, 

and smaller parietal lobes.  

 Reduced bilateral insula grey matter and white matter volume associated with 

frequency/amount of bingeing, as well as craving/obsession over alcohol consumption in 

adolescents with AUD.   

 Left nucleus accumbens significantly larger in adolescents with a family history of 

alcohol abuse.   

 Smaller thalamic and putamen volumes in adolescents with AUD, but more pronounced 

in males.   

 Smaller cerebellar volumes in males with AUD.   
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Definition of words and terms 

Adolescence: the period following the onset of puberty during which a young person develops 

from a child into an adult, approximately translating as the ‘teenage years’ from 13-19. Striking 

brain changes occur during the adolescent period, which may contribute to a variety of mental 

health issues.  

Alcohol use disorder: is a substance abuse disorder categorized by the Diagnostic and Statistical 

Manual of Mental Disorders version 5 (DSM-5) and characterized by the harmful consequences 

of repeated alcohol use, a pattern of compulsive alcohol use, and (sometimes) physiological 

dependence on alcohol (i.e., tolerance and/or symptoms of withdrawal). 

Amygdala: a structure in the limbic system associated with emotional processing including fear 

responses and emotional memory, as well as the secretion of hormones, arousal and the 

formation of emotional memories. The amygdala is a small, almond shaped mass of nuclei 

located in the temporal lobes of the brain near the hippocampus.  Researchers have also found 

that the amygdala plays an important role in emotional learning. 

Hippocampus: is a small formation found symmetrically on both sides of the brain, in the shape 

of a seahorse, and also plays an important role in the limbic system. The hippocampus is 

involved in the formation of new memories and is also associated with contextual fear 

conditioning. When both sides of the hippocampus are damaged, the ability to create new 

memories can be altered, whereas memory is less impeded if only one side of the hippocampus is 

damaged. Age has an impact on the hippocampus, whereby during adolescence there is rapid 

growth of the hippocampus, and by the age of 80, up to 20 percent of the hippocampal volume 

may be lost. 

Magnetic Resonance Imaging (MRI): is a method used to non-invasively image the living 

brain in vivo, by way of temporarily altering the resonance of protons in different brain tissues 

(grey matter, white matter, cerebrospinal fluid).  By altering the resonance with a powerful 

magnet while the participant is in a supine position with the head inside the scanner, researchers 

can use the images derived to examine brain tissue alterations, usually across groups and/or in 

correlation with neuropsychological variables. 

Neuroplasticity: is a generic term used to describe both synaptic plasticity and non-synaptic 

plasticity—it refers to alterations in neural pathways and synapses due to changes in behavior, 

environment, neural processes, thinking, emotions, as well as changes resulting from bodily 

injury.  

Neuropsychology: is a branch of psychology that examines how cognition, emotion, learning, 

memory, movement, speech, vision, sensory processing, appetite and other processes are 

associated with brain structure and function.  Neuropsychological testing helps to establish 

whether brain injury has taken place, and to chart improvements during recovery. 
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Parietal cortex: is the outer layer of one of the major lobes of the mammalian brain, and is 

positioned between the frontal lobe and occipital lobe, and above the temporal cortex.  Sensory 

information is processed by the parietal lobe and incorporates various modalities, including 

spatial sense and navigation (proprioception), sense of touch (mechanoreception).  The parietal 

cortex is also part of the dorsal visual stream, or the ‘where’ pathway. Most sensory inputs from 

the skin (touch, temperature, and pain receptors), relay through the thalamus to the parietal lobe. 

Prefrontal cortex: is the gray matter of the anterior part of the frontal lobe that is highly 

developed in humans and that plays a role in the regulation of complex cognitive, emotional, and 

behavioral functioning. The prefrontal cortex supports executive functioning in humans, such as 

cognitive inhibition, working memory, goal-oriented planning, stimulus evaluation, self-

referential thought, conflict monitoring and prediction error detection. Damage to the prefrontal 

cortex can lead to alterations in personality while other vital functions remain intact. 

Temporal cortex: is the outer layer of one of the major lobes of the mammalian brain, and is 

positioned below the lateral fissure and parietal lobe, and between the occipital lobe and frontal 

lobe. The temporal cortex is involved in visual memories, language comprehension, and emotion 

association, and forms part of the ventral visual stream, or the ‘what’ pathway. 

Voxel based morphometry (VBM): is a non-invasive, in-vivo neuroimaging analysis technique 

utilizing MRI scans;  it allows the measurement of focal differences in estimated brain volume, 

using the statistical approach of parametric mapping based on a general linear model (GLM). 
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Table and Figure Titles and Legends 

Tables 

Table 1. Structural brain imaging studies examining the effects of alcohol on the adolescent brain, 

with a brief summary at the bottom of the table. AUD=Alcohol Use Disorder; HC=Healthy Control; 

CTQ=Childhood Trauma Questionnaire; n=number of subjects; SPM=statistical parametric mapping; 

VBM=voxel-based morphometry; FMRIB=Functional Magnetic Resonance Imaging of the Brain; 

FAST=FMRIB Automated Segmentation Tool; FSL=FMRIB software library; AFNI=Analysis of 

Functional Neuro Images; ROI=Regions of Interest;  

Table 2. Summary of structural imaging findings with functional significance in adolescents with 

alcohol use disorder: 

Figures 

Figure 1.  Schematic diagram of the brain regions involved in adolescent alcohol use disorder 

(AUD) In red: regions that appear to be reduced; in green: regions that appear to be enlarged.  

PFC=prefrontal cortex; LPFC=lateral prefrontal cortex; Ins=insular cortex (although this region is on the 

lateral area of the cortex, beneath the temporal cortex); STG=superior temporal gyrus (although this 

region is on the lateral surface of the cortex); P=putamen (part of the dorsal striatum); A=amygdala; 

NAcc=Nucleus Accumbens; H=hippocampus; PC=parietal cortex 

Figure 2. Left hippocampal volume reduction in adolescents with AUD. Brain map showing 

significantly reduced left hippocampal volume in adolescent with AUD compared to healthy age and sex-

matched controls (Brooks et al., unpublished image).  Colour bar represents t-statistic (p<0.05 FWE 

corrected). 
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Brain volumes in adolescents with alcohol use disorder 

While the association of prenatal exposure to and adult consumption of alcohol on the structure 

and function of the brain has been discussed in previous chapters, here we summarise the link 

between adolescent alcohol use disorder (AUD) and alterations in brain volume. It is pertinent to 

consider the effects of alcohol on neural development at the adolescent life stage given that the 

brain undergoes rapid growth, reorganization and synaptic pruning during this stage and up to 

early adulthood. Volumetric brain differences on Magnetic Resonance Imaging (MRI) provide 

useful signposts for underlying neural mechanisms that may be associated with cognitive or 

other functional deficits in the developing brain. A better understanding of aberrant brain 

volumes in adolescents with AUD may provide biomarkers that inform neuropsychological 

treatment. As of April 2014 11 MRI studies have been conducted with sample sizes ranging from 

n=30 to n=140 measuring brain volume in adolescents with AUDs.  These studies show that 

reduced hippocampal volume, most significantly on the left, appears to be a prominent feature of 

adolescent AUD, although some data suggests that reduced hippocampal volume could be a 

premorbid trait, associated with psychiatric comorbidity or related to the experience of early life 

adversity.  Additionally, reductions in frontal, temporal and parietal cortices and subcortical 

regions such as thalamus, putamen and nucleus accumbens are observed in adolescents with 

AUD compared to healthy controls.  Larger insula and dorsolateral prefrontal cortex volumes 

may be associated with increased craving for alcohol in adolescents, and the effects of alcohol on 

brain volume may be different for boys and girls. Overall, AUD in adolescence may be a cause 

or consequence of volumetric differences in brain regions associated with memory, emotion 

regulation, cognitive control, somatosensory integration and reward processing; functions which 

could possibly be strengthened by neurocognitive interventions during this early life stage. 
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Applications to Other Addictions and Substance Misuse 

Brain imaging of volumetric differences between adolescents with alcohol use disorder (AUD) 

and those who are healthy has implicated reduced bilateral hippocampal volume, particularly in 

the left hippocampus, the prefrontal cortex (PFC) and increased volume in the basal ganglia. 

Volume reductions in the hippocampus and PFC may underlie problems with externalizing (e.g. 

extraversion and novelty seeking) in adolescents, which may be a phenotype that increases 

susceptibility for developing other substance misuse behaviours (Montigny et al., 2013). In line 

with this, other brain imaging studies have shown that duration of cocaine dependence, heavy 

cannabis use and Internet addiction disorder are associated with reduced PFC and increased basal 

ganglia volumes (Yuan et al., 2011; Cousiyn et al., 2012; Ide et al., 2014). Additionally, 

adolescents engaging in substance misuse show various executive function deficits that pertain to 

cognitive control, which could predispose and exacerbate substance misuse (Wiers et al., 2015). 

Finally, functional connectivity between the PFC and basal ganglia (e.g. hippocampus, 

amygdala, striatum) develops significantly during adolescence, is involved in cognitive control 

of behavior and affect regulation, and may be damaged by significant trauma, such as early life 

adversity and/or substance misuse.  Thus, it is becoming increasingly clear as more brain 

imaging studied are conducted that neural dysfunction between the PFC and basal ganglia is 

associated with substance abuse disorder, and is likely a biomarker for improvement following 

successful intervention. 
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Introduction 

Alcohol use disorder (AUD), a psychiatric condition defined in the latest version of the 

American Psychiatric Association’s Diagnostic and Statistical Manual version 5 (DSM-5: 

American Psychiatric Association, 2013) falls under the rubric of substance abuse disorders.  

Previously, the DSM-IV (American Psychiatric Association, 1994) differentiated substance 

abuse and dependence; with abuse being conceptualized as a mild or early phase and dependence 

as the more severe manifestation. However, clinicians often reported that patients meeting the 

abuse criteria had severe illness, and the revised substance use disorder may better accommodate 

the symptoms presented and experienced by patients. Furthermore, clinicians reported that it was 

often confusing and difficult to define and diagnose dependence in their patients based on the 

DSM-IV criteria.  Moreover, given that the general public often views dependence 

synonymously with “addiction”, the term was deemed misleading, as dependence can also be a 

normal bodily response to a substance.  According to the DSM-5 definition of substance abuse 

disorder, patients must meet at least two of the eleven criteria
1
 that are clustered into four 

sections: a) impaired control, b) social impairment; c) risky use and d) pharmacological 

dependence in order to be diagnosed.  Further, the number of criteria met gauges the severity of 

AUD: mild (2–3 criteria), moderate (4–5 criteria) and severe (6 or more criteria).   

Adolescent AUD is a pertinent issue, given that consumption of alcohol disrupts normal brain 

development (Rourke, 1996), with cortical thickening and thinning from childhood during 

adolescence up to early adulthood (Sowell et al., 2004).  Moreover, prefrontal cortex and 

hippocampus are particularly susceptible to major neurodevelopmental changes during 

adolescence (Gied et al., 1996; De Bellis et al., 1999; Jernigan et al., 2005; Suzuki et al., 2005). 

Protracted alcohol abuse during adolescence disrupts the normal rapid development of specific 

brain functions and can be observed using modern structural brain imaging.  Gaining better 

insight into the links between adolescent AUD and brain volume may help pinpoint which brain 

                                                           
1 Impaired control: (1) taking more or for longer than intended, (2) unsuccessful efforts to stop or cut down use, (3) 

spending a great deal of time obtaining, using, or recovering from use, (4) craving for substance. 

Social impairment: (5) failure to fulfill major obligations due to use, (6) continued use despite problems caused or 

exacerbated by use, (7) important activities given up or reduced because of substance use.  

Risky use: (8) recurrent use in hazardous situations, (9) continued use despite physical or psychological problems 

that are caused or exacerbated by substance use. 

Pharmacologic dependence: (10) tolerance to effects of the substance, (11) withdrawal symptoms when not using or 

using less. 
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regions, and therefore which brain functions, are associated with AUD. Such knowledge may 

ultimately enable clinicians to better treat adolescents who abuse alcohol, and adults who began 

abusing alcohol during adolescence.  Here we review the main differences in brain volume 

between adolescents with AUD and healthy controls, and explore moderators or mediators (e.g. 

gender, psychiatric comorbidity, family history of alcohol abuse and experience of childhood 

trauma) of the relationship between adolescent AUD and brain volume. 

Voxel-based morphometry and related methods of structural brain imaging 

Some of the studies included in this review have utilized an automated technique called voxel-

based morphometry (VBM), a statistical parametric mapping (SPM), automated software 

approach developed by John Ashburner to estimate differential brain volume in subject groups, 

voxel by voxel (Ashburner and Friston, 2000). Of note, a voxel is a 3D pixel contained within 

the acquired brain image and is usually an isotropic 3mm x 3mm cube. The VBM process begins 

by co-registering an individual’s brain image to a template (usually the Montreal Neurological 

Institute [MNI] template, and sometimes applying other registration techniques such as 

DARTEL, see Ashburner and Friston 2000), which helps to account for individual differences in 

brain anatomy that are not related to the experimental condition being tested.  The images are 

then segmented by the automated sequence, into grey matter, white matter and cerebrospinal 

fluid and finally smoothed using a Gaussian filter to account for out outlying voxel intensities. 

Probability maps are then parametrically constructed using a General Linear Model (GLM) 

approach to provide estimates of brain volume according to clusters of voxel intensity values, 

usually corrected using Family Wise Error (FWE) to account for multiple testing across 

thousands of voxels. 

Other methods to measure brain structure of the human brain in vivo include semi-automated 

techniques and manual tracing. Freesurfer for example, measures both volume and cortical 

thickness, which can help to elucidate differences in the shape and structure of the cortex and its 

folding patterns, which may be altered in mental disorder.  Manual tracing is another technique 

using a computer-interfaced tracing tool, often for subcortical regions such as the amygdala and 

sub-structures of the striatum that might be difficult for automated techniques to accurately 

measure, due to their size and location.  
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Hippocampal volume is reduced in adolescents with AUD  

The hippocampus is associated with contextual learning and memory (Eichenbaum, 1999), 

which is disrupted by protracted alcohol abuse during adolescence (Brown et al., 2000). Basal 

ganglia, a group of limbic structures to which the hippocampi belong, as well as the prefrontal 

cortex, develop more rapidly during adolescence than childhood or adulthood.  For example, the 

hippocampus increases in size, whereas the prefrontal cortex decreases and is perhaps a mark of 

synaptic pruning (De Bellis et al., 1999; Jernigan et al., 2005; Gied et al., 1996; Pfefferbaum et 

al., 1994). It is interesting to note that the first VBM study to be published demonstrated a 

significant increase in hippocampal volume associated with London taxi drivers completing the 

“Knowledge” test (a 5-7 year test of navigation around all the streets in London, required to gain 

a taxi licence) (Maquire et al., 2000). 

The first study to examine the effects of adolescent AUD on hippocampal and amygdala volumes 

was also conducted fifteen years’ ago in 2000 (De Bellis et al., 2000) using semi-automated 

brain tracing software. Previous data on the neurodevelopmental trajectories of the hippocampus 

prompted the authors to focus their enquiry on this region (as well as the amygdala), which 

forms part of the dopaminergic cortico-limbic pathway associated with reward, motivation and 

contextual memory.  They specifically examined whether alcohol intake influences normal 

development in these regions in 12 male and female adolescents with AUD, comparing them to 

24 healthy non-drinking adolescents.  It was found that adolescents with AUD had significantly 

smaller bilateral hippocampal regions compared to controls, also after correction for gender and 

intracranial volume.  Furthermore, hippocampal volume in the AUD adolescent group correlated 

positively with age of onset (e.g. the later onset corresponded to larger hippocampal volume), 

and negatively with duration of AUD (e.g. longer duration of alcohol abuse was associated with 

smaller hippocampal volumes).  However, in De Bellis et al’s study the amount of alcohol 

consumed did not correlate with hippocampal volume.  The authors’ concluded that reduced 

hippocampal volume, which normally increases during adolescence, could be a symptom of 

alcohol-induced neurotoxicity and apoptosis. 

Two other studies after the study by De Bellis examined hippocampal volume differences 

between adolescents with AUD and a non-drinking group, using semi-automated software and 

manual tracing techniques (Nagel et al., 2005; Medina et al., 2007).  Nagel and colleagues 
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examined 14 AUD adolescents without psychiatric or other substance abuse comorbidities versus 

17 healthy non-drinking adolescents.  The authors found that AUD teens had significantly 

smaller left hippocampal volume than healthy controls, but again that levels of alcohol 

consumption did not correlate with hippocampal volume.  Nagel and colleagues suggested 

therefore that smaller left hippocampal volume might be a premorbid and predisposing factor for 

AUD.  Similarly, Medina and colleagues found that in 16 adolescents with AUD there was 

greater right to left hippocampal asymmetry (e.g. the left hippocampus was smaller) compared to 

21 healthy controls, and that the asymmetry was not influenced by gender. Medina and 

colleagues explored further whether severity of AUD, according to the DSM-IV classification of 

number of abuse/dependence criteria met correlated with hippocampal asymmetry. They found 

that greater right > left hippocampal asymmetry did indeed correlate with number of criteria met 

(e.g. increased severity).  Finally, Medina and colleagues discovered that hippocampal 

asymmetry in the healthy group predicted better verbal memory and total recall but that there 

was no such relationship between hippocampal asymmetry and neuropsychological measures in 

the adolescent AUD group. 

A more recent VBM study by Brooks and colleagues examined the influence of early life 

adversity on brain volumes in 58 adolescent AUD without psychiatric comorbidity versus 58 

healthy controls, and in contrast to the previous studies, conducted a whole brain, as opposed to a 

region of interest analysis (Brooks et al., 2014).  A whole brain analysis is potentially more 

robust given that region of interest analyses are biased by the accuracy of prior hypotheses.  

Brooks and colleagues found, in line with previous studies, that bilateral hippocampal volumes, 

but most significantly the left, were smaller in AUD compared to controls.  Furthermore, in the 

total group and not only the AUD, levels of childhood trauma negatively correlated with bilateral 

hippocampal volume, suggesting premorbid effects and the influence of other factors such as 

genetic profile or socio-economic status, rather than an interaction between early life adversity 

and AUD per se. In line with previous studies, Brooks and colleagues were also not able to find a 

correlation between hippocampal volume and amount of alcohol consumed. 

In summary, 4 studies to date have found hippocampal volume reduction in adolescents with 

AUD compared to healthy controls, most significantly on the left side.  Age of onset and 

duration of AUD but not amount of alcohol consumption seems to influence the reduced 
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hippocampal volume observed. There was also some evidence that reduced hippocampal volume 

indicates premorbid neuronal status, and may be associated with the experience of early life 

adversity that may predispose an adolescent to develop a substance abuse disorder such as AUD. 

Additionally, gender effects and psychiatric comorbidity may also play a role in differential 

hippocampal volume in adolescent who abuse alcohol. 

Prefrontal cortex volume is differential in adolescents with AUD 

The prefrontal cortex (PFC) is associated with executive functioning, particularly those functions 

that pertain to self-regulation (Hall and Fong, 2015), such as goal-oriented cognitions, cognitive 

inhibition of behaviour, evaluation of salient stimuli, and as such aberrant PFC volume may 

underlie abnormalities in cognitive self-regulation in adolescents with AUD. Five structural 

imaging studies have reported reductions in prefrontal cortex (PFC) volume in adolescents with 

AUD (De Bellis et al., 2005; Medina et al., 2008; Squeglia et al., 2012; Fein et al., 2013; Doallo 

et al., 2014).  The first study to show reduced PFC volume in adolescents with AUD was by De 

Bellis and colleagues, who examined 14 male and female AUD in comparison to 28 healthy 

adolescents with semi-automatic software and manual tracing techniques. While it must be noted 

that the AUD participants in this study also had various psychiatric comorbidities (e.g. cannabis 

use disorder, hallucinogen abuse, major depressive disorder, attention deficit disorder, post-

traumatic stress disorder, conduct disorder, oppositional defiant disorder, generalized anxiety 

disorder, bipolar disorder), reduced grey and white matter volume in the PFC might be 

associated with adolescent AUD compared to healthy adolescents.  Additionally, De Bellis and 

colleagues found that the average number of drinks per drinking episode, the number of drinks 

per maximum drinking episode, and the quantity and frequency of alcohol consumed all 

negatively correlated with the PFC gray matter volume. 

Medina and colleagues were the next group to show PFC reductions in 14 adolescents with AUD 

(Medina et al., 2008) compared to 17 healthy adolescents using semi-automated and manual 

tracing methods. Adolescents with AUD overall had marginally smaller anterior ventral PFC 

volumes.  Additionally, Medina and colleagues found a gender interaction in that females had 

smaller, but males had larger (dorsolateral and orbitofrontal) PFC volumes.  The authors suggest 

that this gender difference in PFC volume could be due to the observation that synaptic pruning 

of the prefrontal cortex happens later in the adolescent development of boys (Lenroot and Giedd, 
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2006).  Thus, female adolescents may be more susceptible to the neurotoxic effects of alcohol 

consumption on PFC development than males; conversely, alcohol consumption in males may 

interfere with healthy synaptic pruning during adolescence. Furthermore, the authors discuss 

evidence that rich concentrations of excitatory amino acid pathways in the PFC continue to 

develop during adolescence and so AUD during this life period may be associated with 

glutamate mediated excito-toxicity, leading to cell shrinkage and axonal loss.  Medina and 

colleagues go on to discuss the evidence that alcohol-related brain effects may also be due, in 

part, to an up-regulation of inflammatory mediators (e.g., COX-2 and inducible nitric oxide 

synthase [iNOS]) resulting in cell death or damage as a result of protracted alcohol exposure 

during adolescence. 

Squeglia and colleagues later reported significant differences in cortical thickness in the PFC of 

adolescents with AUD (Squeglia et al., 2012), and were specifically interested to progress 

research on gender differences.  They measured 29 adolescent males and females with AUD, and 

29 age, gender, pubertal development and family alcohol history-matched controls using 

Freesurfer automated software.  While the authors note that their significant findings would not 

have survived strict Bonferroni correction, the effect sizes were within the medium range.  

Specifically, females with AUD had thicker cortices in the frontal pole, pars orbitalis, medial 

orbital frontal, and rostral anterior cingulate compared to female controls. Conversely, males 

with AUD had thinner cortices in these regions than male controls. Furthermore, thicker left 

frontal cortices corresponded to poorer visuospatial, inhibition, and attention performances for 

female binge drinkers and worse attention for male binge drinkers. Their findings somewhat 

contradict previous data that alcohol appears to be associated with smaller PFC volume; 

however, cortical thickness is not the same measure as cortical volume, and might rather 

illustrate differences in cortical folding that underlies functional abnormalities, for example. As 

previous studies have also discussed, Squeglia and colleagues reiterate that synaptic refinement, 

which might be illustrated better by measures of cortical thickness, subserves efficient neural 

processing during early life stages (Giedd 2004; Sowell et al. 2004; Spear 2009).  Therefore, 

cortical thickness in the female AUD sample in this study might indicate disruption to normal 

synaptic pruning and neural function.  The gender differences in the effects of alcohol on the 

adolescent brain could also be due, in part, to pubertal hormone fluctuations. 
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Fein and colleagues more recently examined a unique cohort of AUD adolescent males and 

females without any psychiatric comorbidity, which can be major confounding factors to 

structural brain imaging studies (Fein et al., 2013).  Comparing 64 adolescents with AUD with 

64 age and gender-matched healthy adolescents, the authors found a large area of 12.5% 

decreased grey matter density in the left dorso- and ventro-lateral PFC in the AUD group.  

Further, females had between 9-13% lower grey matter density compared to males in the left 

lateral and left anterior orbitofrontal.  Additionally, higher grey matter volume in the left frontal 

cortex during adolescence was associated with worse psychomotor performance and more self-

monitoring behaviours during neuropsychological testing. Also, lower grey matter density in the 

left lateral and left ventro-lateral frontal regions was associated with a higher average number of 

monthly drinks, with a similar but less significant association on the right side. Thus, Fein and 

colleagues replicated previous findings but in a non-psychiatric adolescent population, showing 

that alcohol consumption appears to be associated with reduced PFC volume, and perhaps 

retardation of synaptic pruning in adolescent boys. 

Finally, Doallo and colleagues were the latest to show differences in the PFC and were 

specifically interested in the relationship between brain volume in the dorsolateral prefrontal 

cortex and executive function (e.g. working memory) in 11 adolescents with AUD compared to 

21 healthy controls (Doallo et al., 2014). Using VBM with region of interest (as opposed to 

whole brain) analyses, the authors observed larger left mid-dorsolateral PFC volume in the AUD 

group compared to the age and gender-matched control group.  Further, Doallo and colleagues 

reported that errors on a working memory task, as well as quantity and speed of alcohol intake, 

correlated positively with left mid-dorsolateral PFC volume in the AUD group. 

In summary, most studies report that PFC cortex grey and white matter volume is reduced in 

adolescents with AUD compared to healthy non-drinking adolescents, and that reduced grey 

matter volume coincides with amount and frequency of alcohol consumption. However, caution 

must be applied to interpretation of data from cohorts with other psychiatric comorbidities. 

Specifically, dorsolateral PFC and orbitofrontal cortices have been shown to be significantly 

smaller in adolescents with AUD and are linked to executive function deficits such as working 

memory, visuospatial, inhibition and attention.  Additionally, there was some evidence that boys 

may have larger PFC volumes, an indication of later synaptic pruning or up-regulation of 
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inflammatory mediators, but conversely thinner cortical thickness than girls, which may interact 

with large-scale hormonal changes and be associated with interference to cortical development. 

Other brain regions showing differential brain volumes in adolescent AUD compared to 

controls 

Temporal cortex  

The superior temporal gyrus is involved in comprehension, language and social cognition (Bigler 

et al., 2007), and structural alterations may disrupt these normal functions in adolescents with 

AUD. Two studies found significant reduction in bilateral superior temporal volumes of 

adolescents with AUD compared to non-drinking adolescents (Fein et al., 2013, Brooks et al., 

2014).  Brooks and colleagues suggested that reduced superior temporal gyri volume might be 

associated with Wernicke-Korsakoff syndrome (aphasia typified by memory and comprehension 

deficits) in adolescents who continue to abuse alcohol, which could be particularly detrimental 

for school-age individuals who are engaged in learning for formal examinations.  Fein and 

colleagues observed a large area of decreased grey matter density in the left temporal cortex, 

extending to the frontal and parietal cortices, but these effects were not associated with any 

‘drinking variable’. Additionally, Fein and colleagues observed, in line with Squeglia et al 

(2012) that larger volumes in the frontal/temporal/parietal region corresponded to worse 

neuropsychological performance (psychomotor and self-monitoring scores), which on first 

glance appears counter-intuitive.  However, as previously discussed, larger volumes may reflect 

delay in synaptic pruning or up-regulation of inflammatory mediators in this region. 

Insular cortex 

The insular cortex, a region embedded in the temporal lobes, is involved in the processing of a 

variety of bodily sensations, including pleasant experiences during the consumption of 

substances such as alcohol, which are available to conscious perception (Craig, 2009; Duerden et 

al., 2013). Pleasant bodily sensations can elicit motivated behaviours, such as craving for more 

alcohol, especially when self-regulation is impaired (Damasio, 1994; Verdejo-Garcia et al., 

2012). Against this background, motivation for enhancement (e.g. “to get high”) has been 

described as an incentive for substance abuse disorder (Nacqvi and Bechara, 2010), and is 

supported by the hedonic bodily sensations associated with AUD, which might be represented in 
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the insular cortex. Supported by the previous experimental data on the function of the insular 

cortex, Chung and colleagues conducted an examination of grey and white matter volumes in the 

insular cortex of 30 adolescents who were binge-drinking, at baseline and 1 year later.  

Additionally, the authors divided the adolescent sample of binge drinkers into those with a DSM-

4 alcohol (sic) diagnosis (n=14) and those without (n=16) and found that those with a diagnosis 

had increased left white matter insula volume. Using a questionnaire to measure motivations for 

alcohol use, it was found that left insula white matter volume positively correlated with 

enhancement motivation in the adolescent AUD group. Furthermore, white matter volume in the 

right insula positively correlated with obsessions/craving for alcohol consumption.  Grey matter 

insula effects were not observed.   

Striatum 

The striatum is an umbrella term for various sub-structures within the dopaminergic basal 

ganglia network, or the mesolimbic reward and motivation pathway of the mid-brain.  The 

internal capsule is the major white matter tract dividing the caudate nucleus and putamen, which 

both together are often referred to as the dorsal striatum.  Beneath these structures lies the 

nucleus accumbens (NAcc), often referred to as the ventral striatum.  The dorsal striatum is 

generally involved in habitual, stimulus-response Pavlovian conditioning, whereas the ventral 

striatum is involved in motivated learning or operant conditioning (e.g. ‘wanting and liking’, 

Berridge, 2007). To date two studies using automated segmentation techniques have reported 

alterations in striatal volume in adolescents with AUD (Fein et al., 2013; Cservenka et al., 2015).  

In Fein et al.’s study, drinking boys had smaller putamen volumes than non-drinking boys, 

whereas drinking girls had larger putamen volumes than non-drinking girls.  In Cservenka et al.’s 

study, family history of alcohol use positively correlated with left NAcc volume in girls only. 

Thus, it appears that consumption of alcohol during adolescence, as well as a possible 

phenotypic risk, alters striatal volume differently in boys and girls.  Larger volumes in the 

striatum might be indicative of neurotoxic effects of excessive dopamine release, or a neuro-

inflammatory response to alcohol. Larger NAcc is also associated with greater adolescent reward 

seeking and risk taking, and within a family context of drinking might exacerbate the onset of 

adolescent drinking behaviours.   
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Moderating and mediating factors – gender, psychiatric comorbidities, family history of 

alcohol abuse, childhood trauma  

Gender 

Various differential relationships between AUD and brain volumes were observed between boys 

and girls in five studies to date (De Bellis et al., 2005; Medina et al., 2008; Squeglia et al., 2012; 

Fein et al., 2013; Cservenka et al.,2015). The first by De Bellis and colleagues observed that 

boys with AUD had smaller cerebellar volumes than non-drinking boys but that there was no 

difference in girls with AUD versus healthy girls.  Medina and colleagues observed that girls 

with AUD compared to non-drinking girls had smaller PFC volumes, whereas AUD boys 

compared to non-drinking boys had larger PFC volumes.  Squeglia et al. noted that 4 left frontal 

regions, namely the frontal pole, pars orbitalis, medial orbital frontal, and rostral anterior 

cingulate were thicker in female bingers than female controls.  Conversely, male bingers had 

thinner cortices than male controls in these regions. Furthermore, thicker left frontal cortices 

corresponded with poorer visuospatial, inhibition, and attention performances for female bingers 

and worse attention for male bingers with thinner cortices. Fein and colleagues observed that 

drinking boys had smaller thalamic and putamen volumes compared to non-drinking boys. 

Conversely, AUD girls had larger thalamic and putamen volumes compared to non-drinking 

girls. Finally, Cservenka and colleagues reported a positive correlation between family history of 

alcohol abuse and volume of the left NAcc, but only in females. 

To summarise, gender differences in the relationship between AUD status and brain volumes are 

intriguing.  It could be that differences in the neurobiology between males and females may 

elucidate why the development and progression of alcohol use disorder differs between the sexes 

(Keyes et al., 2010; Schuckit et al., 1998), and could be due to hormonal differences in response 

to alcohol, variations in neurotransmitter systems between males and females and neurotoxicity 

differences between genders (Ceylan-Isik et al., 2010). Nevertheless, it provides some evidence 

that the functional effects of alcohol consumption on the brain may be different for boys and 

girls, suggesting that tailored neuropsychological intervention is necessary. 

Psychiatric comorbidities 

Six of the eleven studies discussed in this chapter included adolescent samples with other 

comorbidities, including: those with experience of childhood trauma (Brooks et al., 2014), those 
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in treatment for other substance abuse (Chung et al., 2014), cannabis use disorder; major 

depressive disorder; posttraumatic stress disorder; attention deficit hyperactivity disorder; 

conduct disorder; oppositional defiant disorder; generalized anxiety disorder (De Bellis et al., 

2000, 2005) and only marijuana use (Medina et al 2007b, 2008). Although it is difficult for 

researchers to recruit adolescent AUD samples without these comorbidities, it was argued by 

some authors, who were able to recruit non-psychiatric samples for their studies that volumetric 

brain changes could not be entirely linked to AUD status otherwise (Nagel et al., 2005; Fein et 

al., 2013; Doallo et al., 2014; Cservenka et al., 2015; Squeglia et al., 2012). Sampling non-

psychatric cohorts revealed, in adolescents with AUD versus healthy non-drinking adolescents: 

reduced left hippocampal volume (Nagal et al., 2005), reduced left lateral frontal, temporal, and 

parietal lobes, smaller (AUD boys) and larger (AUD girls) thalamic and putamen volumes (Fein 

et al., 2013); larger left mid-dorsolateral PFC volume (Doallo et al., 2014); a positive 

relationship between family history of AUD and left NAcc volume (Cservenka et al., 2015) 

thicker frontal cortices (female bingers) and thinner frontal cortices (male bingers) that was 

linked to executive function deficits (Squeglia et al., 2012).   

Summarising the findings, a left-lateralised reduction in fronto-striatal volume becomes more 

apparent in adolescents with AUD compared to non-drinking adolescents when other 

comorbidities are excluded. This is a pertinent finding, given that language function is 

predominantly supported by left-lateralised fronto-striatal networks incorporating Wernicke’s 

and Broca’s areas (Tomasi and Volkow, 2012), and that Wernicke-Korsakoff syndrome 

(associated with deficits in encoding memory for new events, termed anterograde amnesia) is a 

classic symptom of protracted use of alcohol in adults (Brion et al., 2014).  Thus, adolescents 

who continue to abuse alcohol may be at heightened risk of developing serious anterograde 

amnesia and other executive function deficits in adulthood, which would impinge on otherwise 

normal neural development. Indeed, some studies discussed here have shown that executive 

function deficits are already detectable in adolescents with AUD (Medina et al., 2007; Squeglia 

et al., 2012, Fein et al., 2013). 

Childhood trauma 

One study noted that by excluding AUD adolescents with other comorbities the prevailing 

finding of reduced hippocampal volume was no longer observed (Fein et al., 2013), which may 
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suggest that there are other mediating factors in the relationship between adolescent AUD and 

hippocampal volume. Against this background, Brooks and colleagues examined how the 

experience of early life adversity interacts with brain volume in otherwise comorbidity-free 

adolescents with AUD (Brooks et al., 2014).  This line of enquiry appears to be relevant given 

that there is mounting evidence to link stress by gene interactions to hippocampal reduction (e.g. 

Frodl et al., 2014; van Dam et al., 2014), which might in itself increase the risk for adolescent 

AUD. Brooks and colleagues found that childhood trauma scores negatively correlated with 

bilateral, but most significantly left hippocampus, but were unable to demonstrate a link between 

childhood trauma, adolescent AUD status and reduced hippocampal volume.  Therefore, while it 

might be the case that early life stress impacts the development of the hippocampus, there are 

perhaps other factors (family history of AUD, genetic predisposition, socio-economic status, 

gender) that likely determine whether reduced hippocampal volume translates into adolescent 

AUD. 

Conclusions 

Eleven MRI studies to date have compared brain volume and cortical thickness in adolescents 

who abuse alcohol versus non-drinking adolescents, and the most significant findings in the 

AUD group were that; a) the bilateral hippocampus, but particularly the left is reduced; b) age of 

onset positively correlates, and duration of AUD negatively correlates with hippocampal volume 

but amount of alcohol consumed does not; c) levels of childhood trauma positively correlates 

with hippocampal volume and may be a predisposing risk, along with other factors such as 

genetic predisposition, family history of drinking behavior, socio-economic status and 

psychiatric comorbidity; d) prefrontal cortex volume is reduced and negatively correlates with 

amount of alcohol consumed; e) gender differences in prefrontal cortex volumes and striatum are 

observed, in that AUD girls have smaller PFC and larger striatum, whereas boys have larger PFC 

and smaller striatum, which may be indicative of hormonal, neurotoxic or synaptic pruning 

differences; f) left temporal cortex is reduced in AUD and may be associated with Wernicke-

Korsakoff aphasia, and in line with this, executive function deficits in AUD are observed in 

relation to temporal and prefrontal cortex volume differences; g) increased white matter volume 

in the insular cortex may be indicative of increased craving for alcohol; h) increased striatal 

volume may reflect neurotoxic responses to alcohol consumption, and related to family history of 



21 

 

 
 

alcohol use; i) moderating and mediating factors, such as gender, psychiatric comorbidities, 

family history of alcohol use and experience of childhood trauma could be considered when 

examining the effects of AUD in the adolescent brain. 

Together, these findings broadly implicate volumetric changes in the hippocampus and fronto-

striatal circuitry, which are associated with self-regulation particularly with regard to emotion, 

reward and motivation, as being most susceptible in adolescents who abuse alcohol. 

Additionally, mounting evidence suggests that the effects are most significantly lateralized to the 

left hemisphere, implicating learning, memory and comprehension deficits (e.g. Wernike-

Korsafoff aphasia). Moreover, executive function deficits, which are associated with degradation 

or retardation of the development of the prefrontal cortex, are being detected by some studies of 

adolescent alcohol use disorder.  Over the last decade, structural brain imaging studies into the 

neural effects of adolescent abuse of alcohol have truly honed in on the brain regions most 

associated with this life-damaging disorder. Combining structural brain imaging findings of 

future studies with neuropsychological measures and gene by environment analyses may further 

improve knowledge of the neurobiological impact of AUD.  
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Table 1.  Structural brain imaging studies examining the effects of alcohol on the adolescent brain, with a brief summary at 

the bottom of the table 

Study 

(year) 

Title of paper Participant characteristics Comorbidities/ 

Other factors 

Brain imaging 

tools 

Summary of findings 

(from publication 

abstracts) 

Brooks et 

al., (2014) 

Childhood adversity is 

linked to differential brain 

volumes in adolescents with 

alcohol use disorder: a 

voxel-based morphometry 

study. 

Adolescent alcohol use disorder 

(n=58; age 14.9 ± 0.8 ) and with 

no other psychiatric comorbidities,  

Controls  

(n=58 14.7 ± 0.8) age-, gender- 

and protocol-matched light/non-

drinking  

Childhood trauma 

questionnaire 

(CTQ) 

SPM/VBM Reduced bilateral superior 

temporal gyrus. Negative 

correlation in the left 

hippocampus and right 

precentral gyrus with CTQ 

scores. Bilateral hippocampal 

volume negatively associated 

with CTQ scores. 

Chung et 

al., (2014) 

Insula white matter volume 

linked to binge drinking 

frequency through 

enhancement motives in 

treated adolescents. 

Adolescent alcohol use disorder 

(age: 16.6, ±1.1 ; n=30) baseline 

versus follow-up 

Treated for 

substance abuse 

Freesurfer – Cortical 

thickness 

Enhancement motives 

associated with larger left insula 

white matter volume and 

frequency of binge drinking at 

baseline and 1-year follow-up. 
Right insula white matter 

volume was positively 

correlated with 

obsession/craving for alcohol. 

Cservenka 

et al., 

(2015) 

Family history density of 

alcoholism relates to left 

nucleus accumbens volume 

in adolescent girls.  

Adolescents with high risk for 

alcohol use disorder: 12-16 years 

(n = 140) 

Mild family history of alcohol use 

disorder (n=62, age: 14.03, ±1.28) 

Positive family history of alcohol 

use disorder (n=78, age: 14.53, 

±1.29) 

No psychiatric or 

other comorbities 

FMRIB/FAST Positive relationship between 

family history density (presence 

of alcohol use disorder in 

first/second degree relatives) 

and left NAcc volume/ICV. Post 

hoc regressions indicated that 

this effect was only significant 

in adolescent females  

De Bellis 

et al., 

(2000) 

Hippocampal volume in 

adolescent-onset alcohol 

use 

disorders. 

Adolescent alcohol use disorder 

(n=12, 17.2 years ±2.2) 

Controls (n=24, 17.0, ± 2.4) age, 

gender, height, weight, socio-

economic status, full-scale IQ and 

handedness matched. 

Cannabis use 

disorder; major 

depressive 

disorder; 

posttraumatic 

stress disorder; 

attention deficit 

hyperactivity 

IMAGE software, 

semi-automated 

segmentation 

approach 

Bilateral hippocampal volumes 

were significantly smaller in 

subjects with alcohol use 

disorders than in comparison 

subjects. Total hippocampal 

volume correlated positively 

with the age at onset and 

negatively with the duration of 
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disorder; conduct 

disorder; 

oppositional 

defiant disorder; 

generalized anxiety 

disorder. 

the alcohol use disorder. 

De Bellis 

et al., 

(2005) 

Prefrontal cortex, thalamus, 

and cerebellar volumes in 

adolescents and young 

adults with adolescent onset 

alcohol use disorders and 

comorbid mental 

disorders 

Adolescent alcohol use disorder 

(n=14, age 17.0  ± 2.1) 

Controls (n=28, age 16.9, ± 2.3), 

age, gender, height, weight, socio-

economic status, full-scale IQ and 

handedness matched. 

Cannabis use 

disorder; major 

depressive 

disorder; 

posttraumatic 

stress disorder; 

attention deficit 

hyperactivity 

disorder; conduct 

disorder; 

oppositional 

defiant disorder; 

generalized anxiety 

disorder. 

IMAGE software, 

manual tracing 

Adolescents with alcohol use 

disorders had smaller prefrontal 

cortex and prefrontal cortex 

white matter volumes compared 

with control subjects. Right, left, 

and total thalamic, 

pons/brainstem, right and left 

cerebellar hemispheric, total 

cerebellar, and cerebellar vermis 

volumes did not differ between 

groups. There was a significant 

sex-by-group effect, indicating 

that males with an adolescent-

onset AUD compared with 

control males had smaller 

cerebellar volumes, whereas the 

two female groups did not differ 

in cerebellar volumes. Prefrontal 

cortex volume variables 

significantly correlated with 

measures of alcohol 

consumption. 

Doallo et 

al., (2014) 

Larger mid-dorsolateral 

prefrontal gray matter 

volume in young binge 

drinkers revealed by voxel-

based morphometry. 

Adolescent Alcohol use  

(n = 11; age 22.43 ± 1.03) Control 

subjects  

(n = 21; age 22.18 ± 1.08) 

At least 3 years binge drinking in 

the alcohol group 

No psychiatric or 

other comorbities 

SPM/VBM Larger left mid dorsolateral 

prefrontal cortex volume larger 

in alcohol use 

Fein et al., 

(2013) 

Cortical and subcortical 

volumes in adolescents with 

alcohol dependence but 

without substance or 

psychiatric comorbidities. 

Adolescent alcohol use disorder 

(n=64, age 14.94 ± 0.79)  

Controls (n=64, age 14.71 ± 0.76) 

age- and gender-matched 

No psychiatric or 

other comorbities 

FSL/FIRST/VBM Decreased grey matter density in 

all AUDs compared to controls 

located in the left lateral frontal, 

temporal, and parietal lobes, 

extending medially deep into the 

parietal lobe.  
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Drinking boys had smaller 

thalamic and putamen volumes 

compared to non-drinking boys. 

AUD girls had larger thalamic 

and putamen volumes compared 

to non-drinking girls.  

 

Medina et 

al., 

(2007b) 

Effects of alcohol and 

combined marijuana and 

alcohol use during 

adolescence on 

hippocampal volume and 

asymmetry 

Adolescent alcohol use disorder 

(n=16; age 16.9± 0.7) 

Control subjects (n=21; age 17.5 ± 

1.1) 

  

Marijuana use AFNI, Manual tracing 

of hippocampal ROIs 

Adolescent alcohol users 

demonstrated a significantly 

different pattern of hippocampal 

asymmetry and reduced left 

hippocampal volume compared 

to non-using controls. Increased 

alcohol abuse/dependence 

severity was associated with 

increased right > left asymmetry 

and smaller left hippocampal 

volumes.  Greater right than left 

hippocampal volume was 

associated with superior verbal 

memory and total recall 

performance in controls. 

Medina et 

al. (2008) 

Prefrontal cortex volumes 

in adolescents with alcohol 

use disorders: 

Unique gender effects 

Adolescent alcohol use disorder 

(n=14; age 16.85 ± 0.65) 

Control subjects (n= 17; age 

16.55± 0.85) 

Marijuana and 

other drug use 

AFNI, Manual tracing 

of prefrontal cortex 

volumes 

After controlling for conduct 

disorder, gender, and 

intracranial volume, AUD teens 

demonstrated marginally smaller 

anterior ventral PFC volumes 

than controls, and significant 

interactions between group and 

gender were observed. 

Compared with same-gender 

controls, females with AUD 

demonstrated smaller PFC 

volumes, while males with AUD 

had larger PFC volumes. The 

same pattern was observed for 

PFC white matter volumes 

Nagel et 

al., (2005) 

Reduced hippocampal 

volume among adolescents 

with alcohol use disorders 

Adolescent alcohol use disorder 

(n=14; age 16.75 ± 0.68) 

 

No comorbidities FMRIB/FAST for 

automated 

segmentation , AFNI 

Adolescents with AUD had 

significantly smaller left 

hippocampal volumes than 
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without psychiatric 

comorbidity. 

Control subjects (n= 17; age 

16.46± 0.88), matched for gender, 

ethnicity, weight, socio-economic 

status 

 

for manual tracing healthy teens, even after 

removal of teens with comorbid 

conduct disorder from the 

analyses. In contrast, the groups 

did not differ in right 

hippocampal, intracranial, gray 

or white matter volumes, or 

memory performance. 

Hippocampal volumes were not 

related to alcohol-consumption 

rates. These findings indicate 

that adolescents with AUD, but 

free from other psychiatric 

comorbidities, have reduced left 

hippocampal volume. Because 

hippocampal volume did not 

relate to alcohol use 

characteristics, it is possible that 

premorbid volumetric 

differences could account for 

some of the observed group 

differences in hippocampal 

volume. 

Squeglia 

et al., 

(2012) 

Binge drinking 

differentially affects 

adolescent male and female 

brain 

morphometry. 

Adolescent binge drinkers (n=29, 

age 18.2, ± 0.79) 

Adolescent non-drinkers (n=30, 

age 18.0 ± 1.12) 

Matched for gender, age, pubertal 

development and familial 

alcoholism 

No comorbidities Freesurfer – Cortical 

thickness 

Binge × gender interactions 

were observed for cortical 

thickness in four left frontal 

regions: frontal pole, pars 

orbitalis, medial orbital frontal, 

and rostral anterior cingulate. 

For all interactions, female 

bingers had thicker cortices than 

female controls, while male 

bingers had thinner cortices than 

male controls. Thicker left 

frontal cortices corresponded 

with poorer visuospatial, 

inhibition, and attention 

performances for female bingers  

and worse attention for male 

bingers. 
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Table 2. Summary of structural imaging findings with functional significance in adolescents with alcohol use disorder: 

Brain region  Structural significance in adolescents 

with AUD 

Functional significance of 

brain volume differences 

Bilateral hippocampal (but most 

significantly left) 
Volumes are significantly smaller 

with some evidence that reduction is 

linked to alcohol use disorder and 

duration of illness.  Reduced volume 

in the bilateral hippocampus may be 

a premorbid effect; predisposing 

adolescents to the risk of alcohol use 

disorder, and may be associated with 

self-reported higher levels of 

childhood trauma.  The effects might 

be more pronounced in the left 

hippocampus, and greater right than 

left hippocampal volumes 

(asymmetry) are associated with 

superior executive functioning. 

Hippocampus function is 

associated with consolidation 

of contextual memory and 

fear learning.  Reduced 

volume may be an indication 

of neurotoxic effects, for 

example, excessive exposure 

to alcohol and trauma during 

childhood.  Reduced 

hippocampal volumes may 

adversely influence memory 

formation and goal setting in 

adolescents with AUD.   

Reduction in the left 

hippocampus might be 

associated with specific 

deficits in memory, for 

example immediate and 

delayed recall. 

Prefrontal cortex (PFC) Volumes are reduced and are 

associated with amount of alcohol 

consumption, in particular the left 

lateral PFC, and smaller PFC white 

matter volume.  Other studies show 

larger mid-dorsolateral PFC volume 

in adolescents who abuse alcohol.  

There is some evidence for a gender 

interaction in the PFC, with females 

who abuse alcohol having smaller 

grey and white matter PFC volumes, 

and AUD males having larger PFC 

volumes.  Females have thicker and 

males have thinner frontal cortices, 

which is associated with deficits in 

executive functioning. 

Reduction in the left lateral 

PFC could be associated 

with deficits in cognitive 

control, and other executive 

functions (e.g. planning, 

evaluation, self-referential 

thought) that hinder self-

control over alcohol 

consumption in adolescents 

with AUD. Gender 

differences associated with 

volumes of the PFC might 

reflect differences in 

cognitive-affective responses 

to alcohol consumption. 

Bilateral superior temporal Reduced bilateral superior temporal Superior temporal gyrus 
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gyrus gyrus in adolescents with AUD function is associated with 

comprehension and emotion 

processing and reductions in 

this region may underlie 

deficits in affect regulation 

in adolescents with AUD. 

Bilateral parietal cortex Reduced in adolescents with AUD  Parietal cortex is associated 

with sensory processing, 

especially involving 

embodiment, and reductions 

in this region may be related 

to difficulties in processing 

bodily responses associated 

with cognitive-affective 

processing 

Bilateral insular cortex Reduced grey matter and white 

matter volume associated with 

frequency/amount of bingeing, as 

well as craving/obsession over 

alcohol consumption in adolescents 

with AUD.   

Insular cortex function 

underlies interoceptive 

awareness, or the processing 

of bodily sensations, and has 

been linked to feelings of 

anxiety, hunger and emotion.  

Reduced insula volume 

could be associated with 

deficits in affect regulation 

in those with AUD. 

Basal ganglia Left Nucleus Accumbens 

significantly larger in adolescents 

with a family history of alcohol 

abuse.  Smaller thalamic and 

putamen volumes in adolescents 

with AUD, but more pronounced in 

males 

Nucleus accumbens function 

is associated with the 

sensation of wanting and 

liking, and larger volume 

could be indicative of greater 

activation associated with 

craving for alcohol. The 

thalamus is associated with 

general arousal and reduced 

volume in the thalamus 

could be associated with 

neurotoxic effects of 

hyperarousal. 

Cerebellum Smaller cerebellar volumes in males 

with AUD.   

Cerebellum is associated 

with motor function, as well 
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as appetitive processes. 

Reduced cerebellar volume 

in adolescents with AUD 

may be associated with 

deficits in these processes. 

 

 

 

 


