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Abstract

The purpose of the study was to find grey matter (GM) and white matter (WM) volume reduction in the brain 

reward system among patients with alcohol dependency. This study investigated regional GM and WM in chronic 

alcoholic patients, focusing primarily on the reward system, including principal components of the 

mesocorticolimbic reward circuit as well as cortical areas with modulating and oversight functions. Sixteen abstinent 

long-term chronic alcoholic men and demographically matched 16 healthy control men participated in the study. 

Morphometric analysis was performed on magnetic resonance brain scans using voxel-based morphometry 

(VBM)-diffeomorphic Anatomical Registration through Exponentiated Liealgebra (DARTEL). We derived GM and 

WM volumes from total brain and cortical and subcortical reward-related structures. Morphometric analyses that 

revealed the total volume of GM and WM was reduced and cerebrospinal fluid (CSF) was increased in the alcohol 

group compared to control group. The pronounced volume reduction in the reward system was observed in the GM 

and WM of the nucleus accumbens (NAc), GM of the amygdala, GM and WM of the hippocampus, WM of the 

thalamus, GM and WM of the insula, GM of the dorsolateral prefrontal cortex (DLPFC), GM of the orbitofrontal 

cortex (OFC), GM of the cingulate cortex (CC), GM and WM of the parahippocampal gyrus in the alcohol group. 

We identified volume reductions in WM as well as GM of reward system in the patients with alcohol dependency. 

These structural deficits in the reward system elucidate underlying impairment in the emotional and cognitive 

processing in alcoholism.
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1. Introduction

The alcoholism is very costly to the individual and 

to society and is associated with serious side effects. A 

main goal of alcohol research is to understand the neural 

underpinnings associated with the transition from alcohol 

use to alcohol dependence. According to the study, 

particularly the changes of the mesocorticolimbic system 

contribute to the development of alcohol dependence 

(Koob, 1999). The mesocorticolimbic system plays a key 

role in control motivational processes such as arousal, 

reward, and stress (Bowirrat et al., 2005; Oscar-Berman 

& Bowirrat, 2005). Principal structures of the 

mesocorticolimbic reward circuit include amygdala, 

hippocampus, nucleus accumbens (ventral striatum), and 

ventral diencephalon (including basal forebrain, ventral 

tegmentum, and hypothalamus), as well as cortical areas 

with modulating and oversight functions, such as 

dorsolateral-prefrontal, orbitofrontal, temporal pole, 

subcallosal, and cingulate cortices, parahippocampal gyri, 

and the insula (Heimer & Van Hoesen, 2006; Markris 

et al., 2008; Oscar-Berman & Bowirrat, 2005). According 

to Markris et al. (2008), this cortical and subcortical circuit 

is known as the “extended reward and oversight system” 

or the “reward network”, which control primary reward 

functions. However, in addition to reward functions, this 

system is linked to motivation and evaluation, approach 

and avoidance, impulsivity and inhibition, and reward 

and punishment. Together with associated cortical centers, 

this system is important for executive functioning, 

emotional judgment and responses, decision making, and 

oversight (Oscar-Berman & Bowirrat, 2005).

Many studies have revealed a widespread pattern of 

atrophy in the mesocorticolimbic system that contribute 

to the pathophysiology of alcohol dependence (Agartz 

et al., 1999; Laakso et al., 2000; Makris et al., 2008; 

Pfefferbaum et al., 2005; Schneider et al., 2001; Sullivan 

et al., 1995; Sullivan et al., 2000; Szabo et al., 2004). 

Makris & colleagues (2008), for the first time, com-

prehensively assessed the reward network as an inter-

connected system in its entirety and in its subcomponents 

and reported the presence of morphometric abnormalities 

in alcoholic subjects in these grey matter of limbic and 

paralimbic regions. They also showed that volumetric 

alterations of the reward network were correlated with 

memory ability (the score of Wechsler Memory Scale) 

and drinking history among alcoholics. Makris & 

colleagues (2008) carried out the volume morphometry 

such as segmentation and cortical parcellation by using 

semiautomatic method conducted by an experienced 

research assistant.

In recent years, voxel-based morphometry (VBM) 

known as a whole-brain unbiased objective technique has 

been developed to investigate brain differences in vivo 

using structural magnetic resonance (MR) images. It has 

been useful in characterizing subtle changes in brain 

structure in a variety of diseases associated with 

neurological and psychiatric dysfunction (Mechelli et 

al., 2005). The advantages of VBM include greater 

sensitivity for localizing small scale regional differences 

in grey or white matter. One major limitation of VBM 

is that imperfectly registered MR images to a common 

template can lead to false estimates (Bookstein, 2001). 

In other words, the limitation is that VBM is sensitive 

to systematic shape differences attributable to misre-

gistration from the spatial normalization step (Ashburner 

& Friston, 2001). The introduction of diffeomorphic 

Anatomical Registration through Exponentiated Liealgebra 

(DARTEL), based on a more sophisticated registration 

model (American Diabetes Association, 2009), can be 

helpful to solve this problem. This algorithm could 

achieve more precise inter-subject registration of brain 

images, accomplish accurate realignment of the small 

inner structure (Yassa & Stark, 2009) and attain the best 

results (Klein et al., 2009). 

In the current study, using VBM technique with 

DARTEL, we expect to identify the shrinkages of grey 

matter (GM) and white matter (WM) in the reward 

network among alcoholics. The previous studies on 

cerebral volume loss mainly focused on the atrophy of 

GM. In contrast to this, recent findings revealed evidences 

that WM atrophy might be a significant biomarker of 
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Items
Control group 

(n=16) M(SD)

Alcohol group 

(n=16) M(SD)
t

Age (years) 50.16(6.10) 49.83(6.60) 0.15

Educational level 12.38(3.57) 10.67(4.05) 0.61

Family history (%)  0.00 44.40

Number of drinks (day per week)  1.02(1.55)  4.63(2.25) -5.38***

Amounts of drinks 

(drinks per drinking day)
 2.86(2.10) 16.25(16.08) -3.30**

Maximum amount of 

drinks in a lifetime
 8.22(11.26) 29.77(24.21) -3.26**

AUDIT-K  6.38(5.54) 27.89(9.91) -7.67***

ADS-K 28.05(5.39) 50.00(12.85) -6.34***

** p < .01, *** p < .001. Note. Means (standard deviations) are represented. One drink = 14g ethanol. AUDIT-K Korean version 

of the Alcohol Use Disorders Identification Test, ADS-K Korean version of the Alcohol Dependence Scale.

Table 1. Characteristics on demographics and alcohol use history of the participants in alcohol and control groups

a psychiatric disorder (e.g., Szeszko, 2005). According 

to these studies, regional reduction in GM volumes may 

result from neuronal loss, whereas the atrophy of cerebral 

white matter may be caused by severe loss of myelin 

and axons associated with spongiform changes or tissue 

rarefaction, numerous of foamy macrophages, and 

proliferation of gemistocytic astrocytes. With respect to 

the toxic effects of alcohol (Mechtcheriakov et al., 2007), 

we hypothesized WM volume in the reward network 

among alcoholics would be different from that of normal 

controls. The purpose of this study was to investigate 

the altered density of GM and WM in the reward network 

among patients with alcohol dependency. In the study, 

using a male-only group was expected to promote a 

gender-sensitive approach to understand alcohol effects 

on the human brain, because there are known gender 

disparities, such as biological and psychological 

differences related to alcohol use, that distinguish males 

from female drinkers (e.g., gender differences in the 

metabolism and effects of alcohol).

2. Methods and Materials
 

2.1. Subjects
 

Right-handed men volunteered as experiment parti-

cipants who were enrolled in a mental hospital located 

in the local area. They were eligible to write and 

communicate without physical disabilities. They were 

diagnosed as alcohol dependence by a medical doctor based 

on the Diagnostic and Statistical Manual of Mental 

Disorders, Fourth Edition (DSM-IV). Through a clinical 

interview, volunteers who were suffering from other 

psychiatric disorders other than alcoholism were excluded 

from the study. The Alcohol Use Disorders Identification 

Test (AUDIT) was used to measure the degree of alcohol 

use and the Korean version of the Alcohol Dependence 

Scale (ADS) to assess the severity of alcohol dependence. 

Specifically, 16 alcoholic patients participated in the study, 

who completed a detoxification phase after hospital 

admission. Their alcohol use characteristics were examined 

in the reference to the period of 12 months ago before 

being admitted to the mental hospital. The 16 healthy men 

matched for age and education level were recruited as 

the controls. Characteristics on demographics and alcohol 

use history of the participants with alcohol and control 

groups were shown in the Table 1. This study was approved 

by the Institutional Review Board of the University. 

 

2.2. Magnetic Resonance Imaging (MRI) 

Acquisition

 

Image data were acquired using ISOL 3.0T Forte 

Korea located at the Brain Science Research Center 

(Korea Advanced Institute of Science and Technology). 
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Fig. 1. The preprocessing step of the VBM by using DARTEL in SPM 8

For each subject, an anatomical image was obtained 

using a sagittal three-dimensional gradient-echo T1- 

weighted sequence (TR and TE = 280 and 14 msec, 

FOV (field of view) = 240mm×240mm×140mm, number 

of slices = 35, acquisition matrix 256×256, a slice 

thickness 4 mm, a flip angle 60°). Herlidou-Meme et 

al. (2003) have previously performed the study to 

examine the effect of slice thickness (i.e., 2 mm, 4 mm 

and 6 mm slices) on the classification separability of 

each tissue pair. They did not find any significant 

effect for classification accuracy according to the slice 

thickness. Also, the larger the slice thickness becomes, 

the higher the signal to noise ratio is. For that reason, 

we chose 4 mm slice thickness for the study.

 

2.3. Voxel-Based Morphometry (VBM) Analysis

 

At first, brain images were pre-processed using 

SPM8 software implemented in Matlab Version.7.9 

(MathWorks, Natick, Massachusetts). An optimized 

VBM approach following the Diffeomorphic Anatomical 

Registration through DARTEL was performed. The 

VBM-DARTEL preprocessing included the following 

steps. To identify different tissue types automatically 

[i.e., grey matter (GM), white matter (WM), and 

cerebrospinal fluid (CSF)] within the images, the new 

segmentation option was used in SPM8. Then, the 

DARTEL approach was applied for registration, 

normalization, and modulation, leaving the images in 

DARTEL space (In this approach, a DARTEL template 

is created based on the deformation fields that are 

produced by the segmentation procedure). Next, all 

individual deformation fields are warped (and 

modulated) to match this template and smoothed for 

the GM and WM images using an 8 mm, full-width- 

at-half-maximum (FWHM) Gaussian kernel. Typically, 

FWHM should be at least twice the size of the voxel 

(Jones et al., 2005). The pixel size is about 1 mm, but 

we used 8 mm FWHM Gaussian kernel as considering 

4 mm slice thickness to increase the signal-to-noise 

ratio. In the resulting GM images, each voxel represents 

an absolute amount of GM volume, equivalent to the 

GM volume per unit before normalization. The 

preprocessing step of the VBM by using DARTEL in 

SPM 8 is shown in the Fig. 1.
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Regions

Control group

(n=16)

Mean±SD

alcohol group

(n=16)

Mean±SD

Group Effect

t Value
Cohen's d

Total Cerebral Grey Matter 486.03±60.41 410.42±60.75 -3.53*** 1.25

Total Cerebral White Matter 448.98±61.83 402.81±53.62 -2.26* 0.80

Total Cerebrospinal fluid 274.34±41.05 358.01±57.55  4.77*** 1.67

Total Reward system (GM)  73.65± 9.19  62.70± 9.82  3.26** 1.15

Total Reward system (WM)  42.44± 6.04  38.27± 5.48  2.05* 0.72

* p < .05, ** p < .01, *** p < .001 Grey Matter is represented as GM; White Matter is represented as WM

Table 2. Morphometric measures of the total extended reward and oversight system (unit: cc)

2.4. Region of Interest (ROIs) Analysis 

In the 1-st step, statistical analyses were performed 

with SPM8 using the general linear model based on the 

Gaussian field theory. The global mean voxel values 

and the total intracranial volumes (obtained by 

summing up GM, WM and CSF voxels) were used as 

confounding covariates in an analysis of covariance to 

focus on the regional differences in GM. The signi-

ficance level was set at p < .05 false discovery rate 

(FDR)-corrected for multiple comparisons across the 

entire brain volume. In the 2-nd step, ROIs in the 

reward network were based on the study of Makris et 

al. (2008) and ROIs included in the study were nucleus 

accumbens (NAc), amygdala, thalamus, hippocampus, 

cingulate cortex (CC), parahippocampal gyrus, insula, 

orbitofrontal cortex (OFC), and dorsolateral prefrontal 

cortex (DLPFC). To define the ROIs, WFU-pickatlas 

3.0 (Wake Forest University School of Medicine, 2012) 

was used. By using MATLAB 7.9 script (http: and  

and www.cs.ucl.ac.uk and staff and g.ridgway and vbm 

and get_totals.m) (Ridgway et al., 2008), volume from 

each ROI was extracted and calculated. In order to 

verify that the difference of brain volume in the ROIs 

between the groups, independent t-test was conducted 

by using the SPSS 21. To investigate the association 

between severity of alcoholism (i.e., AUDIT scores) 

and brain volume reduction, correlation analysis were 

also performed by using the SPSS 21.

3. Results
 

3.1. Whole Brain Analysis

 

As shown in the Table 2, the total volume of GM 

(t = -3.53, p < .001) and WM (t = -2.26, p < .05) was 

reduced and CSF (t = 4.77, p < .001) was increased in 

the alcohol group compared to control group. Also, 

GM and WM of total reward system (sum of all 

reward volumes for the ROIs) (t = 3.26, p < .01; t =

2.05, p < .05) showed a significant decrease in the 

alcohol group (FDR-corrected, p < .05).

 

3.2. ROI Analysis in the Reward System

Within the reward network, individual structures that 

demonstrated a significant volumetric reduction were 

shown in Table 3 and Fig. 2. The structures are 

specifically, GM and WM of the NAc (t = -2.191, p <

.05; t = -2.240, p < .05), GM of the amygdala (t = -3.833, 

p < .01), GM and WM of the hippocampus (t = -4.591, 

p < .001; t = -3.342, p < .01), WM of the thalamus (t =

-2.599, p < .05), GM and WM of the insula (t = -3.215, 

p < .01; t = -2.112, p < .05), GM of the DLPFC (t =

-2.729, p < .05), GM of the OFC (t = 2.787, p < .01), GM 

of the CC (t = -3.189, p < .01; t = -2.240, p < .05), and 

GM and WM of the parahippocampal gyrus (t = -3.627, 

p < .01; t = -3.845, p < .01) (FDR-corrected, p < .05). In 

the correlation results, no relationship was found 
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Regions

Control group 

(n=16)

Mean±SD

alcohol group

(n=16)

Mean±SD

Group Effect

t Value
Cohen's d

Subcortical Reward Regions

GM of NAc 0.48±0.04 0.44±0.05 -2.191* 0.88

WM of NAc 0.11±0.02 0.10±0.01 -2.240* 0.63

GM of Amygdala 1.75±0.20 1.49±0.18 -3.833** 1.37

WM of Amygdala 0.50±0.07 0.46±0.08 -1.566 0.53

GM of Hippocampus 5.51±0.63 4.56±0.54 -4.591*** 1.62

WM of Hippocampus 2.93±0.36 2.54±0.30 -3.342** 1.18

GM of Thalamus 4.49±0.36 4.28±0.59 -1.246 0.43

WM of Thalamus 5.60±0.85 4.89±0.70 -2.599* 0.91

Cortical Reward Regions

GM of Insula 10.46±1.47  8.87±1.31 -3.215* 1.14

WM of Insula  5.01±0.63  4.57±0.56 -2.112* 0.74

GM of DLPFC 11.69±1.62 10.04±1.79 -2.729* 0.97

WM of DLPFC  5.15±0.82  5.06±0.69 -0.349 0.12

GM of OFC 12.57±1.87 10.59±2.14 -2.787** 0.99

WM of OFC  6.85±1.19  6.18±1.36 -1.489 0.52

GM of Cingulate cortex 20.34±2.73 17.04±3.10 -3.189** 1.13

WM of Cingulate cortex 13.89±1.94 12.55±1.94 -1.951 0.70

GM of Parahippocampal gyrus  6.35±0.82  5.39±0.68 -3.627** 1.28

WM of Parahippocampal gyrus  2.38±0.41  1.93±0.25 -3.845** 1.32

* p < .05, ** p < .01, *** p < .001 Grey Matter is represented as GM; White Matter is represented as WM

Table 3. Volumes of regions within the extended reward and oversight system (unit:cc)
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Fig. 2. Areas of significant grey and white matter decrease in patients with alcohol dependency relative to healthy controls. 

Results are illustrated as statistical parametric map blobs superimposed on the slices of a T1-weighted mean picture in standard 

stereotactic space from all 32 study participants. Threshold was set at FDR-corrected, p < .05. (A) Grey matter (B) White matter 
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between the degree of alcoholism (i.e., AUDIT score) 

and total brain volume of GM (r = 0.18, p > .05), WM 

(r = 0.22, p > .05), and CSF (r = -0.15, p > .05). 

Similarly, GM and WM of the total reward system or 

the subregions (i.e, ROIs) were not correlated with the 

severity of alcoholism at the level of p < .05.

 

4. Discussion

We investigated brain alterations in patients with 

alcohol dependency using VBM, which allows the 

analysis of regional GM and WM partitions. Recently, 

there are studies on the relationship between Fractional 

anisotropy (FA) using Diffusion Tensor Imaging (DTI) 

and volumetry measured by T1 imaging. These studies 

found some significant correlation between them and 

Hugenschmidt and colleagues (2007) identified FA was 

more sensitive than volumetry methods. However, DTI 

obtains only information related to WM, but not that of 

GM. In the study, we applied VBM method since we 

would like to identify information both on WM and on 

GM of brain structure. We tested the hypothesis that 

brain atrophy is shown in alcoholics, especially in the 

reward network. In the study, we found that the 

volume of GM and WM were reduced and CSF was 

increased in the alcohol group compared to control 

group. The volume reduction in the specific regions of 

the reward system includes the GM and WM of the 

NAc, GM of the amygdala, GM and WM of the 

hippocampus, WM of the thalamus, GM and WM of 

the insula, GM of the DLPFC, GM of the OFC, GM 

of the CC, GM and WM of the parahippocampal gyrus 

in the alcohol group. Previous structural neuroimaging 

studies on alcoholism concentrated global atrophic 

changes in cerebral cortex, white matter, and cerebellum, 

plus local effects in the hippocampus (Sullivan, 2000), 

showing volume reduction (Agartz et al., 1999; Laakso 

et al., 2000, Moselhy et al., 2001; Sullivan et al., 1995). 

Neuropathologic observations suggested neuronal loss 

associated with alcoholism in the prefrontal association 

cortex, hypothalamus, amygdala, and cerebellum (Hill 

et al, 2001). What is distinguished from the results, the 

study revealed WM volumetric reduction in the specific 

reward regions in addition to those of GM. The 

findings support even low-to-moderate consumption of 

alcohol was associated with brain atrophy (Ding et al., 

2004). 

The reward network may be a central part of the 

neurobiology of drug addiction, alcohol dependence in 

particular (Koob, 1999). Structural abnormality in this 

system could increase risk of drug-seeking behaviors 

(Blum et al., 1996; Bowirrat & Oscar-Berman, 2005). 

The extended reward and oversight system is made up 

of a network of cortical and subcortical regions. By 

virtue of its cortical and subcortical centers and its 

multiple interconnections (Fuster, 2003; Fuster, 2006), 

the reward network plays a key role in sensory 

processing, stimulus-reward associations and memory, 

and determination of mood (Fuster, 1997; Fuster, 2006). 

This system is associated with executive functions, 

decision-making (Nixon & Parsons, 1990), inhibition of 

perseverative behaviors (Schaefe et al., 2006), and 

initiating drug and alcohol abuse or relapse (Bowirrat 

& Oscar-Berman, 2005). 

4.1. DLPFC

Regarding the brain volume reduction of DLPFC, 

our data are in line with the previous findings on the 

involvement of frontal cortical areas in the brain of 

patients with alcohol addiction. Numerous 

neuropsychological studies demonstrated substantial 

deficits in frontal executive functions in patients with 

alcohol dependence (Moselhy et al., 2001). There are 

abundant interconnections between the DLPFC and 

many reward network structures (LaBar & Cabeza, 

2006; Schmahmann & Pandya, 2006) that allows it to 
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evaluate reward-related information (Heimer & Van 

Hoesen, 2006). Furthermore, the basal forebrain and 

NAc structures are strongly interconncected and those 

are involved in building a relationship between 

stimulus cues and reward. 

4.2. Thalamus

With the frontal reduction, we found the pronounced 

decrease in WM volumes of the thalamus in our 

alcohol group. The thalamus serves as a major 

junctional complex that mediate input to the prefrontal 

cortex, and it has been suggested that the prefrontal 

cortex should be defined on the basis of its anatomic 

relationship with the medial dorsal thalamus (Moselhy 

et al., 2001). This might reflect that the WM atrophy 

of thalamus might be related to the reduction of frontal 

regions and contribute to the damage to the 

connectivity between the prefrontal and thalamic 

regions. 

4.3. Cingulate Cortex (CC)

Additionally, we found a decrease in the cingulate 

cortex in the alcoholic group also points to a 

dysfunctional fronto-limbic system, as the cingulate 

cortex, especially the anterior cingulate cortex connects 

to the frontal lobes, albeit indirectly, as well as to the 

limbic system, in a circuit that is related to emotional 

processing and drug reward and craving (Grusser et al., 

2004; Heimer & Van Hoesen, 2006; Myrick et al., 

2004). The OFC is also implicated in the processing of 

affective stimuli, especially learning associated with 

emotion. In sum, damage to the frontal regions with 

CC may be associated with an impairment in relating 

a reward (i.e., alcohol) to an affective stimulus (Hornak 

et al., 1996) in alcoholics. There is strong evidence of 

deficiency in emotional processing in alcoholism that 

implicates orbitofrontal cortex and and or anterior 

cingulate cortex (Davis et al., 2005; Kornreich et al., 

2001; Uekermann et al., 2005; Volkow et al., 1997). 

4.4. Hippocampus and Amygdala

Our results showed alcohol-induced alterations of 

the GM and WM of the hippocampus. There is a lot 

of evidence of possible mechanisms underlying the 

effect of alcohol on the hippocampus. Chronic alcohol 

intake can greatly boost level of lipofuscin deposition 

in neurons in the area of the hippocampus. It is known 

to be ethanol induces the fatty acid ethyl esters in the 

brain and that appears to particularly damage to the 

hippocampus. In addition, animal models have 

demonstrated that excessive drinking of ethanol can 

produce necrotic neurodegeneration in the brain 

regions most closely associated with the hippocampus 

(Obernier et al., 2002). The volume reduction of 

hippocampus and amygdala indicated that the 

volumetric decrease in alcoholics was localized in the 

basolateral nuclear group. Remarkably, connections of 

amygdala with other structures in the reward network, 

such as DLPFC, anterior insula, hippocampus, and 

NAc, are through its basolateral nuclear group. The 

basolateral nuclear group is believed to be part of the 

frontotemporal association system mediating outcome- 

specific incentive processes (Corbit & Balleine, 2005; 

Swanson, 2003), while the central nucleus is involved 

in autonomic behavior modulating the general 

motivational influence of reward-related events. 

Hippocampal and amygdala volume reductions have 

been previously reported in alcoholics (Agartz et al., 

1999; Beresford et al., 2006; Hill et al., 2001), and 

reduced amygdala volume was found among 

adolescents from families with high-risk alcoholism, 

suggesting a possible neurodevelopmental component  

(Hill et al., 2001). 
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4.5. White Matter (WM)

Regarding the relationship between regional brain 

atrophy and alcohol, it is known that ethanol can 

increase the release of arachidonic acid from cell 

membranes and induce oxidative stress in the brain by 

increased cyclo-oxygenase activity. Furthermore, 

hydroxyethyl free radicals derived directly from ethanol 

are nearly as damaging as hydroxyl radicals (Sun et al., 

2002). It is also reported from animal studies that 

alcohol causes cell death as compared with rats fed an 

alcohol-free diet, rats fed a liquid diet containing 

moderate amounts of ethanol for 6 weeks had a 66.3% 

decrease in the number of new neurons and a 

227~279% increase in cell death in the dentate gyrus 

(Herrera et al., 2003). Regarding the WM volume 

reduction, we could noticeably revealed WM volume 

reduction in the NAc, hippocampus, thalamus, insula, 

and parahippocampal gyrus by separating WM from 

GM in the reward system. It is well known that 

alcoholism is particularly damaging to cerebral WM, as 

has been reported by postmortem neuropathology 

(Pentney, 1991; Putzke et al., 1998; Tarnowska- 

Dziduszko et al., 1995) and by in vivo structural MRI 

studies (Estruch et al., 1997; Pfefferbaum et al., 1992, 

1995, 1996, 1997; Shear et al., 1994; Sullivan et al., 

2000). In line with these findings, postmortem 

Ribonucleic acid (RNA) analyses in the superior frontal 

lobe samples observed that genes related to myelin 

structure were down-regulated in alcoholics (Lewohl et 

al., 2000). Although this is the first study, which 

revealed WM volume reduction in the reward system 

among alcoholic subjects, the alcohol’s effect on WM, 

especially in the reward system is needed to be further 

clarified.

GM consists of cell bodies in the cortex and 

subcortical nuclei and WM consists of myelinated 

axons that connect the neurons of the cerebral cortex 

to each other. It means the shrinkage of GM is related 

to brain volume decrease due to neuronal cell death. 

On the other hand, the reduction of WM is affected by 

myelin sheath deterioration. We found both neuronal 

degeneration and axonal degeneration among alcoholic 

patients. It is known that neuronal degeneration is 

induced by neurotoxic effect of alcohol (Liput et al., 

2017) and axonal degeneration is attributed to thiamine 

deficiency rather than neurotoxic effect of alcohol 

(Koike et al., 2003). The patients participated in the 

study were abstinent alcoholics in treatment and did 

not show thiamine deficiency. Therefore, it is assumed 

that WM has been recovered and GM in most ROIs 

was still decreased among the patients compared to the 

controls. For this reason, it seems that WM does not 

show much difference as much as GM does between 

the alcohol and the control groups.

The study has a few limitations. First, it is hard to 

demonstrate whether the decreased volumes of these 

areas are due to the neurotoxic effects of alcohol or, 

conversely, if these changes signify a risk factor, 

predisposing individuals to alcoholism. Second, using 

the 4 mm slice thickness was too large to measure 

brain volumetry. In the future study, applying the 

smaller slice thickness can help obtaining more precise 

data for brain volumetry. Third, the sample size of 16 

individuals in each group was small. The small sample 

size might restrict for us to find the relationship 

between the alcoholism and the brain volume 

reduction. We calculated the effect size, which is an 

objective indicator on how much difference there is 

between the alcohol and control groups. The proposed 

indicator is Cohen's d as included in the Table 2 and 

3 of the result section. All of the calculated Cohen's d 

values were found to have high effect size above 

medium so that the statistical power was found to be 

high in the study (Cohen, 1988). Although the sample 

size is small, the result seems to achieve sufficient 

statistical power. Fourth, brain volume reduction of the 

right and left hemispheres are not included in the study 
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by distinguishing right from left in each ROI. In 

previous studies, it was assumed that lateralization 

would be present in addiction (Oscar-Berman & 

Marinković, 2007), but the results on lateralization in 

addiction are inconsistent (Benegal et al., 2007; Grodin 

et al., 2013; Mechtcheriakov et al., 2007). In the study, 

we focused to examine venerable regions on the toxic 

effects of alcohol rather than to identify the effect of 

lateralization in the changes of brain structure among 

alcoholic patients. However, further studies should 

include brain volume reduction on right and left 

hemispheres, and it is necessary to discuss on the 

results deeply.

Despite the limitations, we found a regional volume 

reduction both in the GM and in WM of the reward 

system using VBM. The results suggest patients with 

alcohol dependency have volumetric deficits in the 

brain’s extended reward and oversight system. Further 

research is required to investigate a causal relationship 

between alcohol consumption and regional brain 

atrophy. 
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