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Relationship Between Liver Function and Brain Shrinkage
in Patients with Alcohol Dependence
Chun-Hsin Chen, Jonathan Walker, Reza Momenan, Robert Rawlings, Markus Heilig, and
Daniel W. Hommer

Background: Oxidative stress has been proposed as one of the mechanisms of alcohol-induced
brain shrinkage and alcohol-induced hepatotoxicity. The aim of this study was to assess the correlations between liver function and brain volume (BV) measurements in patients with alcohol
dependence.
Methods: We recruited 124 patients with alcohol dependence and 111 healthy control subjects
from National Institute of Health, National Institute on Alcohol Abuse and Alcoholism inpatient
alcohol treatment program. Gamma-glutamyl transferase (GGT), aspartate aminotransferase
(AST), alanine aminotransferase (ALT), as well as hematocrit (Hct) and albumin were assayed
shortly after admission. Magnetic resonance imaging examination was conducted in both groups
(after 3-week abstinence in the patient group). We used stepwise linear regression analyses to
determine the variables most strongly correlated with brain shrinkage.
Results: Patients with alcohol dependence had lower BV, and greater brain shrinkage as measured by gray matter ratio (GMR), white matter ratio (WMR), brain ratio (BR), and higher cerebrospinal ﬂuid ratio ratio (CSFR) compared with their healthy counterparts. Age and sex were
signiﬁcantly correlated with some BV measurements in both patient and control groups. Body
mass index (BMI) was signiﬁcantly correlated with CSFR, BR, GMR, and WMR; Hct with
CSFR and BR; serum GGT level with BV, CSFR, BR, GMR, and WMF in the patient group.
No biological variables were correlated with BV indices in the control group. In gender-stratiﬁed
analysis, age was signiﬁcantly correlated with brain shrinkage in male patients but not in female
patients. Serum GGT level in male and female patients, Hct in male patients, and AST levels in
female patients were signiﬁcantly correlated with brain shrinkage.
Conclusions: Our results showed that the higher levels of liver function indices, especially
GGT, correlated with BV shrinkage as measured using CSFR, BR, GMR, and WMR in patients
with alcohol dependence but not in controls. Serum GGT level outweighed aging effect on brain
shrinkage in female patients.
Key Words: Alcohol Dependence, MRI, Liver Function, Brain Shrinkage.
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TRUCTURAL BRAIN ALTERATIONS, such as
reduction in white matter, gray matter, and overall brain
shrinkage, have been documented in patients with alcohol
dependence (Fein et al., 2002; Jernigan et al., 1991; Pfefferbaum et al., 1992). These changes are more pronounced in
female patients with alcohol dependence (Hommer et al.,
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2001; Mann et al., 2005); though, some did not ﬁnd a gender
difference (Pfefferbaum et al., 2001). However, the causes of
these brain volumetric changes in patients with alcohol dependence are not clearly understood. One possible mechanism is
alcohol-induced neurodegeneration caused by oxidative stress
(Crews and Nixon, 2009). Oxidative stress may affect not only
the central nervous system, but also the process of alcoholinduced liver injury (Fataccioli et al., 1999; Kono et al.,
2000).
The metabolism of alcohol in the context of chronic alcohol
consumption results in excessive reactive oxygen species
(ROS) production, which results in excessive oxidative stress
(De Minicis and Brenner, 2008). These ROS products cause
DNA damage, generate protein adducts, and initiate lipid
peroxidation. There are several antioxidant defense mechanisms that are involved in the elimination of ROS, including
superoxide dismutase (SOD) and glutathione peroxidase
(GPX). Decreased SOD and GPX activities, and increased
serum level of malondialdehyde (MDA) and 8-hydroxy-2¢deoxyguanosine (8-OHdG), which are products of lipid
peroxidation and oxidative DNA damage, have been shown
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during early alcohol-withdrawal period in patients with alcohol dependence (Chen et al., 2011; Huang et al., 2009).
Although a role of oxidative stress related to alcohol-induced
neurotoxicity has been suggested by several studies (for review
of these studies, see Crews and Nixon, 2009), there has been
no evidence that oxidative stress correlated with alcoholinduced brain damage in patients with alcohol dependence.
However, a recent study found that functional SOD2 gene
polymorphisms inﬂuenced gray matter loss in patients with
alcohol dependence, suggesting that oxidative stress may be
one of the mechanisms for alcohol-induced neurotoxicity, but
this study did not directly measure any oxidative stress
markers (Srivastava et al., 2010).
Oxidative stress has been proposed to be associated with
alcohol-induced liver injury (Fataccioli et al., 1999; Kono
et al., 2000). Although several markers, such as MDA and 8OHdG (Mayne, 2003), have been used to measure oxidative
stress, these biomarkers are not routinely measured in clinical
practice. Alanine aminotransferase (ALT), aspartate aminotransferase (AST), and gamma-glutamyl transferase (GGT)
are serum markers used to assess liver function that have been
used as surrogate markers of excessive alcohol consumption
(Conigrave et al., 2003) and have been shown to be signiﬁcantly correlated with serum MDA level in patients with alcohol dependence (Huang et al., 2009). In addition, GGT has
also been shown to be associated with lipid peroxidation in
hepatocytes (Paolicchi et al., 1997). Although liver function
indices have been shown to be associated with brain shrinkage
as measured by computed tomography (Junghanns et al.,
2004; Mutzell, 1992) in patients with alcohol dependence,
using categorical grouping in Mutzell’s study and not controlling age and drinking characteristics in Junghanns’s study
might limit the interpretation of these results. Pfefferbaum
and colleagues (2004) have found high, but not signiﬁcant,
correlations between serum GGT level and cortical white
matter (r = )0.48) and third ventricle size (r = 0.42) in
patients with alcohol dependence. We suggest the sample size
(only 16 GGT data available) limited the power to detect signiﬁcant correlations between GGT level and brain volume
(BV) measurements in Pfefferbaum and colleagues’ (2004)
study. Therefore, the aim of this study was to ascertain the
relationships between liver function and brain shrinkage taking potential confounding factors into consideration in a larger sample of patients with alcohol dependence.
MATERIALS AND METHODS
The study was reviewed and approved by the National Institute
on Alcohol Abuse and Alcoholism (NIAAA) Institutional Review
Board before recruiting patients. All participants provided written
informed consent to participate after the study procedures were
explained to them.
Subjects
A total of 124 patients with alcohol dependence (79 males and 45
females) and 111 healthy control subjects (73 males and 38 females)
were recruited. All patients were admitted to the NIAAA inpatient

unit at the National Institutes of Health (NIH) Clinical Center in
Bethesda, Maryland, for an inpatient alcoholism treatment program. Healthy control subjects with no history of signiﬁcant medical
illness or psychiatric disorders were recruited through the Normal
Subject Ofﬁce of the Clinical Center of the NIH.
All patients met Diagnostic and Statistical Manual, Fourth Edition (DSM-IV) criteria for alcohol dependence. Exclusion criteria
for patients with alcohol dependence included the following conditions: met the criteria for alcohol abuse but not alcohol dependence; had a history of delirium tremens or psychotic disorders;
had an IQ score <80; demonstrated signs of Wernicke’s encephalopathy, dementia, or Korsakoff’s disease; had a history of intravenous drug use at any time during their life or substance dependence
other than alcohol or nicotine in the 6 months preceding admission.
No subjects were thiamine deﬁcient at admission. The comparison
subjects had no disorders meeting DSM-IV criteria for psychotic
disorder or substance-use disorders, except nicotine, and reported
no ﬁrst-degree relatives with a history of alcohol dependence or the
problem of drinking. None of the control subjects reported drinking more than 3 drinks a day on a regular basis.
Clinical Assessment
Based on history, physical examination, blood chemistry, and a
negative urinary drug screen, all subjects were judged to be medically healthy at the time of the scan. None of the patients with alcohol dependence showed signs of clinically signiﬁcant hepatitis or
cirrhosis, or any neurological disorders associated with alcoholism,
or had a history of head injury requiring hospitalization. The
patients with alcohol dependence were scanned about 3 weeks after
admission or, in cases of patients who had been directly transferred
from another hospital, at least 3 weeks after their last alcohol use.
The mean time between their last drink and magnetic resonance
imaging (MRI) scan was 22.2 (SD = 5.2) days.
A social worker administered a semi-structured lifetime drinking
history interview to each subject. Alcohol-use history was divided
into epochs of various use patterns according to each respondent’s
history, and from these epochs, we calculated 4 drinking history
parameters: (i) age at onset of heavy drinking, deﬁned a priori as
the age at which the subject reported ﬁrst consuming the equivalent
of 90 drinks in a 1-month period; (ii) years of heavy drinking,
deﬁned as the cumulative total contiguous or noncontiguous
months during which the subject drank 90 drinks per month (it is
noted that because subjects often maintain this high level of alcohol
use for at least 12 consecutive months, months are summed into
years); (iii) estimated lifetime alcohol consumption (kg of ethanol),
which is a summation of all alcohol ingestion, including during
periods where ingestion did not reach 90 drinks per month; and (iv)
drinking quantity in the last 180 days (kg of ethanol), deﬁned as a
summation of all alcohol ingestion in the last 180 days.
Magnetic Resonance Imaging, Scan Acquisition, and Analysis
Subjects underwent imaging with 1.5-T MRI (GE Medical Systems, Milwaukee, WI) that used a fast spoiled gradient ⁄ recall acquisition in the steady-state sequence. We used a gapless series of highcontrast, 2-mm thick, T1-weighted coronal images (repetition
time = 25 ms, inversion time = 5 ms, and echo time = 16 ms).
The images were acquired with a 256 · 256 matrix and a 240 · 240mm ﬁeld of view. Each volumetric brain consisted of 124 coronal
slices with voxel size of 0.9375 · 0.9375 · 2.0 mm. The intracranial
tissue was separated from the skull on coronal sections by using a
hand-driven cursor. The intracranial volume (ICV) included the
cerebrum and cerebrospinal ﬂuid (CSF) spaces covering the cortex
but excluded the cerebellum and CSF of the posterior fossa. ICV
was automatically segmented into CSF volume (CSFV), gray matter
volume (GMV), and white matter volume (WMV) according to the
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Statistical Analysis
We used descriptive statistics to show the demographic and clinical characteristics. As the biological markers, including serum ALT,
AST, and GGT levels, were not normally distributed (Kolmogorov–Smirnov test), we log-transformed these variables to normalize
their distribution. The main demographic and clinical variables were
compared between groups using the Student’s t-test for continuous
variables and the chi-square test for categorical variables. We used
Pearson’s correlation to test the relationship between BV indices
and various demographic, clinical, and biological variables. If there
were any variables signiﬁcantly correlated with any index of BV in
Pearson’s correlation analysis, we used them as independent variables in a following forward stepwise linear regression analysis. The
dependent variables were CSFR, BR, GMR, and WMR. Because
of multiple comparisons in BV measures, we set p-value <0.01 as
signiﬁcant in our analyses.

higher portion of the individuals in the patient group had elevated serum liver enzymes indicating compromised liver function (AST: 59.7% in the patient group vs. 7.2% in the control
group; ALT: 46.8% vs. 6.8%; GGT: 52.4% vs. 0%, respectively; chi-square test, all p < 0.001).
Table 2 shows the brain volumetric data in the patient and
control groups. Patients with alcohol dependence had lower
BV, GMR, WMR, and BR, and higher CSFR. Because the
patient group was older and had lower educational level compared with the control group, we controlled the age and education effect for further analysis, but the statistical
signiﬁcance of differences in BV, GMR, WMR, BR, and
CSFR between the patient and control groups remains
unchanged.
In Pearson’s correlation, sex, body mass index (BMI),
Hct, MCV, AST, and GGT levels in the patient group, and
age, sex, albumin, Hct, and GGT levels in the control group
had signiﬁcant correlations with at least 1 or more BV
measurements (data not shown). We used stepwise linear
regression analysis to determine the relationships of the
above-mentioned signiﬁcant variables with BV measurements in both the patient and control groups. The results
are displayed in Table 3. Sex was signiﬁcant in predicting
BV and ICV in the patient and control groups, and also in
WMR in the patient group. Age had signiﬁcant effects on
brain shrinkage, as measured by CSFR, BR, GMR, and
WMR, among both patients and controls. In addition to
age, BMI was signiﬁcantly correlated with CSFR, BR,
GMR, and WMR; GGT level correlated with BV, CSFR,
BR, GMR, and WMR; Hct correlated with CSFR and BR
in the patient group. No biological variables were correlated
with BV measurements in the control group.
Table 4 shows signiﬁcant variables correlated with brain
shrinkage using stepwise regression analysis for the patient
grouped by sex. Age signiﬁcantly correlated with brain
shrinkage in male patients but not in female patients. In male
patients, serum GGT levels and Hct were signiﬁcant variables
correlated with brain shrinkage. In female patients, serum
GGT and AST levels were signiﬁcantly correlated with some
BV measurements. No variables were correlated with ICV in
either sex. Figure 1 shows the correlations between serum
GGT levels and BR in male and female patients.

RESULTS

DISCUSSION

Table 1 shows the demographic, clinical, and biological
characteristics of recruited patients with alcohol dependence
and healthy control subjects. Patients with alcohol dependence were older, had fewer years of education, longer duration of smoking, greater alcohol consumption, and higher
levels of liver enzymes and MCV values. Hct and serum albumin concentrations did not signiﬁcantly differ between the
patients with alcohol dependence and the controls (Table 1).
Abnormal liver functions, deﬁned by NIH Clinical Laboratory, are as follows: AST higher than 34 U ⁄ l, ALT higher
than 41 U ⁄ l, and GGT higher than 85 U ⁄ l. A signiﬁcantly

To the best of our knowledge, this is the ﬁrst study to show
a signiﬁcant relationship between liver function as assessed
using quantiﬁcation of serum liver enzymes and BV as
assessed using MRI measures in patients with alcohol dependence. In contrast, we did not ﬁnd a signiﬁcant relationship
between liver function and BV among healthy control subjects. Signiﬁcant relationships between levels of liver enzymes
and BV measurements were present in both male and female
patients with alcohol dependence. In addition, Hct was correlated with some BV measurements in male patients but not in
female patients. The most striking ﬁnding is that levels of liver

methods previously described and validated (Momenan et al., 1997)
that used voxel intensity to perform a K-means clustering procedure. BV was calculated by adding GMV and WMV.
We chose to include both ICV and BV in our analyses because
they are conceptually distinct. The skull (and thus ICV) grows in
tandem with the brain during childhood until about age 15, at
which point the BV (but not ICV) begins to shrink in late adolescence and throughout adulthood (Courchesne et al., 2000). Therefore, ICV in an adult is a trait characteristic that reﬂects maximal
brain growth during development, but BV in adults represents the
outcome of both growth and atrophy processes. As ICV is a function of the sum of maximum CSFV, GMV, and WMV, we used
a ratio approach to avoid the confounding effect of ICV. Ratios
were created between a volume of interest and the remainder of
the ICV (ICV minus the volume of interest), that is, CSF ratio
(CSFR) = CSFV ⁄ (ICV ) CSFV); brain ratio (BR) = BV ⁄ (ICV )
BV); gray matter ratio (GMR) = GMV ⁄ (ICV ) GMV); and white
matter ratio (WMR) = WMV ⁄ (ICV ) WMV). This method of calculating ratios has been previously suggested as an appropriate
treatment for compositional data (McCrory and Ford, 1991).
Laboratory Assays
A venous blood sample was collected in the morning after an
overnight fasting for both patient and control groups. The collection time for the patient group was at the ﬁrst morning after
patients’ admission. The median time of the interval between
blood withdrawal and last drink was 1 day (range from 0 to
14 days). Serum levels of albumin, ALT, AST, GGT, hematocrit
(Hct), and mean corpuscular volume of red blood cells (MCV)
were measured using automated systems at NIH Clinical Center,
Bethesda.
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Table 1. Clinical Characteristics and Laboratory Indexes in Alcoholic and Control Groups

Alcoholic
Total
N = 124

Male
N = 79

Control
Female
N = 45

Total
N = 111

Mean ± SD
Age (year)
Education
2

BMI (kg ⁄ m )

GGTa (U ⁄ l)
MCV (fl)
Hct (%)
Albumin (g ⁄ dl)

Female
N = 38

Group
comparisons

Mean ± SD

40.0 ± 8.5

39.3 ± 8.4

41.4 ± 8.6

34.0 ± 9.8

32.7 ± 9.8

36.6 ± 9.4

14.4 ± 2.4
(n = 123)
25.0 ± 4.0

14.1 ± 2.3
25.8 ± 3.7

15.0 ± 2.6
(n = 44)
23.6 ± 4.2

16.6 ± 3.0
(n = 70)
25.6 ± 4.7

16.3 ± 2.3
(n = 36)
24.8 ± 3.9

20.1 ± 9.9
(n = 73)

15.5 ± 7.1
(n = 42)

16.5 ± 2.7
(n = 106)
25.3 ± 4.4
(n = 108)
1.8 ± 1.5
(n = 95)

2.0 ± 1.6

1.4 ± 1.0

Drinking quantity
18.5 ± 9.2
in the last 180 days (n = 115)
(kg of ethanol)
Lifetime drinking
566.0 ± 484.0
amount
(n = 103)
(kg of ethanol)
Age of onset
26.2 ± 9.1
(n = 103)
Years of heavy
11.6 ± 7.1
drinking
(n = 103)
Smoking years
16.7 ± 11.7
(n = 97)
60.2 ± 59.3
ALTa (U ⁄ l)
ASTa (U ⁄ l)

Male
N = 73

AT > CT*, AM > CM*,
AF = CF, CM = CF, AM = AF
AT < CT*, AM < CM*,
AF = CF, CM = CF, AM = AF
AT = CT, AM = CM,
AF = CF, CM = CF, AM = AF
AT > CT*, AM > CM*,
AF > CF*, CM = CF, AM > AF*

664.6 ± 549.1 404.2 ± 292.7 11.0 ± 14.7 11.2 ± 14.8 10.9 ± 14.9 AT > CT*, AM > CM*,
(n = 64)
(n = 39)
(n = 88)
AF > CF*, CM = CF, AM > AF*
23.8 ± 8.2
(n = 64)
13.3 ± 7.4
(n = 64)
16.1 ± 10.6
(n = 65)
66.1 ± 59.5

30.2 ± 9.1
(n = 39)
8.8 ± 5.4
(n = 39)
17.8 ± 13.7
(n = 32)
50.0 ± 58.1

–

AM < AF*

–

AM > AF*

1.9 ± 4.3
2.2 ± 4.6
1.5 ± 3.9
AT > CT*, AM > CM*,
(n = 47)
(n = 28)
(n = 19)
AF > CF*, CM = CF, AM > AF*
24.1 ± 17.8 25.8 ± 18.8 20.7 ± 15.3 AT > CT*, AM > CM*,
AF > CF*, CM > CF*, AM > AF*
76.1 ± 83.2
79.1 ± 87.1
71.0 ± 76.6
22.0 ± 8.0 22.7 ± 8.0
20.5 ± 7.9 AT > CT*, AM > CM*,
AF > CF*, CM = CF, AM = AF
219.2 ± 412.3 247.9 ± 493.1 169.0 ± 200.2 21.0 ± 9.8 23.1 ± 10.1 17.2 ± 7.9 AT > CT*, AM > CM*,
(n = 95)
(n = 60)
(n = 35)
AF > CF*, CM > CF*, AM = AF
96.2 ± 5.7
95.3 ± 5.2
97.9 ± 6.2
88.5 ± 4.9 88.3 ± 4.0
88.8 ± 6.2 AT > CT*, AM > CM*,
AF > CF*, CM = CF, AM < AF
42.6 ± 4.4
44.2 ± 4.0
39.5 ± 3.6
42.4 ± 3.9 44.0 ± 2.9
39.2 ± 3.8 AT = CT, AM = CM,
(n = 123)
(n = 78)
AF = CF, CM > CF*, AM > AF*
4.4 ± 0.4
4.4 ± 0.4
4.4 ± 0.4
4.6 ± 0.3
4.6 ± 0.3
4.5 ± 0.3
AT = CT, AM < CM*,
(n = 122)
(n = 77)
AF = CF, CM > CF*, AM = AF

AF, female alcoholic group; ALT, alanine aminotransferase; AM, male alcoholic group; AST, aspartate aminotransferase; AT, total alcoholic
group; BMI, body mass index; CF, female control group; CM, male control group; CT, total control group; GGT, gamma-glutamyl transferase;
Hct, hematocrit; and MCV, mean corpuscular volume of red blood cells.
a
Comparisons between groups after these values were log-transformed.
*p < 0.01.

enzymes, either GGT or AST levels, are the only signiﬁcant
correlates, among the variables we measured in current study,
of brain shrinkage in female patients.
The signiﬁcantly positive correlation of serum GGT levels
with CSFR and negative correlations with BR, GMR, and
WMR indicated that serum GGT levels are associated with
brain shrinkage. It suggests that GGT levels might directly
or indirectly reﬂect the neurotoxic effect in both male and
female patients. GGT has long been considered as a marker
of alcohol-induced liver injury (Conigrave et al., 2003). Free
radical production by ethanol has been implicated as a factor
in its hepatotoxicity and most likely participates in the progression in alcohol-induced liver disease (Morimoto et al.,
1993; Rashba-Step et al., 1993; Shaw et al., 1981). In animal
studies, alcohol induced Kupffer cell to produce tumor necrosis factor-alpha (TNF-alpha) (Kono et al., 2000; Zhou et al.,
2003). Elevated TNF-alpha has been reported in patients with
alcohol dependence, especially those with alcohol-induced
liver disease (Latvala et al., 2005), and is correlated with liver
function impairment (Gonzalez-Quintela et al., 2008). Sys-

temic TNF-alpha in patients with alcohol dependence can
be transported from serum to the brain (Banks, 2005) and
activate inﬂammatory responses (Qin et al., 2007). In vitro,
TNF-alpha increased glutamate neurotoxicity via increased
NF-kappaB DNA-binding activity (Zou and Crews, 2006).
Although we did not measure TNF-alpha for our subjects,
the increase in serum GGT may represent an indirect marker
for increased oxidative stress. It suggests that levels of liver
enzymes reﬂect oxidative stress in the liver, which is associated
with TNF-alpha production and a possible neurotoxic effect
on the brain. The correlation between TNF-alpha and brain
shrinkage in patients with alcohol dependence needs to be
explored in the future.
Another possible explanation for the relationship between
serum GGT level and brain shrinkage is that increased serum
GGT activity itself may be associated with oxidative stress
(Whitﬁeld, 2001). Although experimental studies have
reported that cellular GGT has a central role in glutathione
homeostasis by initiating the breakdown of extracellular
glutathione, a critical antioxidant defense for the cell
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Table 2. Brain Volumetric Indices Between Alcoholic and Control Groups
Alcoholic
Total
N = 124

Control

Male
N = 79

Female
N = 45

Total
N = 111

Mean ± SD

Male
N = 73

Female
N = 38
Group comparisons

Mean ± SD

ICV

1,312.4 ± 121.4 1,350.2 ± 114.7 1,246.0 ± 104.0 1,345.3 ± 115.1 1,385.2 ± 99.7 1,268.5 ± 104.2 AT = CT, AM = CM,
AF = CF, CM > CF*, AM > AF*
BV
1,031.2 ± 114.2 1,070.4 ± 103.6
962.3 ± 99.0 1,107.6 ± 101.4 1,142.1 ± 93.5 1,041.2 ± 81.7 AT < CT*, AM < CM*,
AF < CF*, CM > CF*, AM > AF*
CSFR
0.28 ± 0.06
0.26 ± 0.05
0.30 ± 0.07
0.22 ± 0.04
0.21 ± 0.04
0.22 ± 0.04 AT > CT*, AM > CM*,
AF > CF*, CM = CF, AM < AF*
BR
3.8 ± 0.8
3.9 ± 0.8
3.5 ± 0.8
4.8 ± 0.9
4.8 ± 0.9
4.8 ± 1.0
AT < CT*, AM < CM*,
AF < CF*, CM = CF, AM > AF*
GMR
0.71 ± 0.07
0.72 ± 0.06
0.70 ± 0.08
0.78 ± 0.06
0.78 ± 0.06
0.79 ± 0.06 AT < CT*, AM < CM*,
AF < CF*, CM = CF, AM = AF
WMR
0.59 ± 0.04
0.60 ± 0.03
0.57 ± 0.04
0.63 ± 0.03
0.63 ± 0.03
0.62 ± 0.03 AT < CT*, AM < CM*,
AF < CF*, CM = CF, AM > AF*
AF, female alcoholic group; AM, male alcoholic group; AT, total alcoholic group; BR, brain ratio; BV, brain volume; CF, female control group;
CM, male control group; CSFR, cerebrospinal fluid ratio; CT, total control group; GMR, gray matter ratio; ICV, intracranial volume; WMR, white
matter ratio.
*p < 0.01.

Table 3. Significant Correlates with Various Brain Volumetric Indices in
Alcoholic and Control Groups Using Stepwise Linear Regression Modela
Alcoholicb
Age
ICV
BV
CSFR
BR
GMR
WMR

d

Sex

)0.43
)0.48
0.34
)0.41
)0.43
)0.25

)0.36

BMI

)0.22
0.25
0.30
)0.20

Table 4. Significant Variables with Various Brain Volumetric Indices in
Alcoholic Group by Gender Using Stepwise Linear Regression Modela

Controlc
GGT
)0.27
0.43
)0.41
)0.38
)0.38

Hct

)0.27
0.21

Age

Male

Sex
)0.49
)0.47

0.61
)0.57
)0.62
)0.40

AST, aspartate aminotransferase; BMI, body mass index; BR, brain
ratio; BV, brain volume; CSFR, cerebrospinal fluid ratio; GGT, gamma
glutamyltransferase; GMR, gray matter ratio; Hct, hematocrit; ICV,
intracranial volume; MCV, mean corpuscular volume of red blood cells;
WMR, white matter ratio.
a
Only shows beta values with p < 0.01.
b
Brain morphology as dependent variable, and age, sex, BMI, Hct,
MCV, AST, and GGT as independent variables for patient group.
c
Brain morphology as dependent variable, and age, sex, albumin,
Hct, and GGT as independent variables for control group.
d
Male was coded as 1 and female was coded as 2.

(Karp et al., 2001; Kugelman et al., 1994), there is evidence
that under physiological conditions, GGT is directly involved
in the generation of ROS, especially in the presence of iron or
other transition metals (Drozdz et al., 1998; Enoiu et al.,
2000; Zalit et al., 1996) and is associated with lipid peroxidation in hepatocytes (Paolicchi et al., 1997). Additionally,
ALT, AST, and GGT levels have been shown to be positively
correlated with serum MDA levels in patients with alcohol
dependence (Huang et al., 2009). Because MDA is one of the
reliable oxidative stress measures, the positive correlation suggests that serum GGT levels can at least partially reﬂect the
severity of oxidative stress, which produces some toxic effects
on the brain. Furthermore, it has been reported that serum
GGT level is inversely correlated with serum antioxidants
levels (Lim et al., 2004), and antioxidants can protect against

ICV
BV
CSFR
BR
GMR
WMR

Female

Age

Hct

GGT

0.48
)0.49
)0.53
)0.32

)0.28
0.25
0.24
0.28

0.33
)0.32
)0.29
)0.33

GGT
)0.40
0.52
)0.54
)0.55

AST

)0.51

AST, aspartate aminotransferase; BMI, body mass index; BR, brain
ratio; BV, brain volume; CSFR, cerebrospinal fluid ratio; GGT, gamma
glutamyltransferase; GMR, gray matter ratio; Hct, hematocrit; ICV,
intracranial volume; MCV, mean corpuscular volume of red blood cells;
WMR, white matter ratio.
a
Brain morphology as the dependent variable, and age, BMI, Hct,
MCV, AST, and GGT as independent variables; only shows beta values with p < 0.01.

binge-induced brain damage in vivo (Crews et al., 2006;
Hamelink et al., 2005).
Among the correlation of levels of liver enzymes and
MDA, correlation of ALT is the weakest (Huang et al.,
2009). That might explain why ALT did not reach any signiﬁcant correlation with brain morphology in patients with
alcohol dependence in the current study. Another possible
explanation is that GGT and AST exist in liver as well as in
other organs, including brain, while ALT is relatively less
affected by nonhepatic insults (Hanigan and Frierson, 1996;
Pratt and Kaplan, 2000). It means the elevation of GGT and
AST might not only come from liver injury, but also other
organs, including brain, as well.
Nutritional effect might affect brain structural imaging.
Brain lesions in patients with Wernicke’s encephalopathy,
which results from thiamin deﬁciency, include mammillary
bodies, periaqueductal and periventricular area, and medial
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Fig. 1. Correlation between gamma-glutamyl transferase (GGT) and
brain ratio in male and female patients with alcohol dependence.

thalami (Zuccoli et al., 2007). However, our subjects did not
have Wernicke’s encephalopathy, and their thiamin levels
were within the normal range at admission. Therefore, the
thiamine effect on BV measurements in our sample is mini-
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mal. In addition, other nutritional factors, such as Hct and
albumin, have been shown to be associated with BV measurements in patients with alcohol dependence (Pfefferbaum
et al., 2004). We included BMI, albumin, Hct, and MCV,
which reﬂect patient’s nutritional state, into our analyses.
Among them, only Hct was signiﬁcantly correlated with brain
shrinkage in male patients, which is in accord with the results
of previous studies (Pfefferbaum et al., 1988, 2004) but not in
female patients. Our data also showed that liver function
independent of nutritional status was signiﬁcantly correlated
with BV measurements in the patient group and that there
were no any signiﬁcant correlations between Hct and serum
AST and GGT levels (data not shown). Therefore, it is unlikely that malnutrition mediates the relationship between liver
function and brain shrinkage in the current study.
The age effect on brain volumetric measures in patients
with alcohol dependence and controls has been documented
in many studies (Hommer et al., 2001; Pfefferbaum et al.,
1992, 2001), and there is some evidence of acceleration of
aging among patients with alcohol dependence (Pfefferbaum
et al., 2001). In our study, we found that the age effect was
signiﬁcant in both the patient and control groups with regard
to CSFR, BR, GMR, and WMR. However, the age effect
was absent in female patients when we stratiﬁed the analysis
by sex. Among all variables we collected in this study, only
liver functions, either serum GGT levels or AST levels, had
signiﬁcant correlations with BV measurements in female
patients. Some have reported that female patients with alcohol dependence are more vulnerable to liver disease (Becker
et al., 1996; Loft et al., 1987; Pares et al., 1986), cardiovascular disease (Fernandez-Sola et al., 1997; Urbano-Marquez
et al., 1995), and alcohol-induced brain shrinkage (Hommer
et al., 2001; Mann et al., 2005). In our study, we found that
BV measures were more related to liver function measures
than to aging in female patients.
There are some limitations to our study. First, there was a
time lag, about 3 weeks, between serum tests and MRI examination. Liver function tests were performed within 24 hours
of admission to the hospital so that we could obtain a measure of liver function associated with patients’ usual pattern
of drinking. MRI was performed after approximately 3 weeks
of abstinence, by which time some recovery of the BV may
have occurred (Pfefferbaum et al., 1995). The GGT also usually at least partially normalizes during the ﬁrst several weeks
of abstinence (Monteiro and Masur, 1986). Second, we used
liver function indices, rather than directly measured ROS or
oxidative damage markers such as MDA and 8-OHdG, to
estimate severity of oxidative stress. Third, we did not have
the information about past medication use, which might
affect liver function tests. However, when we recruited these
patients and control subjects, we excluded those who had
medical or neurological disorders. The effect of medication
should therefore be minimal if any.
In conclusion, our results showed that levels of liver
enzymes, especially GGT, were highly correlated with brain
shrinkage in patients with alcohol dependence but not in
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control subjects. Because measurement of liver enzymes is
reliable, easy, and inexpensive, compared with brain imaging
study and oxidative stress markers, it can be used as an
indirect indicator of the oxidative stress and possible brain
insult. The underlying mechanisms of the relationship
between liver function indices and brain shrinkage still need
to be studied in the future.
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