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Objective: Th i s  s tudy  inves t i ga ted
whether alcoholic women manifest defi-
cits in cortical gray and white matter vol-
umes and ventricular enlargement simi-
lar to those seen in alcoholic men.

Method: Volumetric measures of intra-
cranium, cortical gray matter, white mat-
ter and sulci, and lateral and third ven-
tricles were obtained from magnetic
resonance images of 42 women and 44
men with DSM-III-R alcoholism and age-
matched healthy comparison groups (37
women and 48 men). Groups of alcoholic
men and women were matched on age
and length of sobriety, but men had a 2.5
times higher lifetime alcohol consump-
tion than women.

Results: Women, regardless of diagnosis,
had less cortical gray and white matter
and smaller third ventricles than men,
consistent with sex-related differences in
intracranial volume. Alcoholics had larger
volumes of cortical sulci and lateral and

third ventricles than comparison subjects.
Diagnosis-by-sex interactions for cortical
white matter and sulcal volumes were
due to abnormalities in alcoholic men
but not alcoholic women, relative to
same-sex comparison subjects. This inter-
action persisted for cortical sulci after co-
varying for lifetime alcohol consumption.
Slopes relating cortical gray matter and
sulcal volumes to age were steeper in al-
coholic than in comparison men. Slopes
relating lateral ventricle volume to age
were steeper in alcoholic than in compar-
ison women. In alcoholic women, longer
sobriety was associated with larger white
matter volumes.

Conclusions: Alcoholic men and women
show different brain morphological defi-
cits, relative to same-sex comparison sub-
jects. However, age and alcoholism inter-
act in both sexes, which puts all older
alcoholics at particular risk for the nega-
tive sequelae of alcoholism.

(Am J Psychiatry 2001; 158:188–197)

Epidemiological studies show that compared to men,
women in general start to drink later in life, consume less
per occasion, are more likely to be abstinent (1), and have
lower rates of alcoholism (2). Although alcoholism may be
less likely to affect women than men, some (3) but not all
(4) studies suggest that women are more vulnerable than
men to the adverse medical consequences of heavy alco-
hol consumption. Thus, although alcoholism may be less
likely to affect women than men, for those afflicted, the
consequences pose severe health problems.

Magnetic resonance imaging (MRI) studies of brain
morphology in men with chronic alcoholism show that
they have significant deficits in cortical gray and white
matter volumes and sulcal and ventricular volume en-
largement, relative to those of healthy comparison sub-
jects (5, 6). These abnormalities are greater in older than
younger alcoholic men, even after controlling for disease
duration and amount consumed, and become prominent
around the fourth decade of life (5, 7, 8). In addition, gray
and white matter volumes of the frontal lobes are particu-
larly vulnerable to the combined effects of age and alco-
holism in men (8). Longitudinal studies provide some evi-
dence for both short-term (9) and longer-term (10, 11)

recovery with abstinence as well as further deterioration
with continued drinking.

Relatively few in vivo neuroimaging studies have been
conducted in alcoholic women, and none report specific
changes in different tissue types in the cortical mantle. An
early study using computerized tomography (CT) (12)
compared men and women with alcoholism and healthy
male and female comparison subjects and found effects of
alcohol and sex on the ventricle/brain ratio (when age was
covaried) but no alcohol-by-sex interaction. Because the
alcoholic women had less severe drinking histories than
the men, this finding was seen as evidence for greater vul-
nerability of women than men to the effects of alcohol.
This finding was echoed in a subsequent CT report (13). In
both studies, men with alcoholism were estimated to have
consumed 2.5–3 times more alcohol over their lifetimes
than women. An MRI report (14) found only one of 10 al-
coholic women had abnormally enlarged ventricular vol-
umes, and this subject had consumed 10 times as much as
the next highest drinker.

Two more recent studies examined the corpus callosum
(15) and the hippocampus (16). The samples of men and
women with alcohol dependence in the study of the cor-
pus callosum (15) did not differ significantly in estimated
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lifetime alcohol consumption, but women consumed
about half as much as men in the hippocampal study (16).
Alcoholic women had a smaller corpus callosal area, rela-
tive to healthy comparison women, whereas alcoholic
men did not, relative to healthy comparison men—a find-
ing that persisted with statistical adjustments for sex dif-
ferences in head size. The lack of volume reduction in men
differs from the results of a separate study of the corpus
callosum (17), which reported callosal area deficits in al-
coholic men. However, men in this study, on average, were
older and consumed more than men in the sex compari-
son study (15). Both men and women with alcoholism had
equivalently smaller right hippocampal volumes than
healthy comparison subjects (16). The authors’ conclu-
sion in both studies (15, 16) was that women are more vul-
nerable than men to the effects of alcohol.

Naturally occurring sex differences in levels of alcohol
consumption, along with sex differences in body mor-
phology and alcohol metabolism, pose significant chal-
lenges to the investigation of sex differences in the chronic
effects of alcohol on regional brain volumes. In this study
we compared MRI measures of brain morphology in a
group of women who met DSM-III-R criteria for alcohol
dependence, tested after 2–15 months of sobriety, with
those from age-matched groups of low-alcohol consum-
ing female comparison subjects, alcoholic men, and low-
alcohol consuming male comparison subjects. The alco-
holic men were selected to match the age and length of so-
briety of the alcoholic women from a larger group of men
recruited previously (5, 9) and were estimated to have con-
sumed 2.5 times as much alcohol over their lifetimes as
the women. To control for quantity of alcohol consumed,
a supplementary analysis was performed on a subset of
the alcoholic men and women with comparable lifetime
levels of alcohol consumption.

Method

Study Participants

All subjects gave written informed consent after the nature of
the study and procedures were fully explained to them. Women
with alcoholism (N=42) were recruited from inpatient and outpa-
tient programs at the VA Palo Alto Health Care System, outpatient
programs at Stanford Medical Center, and a number of commu-
nity treatment and self-help programs involving both residential
and day care. Treatment staff at the various facilities were pro-
vided with a list of eligibility criteria and called at regular intervals
to determine if any current patients met the study criteria. The
study was also advertised through Alcoholics Anonymous. Poten-
tial subjects were initially screened by examination of treatment
records, if available, followed by a phone interview of those with-
out obvious disqualifications. Those who met the criteria came in
for detailed clinical assessment that included a medical history,
physical examination, ECG, clinical blood tests (CBC and SMA-
20), a structured psychiatric interview (Structured Clinical Inter-
view for DSM-III-R [SCID]), and a structured assessment of life-
time alcohol consumption (18) and recent drug use. Subjects
were excluded if they had ever met DSM-III-R criteria for schizo-
phrenia or bipolar disorder, had a history of medical or neurolog-

ical illness or trauma, had suffered a head injury involving loss of
consciousness for more than 30 minutes, or were currently taking
medications that would affect the central nervous system (CNS).
Subjects were tested on an outpatient basis after periods of sobri-
ety ranging from 2 to 15 months. A menstrual history, available for
39 of the participants, showed that 30 of the women were pre-
menopausal; six of those who were postmenopausal were taking
hormonal supplements. A subset of this group (N=28) with the
heaviest lifetime drinking histories was selected for a supplemen-
tary analysis in which alcoholic men and women were matched at
a group level for lifetime consumption of alcohol.

A group of alcoholic men (N=44) was selected, without regard
to brain imaging data, from a group of previously studied alco-
holic men (5, 9) to match, as a group, the mean age and age range
of the alcoholic women. These patients were initially recruited at
admission to a 30-day inpatient substance abuse treatment pro-
gram at the VA Palo Alto Health Care System and retested after
discharge up to 1 year later. Study criteria and screening proce-
dures at entry were similar to those employed with the women,
with the exception of more stringent screening for psychiatric co-
morbidity (any diagnosis of schizophrenia, bipolar disorder, af-
fective disorders, anxiety disorders, posttraumatic stress disorder,
or substance dependence or recent abuse). The scan obtained af-
ter the longest period of sobriety was selected for each man in or-
der to match the length of prior sobriety in the women. A sub-
group of these men (N=23) with the lightest lifetime drinking
histories was selected for supplementary analysis in which
groups of alcoholic men and women were matched for lifetime al-
cohol consumption.

Healthy comparison women (N=37) and men (N=48) were se-
lected, without regard to brain imaging data and on the basis of
age, from larger groups of women, age 20–85 years, and men,
age 21–70 years, who had been recruited from the community to
participate in a study of normal aging (19), as well as to serve as
a healthy comparison group for other patient populations stud-
ied (e.g., references 20, 21). Subjects were screened for entry into
the healthy comparison groups by using the SCID, a medical
history, a physical examination, blood tests (CBC and SMA-20),
and a structured interview assessing lifetime alcohol consump-
tion (18). Subjects were excluded if they had a history of medical
or neurological illness or trauma that would affect the CNS, had
ever met DSM-III-R criteria for a major psychiatric disorder in-
cluding substance dependence, had substance abuse in the past
year, or had reported a period exceeding 1 month during which
they had consumed more than three (two for women) standard
drinks per day.

Assessment of Lifetime Alcohol Consumption

Lifetime alcohol consumption was quantified in alcoholic pa-
tients and healthy comparison subjects by using a semistructured
interview (18, 22). The interviewer started from the age at which
the subject first consumed alcohol on a regular basis (at least one
drink per month) and elicited the quantity (how many drinks per
day) and frequency of drinking (how many drinks on average per
month) over a series of drinking stages that differentiated be-
tween both normal and maximum quantities and their frequen-
cies. Types of alcoholic beverage (wine, beer, or spirit) were con-
verted into drink equivalents, and each was given a value of 13.6 g
of absolute alcohol.

Image Acquisition

MRIs were acquired on a 1.5-T General Electric Signa scanner
(Milwaukee) and analyzed as previously described for the men
(5). Scanning parameters were as follows: axial spin echo; thick-
ness=5 mm; skip=2.5 mm; field of view=24 cm; 256 × 256 matrix;
TE=20, 80 msec; cardiac cycle gated effective TR >2400 msec; 256
phase encodes; and at the oblique plane perpendicular to the
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sagittal plane and crossing through the anterior and posterior
commissures (anterior commissure-posterior commissure line).
The subjects also underwent a coronal acquisition protocol. The
slice passing through the temporal lobes at the anterior commis-
sure in a plane oriented perpendicularly to the anterior commis-
sure-posterior commissure line from this sequence was used for
head height measurement, which was integral to the estimation
of the intracranial volume and consists of brain tissue, CSF space,
and blood-filled sinuses. Head size was estimated by modeling
the intracranial volume as a sphere, using head height as the di-
ameter of the sphere and the area of the index section (defined
just ahead) from the axial sequence as the area of a plane passing
through the center of the sphere (23).

Image Analysis

All images were stored on magnetic tape, transferred to optical
disks for analysis, and coded to allow processing to be performed
blind to subject identity, age, diagnosis, and neuroradiologist’s re-
port. For each data set, the most inferior section above the level of
the orbits, where the anterior horns of the lateral ventricles can be
seen bilaterally, was identified as an index section. Seven consec-
utive sections, beginning at the index section and proceeding
superiorly, were analyzed for each subject. The index section or
the section below it was used for quantification of the third ven-
tricle. Each slice was segmented into CSF, gray matter, and white
matter compartments by using a semiautomated image analysis
technique (24).

Two approaches to regional measurement were used. The
first was based on a geometric separation between cortical
(outer 45%) and subcortical (inner 55%) regions and between six
cortical regions of interest (prefrontal, frontal, anterior superior
temporal, posterior superior temporal, anterior parietal, and
posterior parietal-occipital, each representing a rough approxi-
mation of the lobes for which they are named). These geometric
measures have been used to describe the overall characteristics
of the male alcoholics (5), investigate frontal lobe deficits (8),
and compare the regional pattern of gray matter deficits be-
tween men with alcoholism and men with schizophrenia (25).
The geometric approach is adequate for defining the cortical
gray matter rim but does not fully characterize the cortical white
matter volume, particularly the centrum semiovale, which ex-
tends medially beyond these geometric boundaries (outer 45%).
Thus, for this report we used a manually delineated measure (9)
of cortical white matter: the sum of all white matter pixels that
fall outside the subcortical region defined by the borders of the
lateral ventricles and subcortical gray matter structures (basal
ganglia and related structures of the internal capsule). Pixel
counts for gray matter, white matter, and CSF in the various re-
gions of interest were transformed into cubic centimeters to
provide estimates of their absolute volume.

Statistical Analysis

Separate two-factor (sex and diagnosis) analyses of variance
(ANOVAs) were applied to each regional brain volume. We pre-
dicted main effects for sex (on the basis of established differences
in head size between men and women) and diagnosis (on the ba-
sis of past observations of tissue loss and CSF space enlargement
with chronic alcoholism). Where interactions were observed, we
performed follow-up t tests to explore group differences between
healthy comparison subjects and alcoholics of the same sex and
between men and women of the same diagnostic group.

Given the higher alcohol consumption among men than
women in these groups, a sex-by-diagnosis interaction in an
ANOVA, indicating worse effects in men than women, could sup-
port a dose response but equivalent sex vulnerability to chronic
alcohol use. Alternatively, diagnostic differences without a signif-

icant interaction would imply greater vulnerability in women
than men, given the higher alcohol consumption in men. How-
ever, after accounting for higher rates of alcohol consumption in
men than in women, an interaction would be expected if men
show worse effects than women.

We used two approaches to account for the higher rates of alco-
hol consumption in men than women: 1) we considered lifetime
alcohol consumption as a covariate (using analysis of covariance
[ANCOVA]), and 2) we repeated the ANOVA in restricted groups in
which men and women with alcoholism were matched on life-
time alcohol consumption. On the basis of earlier reports, we pre-
dicted a lack of interaction in the ANOVA and an interaction
showing worse effects in women than men with alcoholism once
the effects of different alcohol consumption had been con-
trolled—either statistically, by ANCOVA, or by excluding high-al-
cohol consuming men and low-alcohol consuming women.

To determine whether women and men with alcoholism each
show similar age effects on regional brain volumes, we compared
linear regressions between regional brain volumes and age be-
tween alcoholic and healthy comparison men in one set of analy-
ses and between alcoholic women and healthy comparison
women in another set of analyses. In addition, for each alcoholic
sex group, multiple regressions were performed with age and
length of sobriety or age and lifetime alcohol consumption to de-
termine the independent contributions of these alcohol variables
after control for the contribution of age. To determine whether
women showed a regional difference in brain volume deficits, re-
peated measures ANOVAs were performed across six regional
gray matter volumes.

Results

Demographic and Clinical Characteristics

Table 1 lists the demographic and clinical characteris-
tics of the subject groups and summarizes ANOVAs for the
total groups. All groups were matched on age. Healthy
comparison subjects were better educated than patients
(F=28.13, df=1, 167, p<0.0001). Men and women as a whole
had equivalent educations, but within the alcoholic
groups, the women had more education than the men (t=
2.56, df=84, p<0.05). The men had a higher body mass in-
dex than the women (F=4.17, df=1, 166, p<0.05), but there
was no difference in body mass index between the alco-
holics and the healthy comparison subjects, suggesting
relatively normal nutritional status at the time of the MRI
scan. The healthy comparison subjects smoked less than
the alcoholics (F=27.19, df=1, 149, p<0.0001), and the
women as a group smoked less than the men as a group
(F=6.16, df=1, 149, p<0.05). The group-by-sex interaction
was not significant. Within the total groups of alcoholic
men and women, the women had consumed less alcohol
than the men (t=5.75, df=84, p<0.0001), had started drink-
ing at alcoholic levels (defined as 80 g/day for men and 60
g/day for women) at a later age (t=1.93, df=81, p=0.057),
and had shorter histories of alcoholic drinking (t=3.67, df=
81, p<0.001). They had also smoked less than the men (t=
2.37, df=80, p<0.05). None of these differences was sig-
nificant in the restricted groups matched for alcohol
consumption.
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Brain Volume Measures

Mean regional brain volumes for each group, expressed
in cubic centimeters, are presented in Table 2. ANOVAs for
the total groups and subgroups and ANCOVAs, covarying

for alcohol consumption, for the total groups are pre-
sented in Table 3. Figure 1 plots values for each group’s re-
gional brain volume measures. As expected, intracranial

volume was larger in men than in women. This sex effect
was also seen in cortical gray and white matter and in third

ventricular volume but did not reach significance for cor-
tical sulcal and lateral ventricular volumes.

The alcoholics had larger volumes of cortical sulci and
lateral and third ventricles than the healthy comparison
subjects. These differences remained significant for the

lateral ventricles, even after covarying for alcohol con-
sumption or within the alcohol-matched restricted groups
with lower mean alcohol consumption. The group effects

at the cortical sulci and third ventricles were nonsignifi-
cant when we compared the smaller alcohol-matched

groups or covaried for alcohol consumption.

ANOVA interactions were significant for cortical white
matter, gray matter, and cortical sulci. Follow-up two-tailed
t tests revealed that alcoholic men showed deficits relative
to healthy comparison men, but alcoholic women were not
significantly different from healthy comparison women. Af-
ter statistically covarying for alcohol consumption, the in-
teractions for the sulci remained significant, while those for
white matter and the third ventricle volumes approached
significance. In the alcohol-matched restricted groups, only
the cortical sulci interactions approached significance.

Regression analysis across data for all men, irrespec-
tive of diagnosis, found age to be a significant predictor
of cortical gray matter (r=0.42, p<0.0001), cortical sulcal
(r=0.45, p<0.0001), lateral ventricular (r=0.44, p<0.0001),
and third ventricular (r=0.52, p<0.0001) volumes but not
cortical white matter volumes (r=0.05, p=0.66). Age was
also a significant predictor of cortical gray matter (r=0.46,
p<0.0001), sulcal (r=0.47, p<0.0001), lateral ventricular
(r=0.33, p<0.003), and third ventricular (r=0.55, p<0.0001)
volumes but not cortical white matter volumes (r=0.07, p=
0.53) across all women, irrespective of diagnosis.

TABLE 1. Characteristics and Alcohol Use of Alcoholic Men, Alcoholic Women, Healthy Comparison Men, and Healthy Com-
parison Women

Variable

Alcoholic Women Healthy
Comparison 

Women (N=37)

Alcoholic Men Healthy 
Comparison 
Men (N=48) Group

Comparisonsa

Total (N=42)
Heavy Drinkers

(N=28) Total (N=44)
Light Drinkers

(N=23)

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Age at imaging (years) 41.7 9.5 42.3 9.2 42.9 13.4 43.4 8.4 43.0 9.1 44.6 11.4 C=A, M=W
Education (years) 14.8 3.3 14.5 2.7 15.9 1.8 13.2 2.7 14.1 3.1 16.6 2.9 C>Α***, M=W, 

AM<AW*, 
CW=CM

National Adult Reading
Test score

110.4 8.0 110.7 7.8 115.9 6.1 107.2 7.5 108.2 7.6 112.4 7.6 C>Α***, 
W>Μ**

Handedness (Crovitz score) 22.2 14.8 23.0 15.7 17.9 4.9 24.9 14.1 25.8 18.6 26.0 14.4 C=A, M>W*
Body mass index 24.9 4.6 25.1 4.7 24.1 4.6 25.1 4.0 25.5 4.4 26.6 4.7 C=A, M>W*
Cigarettes smoked per day 14.3 12.8 16.8 15.8 4.1 9.4 22.5 17.8 17.6 14.6 7.7 14.0 C<A***, M>W*
Lifetime alcohol 

consumption (kg)
547.6 360.0 714.9 325.9 25.4 40.3 1362.0 847.1 765.6 289.7 55.3 78.5 C<A***, 

M>W***, 
AM>AW***,
CM=CW

Age at onset of alcoholism 
(years)

28.8 11.1 26.5 10.2 24.3 9.8 29.2 11.5 AM<AW*

Duration of alcoholism 
(years)

12.7 8.4 15.8 7.7 19.7 9.0 15.5 8.7 AM>AW***

Days of sobriety before 
imaging

89.4 66.8 86.3 67.2 80.6 56.5 87.7 62.2 AM=AW

a Analysis of variance, df=1, 167, two-tailed t tests. C=comparison, A=alcoholic, W=women, M=men.
*p<0.05. **p<0.01. ***p<0.001.

TABLE 2. Regional Brain Volumes (cm3) for Alcoholic Men, Alcoholic Women, Healthy Comparison Men, and Healthy Com-
parison Women

Variable

Alcoholic Women Healthy
Comparison 

Women (N=37)

Alcoholic Men Healthy
Comparison 
Men (N=48)Total (N=42)

Heavy Drinkers 
(N=28) Total (N=44)

Light Drinkers
(N=23)

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Cortical gray matter 103.27 13.85 102.39 13.76 101.87 11.59 117.56 15.43 119.18 14.94 124.13 11.83
Cortical white matter 185.48 18.67 184.46 17.15 183.05 19.95 199.57 19.78 199.56 19.08 207.90 26.88
Sulcal CSF 43.95 15.09 44.57 15.47 44.17 13.15 54.72 19.30 52.26 16.48 41.58 12.36
Lateral ventricles 22.95 9.50 22.87 10.25 20.53 7.87 27.58 12.46 26.13 10.66 20.22 10.01
Third ventricle 0.37 0.20 0.38 0.23 0.36 0.20 0.53 0.28 0.50 0.27 0.40 0.17
Intracranial estimate 1172.5 90.5 1167.8 90.2 1163.1 129.3 1340.5 126.4 1351.5 95.2 1340.5 118.9
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Figure 2 plots values for regional brain volume measures
against age, separately for men and women and within
each sex group for alcoholic and healthy comparison sub-
jects. The slopes relating regional brain volume measures
to age were significantly steeper in alcoholic than healthy
comparison men for cortical gray matter, sulcal, and third
ventricular volumes but not lateral ventricular volumes. In
women, the slopes relating regional brain measures to age
were significantly steeper in alcoholic than healthy com-
parison women for lateral ventricular volumes.

For the alcoholic men, lifetime alcohol consumption
added to age in a multiple regression provided no addi-
tional predictive value to any of the brain variables
measured, nor did length of sobriety before the imaging.
The same pattern of results was found for the alcoholic
women, with one exception: longer recent sobriety pre-
dicted greater cortical white matter volumes (partial F=
8.62, df=2, 39, p<0.006) after we controlled for age.

A prior analysis of cortical gray matter volumes in men
with alcoholism (8) found that alcoholics age 45 and older
have a selectively more severe deficit in prefrontal gray
matter than younger alcoholics. Repeated measures ANO-
VAs for the six cortical gray matter regions of interest were
performed separately for men and women. For men, diag-
nosis (F=5.87, df=1, 90, p=0.02) and the repeated measure
for region of interest (F=1927.66, df=5, 450, p<0.0001) were
both significant, as was the interaction of the two (F=4.25,
df=5, 450, p<0.001). For women, the repeated measure for

region of interest was significant (F=1284.82, df=5, 385,
p<0.0001), but neither diagnosis (F=0.26, df=1, 77, p=0.61)
nor the interaction of the two (F=0.41, df=5, 385, p<0.84)
was significant. When this analysis was repeated only for
women over the age of 45, the pattern of results was the
same.

One limitation of this study was that the alcoholic and
healthy comparison subjects were not well matched on
education or tobacco use. Correction for educational dif-
ferences is complex because, in addition to significant
differences in levels of education between diagnostic
groups, there was a diagnosis-by-sex interaction in which
the alcoholic men had significantly less education than
the healthy male comparison subjects (t=5.84, df=90,
p<0.0001), whereas the alcoholic women were not signifi-
cantly different from the healthy comparison women (t=
1.75, df=77, p=0.09) regarding education. Furthermore,
education-by-brain volume interaction slopes differed by
diagnosis for cortical gray and white matter volumes, pre-
cluding valid ANCOVA correction over the total groups.
Therefore, to determine if educational difference could
account for the deficits, ANCOVAs were applied only to the
men for whom brain volume deficits were found. This
analysis showed that diagnosis remained a significant pre-
dictor of sulcal CSF (F=19.57, df=1, 89, p=0.0001), gray
matter (F=3.56, df=1, 89, p=0.06), lateral ventricular (F=
21.07, df=1, 89, p=0.0001), and third ventricular (F=12.37,
df=1, 89, p=0.0007) volumes after control for educational

TABLE 3. Analyses of Variance and Covariance (for alcohol consumption) of Effects of Group and Sex on Regional Brain Vol-
umes in Total Group of Alcoholic and Comparison Men and Women and in Subgroup of Alcoholic Men and Women
Matched for Lifetime Alcohol Consumption

Variable

Comparison of Alcoholic 
and Comparison Groups

Comparison of Men
and Women Group-by-Sex Analysis

Fa p
ANOVA or 
ANCOVAb Fa p

ANOVA or 
ANCOVAb Fa p

ANOVA or 
ANCOVAb

Cortical gray matter
Total 1.60 0.21 80.13 0.0001 W<M 3.81 0.05 AM<CMc

Subgroup matched for alcohol consumption 0.67 0.41 72.17 0.0001 W<M 1.40 0.23
With alcohol as covariate 0.11 0.09 79.23 0.0001 W<M 1.50 0.22

Cortical white matter
Total 2.13 0.14 27.52 0.0001 W<M 4.78 0.03 AM<CMc

Subgroup matched for alcohol consumption 0.83 0.36 26.85 0.0001 W<M 1.93 0.17
With alcohol as covariate 0.82 0.37 22.96 0.001 W<M 3.55 0.06

Sulcal CSF
Total 7.62 0.007 A>C 3.06 0.08 8.15 0.005 AM>CMc

Subgroup matched for alcohol consumption 3.56 0.06 1.37 0.24 3.60 0.06
With alcohol as covariate 1.80 0.18 1.30 0.25 5.66 0.02 AM>CMc

Lateral ventricles
Total 9.79 0.002 A>C 1.90 0.17 2.49 0.12
Subgroup matched for alcohol consumption 6.74 0.007 A>C 0.35 0.56 0.46 0.49
With alcohol as covariate 3.47 0.06 1.10 0.29 1.48 0.22

Third ventricle
Total 4.02 0.05 A>C 8.30 0.005 W<M 3.10 0.08
Subgroup matched for alcohol consumption 1.80 0.18 4.30 0.04 W<M 1.07 0.30
With alcohol as covariate 2.98 0.08 7.58 0.007 W<M 3.46 0.06

Intracranial estimate
Total 0.07 0.80 92.18 0.0001 W<M 0.07 0.79
Subgroup matched for alcohol consumption 0.14 0.71 76.36 0.0001 W<M 0.03 0.87
With alcohol as covariate 0.56 0.46 81.12 0.0001 W<M 0.01 0.94

a Total group: df=1, 167; subgroup: df=1, 126; with alcohol as covariate: df=1, 165.
b Significant differences; C=comparison, A=alcoholic, W=women, M=men.
c Alcoholic women did not differ significantly from comparison women.
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differences. Cortical white matter volume was excluded
from this ANCOVA, as it was related differently to educa-
tion in alcoholic (r=0.18, df=1, 43, p=0.24) and healthy
comparison (r=0.55, df=1, 47, p<0.001) men.

Discussion

Prior studies of women with alcoholism have reported
sulcal and ventricular size (12–14), overall brain volume
(16), or specific subcortical structural (15, 16) abnormali-
ties. To our knowledge, the present study is the first to have
examined separate measures of gray and white matter vol-
umes in a large sample of the cortex. Although alcoholic
men, relative to their healthy male comparison counter-
parts, showed significant deficits in cortical gray and white
matter volumes as well as enlargement of sulci and lateral
and third ventricles, alcoholic women showed no detect-
able deficit in any of these cortical brain volume mea-
sures, relative to healthy comparison women. As in most
earlier studies comparing men and women, this group of
women consumed less alcohol than the men. Covarying
for lifetime alcohol consumption or excluding subjects to
yield groups of men and women alcoholics with equiva-
lent lifetime alcohol consumption diminished but did not
alter the basic finding. The low-alcohol-consuming sub-
group of men showed larger sulci and lateral ventricles but
not less cortical gray or white matter than the healthy
male comparison subjects. However, the high-alcohol-
consuming subgroup of women did not show significant
deficits on any measure. This finding is at variance with
those of earlier studies of alcoholic men and women,
which have found comparable (or even greater) deficits in
women compared with men, even though women con-
sumed less alcohol (12, 13, 15, 16). However, our findings
are consistent with those of a recent positron emission to-
mography [18F]fluorodeoxyglucose study (26) that re-
ported deficits in metabolic energy utilization in alcoholic
men relative to healthy comparison men but not in alco-
holic women relative to healthy comparison women.

One of the difficulties of comparing brain volume mea-
sures between men and women is that, on average,
healthy men have larger brains than healthy women (27).
Although there is a general consensus that overall head
size differs between the sexes, a consensus regarding nor-
mal sex differences in many specific brain structures and
regions has not yet been reached (28). Systematic studies
of the relationship of brain structures and regions to glo-
bal measures of head size in men and women have shown
that the relationship between specific brain structures and
overall brain size may vary among healthy men and
women, e.g., studies of the corpus callosum (29, 30). Fur-
thermore, the “normal” relationships observed in com-
munity samples may be altered by the pathological pro-
cess under investigation. Thus, there is considerable
controversy about the most appropriate way to take nor-
mal sex differences in head size into account when study-

ing sex differences in pathological groups. Some studies
express regions of the brain as a proportion of overall head
size, e.g., the ventricular brain ratio; some enter an esti-
mate of intracranial volume as a covariate in the analysis.
Recently, it has been proposed that individual structures,

FIGURE 1. Estimated Regional Brain Volumes for Alcoholic
Men, Alcoholic Women, Healthy Comparison Men, and
Healthy Comparison Women

a Significant difference within male group; two-tailed t test.
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FIGURE 2. Regional Brain Volumes as a Function of Age for Alcoholic Men, Alcoholic Women, Healthy Comparison Men,
and Healthy Comparison Women

a The slope for lateral ventricles was significantly steeper for the alcoholic women than for the comparison women (slopes test, p=0.009).
b The slopes were significantly steeper for the alcoholic men than for the comparison men for cortical gray matter (p=0.02), cortical sulci (p=

0.0007), and third ventricles (p=0.05) (slopes test).

150.0

130.0

110.0

90.0

70.0

50.0

30.0

10.0

1.50

1.25

1.00

0.75

0.50

0.25

0.00

160

150

140

130

120

110

100

90

80

70

80

60

70

50

30

20 40 50 60

40

30 70

20

10

0
20 40 50 6030 70

 C
o

rt
ic

a
l 
Su

lc
i 
(c

m
3
)

 T
h

ir
d

 V
e
n

tr
ic

le
s 

(c
m

3
)

 L
a
te

ra
l 
V
e
n

tr
ic

le
s 

(c
m

3
)

 Age (years)

 C
o

rt
ic

a
l 
G

ra
y 

M
a
tt

e
r 

(c
m

3
)

 Womena  Menb

Comparison women

Alcoholic women

Comparison men

Alcoholic men



Am J Psychiatry 158:2, February 2001 195

PFEFFERBAUM, ROSENBLOOM, DESHMUKH, ET AL.

such as the hippocampus, should be analyzed as a propor-
tion of total brain volume excluding that structure to avoid
pitfalls associated with the analysis of compositional data
(16). Potential sex differences in the effect of normal aging
on brain morphology (e.g., references 31–33) provide ad-
ditional complexity. For this study we compared absolute
volumes of different brain regions with the assumption
that nonspecific differences related to sex differences in
head size would be accounted for by including both male
and female patient and healthy comparison groups in the
ANOVA.

Predicted relationships between age and raw brain
measures (19, 33), including a lack of change in cortical
white matter volume over this age range, were found in the
healthy comparison subjects in this study. In contrast to
those found in normal aging, men with alcoholism had
steeper slopes linking age and cortical gray matter, sulcal
volume, and third ventricular volume than did healthy
comparison men. Similarly, women with alcoholism
showed an exaggerated aging effect relative to healthy
comparison women in the lateral ventricles. Thus,
women’s and men’s brains show a greater vulnerability to
alcohol with greater age, but the brain regions affected
may be different. In addition, women with alcoholism,
even older women, did not show the greater vulnerability
of prefrontal gray matter that we had found earlier in men
with alcoholism.

After taking age into account, neither lifetime alcohol
consumption nor days of sobriety added any additional
predictive power for any measures in either sex, with one
exception: length of sobriety predicted cortical white mat-
ter volumes in the women. This association was reduced,
but not eliminated, when the contribution of intracranial
volume was taken into account. This cross-sectional anal-
ysis cannot determine if longer periods of sobriety enable
greater recovery of white matter volume, a possibility con-
sistent with longitudinal observations that white matter
volume in abstaining and relapsing patients with alcohol-
ism is associated with length of sobriety (9, 34).

Although educational differences between diagnostic
groups and men and women may have contributed to the
observed diagnostic differences in cortical white matter
volumes, education did not play a significant role in the
main effects on other brain measures. It is beyond the
scope of this article to speculate about why this may be so.
Suffice it to say that the observed lesser amount of cortical
white matter in alcoholic men may reflect variables other
than diagnosis.

Differences in body morphology and composition (35)
and alcohol metabolism (36) between men and women
have been proposed as reasons women suffer more ex-
treme effects of alcohol on other physiological systems
than men. Although measures of body composition were
not available for study, body mass index was measured
and found to be comparable across diagnostic groups and
the sexes (Table 1). Estrogen may also confer a protective

influence on the brains of women (37, 38). We have no
data specific to estrogen levels in these subjects, although
most of the women were premenopausal; of those who
were postmenopausal, the majority were taking hormonal
supplements.

Another difference between groups in this study was in
levels of smoking. Women as a group had smoked less
than the men, and alcoholics, regardless of sex, had
smoked more than the healthy comparison subjects. An
exploratory analysis across the entire group of alcoholics
plus the comparison subjects (153 for whom smoking his-
tories were available) revealed that smoking history pre-
dicted cortical sulcal volume (Pearson’s correlation r=0.19,
df=1, 152, p=0.02) but no other brain variable. ANCOVAs
revealed that diagnosis remained a significant predictor of
sulcal CSF (F=9.98, df=1, 87, p=0.002), gray matter (F=4.23,
df=1, 87, p=0.04), lateral ventricular (F=21.07, df=1, 89, p=
0.0001), and third ventricular (F=12.37, df=1, 89, p=0.0007)
volumes in the men after accounting for smoking differ-
ences between the alcoholics and the healthy comparison
subjects. Results for white matter volumes approached
significance (F=2.86, df=1, 87, p=0.09).

The alcoholic patients recruited for this study were
older than the patients included in some other reports (15,
16). Furthermore, they were tested after longer periods of
sobriety, approximately 2–3 months, rather than after less
than a month, as was typical of earlier studies. One possi-
bility is that women show more rapid recovery of gross
cortical brain volume than men during brief periods of so-
briety. This possibility received modest support from the
association between length of sobriety and volume of cor-
tical white matter in the women. Prospective studies sys-
tematically monitoring patterns of early recovery in both
women and men are needed to answer this question.

The MRI data in this report were derived from 5-mm-
thick, axial dual spin-echo images, acquired with a 2.5-
mm interslice gap to prevent crosstalk. Although thinner
slice acquisition sequences are now commonly used, es-
pecially for T1-weighted images, dual spin-echo images
continue to provide high signal-to-noise data that are
readily amenable to segmentation. This acquisition se-
quence was deliberately retained over several years to en-
able comparisons between different clinical groups accu-
mulated over time, as well as assessment of change in
individual subjects. Although no longer considered by
some as state-of-the-art, the sequence and analysis ap-
proach has been sufficiently sensitive to illuminate struc-
tural brain abnormalities and progression in a number of
different psychiatric and neurologic disorders.

Another limitation of this study derives from the fact that
recruitment for women with alcoholism started after the
initial recruitment of men with alcoholism was completed.
The men were all military veterans who had been admitted
to an inpatient treatment facility within a year before the
imaging used for this analysis was performed. Of the 42
women in this study, only nine were veterans recruited
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from this inpatient facility; an additional three veterans
were recruited from outpatient programs. Women with al-
coholism were recruited for this study primarily through
outpatient treatment facilities. This difference may reflect
the greater availability of inpatient treatment facilities for
men than women and/or the different strategies required
of men and women for obtaining treatment for alcoholism
while maintaining family obligations. As recruitment pro-
ceeded, we found that the alcoholic women also had
greater psychiatric comorbidity than the men, a result con-
sistent with that found in other studies (39), which necessi-
tated some relaxation of the comorbidity exclusion criteria.
Curiously, despite showing greater psychiatric comorbidity
than the men, the women showed less brain abnormality
compared to same-sex comparison subjects. Future stud-
ies comparing the effects of chronic alcohol dependence in
men and women will require greater control over these dif-
ferences in subject characteristics.
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