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AbstractÐBrain atrophy in alcoholics has been identi®ed using both radiological and pathological tech-
niques. However the magnitude and topography of the atrophy, and the factors which contribute to it,
are unclear. This review compares the results of imaging and pathological studies in alcoholics examin-
ing variables which may contribute to any discrepancies.

We conclude that signi®cant brain damage does occur as a result of alcohol abuse per se, that the
damage is regionally speci®c with the frontal lobes being particularly a�ected, and that both grey matter
and white matter components are damaged. # 1999 Elsevier Science Ltd. All rights reserved
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1. INTRODUCTION

The short-term consequences of alcohol ingestion
on cognition, perception and motor coordination
are known to most. These de®cits rapidly recover as
blood alcohol levels fall, however, doubt remains as
to how much alcohol one needs to consume, and for
how long, before permanent organ damage is sus-
tained. At the other end of the spectrum prolonged,
high level alcohol consumption is a recognized cause
of brain damage. Alcohol-related brain damage is
seen in many patients consuming greater than 100 g
ethanol per day yet which brain areas and in which
individuals remains far from clear and apparently
contradictory ®ndings still exist after two decades of
imaging and pathological studies. The aim of this
review is to explore the extent of brain pathology in
alcoholics in light of the many of confounding vari-
ables which occur in these populations. In particular
the brain shrinkage often reported in alcoholics
using both neuroimaging and pathological tech-
niques is examined.
In alcoholics, as with most investigations of

human populations, a variety of factors both in-

herent to the population being studied and in study
design have the potential to in¯uence the outcome
of the study. These factors include variations in
alcohol dose and pattern of consumption, interval
of abstinence prior to testing, gender di�erences in
response to alcohol abuse, individual genetic vari-
ation and presence of concomitant disease. The
impact of each of these factors is considered below.
The history of alcohol consumption may vary

greatly between individuals. This issue may be
addressed in a number of ways. Threshold level of
consumption (e.g. e80 g dayÿ1) for a speci®ed
period (e.g. r10 years) may be used to dichotomize
groups, lifetime consumption may be estimated
(daily intake�365�number of years) to produce a
continuous variable or behavioural measures of
dependence and tolerance (e.g. DSM-IV) used to
specify state characteristics. Each of these methods
may best serve speci®c hypotheses but they may also
produce fundamental di�erences in the populations
being studied. Further complications resulting from
uneven drinking patterns (e.g. binge) have rarely
been addressed but may result in di�erent pathology
due to the higher blood alcohol levels attained
during these periods.
Radiological studies have not identi®ed robust

correlations between brain volume changes and life-
time alcohol consumption in the majority of alco-
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holics studied (Ron, 1983; Pfe�erbaum et al., 1992;
Sullivan et al., 1995; Pfe�erbaum et al., 1996).
However in those alcoholics with withdrawal sei-
zures the relationship between lifetime consumption
and temporal lobe grey matter and white matter
volumes neared signi®cance (Sullivan et al., 1996). A
similar relationship was not identi®ed in alcoholics
without seizures, nor was there a di�erence in alco-
hol history between the seizure and non-seizure
groups of alcoholics suggesting a more complex re-
lationship than a direct dose e�ect. This absence of
correlation between magnetic resonance imaging
(MRI) structural measures and alcohol consumption
does not eliminate the possibility of a relationship.
MRI T1 relaxation times have been found to posi-
tively correlate with lifetime alcohol consumption in
recently detoxi®ed alcoholics (Chick et al., 1989). T1

relaxation times are related to the state of water in
the tissue and a correlation with alcohol consump-
tion in alcoholics who have recently ceased drinking
may be part of the recovery processes, although de-
hydration is not believed to be the substrate for the
atrophy in the brains of alcoholics (Harper et al.,
1985a; 1998b).
In contrast to radiological studies a pathological

study of brain volume changes in alcoholics has
demonstrated a signi®cant negative correlation
between cerebral white matter volume and maxi-
mum daily alcohol consumption in all alcoholics
(Kril et al., 1997). This relationship represents a
marked loss of white matter as there is over a 20%
decrease in volume in those who consume 300 g
ethanol per day. No correlation with cortical grey
matter volume was found, however, the volume of
the thalamus showed a signi®cant negative corre-
lation with alcohol consumption (Kril et al., 1997).
In the hypothalamus, a signi®cant negative corre-
lation with alcohol consumption >100 g dayÿ1 was
found in the number of vasopressin-containing neur-
ons (Harding et al., 1996). Interestingly there was
also a correlation between loss of neurons from the
paraventricular nucleus and the duration of alcohol
consumption. As these neurons are vital for osmore-
gulation, these ®ndings indicate a potential substrate
for ¯uid inbalances in alcoholics (Harding et al.,
1996).
The interval between cessation of drinking and in-

vestigation is also of paramount importance.
Reversibility of brain shrinkage with abstinence
from alcohol has been recognized since the earliest
studies which documented atrophy (Carlen et al.,
1978; Artmann, 1981) and has subsequently been
con®rmed by a number of investigators using MRI
(e.g. Schroth et al., 1988; Zipursky et al., 1989;
Shear et al., 1994; Pfe�erbaum et al., 1995).
Correction of brain shrinkage appears to begin soon
after cessation of alcohol consumption, within 2±4 -
weeks, and continues for up to 1 year (Zipursky et
al., 1989; Pfe�erbaum et al., 1995). Most studies
have demonstrated a decrease in the volume of CSF
which appears to be due to expansion of the white
matter component of the brain with little or no con-
tribution from the cerebral cortex (Shear et al.,
1994). Nevertheless improvement in cognitive func-
tion is noted with abstinence (di Scalafani et al.,
1995). The substrate for this reversibility of atrophy

is unknown. Initial suggestions that it is due to rehy-
dration are not supported by either MRI (Schroth
et al., 1988) or pathological (Harper et al., 1985a;
1988b) studies.
In addition to improvement in structural el-

ements, improvement in brain glucose metabolism
has also been demonstrated with abstinence
(Volkow et al., 1994; Johnson-Greene et al., 1997).
Sequential analyses demonstrate that the majority of
function is recovered within 30 days of cessation of
drinking (Volkow et al., 1994). Interestingly Volkow
et al. (1994) also illustrated that lower metabolic in-
dices at the completion of the abstinence period
were most prominent in older alcoholics with longer
drinking histories. Consideration of the importance
of abstinence interval is often made in neuropsycho-
logical and longitudinal volumetric studies.
However, in many pathological studies the period of
abstinence prior to death is generally not con-
sidered.
Individual di�erences both as a result of gender

and genetic variation have also been demonstrated
to result in di�ering response to alcohol abuse. On a
population basis, women consume less alcohol and
less frequently have alcohol-related problems
(Glenn, 1993). However, radiological studies have
demonstrated that, for an equivalent degree of brain
shrinkage, women have a shorter drinking history
and a lower peak alcohol consumption than men
(Jacobson, 1986). Neuropsychological performance
in female alcoholics has also been found to be
impaired to an equivalent degree as males, but with
a shorter drinking history (Glenn, 1993). Overall
these ®ndings suggests that females are more suscep-
tible to alcohol-induced brain damage than males.
However, an important caveat to these studies is
that marked di�erences between males and females
in the volume of speci®c brain regions have been
identi®ed (Harasty et al., 1997) and these may
underlie di�erences in performance on selected
tasks. In addition, both neuroimaging and neurop-
sychological studies suggest that the pattern of alco-
hol-related brain damage is di�erent in young versus
old alcoholics (see below) and as there are gender
di�erences in the pattern of brain atrophy with age
(Co�ey et al., 1998; Raz et al., 1998) careful con-
sideration of the age and gender spread of group
data needs to be made.
Genetic variation between individuals may con-

tribute to di�erences between experimental groups
in two ways. Firstly allelic variation may confer
di�erential susceptibility to the damaging e�ects of
alcohol. For example a recent report suggests that
allelic variation in the ADH21 gene may underlie
di�erential brain atrophy in alcoholics (Maezawa et
al., 1996). Furthermore allelic variations may result
in life-long di�erences in brain architecture or func-
tion. Smaller right hippocampi have been noted in
non-demented subjects across the age-range who
carry the apolipoprotein E E4 allele (Toghi et al.,
1997). This allele is known to be associated with a
higher incidence and earlier onset of Alzheimer's
disease (Roses, 1996), but has also been shown to be
more prevalent in alcoholic patients with the
Wernicke±Korsako� syndrome who have a more
global intellectual impairment than those with a
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more `pure' amnesia (Muramatsu et al., 1997). In
the case of alcoholics, another potential contributor
is the presence of a family history of alcoholism.
Subjects with a ®rst degree relative with alcoholism
have been shown to have poor performance on neu-
ropsychological tests, even in the absence of alcohol
abuse (Pihl and Bruce, 1995). However, a recent
study has shown no signi®cant di�erence in cerebral
glucose metabolism between alcoholics with and
without a family history of alcoholism (Adams et
al., 1998). It is only recently that the contribution of
genetic variables to structural and functional studies
of the brain has received attention. Further elucida-
tion of the contribution of these variables may pro-
vide a number of diagnostic and treatment bene®ts.
However, as more associations are revealed it may
mean that much of the data available today will
need to be re-examined.
A further confounder in the investigation of brain

damage in alcoholics is the presence of diseases sec-
ondary to alcohol abuse which may in¯uence the
brain. The two most frequently encountered compli-
cations are hepatic encephalopathy, which can result
from cirrhosis of the liver (Harper and Kril, 1993;
Butterworth, 1995), and the Wernicke±Korsako�
syndrome which results from co-existing thiamin de-
®ciency (Charness et al., 1989; Harper and Kril,
1993). Recently developed operational criteria for
the classi®cation of alcoholics, including identi®-
cation of those with hepatic encephalopathy and the
Wernicke±Korsako� syndrome (Caine et al., 1997),
allow patients with these diseases to be excluded
and relatively homogeneous groups of alcoholics
examined for the role of alcohol toxicity in alcohol-
related brain damage. Consequently studies concen-
trating on patients with either hepatic encephalopa-
thy or the Wernicke±Korsako� syndrome have not
be reviewed although their importance in the result-
ing pattern of brain damage is acknowledged.

2. BRAIN VOLUME CHANGES IDENTIFIED IN
CHRONIC ALCOHOLICS

Brain shrinkage in alcoholics identi®ed by neuroi-
maging extends back to the time when pneumoence-
phalography was used to identify ventricular
enlargement (Brewer and Perrett, 1971). This was
later con®rmed using computerized tomography
(CT) (Bergman et al., 1980; Ron, 1983) and the sen-
sitivity of detection of atrophy has improved with
successive improvements in neuroimaging tech-
niques. Current MRI techniques o�er high resol-
ution images and allow for the delineation of
discrete neuroanatomical structures. Initially MRI
studies in alcoholics con®rmed ventricular enlarge-
ment (Schroth et al., 1988; Zipursky et al., 1989)
and used linear measures of brain atrophy (Chick et
al., 1989). They also con®rmed the reversibility of
ventricular enlargement following abstinence which
had been demonstrated on CT studies (Schroth et
al., 1988; Zipursky et al., 1989). Quantitative image
analysis techniques which estimated brain size in
three-dimensions were applied to alcoholics by
Jernigan et al. (1990, 1991). These allowed the
volume of both the whole brain and individual

brain structures to be measured and compared. The
combination of anatomical speci®city and accurate
morphometry also enabled speci®c hypotheses con-
cerning regional susceptibility to alcohol toxicity
and correlations with psychometric testing to be
made. Overall these studies have resulted in the con-
sensus that brain shrinkage does occur in alcoholics,
however, the exact pattern and extent of shrinkage
and in which groups of alcoholics remains unde-
cided.
Volumetric analysis of MR images have yielded

valuable data on the pattern of neuropathology in
alcoholics, however, a number of methodological
issues remain unresolved. Considerable variation in
brain size exists both between individuals and
between males and females (Appel and Appel, 1942;
Dekaban, 1978; Harasty et al., 1997; Raz et al.,
1998) making direct comparisons in the volume of
brain structures between individuals inappropriate.
In addition, there is a well recognized negative cor-
relation between age and brain weight (Dekaban,
1978) resulting from the secular increase in brain
size during this century (Miller and Corsellis, 1977)
and a small reduction in brain size with advancing
age (Double et al., 1996). Methods for normalizing
MRI volumes have therefore been developed. A
number of methods have been employed including
proportional volumes (Vregion/Vintracranial cavity)
(Shear et al., 1994), linear (Mathalon et al., 1993)
and non-linear (Jernigan et al., 1990) regressions.
However, such techniques may introduce biases
from a number of sources. For example in those stu-
dies which used proportional values variation may
occur depending on whether the intracranial cavity
volume is measured from an entire series of sections
through the vault (Schroth et al., 1988) or calculated
as a sphere equivalent from linear measures of brain
height (Mathalon et al., 1993). Similarly in those
studies which use corrections based on regression
equations the cases from which the standard
equation is obtained are critical. In the Jernigan et
al. (1990) study a group of 58 normal volunteers
aged 8±79 years and comprising of 23 females and
35 males were used. Cases were screened to exclude
medical, psychiatric and developmental abnormal-
ities, however, as with all clinical studies, the possi-
bility remains for the inclusion subjects with
preclinical or prodromal disease, especially in the
older groups. As only a small number of cases at
any age were studied the inclusion of subjects with
early disease would signi®cantly bias the results
towards a decrease in brain volume with increasing
age. Furthermore, the authors report signi®cant
volume reductions in grey and white matter with
age yet in a recent pathological study we identi®ed a
small decrease in white matter volume with age, but
were unable to identify any loss of grey matter,
although there was signi®cant grey matter shrinkage
in patients with Alzheimer's disease (Double et al.,
1996). In addition, di�erences in cortical (Harasty et
al., 1997) and cerebellar (Raz et al., 1998) volumes
between males and females have recently been
reported and the pooling of volumes from both gen-
ders may also result in inaccurate normalization of
data. The implementation of such corrections fac-
tors also assumes uniform shrinkage within a brain
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compartment (i.e. grey matter or white matter) with
age and this may not be a valid assumption.
Variations in regional susceptibility to brain atrophy
have been noted in pathological studies in the pre-
frontal white matter of alcoholics (Kril et al., 1997)
and in the cerebral cortex of patients with
Alzheimer's disease (Double et al., 1996). This re-
gional variation in atrophy may also occur in age-
ing, where one brain regions shrinks more that
others, and the application of generalized correction
factors may result in the under- or over-estimation
of changes with disease in speci®c brain regions.
Overall the use of correction factors in the determi-
nation of volume changes is necessary to allow com-
parison of brain volumes in subjects with di�erent
initial brain sizes, however, one should be aware of
the possible sources of error and the limitations of
this practice.
The identi®cation of regions of interest in quanti-

tative MRI studies is performed using either of two
methods for delineations. Regions may be identi®ed
by eye by an operator who then traces around the
structure using a cursor (e.g. Sullivan et al., 1995;
Pfe�erbaum et al., 1996) or they may be separated
using computer algorithms which segment into grey
matter, white matter and cerebrospinal ¯uid (e.g.
Pfe�erbaum et al., 1992) or a combination of both
methods may be used to ®rst separate into compart-
ments and then into anatomical regions. The accu-
racy of drawing around structures with a mouse or
cursor is poor resulting in a high measurement error
(Weibel, 1979) which must be considered when
reporting small di�erences between groups. Intra-
rater and inter-rater errors are rarely reported in
quantitative MRI studies.
Shrinkage of the white matter component of the

cerebral hemispheres has been identi®ed in a number
of neuropathological studies (Harper et al., 1985b;
de la Monte, 1988; Kril et al., 1997). An overall
shrinkage of nearly 14% was identi®ed (Harper et
al., 1985b) and this has been found to be most
marked in the prefrontal area (anterior to the amyg-
dala) with no loss from the posterior regions (Kril et
al., 1997).
Radiological studies have concentrated more on

volume changes in the cortex and CSF of alcoholics,
however, a number have identi®ed signi®cant white
matter shrinkage. Pfe�erbaum et al. (1992) found an
overall 5% loss of cerebral white matter. This was
not found to be greater in any lobe, but a later
study (Pfe�erbaum et al., 1997) identi®ed marked
frontal white matter loss which was restricted to
older alcoholics.
White matter atrophy has been further examined

by quantifying the area of the corpus callosum in
midsagittal sections. A signi®cant decrease of ca
11% was noted in alcoholic men compared to non-
alcoholic men (Pfe�erbaum et al., 1996).
Furthermore, this atrophy was found to be more
marked in the anterior portions (Genu and body)
than the posterior (splenium) portion of the corpus
callosum. Hommer et al. (1996) also found corpus
callosum atrophy in alcoholic women, however, in
this latter study no signi®cant di�erence between
alcoholic and non-alcoholic men was observed.
Thinning of the corpus callosum in alcoholics was

described in postmortem studies by Harper and Kril
(1988) a decade ago and this was not found to relate
to focal degeneration of the corpus callosum (e.g.
Marchiafava±Bignami disease), but rather represents
a generalized decrease in white matter.
It has been suggested that signi®cant shrinkage of

the white matter in alcoholics is as a result of dehy-
dration and that the reversibility is as a result of
rehydration. However, both neuropathological
(Harper et al., 1988b) and radiological (Schroth et
al., 1988) studies have presented evidence that this is
not the case. Indeed Harper et al. (1988b) found
that brain water is increased in the white matter of
non-abstinent alcoholics rather than decreased as
would be expected. Not in agreement with these stu-
dies, Chick et al. (1989) found that T1 indices, a
measure of brain water, are increased in whole brain
and white matter of detoxi®ed alcoholics indicating
that there is greater brain water in these patients.
Studies examining the total lipid and protein con-

tent of the brain in alcoholics compared to non-
alcoholics have not identi®ed a generalized loss of
these constituents (Harper et al., 1987b; 1988a).
Furthermore more speci®c studies examining indi-
vidual component lipids of brain myelin have also
failed to identify any alterations in alcoholics
(Olsson et al., 1996). These studies suggest that the
white matter loss in alcoholics is a balanced loss of
all structural elements, rather than a speci®c loss of
one lipid component.
The functional consequences of a loss of cerebral

white matter are not fully understood. No studies
speci®cally examining correlations between white
matter atrophy and neuropsychological performance
have been reported. However, correlations between
the degree of brain atrophy and functional perform-
ance have been demonstrated in a number of stu-
dies. Ron (1983) identi®ed a signi®cant relationship
between measures of verbal memory and ventricular
enlargement in alcoholics. Similarly, Acker et al.
(1987) found a correlation between decreased mem-
ory performance and the size of the third ventricle,
but not the lateral ventricles, in alcoholic men. In
contrast, Wang et al. (1993) found no correlation
between measures of cognitive performance and
MRI measures. The authors did, however, ®nd a
correlation between ventricular enlargement and cer-
ebral metabolism measured using positron emission
tomography.

3. GREY MATTER CHANGES

Volumetric MRI studies have consistently
revealed reduced grey matter volumes in alcoholics.
Signi®cantly smaller volumes have been identi®ed in
the subcortical grey matter, dorsolateral frontal and
parietal cortices and the medial temporal lobe
(Jernigan et al., 1991). Similarly, Shear et al. (1992)
also showed atrophy of a number of cortical
regions, particularly the lateral cortices. Pfe�erbaum
et al. (1992) found cortical atrophy of ca 5% which
was not localized to any speci®c cortical region.
Furthermore they found that this atrophy is more
marked in older alcoholics despite similar drinking
histories (Pfe�erbaum et al., 1992). More recent
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analyses have established that frontal lobe atrophy
is selectively greater in older alcoholics (Pfe�erbaum
et al., 1997). The authors found that when the alco-
holic group was divided into younger (26±44 years)
and older (45±63 years) alcoholics a similar degree
of atrophy was noted in all cortical regions except
the frontal cortex. The results of these studies may
be interpreted in a number of ways. Firstly similar
atrophy in most cortical regions in younger and
older individuals with similar drinking histories may
indicate a threshold e�ect whereby the amount of
damage to the brain is a result of the cumulative
e�ect of the amount of alcohol consumed not the
period over which it was consumed. While the
greater degree of atrophy in the frontal cortex of
older alcoholics may indicate a reduced capacity of
the aged brain to cope with the damaging e�ects of
alcohol. It is interesting to note that the dorsolateral
prefrontal cortex has been found to demonstrate the
most marked age-related atrophy (Raz et al., 1997).
This, together with the MRI ®ndings may indicate a
selective sensitivity of this cortical region to damage.
Thus frontal lobe atrophy in older alcoholics may
re¯ect a combination of both alcohol and age
e�ects.
No generalized decrease in cortical grey matter

volume has been identi®ed in any of the quantitative
pathological studies (Harper et al., 1985b; de la
Monte, 1988; Kril et al., 1997). However, a number
of cortical regions, especially the dorsolateral frontal
association cortex showed marked variability in
alcoholics (Kril et al., 1997). This latter study did
not compare younger and older alcoholics, so the
frontal atrophy reported by Pfe�erbaum et al.
(1997) may have been masked in the combined
group.
Medial temporal lobe atrophy a�ecting both cor-

tex and white matter which is greater in older alco-
holics has also been reported (Sullivan et al., 1995).
Further analysis of these data revealed ®rstly that
the anterior portion of the hippocampus is selective
damaged compared to the posterior portion
(Sullivan et al., 1995), and secondly that the loss of
white matter in the temporal lobe of alcoholics is
fully accounted for by white matter loss in those
alcoholics with seizures (Sullivan et al., 1996).
Whether this white matter atrophy is causative or as
a result of the seizures is at present unknown. No
correlation between hippocampal atrophy and tests
of memory function was identi®ed (Sullivan et al.,
1995).
Reduced subcortical grey matter volume in alco-

holics has been reported by a number of studies
(Pfe�erbaum et al., 1992; Shear et al., 1992). The
magnitude of this changes is approximately the
same as that for the cerebral cortex and appears to
involve the caudate and lenticular nuclei (Shear et
al., 1992).
Although regionally speci®c cortical atrophy has

been identi®ed in alcoholics, it should be noted that
the magnitude of these changes varies from region
to region and that, overall, it is much less severe
than one sees when conducting similar studies in
patients with neurodegenerative diseases. Volumetric
analyses of Alzheimer's disease reveal a loss of
between 10 and 15% for the total cerebral cortex

which is greatest in the temporal lobe which has a
22% loss of cerebral cortex (Double et al., 1996).
Furthermore, MRI and CT studies have demon-
strated atrophy of a similar magnitude (Shear et al.,
1995; Kidron et al., 1997).
Initial studies examining the cerebral cortex in

alcoholics used density measures (No. neurons per
mm2 or mm3) to estimate neuronal loss and found a
selective 22% decrease in the density of neurons in
the superior frontal association cortex, but no
decrease in the primary motor, anterior cingulate or
inferior temporal cortices (Harper et al., 1987a; Kril
and Harper, 1989). However, density measures may
not accurately re¯ect changes in total neuron num-
ber if there are alterations in the volume of the tis-
sue quanti®ed (Oorschot, 1994) and a study using
unbiased estimates of total neuronal number
detected no loss of neurons from any lobe of the
cerebral cortex in 11 alcoholic men when compared
to non-alcoholic controls (Badsberg Jensen and
Pakkenberg, 1993). The quantitative methodology
employed in this study compared only lobar esti-
mates of neuronal number and did not take into
account regional and laminar variations in neuronal
distribution. Consequently it is not possible, using
this methodology, to draw conclusions about neur-
onal loss in functionally-discrete regions of the brain
as such site-speci®c neuronal loss would be masked
by the inter-regional variation in neuronal density
within any lobe of the brain. What it does tell us,
however, is that there is not a marked, global loss of
neurons following alcohol abuse.
Recently using both unbiased quantitative tech-

niques and regional measures of cortical volume, we
estimated the total neuronal number in the dorsolat-
eral association and primary motor cortices (Kril et
al., 1997). A 23% loss of cortical neurons was found
from the dorsolateral association cortex but not
from the primary motor cortex of alcoholics.
Few studies examining other cortical regions have

been reported. In a study of the hippocampal for-
mation, Harding et al. (1997) found no neuronal
loss from any of the subregions of the hippocampal
formation in alcoholics. A signi®cant reduction in
volume was observed and this was accounted for by
reduced white matter in alcoholics who were not
abstinent at the time of death (Harding et al., 1997).
This ®nding in humans is in direct contrast to those
in animal models of alcohol abuse where hippocam-
pal neuronal loss is frequently reported (Riley and
Walker, 1978; Paula-Barbosa et al., 1993). The
absence of neuronal loss from the hippocampus in
humans does not necessarily imply that this region
is spared in alcoholics. Other alterations such as
neurotransmitter perturbations or dendritic remo-
delling may occur and result in disturbances of hip-
pocampal function. Impaired memory and other
functions attributable to hippocampal damage have
been reported in alcoholics (Ryan and Butters,
1983) and the ®nding of reduced white matter
volume (Harding et al., 1997), which appears to
recover at least in part with abstinence, supports the
supposition that mechanisms other than neuronal
loss underlie this impaired function. Evidence for
this suggestion also comes from a study by Ibanez et
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al. (1995) who have shown reduced nuclear size in
neurons of the entorhinal cortex of alcoholics.
Abnormalities in executive functions such as plan-

ning, abstraction and working memory have been
identi®ed in alcoholics and all may be attributed to
de®cits in the frontal lobes (Adams et al., 1995;
Johnson-Greene et al., 1997). Correlations between
neuropsychological de®cits in executive tasks and
impaired [18F]¯uorodeoxyglucose metabolism in the
frontal lobes have been identi®ed (Adams et al.,
1995).
The functional correlates of the subcortical atro-

phy noted in alcoholics is not apparent. However,
one study has shown a correlation between impaired
olfaction and atrophy of the thalamus in alcoholics
(Shear et al., 1992).

4. CONCLUSION

Taken together the radiological and pathological
evidence suggests a regional sensitivity to the dele-
terious e�ects of alcohol. The frontal cortex together
with its associated white matter appears to be the
most sensitive to alcohol-induced damage.
Neuropsychological evaluations which ®nd a speci®c
pattern of functional de®cits, rather than a global
deterioration in all functions, con®rm the suggestion
that prefrontal association regions are damaged in
alcoholics.
The exact mechanism of brain damage in alco-

holics remains unknown. By careful exclusion of
cases with co-existing pathologies it is now apparent
that alcohol per se is responsible for many of the
functional and structural abnormalities seen in alco-
holics. Partial recovery of brain function with absti-
nence suggests that a proportion of the de®cits must
be neurochemical in origin while neuronal loss from
selected brain regions indicates permanent and irre-
versible damage. The factors in¯uencing these two
components are unknown and elucidation of these
may provide insight into e�ective strategies for com-
bating the widespread and devastating e�ects of
alcohol abuse in our community.
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