Brain Volumes, RBC Status, and Hepatic Function
in Alcoholics After 1 and 4 Weeks of Sobriety:

Adolf Pfefferbaum, M.D.
Margaret J. Rosenbloom, M.A.
Kathleen L. Serventi, M.D.

Edith V. Sullivan, Ph.D.

Objective: The authors asked if hemato-
logical indices of RBC status and hepatic
function in newly sober alcoholic men are
related to abnormalities in brain mor-
phology, change with normalization of
brain function during short-term sobriety,
and predict prolonged sobriety.

Method: Alcoholic men received brain
magnetic resonance imaging and labora-
tory assessments on admission and be-
fore discharge from an inpatient treat-
ment program. Healthy comparison men
were similarly tested.

Results: On admission, RBC count, hemo-
globin level, and hematocrit were signifi-
cantly lower in alcoholic subjects than
comparison subjects; mean corpuscular
volume, SGOT, SGPT, and y-glutamyl
transpeptidase were significantly higher.
By discharge, all measures had improved,
although RBC count, mean corpuscular
volume, and y-glutamyl transpeptidase
levels remained significantly different
from those of comparison subjects. Upon

Predictors of Outcome

admission, alcoholic men had smaller cor-
tical white and gray matter and larger
lateral and third ventricle volumes, with
reduced lateral ventricle and increased
anterior cortical gray matter volumes by
discharge. Lower RBC count, hemoglobin
level, and hematocrit were associated with
lower white matter and higher ventricular
volumes at admission. Change in these
measures was related to reduction in ven-
tricular volume with treatment. By dis-
charge, associations among RBC count, he-
moglobin level, and hematocrit and white
matter and ventricular volumes were less
marked than at admission. Discharge he-
moglobin value and hematocrit discrimi-
nated patients who maintained sobriety
from those who relapsed. Hepatic function
showed limited association with brain
measures at admission and discharge.

Conclusions: Hemograms reflect alcohol-
related abnormalities in brain morphology,
improvement over short-term sobriety,
and liability to relapse after treatment.

(Am J Psychiatry 2004; 161:1190-1196)

L ong-term alcohol consumption affects brain structure
and function as well as many other bodily systems, includ-
ing liver function and nutritional status. Severe hematic
dysfunction (1, 2) and nutritional deficiency (3, 4) occur-
ring independent of heavy alcohol consumption have been
associated with global abnormalities in brain morphology
that normalize after treatment (5). In alcoholics, associa-
tions have been observed between ventricular enlargement,
measured with computerized tomography, and measures
of hepatic dysfunction (6) or mean corpuscular volume and
hematocrit (7). Magnetic resonance imaging (MRI) studies
have linked malnutrition and cerebellar shrinkage (8) and
mean corpuscular volume and generalized brain shrinkage
(9). However, although it is generally accepted that hepatic
dysfunction and poor nutritional status may contribute,
along with alcohol toxicity, to the brain abnormalities seen
in chronic alcoholism, the nature and extent of their contri-
bution and how these associations may change with sobri-
ety have not been well documented.

In this report, we present data on hematological mea-
sures obtained approximately 1 week after detoxification
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and again after 3 weeks of supervised abstinence from a
group of men with chronic alcoholism. Although labora-
tory panels are routinely collected for clinical evaluation in
inpatient treatment settings to screen for heavy drinking in
general practice or to monitor treatment compliance (e.g.,
reference 10), quantitative analyses of change in measures
reflecting hepatic function or RBC status over the short-
term course of treatment are sparse. MRI brain scans,
obtained on the same day as the laboratory assessment,
showed that the alcoholic men had significant volume def-
icits in cortical white and gray matter and enlargement of
the lateral and third ventricles at the start of treatment rel-
ative to healthy comparison subjects (11). After 3 weeks of
abstinence, CSF volumes of the lateral ventricles and pos-
terior cortical sulci declined, while anterior cortical gray
matter volume increased; changes were not seen in a com-
parison group retested over the same interval (12).

Studies of the outcome of alcoholism treatment have
focused on psychological (e.g., sense of self-efficacy), be-
havioral (e.g., past drinking and treatment history), and
psychobiological (e.g., craving, postacute withdrawal syn-
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TABLE 1. Demographic and Clinical Characteristics of Healthy Comparison Subjects and Alcoholic Subjects

Age at Onset Time Sober Time
Education LifetimeAlcohol  of Alcoholism Before MRI Between MRI
Age (years) 1Q (years)P Intake (kg) (years) Scan 1 (days)  Scans (days)d
Group Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Comparison (N=58) 45.3 14.2 1121 71 16.3 3.0 59.7 90.0 29.3 9.1
Alcoholic (N=58) 45.0 10.9 107.0 8.3 13.2 2.6 1256.7 847.3 25.3 11.4 11.9 3.6 20.7 9.4

2 From the National Adult Reading Test. Significant difference between groups (t=3.91, df=113, p<0.001).

b significant difference between groups (t=5.85, df=114, p<0.0001).
¢ Significant difference between groups (t=10.61, df=111, p<0.0001).
d Significant difference between groups (t=6.72, df=114, p<0.0001).

drome) antecedents to relapse (13). Few studies, however,
have documented the extent to which a patient’s state of
physical well-being, as reflected by hepatic or hematologi-
cal indicators, may contribute to their success in maintain-
ing extended sobriety after completion of formal treatment.

For this report, we asked whether RBC and hepatic sta-
tus seen at study entry would be related to concurrent ab-
normalities in brain morphology observed and whether
changes in these indices over a period of supervised absti-
nence would be related to changes in brain morphology.
We also asked whether any hematological indicators at
treatment completion would predict sobriety outcome
over the ensuing months.

Method

Subjects

The details of screening and diagnostic procedures for patients
and comparison subjects are provided in earlier reports (11, 12).
Demographic and clinical data are presented in Table 1. All sub-
jects gave written informed consent to participate in this study af-
ter the procedures had been explained to them.

Patients With Chronic Alcoholism

All patients were veterans of the United States Armed Forces
who were seeking treatment for alcoholism at a Department of
Veterans Affairs medical center. All 58 patients included in the
study met Research Diagnostic Criteria (RDC) (14) for alcoholism;
had no past history of hospitalization for a DSM-III-R diagnosis of
schizophrenia, major affective disorder, or any other axis I disor-
der; had no history of medical or neurological illness or trauma
that would affect the CNS; or met RDC for substance abuse other
than alcohol within the past year. Lifetime alcohol consumption
was estimated with a semistructured interview (11, 15, 16).

Alcoholic patients were followed after discharge for 2-12
months. Of the 49 contacted, 17 reported having had no alcoholic
drinks since discharge and were classified as abstainers. The rest
were classified as relapsers.

Normal Comparison Subjects

The comparison subjects were 58 men, ages 24 to 79, who were
recruited from the neighboring community and drawn from a
larger group of comparison subjects used in other MRI studies
from our laboratory (e.g., references 11, 17, and 18) because they
agreed to have a second MRI within a month of the first. The com-
parison subjects underwent the same psychiatric and medical ex-
aminations as the patients. Prospective comparison subjects
were excluded if they met RDC for substance abuse in the past
year or had consumed the equivalent of four standard drinks per
day over more than 1 month.
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MRI Scans

Axial spin-echo MRI (field of view=24 cm, matrix=256x256, TE=
20 and 80 msec, cardiac-cycle gated effective TR >2400 msec, 256
phase encodes) was used to quantify volumes of cortical gray and
white matter and CSF in the lateral and third ventricles. Analysis
(12) encompassed seven consecutive oblique 5-mm axial slices
with a 2.5-mm skip, beginning at an index slice (the most inferior
slice above the orbits, where the anterior horns of the lateral ven-
tricles could be seen bilaterally) and proceeding superiorly. Each
slice was segmented into CSE gray matter, and white matter com-
partments by using a semiautomated image analysis technique
(19). Cortical gray matter was defined as all gray matter pixels fall-
ing within the cortical mantle, insular, and cingulate cortices.
Cortical white matter was defined as all white matter pixels un-
derlying the cortical mantle and encompassing the centrum
semiovale. Lateral ventricles were defined as all CSF pixels inte-
rior to the cortical region on the index slice and above; the third
ventricle was measured on either the index slice or the one infe-
rior to it. Volumes were determined from pixel counts expressed
as cubic centimeters. Intracranial volume was calculated by mod-
eling the volume as a sphere, using the area of the index slice and
an estimate of head height as the diameter (20).

We applied a two-step regression analysis based on compari-
son data to calculate z scores corrected for intracranial volume
and age for each regional brain volume. Measurement of change
in regional brain volume between scans employed procedures to
minimize change due to measurement error, such as differences
in head position between scans (12, 21).

Laboratory Assessments

On the day of each scan, height and weight, from which body
mass index was computed, were measured, and fasting blood and
urine samples were taken to assess the somatic sequelae of
chronic alcoholism and their reversibility during hospitalization.
Not all tests were performed on all subjects at both times, but the
panel included assessments of liver function—albumin, alkaline
phosphatase, bilirubin, SGOT, SGPT, and y-glutamyl transpepti-
dase levels—and of blood chemistry—RBC count, mean corpus-
cular volume, mean corpuscular hemoglobin concentration, and
hemoglobin, hematocrit, serum protein, and serum sodium lev-
els. The ratio of SGOT/SGPT was also computed to provide an in-
dicator of alcoholic hepatitis (22). In addition to analyzing data as
continuous variables, each value was categorized as low, normal,
or high according to the clinical standards provided by the labora-
tory where the analyses were performed. Liver enzyme data from
three subjects that fell more than two standard deviations from
the other patients in this group were excluded from continuous
but not from categorical data analysis.

Data Analysis

Group differences at study entry were assessed by using un-
paired t tests and chi-square comparisons of categorical data.
Group comparisons of change over time were assessed by using
repeated-measures analysis of variance. Associations between
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TABLE 2. Differences in Hematological, Body Mass Index, and Hepatic Function Values Between 58 Healthy Comparison
Subjects and 58 Alcoholic Subjects at Study Entry and Treatment Completion

Study Entry

Treatment Completion
(3—4 weeks later)

Comparison Alcoholic Comparison Alcoholic
Subjects Subjects Subjects Subjects
Variable Mean SD Mean SD p? Mean SD Mean SD p?
RBC status
Count (million cells/mm?3) 5.01 0.33 4.60 0.47  <0.0001 4.92 0.34 4.72 043 <0.01
Hemoglobin level (g/dl) 15.3 1.00 14.8 1.53 <0.05 15.0 1.04 15.0 1.17 n.s.
Hematocrit (%) 44.7 267 434 4.05 <0.05 43.9 286 441 3.23 n.s.
Mean corpuscular volume (fl) 89.4 4.04 94.6 6.06 <0.0001 89.4 3.93 938 539  <0.0001
Body mass index 26.4 418 249 4.02 0.06 26.4 436 253 4.08 <0.05
Hepatic function
Albumin level (g/dl) 4.58 0.29 4.22 0.36  <0.0001 4.52 0.29 4.31 0.25 <0.0001
Alkaline phosphatase level (U/liter) 79.3 16.17  91.1 28.67 <0.01 79.9 16.56 87.8 25.28 n.s.
y-Glutamyl transpeptidase level (U/Iitet’)b 34.8 2325 1179 103.41  <0.0001 371 2697 727 47.85 <0.001
SGOT level (U/liter) 23.11 8.52 44.81 4196 <0.001 21.87 7.74 23.89 10.41 n.s.
SGPT level (U/liter) 3345 17.83 68.18 58.24  <0.0001 30.02 15.14  36.46  26.23 n.s.
SGOT/SGPT 0.82 0.42 0.85 0.58 n.s. 0.86 0.51 0.85 0.44 n.s.

a Between-group differences assessed with unpaired two-tailed t tests.

b Data at treatment completion were available for 46 comparison subjects and 16 alcoholic subjects.

laboratory and brain measures at each time point and between
the amounts of change between sessions were assessed by using
Pearson correlations. The value of hematological measures for
predicting subsequent sobriety was assessed by t tests comparing
patients subsequently classified as abstainers and relapsers.

Results

Laboratory Measures

Table 2 summarizes values for laboratory variables for
each group at study entry and treatment completion and
provides the statistical results for tests of group differences
at each session and for group-by-session interactions.

Nutritional and RBC Status

At study entry, after 1 week of sobriety, the mean values
for the alcoholic patients fell within clinical norms for
body mass index as well as RBC count, hemoglobin level,
hematocrit, and mean corpuscular volume. However,
mean values for the patients differed significantly from
those for the comparison group (Table 2). Furthermore,
chi-square analysis showed that a significant proportion
of the alcoholic group fell outside clinical norms for RBC
count and mean corpuscular volume in relation to the
comparison group, whereas the proportion falling outside
clinical norms for hematocrit and hemoglobin level dif-
fered from the comparison subjects at a less-than-signifi-
cant level (Table 3).

After an additional 3 weeks of sobriety, a nutritious
hospital diet, and thiamine and vitamin supplementation
when clinically indicated, mean values for alcoholics
improved on all measures, including body mass index,
whereas the comparison subjects showed no change over
the same interval (group-by-time interactions, p<0.01 for
all measures). Values for hematocrit and hemoglobin level
normalized, both in relation to the comparison group and
in terms of clinical norms (Table 2 and Table 3). Despite
improvement in the alcoholic group as a whole, mean
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values for total RBC count remained significantly lower
and those for mean corpuscular volume remained signifi-
cantly higher in the alcoholics than the comparison sub-
jects, and a significant proportion of the alcoholic group
remained outside of clinical norms for these variables.

Hepatic Function

At study entry, mean liver enzyme levels (SGOT, SGPT,
and y-glutamyl transpeptidase) were above the clinically
normal range in the alcoholics, even though the group had
been screened to exclude patients with clinical signs of
significant liver disease and overt hepatitis (Table 2 and
Table 3). Other potential indicators of hepatic dysfunc-
tion, including elevated alkaline phosphatase, reduced al-
bumin, and SGOT/SGPT values exceeding 2.0, fell within
the clinically normal range. However, alkaline phospha-
tase and albumin levels (both p<0.0001) differed signifi-
cantly from those of the comparison subjects, suggesting
hepatic dysfunction.

After 3-4 weeks of sobriety, the alcoholics showed sig-
nificant improvements in albumin, SGOT, SGPT, and y-
glutamyl transpeptidase levels; the comparison subjects
showed no change over the same interval. Despite im-
provements, group differences persisted for all of these
measures, although the proportion of patients with values
falling outside clinical norms was now only marginally el-
evated relative to the comparison subjects (Table 3). The
SGOT/SGPT index was below 1.0 in both groups at study
entry and did not show significant group differences or
change with treatment.

Cross-Sectional Associations

Measures of RBC status are considered first and then
those associated with hepatic function. Table 4 summa-
rizes associations at admission and discharge. Family-
wise Bonferroni corrections for either RBC status or he-
patic function correlations with brain regions (16 correla-
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Group-by-Session ANOVA

Group Effect Interaction
F df p F df p

16.30 1, 104 <0.0001 17.07 1, 104 <0.0001

— — n.s. 12.00 1, 104 <0.001

— — n.s. 8.73 1, 104 <0.01
28.35 1, 104 <0.0001 21.73 1, 104 <0.0001

— — n.s. 7.23 1,110 <0.01
30.74 1, 105 <0.0001 6.44 1, 105 <0.05

4.94 1, 107 <0.05 — — n.s.
24.16 1,59 <0.0001 28.29 1, 59 <0.0001
11.05 1, 94 <0.01 11.90 1, 94 <0.001
13.69 1,92 <0.001 14.92 1,92 <0.001

— — n.s. — — n.s.

tions) required p<0.003 for significance. Correlations for
which probability fell between p<0.003 and p<0.05 were
characterized as less than significant.

RBC Status

At study entry, lower RBC count and level of hemoglobin
and hematocrit were significantly associated with smaller
cortical white matter and larger lateral and third ventricle
volumes. Despite being significantly elevated, mean cor-
puscular volume was not associated with any brain mea-
sure in the alcoholics.

At the end of the treatment program, during which the
RBC count, the hemoglobin value, and the hematocrit im-
proved, and the lateral ventricle volumes tended to nor-
malize, correlations with volumes of white matter and
both ventricular measures fell to less than significant for
hemoglobin level and hematocrit and lost significance for
RBC count. RBC count was also associated, at a less than
significant level, with a greater gray matter volume deficit
at study entry. Like the associations with white matter,
these associations with gray matter did not persist through
treatment.

Hepatic Function

None of the liver enzymes alone showed association
with brain volume measures at study entry. By treatment
completion, modest less-than-significant associations
emerged between elevated SGPT and SGOT/SGPT and
small cortical gray matter volumes.

Correlations Between Change in Brain
and Hematological Measures

For the most part, change in hematological values dur-
ing treatment was not associated with change in brain
variables. Notable exceptions were increases in RBC
count, hemoglobin value, and hematocrit, which were all
significantly associated with reductions in volume of the
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lateral ventricles: hematocrit, p<0.01; hemoglobin,
p<0.003; RBC count, p<0.01 (Figure 1). These associations
remained significant even when the outlier with a 9-cc
change in ventricular volume was excluded from analysis.

Hematological Differences
Between Future Abstainers and Relapsers

We contacted 39 members of the alcoholic group 2-12
months after discharge for follow-up assessments that in-
cluded a structured interview of drinking since discharge.
Patients were categorized as abstainers (no drinks since
discharge, N=17) or relapsers (one or more drinks since
discharge, N=22). The time between discharge and follow-
up was longer for the relapsers (mean=195.36 days, SD=
93.78, range=73-345) than the abstainers (mean=97.94
days, SD=41.65, range=63-225) (t=3.98, df=37, p=0.0003).
The total number of drinks consumed among the 22 re-
lapsers was highly skewed (mean=325 drinks, SD=650,
median=100, skewedness=2.6), reflecting the range both
in follow-up interval and in quantity (1-26 drinks per day)
and frequency (1-30 days per month) of drinking reported.
Future abstainers had significantly higher values than re-
lapsers for RBC count (t=2.03, df=36, p<0.05), hemoglobin
level (t=2.52, df=36, p<0.05), hematocrit (t=2.21, df=36,
p<0.05), and mean corpuscular hemoglobin concentra-
tion (t=2.04, df=36, p=0.05). Mean corpuscular volume
and hepatic function indices showed no differences be-
tween these subgroups.

Discussion

The patients in this study were relatively healthy and free
of major illness or significant somatic sequelae of the dis-
ease. The general condition of these subjects should be
contrasted with subjects from some of the earlier reports of
association between hematological measures and brain
morphology (6, 8). Furthermore, subjects in the current
study were relatively well educated and thus may not be
typical of many alcoholic groups. Nevertheless, they mani-
fested associations between measures of brain dysmor-
phology and indicators of RBC status. The strongest cluster
of associations was present between RBC count, hemoglo-
bin level, and hematocrit and white matter and ventricu-
lar volumes shortly after withdrawal from alcohol. We did
not observe any association between mean corpuscular
volume and brain volumes, as previously observed by our-
selves (7) and others (9). After 3 weeks of good nutrition
with an increased body mass index, supervised sobriety,
and group counseling, values for RBC count, hemoglobin
level, hematocrit, and mean corpuscular volume all im-
proved, perhaps reflecting a resolution of mild relative
macrocytic anemia. The reduction in ventricular volume
that also occurred during treatment was associated with
improvement in RBC count and hemoglobin level and he-
matocrit but not mean corpuscular volume. Associations
between RBC count, hemoglobin level, and hematocrit
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TABLE 3. Numbers of Subjects With Clinically Low, Normal, or High Hematological and Hepatic Function Values Among 58
Healthy Comparison Subjects and 58 Alcoholic Subjects at Study Entry and Treatment Completion?

Study Entry

Treatment Completion

Comparison Alcoholic

Comparison Alcoholic

Variable Subjects  Subjects x2  df p Subjects  Subjects  x2  df p
RBC status
Count (normal=4.4-6.0 million cells/mm3) 16.49 1 0.0001 439 1 0.05
Low 1 19 4 12
Normal 54 39 53 40
High 0 0 0 0
Hemoglobin level (normal=14-17 g/dl) 552 2 0.10 1.02 1 n.s
Low 2 10 6 10
Normal 51 46 51 42
High 2 2 0 0
Hematocrit (normal=39%-51%) 496 2 0.10 011 2 n.s
Low 0 5 2 3
Normal 54 52 55 48
High 1 1 0 1
Mean corpuscular volume (normal=81-96 fl) 20.70 2 0.001 22.74 2 0.0001
Low 1 2 1 0
Normal 52 34 54 31
High 2 22 2 21
Hepatic function
y-Glutamyl transpeptidase level
(normal=0-70 U/liter) 29.60 1 0.0001 6.85 1 0.01
Low 0 0 0 0
Normal 53 25 43 10
High 4 32 3 6
SGOT level (normal=0-41 U/liter) 19.09 1 0.0001 379 1 0.05
Low 0 0 0 0
Normal 53 32 54 44
High 1 19 0 5
SGPT level (normal=0-45 U/liter) 1090 1 0.001 284 1 0.10
Low 0 0 0 0
Normal 40 22 46 34
High 12 29 8 15

2 Not all tests were available on all subjects on both occasions.

TABLE 4. Correlations of Hematological and Hepatic Function Values to Normalized Regional Brain Volumes? in 58
Alcoholic Subjects at Study Entry and Treatment Completion

Cortical White Matter

Cortical Gray Matter

Lateral Ventricles Third Ventricle

Scan 1 Scan 2 Scan 1 Scan 2 Scan 1 Scan 2 Scan 1 Scan 2

Variable r p r p r p r p r p r p r p r p
RBC status®

Count 0.47 0.0002 0.17 ns. 032 0.01 019 ns. 045 0.0005 0.23 0.10 0.40 0.002 0.19 ns.
Hemoglobin level 0.51 0.0001 032 0.02 0.25 0.06 022 ns. 040 0.002 030 0.03 0.37 0.004 0.31 0.03
Hematocrit 0.50 0.0001 0.29 0.04 0.24 0.07 0.19 n.s. 0.38 0.003 0.29 0.04 0.35 0.007 0.29 0.04
Mean corpuscular

volume 0.02 0.86 0.10 n.s. 0.15 ns. 0.06 n.s. 0.16 n.s. 0.02 n.s. 013 ns. 0.06 n.s.
Hepatic function?

SGOT level 0.10 n.s. 010 ns. -0.14 ns. 010 ns. -0.03 n.s. -0.12 ns. -0.19 ns. 0.06 n.s.
SGPT level 0.13  ns. 0.15 ns. -0.06 ns. 030 004 -014 ns. -0.17 ns. -017 ns. =011 ns.
y-Glutamyl

transpeptidase

level -0.10 n.s. -0.48 0.06 -0.177 n.s. 0.00 n.s. 0.20 n.s. 0.09 n.s. 013 ns. 042 ns.
SGOT/SGPT 0.08 n.s. 0.06 ns. 009 ns. 039 001 0.12 ns. 0.03 ns. 0.01 ns. 0.18 n.s.

2 Brain volumes were expressed as derivations from norms for age and intracranial volume (z score).
bSignificant difference after family-wise Bonferroni correction (p<0.003, Pearson’s test).

and ventricular and cortical white matter volumes were
less marked at discharge than at study entry, but RBC
count, hemoglobin level, and hematocrit at discharge
proved a significant discriminator between patients who
maintained sobriety and those who relapsed over the en-
suing months.

In contrast to RBC status, hepatic function showed no
association with brain structure at study entry. With im-
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provement in hepatic function over the treatment period,
modest associations with cortical gray matter volume
emerged for SGPT and SGOT/SGPT but not any of the
other indices measured. Unlike RBC status, hepatic func-
tion was not predictive of sobriety in the follow-up period.

The strongest cluster of associations between brain vol-
ume and hematological measures emerged between white
matter volume and RBC status at study entry within ap-
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FIGURE 1. Change in Hematological Values Between Study Entry and Treatment Completion in Relation to Change in

Volume of Lateral Ventricles in 58 Alcoholic Subjects?
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a Positive values for hematocrit, hemoglobin level, and RBC count and negative values for mean corpuscular volume and ventricular volume
reflect improvements with sobriety. Associations remained significant even after exclusion of one outlier.

br=0.35, p=0.01.
€r=0.34, p=0.01.
dv=0.40, p=0.003.
€r=0.19, n.s.

proximately 1 week of sobriety but resolved within ap-
proximately 4 weeks of sobriety. These RBC status associa-
tions were extended to lateral and ventricular volumes. By
contrast, gray matter volume showed a modest associa-
tion with hepatic function that emerged only after the
longer period of sobriety. Hepatic-gray matter associa-
tions, however, did not endure Bonferroni correction.

Quantitative assessment of regional brain volumes
even at a single time point is challenging, and measure-
ment of true biological change in brain morphology is
even harder to accomplish. Thus, little is known about the
rate and amount of change in brain volumes to be ex-
pected during a period of alcohol withdrawal such as that
occurring in this study. Similarly, although hematological
status is routinely assessed in patients undergoing treat-
ment for alcoholism, quantitative reports on fluctuation
during treatment (e.g., reference 23) are surprisingly
sparse. In the current study, RBC status was associated
with brain morphology shortly after drinking cessation,
improvements in RBC status with sobriety during 3 weeks
of sobriety were associated with reduction in ventricular
volume occurring in the same interval, and most impor-
tant, RBC status at the end of treatment differentiated the
patients who relapsed and those who maintained sobri-
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ety. It is not known if the RBC deficits at study entry were
due to nutritional deficiency or to the direct toxic effects
of alcohol or were related to individual susceptibility to
these factors.

Our finding that higher hematocrit, hemoglobin level,
and RBC count are associated with—and thus may facili-
tate—sobriety maintenance requires replication and
more formal testing. This study relied on self-reports at
naturally occurring variable intervals to define relapse
and did not address how RBC status might interact with
the psychosocial and behavioral variables more often
considered when predicting relapse (13). Furthermore, it
provides no indication as to the mechanism by which
RBC status might have contributed to the maintenance of
abstinence in these particular men. However, clinicians
will recognize the commonsense observation that pa-
tients who are better fortified physically at the end of
treatment will be better equipped for maintaining sobri-
ety. For instance, a recent study demonstrated that even
borderline anemia is an independent risk factor for phys-
ical decline in old age (24). A key question to address is
whether specific treatments to improve RBC status can
minimize relapse in patients known to be at high risk for

http://ajp.psychiatryonline.org 1195



BRAIN VOLUMES AND HEMATOLOGY IN ALCOHOLICS

recidivism on the basis of demographic and psychosocial
predictors.
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