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Contribution of Alcohol Abuse to Cerebellar Volume
Deficits in Men With Schizophrenia
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Background: It is controversial whether cerebellar tis-
sue volume deficits occur in schizophrenia and, if so, what
regions and tissue types are affected. Complicating such
investigations is the high incidence of alcoholism co-
morbidity in patients with schizophrenia that itself can
contribute to cerebellar abnormalities.

Method: We studied 61 healthy men (control subjects),
25 men with alcoholism, 27 men with schizophrenia, and
19 men comorbid for schizophrenia and alcoholism with
the use of magnetic resonance imaging. Cerebellar struc-
tures were outlined manually, tissue classification was de-
termined statistically, and regional volumes were cor-
rected for normal variation in head size and age.

Resulis: Patients with schizophrenia alone had enlarged
fourth ventricles (1.5 SD relative to controls) but showed
no cerebellar tissue volume deficits. The alcoholic group
had gray and white matter vermian deficits (-0.5 SD), most
prominent in anterior superior lobules, and gray matter

hemisphere deficits (-0.8 SD), but not fourth ventricle
enlargement. The comorbid group had cerebellar hemi-
sphere (-1.3 SD) and vermian gray matter volume defi-
cits (-0.7 SD) and fourth ventricular enlargement (1.6 SD);
these abnormalities were greater than in either single-
diagnosis group, despite significantly lower levels of al-
cohol consumption compared with the alcoholic group.
Gray matter volume in the anterior superior vermis cor-
related with lifetime alcohol consumption in the schizo-
phrenic and comorbid groups when combined.

Conclusions: Cerebellar tissue volume deficits were
detected in schizophrenia only when accompanied by
alcoholism. By contrast, fourth ventricular enlargement
occurred in schizophrenia even without alcoholism, al-
though it was exacerbated by alcoholism. These find-
ings support a model of cerebellar supersensitivity to
alcohol-related tissue volume deficits in schizophrenia.
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HERE HAS BEEN growing in-

terest in the role that cer-

ebellar abnormalities may

play in the pathophysiol-

ogy and manifestations of
schizophrenia.'” It has been speculated
that limb movement abnormalities, lack
of coordination,*® impaired smooth eye
pursuit,” and the classic “cerebellar signs”®?
indicate cerebellar abnormality. The ob-
servation of localized vermian hypopla-
sia in patients with autism,'®!! a develop-
mental disorder, suggests that cerebellar
abnormality in patients with schizophre-
nia could reflect a neurodevelopmental
cause of this disease. Psychotic symp-
toms have been attributed to cerebellar de-
generation in patients with this primary
neurological diagnosis.*>® A recent mag-
netic resonance (MR) imaging study re-
ported an association between enlarged
vermian white matter volume and posi-
tive symptoms in patients with schizo-
phrenia.’? A longitudinal MR imaging

study of first-episode schizophrenia re-
ported volume reduction of the right
cerebellar hemisphere."

Although reasons to expect abnor-
malities in the structure of the cerebel-
lum in schizophrenia abound, efforts
to document such abnormalities using
neuropathological'* or neuroimaging
approaches (computed tomography*'>10
and MR imaging'"'®) have not revealed
a consistent pattern of results. Some
postmortem studies report evidence of
reduced cell counts or volume reduc-
tion,'®?! whereas others do not.>'>?*?* Sev-
eral critical factors complicate the in vivo
establishment of whether cerebellar ab-
normalities constitute a reliable feature of
schizophrenia.?*" Conventional MR im-
aging sequences, using slices oriented to
cerebral landmarks, are not necessarily or-
thogonal to the plane of cerebellar struc-
tures and consequently can provide inap-
propriate alignment landmarks for the
cerebellum.”®
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SUBJECTS AND METHODS

SUBJECTS

All subjects (Table 1) were men and gave written con-
sent for study. Data from the control and alcoholic-only
groups were reported previously™ and are included for com-
parison with the schizophrenic groups.

Patients With Schizophrenia Alone

The schizophrenic-only group (n=27) consisted of
patients who met DSM-III-R* criteria for schizophrenia
but not for current or lifetime alcohol abuse or depen-
dence or other Axis I diagnoses. Patients without a his-
tory of significant illness or head injury (loss of con-
sciousness >30 minutes) admitted to the unlocked
voluntary ward of the Mental Health Clinical Research
Center at the Veterans Affairs Palo Alto Health Care Sys-
tem, Palo Alto, Calif, were considered for study partici-
pation. Patients underwent screening with a medical
evaluation (review of systems, routine radiography, and
laboratory tests) and psychiatric diagnostic assessment.
Diagnosis was based on a consensus between a research
psychiatrist or psychologist using a semistructured inter-
view and a trained and calibrated research assistant
using the Structured Clinical Interview for DSM-III-R
(SCID).*" Subjects who met criteria for DSM-III-R life-
time drug dependence or drug abuse within the 3
months before undergoing MR imaging were excluded.
Current symptom severity was evaluated with the
18-item Brief Psychiatric Rating Scale (BPRS)* (Table 1)
administered by 2 raters with established reliability.

Patients With Schizophrenia
and Alcoholism Comorbidity

The comorbid group (n=19) consisted of patients who met
DSM-III-R criteria for schizophrenia and DSM-III-R crite-
ria for alcohol abuse (n=3) or dependence (n=16) or Re-
search Diagnostic Criteria (RDC) (determined from the
Schedule for Affective Disorders and Schizophrenia
[SADS]*) for alcoholism. Subjects were not excluded for
non-alcoholic substance abuse (n=7) but were excluded
for dependence. The schizophrenia diagnosis preceded the
alcoholism diagnosis in 9 patients. Median time between
last drink and MR imaging was 601 days (SD, 893; range,
1-3656 days), and mean (+ SD) time since last met alcohol
dependence diagnosis was 8.5+7.9 years (range, 0.3-22
years). All patients with schizophrenia (with and without
alcoholism comorbidity) had been treated with antipsy-
chotic medications.

Patients With Alcoholism Only

Alcohol-dependent patients (n=25) were drawn from
patients meeting RDC for alcoholism who had partici-
pated in brain imaging studies during treatment in the
Alcohol Rehabilitation Program at the Veterans Affairs
Palo Alto Health Care System.” Screening for that study
excluded patients with hospitalization for DSM-III-R or
DSM-IV °' diagnosis of schizophrenia, major affective

disorders, or medical or neurological conditions affect-
ing the central nervous system; seizure disorder unre-
lated to alcohol withdrawal; or use of phenytoin sodium
or corticosteroids in the past month and patients meet-
ing criteria for substance abuse other than alcohol
within the past year. Subjects underwent MR scanning
as part of ongoing studies.”>”* Median time between last
drink and MR imaging was 204 days (SD, 648; range,
1-1994 days).

Healthy Controls

Volunteers (n=61) underwent initial screening by tele-
phone and further evaluation using psychiatric interview
with the SCID or SADS, physical examination, complete
blood cell count, and chemistry panel. Subjects were ex-
cluded for Axis I psychopathological disease, substance
abuse in the year before study entry, or ever having con-
sumed more than 54 g per day of ethanol (equivalent of 4
drinks containing an average of 13.6 g of ethanol) for a pe-
riod exceeding 1 month as assessed through a semistruc-
tured interview to obtain alcoholic consumption his-
tory.”*>* Medical data were reviewed for evidence of liver,
heart, or pulmonary disease; thyroid dysfunction; diabe-
tes; head injury resulting in loss of consciousness for longer
than 30 minutes; or other diseases that could affect the vari-
ables being measured. Control subjects aged 50 years and
older were given the Mini-Mental State Examination® to
screen for dementia and were excluded for having a score
of 24 or less.

Assessment of
Alcohol Consumption

To quantify exposure to alcohol in all subjects, we used a
semistructured interview based on one developed by Skin-
ner’*’" and previously used by our research group®®® to de-
rive estimates of total lifetime ethanol consumption. Not all
patients were administered the structured alcohol history
questionnaire, which yields quantitative alcohol consump-
tion data, because early in our studies of schizophrenia these
questionnaires were not part of our clinical protocol.

Demographic Variables

Kruskal-Wallis tests of demographic variables (Table 1) across
the 4 groups yielded significant differences in education
(P<.001), IQ estimated using the National Adult Reading
Test® (P<.002), handedness measured using a quantita-
tive test® (P<.02), and total lifetime consumption of alco-
hol (P<<.001) but not age (P=.09). Follow-up Mann-
Whitney tests revealed that the alcoholic group consumed
more alcohol than any group, and that the schizophrenic
group consumed the least alcohol and had the lowest hand-
edness scores, indicating extreme right-handedness. The 3
patient groups had equivalent years of education and Na-
tional Adult Reading Test IQs. The comorbid group did not
differ significantly from the schizophrenic group in total or
subscale® BPRS scores but tended to have higher scores on
the withdrawal/retardation subscale (P=.05).

Continued on next page
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MR IMAGING PROTOCOLS
AND QUANTIFICATION

Acquisition

Subjects underwent scanning on a 1.5-T MR imaging scan-
ner (Signa; General Electric, Milwaukee, Wis) with a 3-di-
mensional-spoiled gradient recalled acquisition sequence
to collect images of the entire cerebrum and cerebellum in
a single volumetric data set acquired in the sagittal plane
(repetition time, 24 milliseconds; echo time, 5 millisec-
onds; flip angle, 40°; 124 slices; 24-cm field of view;
256 X 196 matrix; acquired resolution, 0.9 X 1.2 X 1.5 mm;
reconstructed resolution, 0.9 X 0.9 X 1.5 mm).

Processing

Image analysis tools were developed within the laboratory
using Interactive Data Language (Research Systems, Inc,
Boulder, Colo) and x-lisp software. Analysis first included
a series of transformations® for aligning the 3-dimen-
sional data set into desired orientations, relating them to
standardized coordinates,” and then slicing 2-dimen-
sional images in that orientation for delineation and mea-
surement of specific regions. Once the images had been re-
aligned and resliced, manual point placement and
semiautomated edge detection were used for defining re-
gions, followed by automated tissue-cerebrospinal fluid
(CSF) segmentation. Volumes were determined by sum-
mation of each region on all slices measured.

Reslicing

A graphical prescription tool resliced the cerebellar struc-
tures along intracerebellar landmarks. For the hemispheres
and fourth ventricle, the slices ran parallel to the brainstem
on a midline sagittal section; the resulting slices were con-
tiguous and 2.5 mm thick. For the vermian regions, the mid-
sagittal plane was determined from axial slices taken through
the vermis at the following 3 levels®**: superior, where the
cerebral aqueduct becomes continuous with the fourth ven-
tricle; middle, where the vermis first protrudes into the fourth
ventricle; and inferior, where the foramen of Luschka be-
comes confluent with CSF space. At each level, a midline
plane was prescribed graphically so that the section passed
through the anterior and posterior convexities of the ver-
mis. The average of these 3 prescriptions was calculated and
used to reslice the vermis into a midsagittal and 4 parasag-
ittal slices with an interval of 1.5 mm.

Anatomical Definitions of Regions

The vermis was divided into 4 regions, designated V1, V2,
V3, and V4 (Figure 1), and measured on the prescribed
sagittal slices. Region V1 (anterior superior vermis) in-
cluded lobules I through V (lingula, centralis, and cul-
men), bound by the superior medullary velum and the pri-
mary fissure; V2, lobules VI and VII (declive, folium, and
tuber), bounded by the primary and the prepyramidal fis-
sures; V3, lobule VIII (pyramis), demarcated by the pre-
pyramidal and secondary fissures; and V4, lobules IX and
X (uvula and nodulus), which lay between the secondary
fissure and the inferior medullary velum. We measured V1

and V2 on 5 slices; V3 and V4, on the 3 middle slices (the
midsagittal and 2 parasagittal slices). The junction of all
vermian regions formed the apex of the fourth ventricle,
which was measured on 2 to 4 slices.

Borders for each region were based on anatomical land-
marks and manually outlined by separate raters with gener-
ally good to excellent reliability (intraclass correlations: hemi-
sphere gray matter and white matter, 0.97 and 0.84; gray mat-
ter and white matter V1,0.96 and 0.89; V2,0.84and 0.97; V3,
0.79and 0.85;and V4, 0.82 and 0.73).* Each cerebellar hemi-
sphere was outlined separately (Figure 1). The most anterior
slice measured was at the first appearance of the floor of the
fourth ventricle; the most posterior slice measured was the last
onwhich the hemispheres were bilaterally visible. Other ana-
tomical guides included the tentorium cerebelli asitstretched
over the hemispheres superiorly and the posterior, inferior,
and lateral surfaces of the meninges overlying the occipital bone.

STATISTICAL ANALYSIS

Initial analyses were performed on regional volumes ex-
pressed as standardized z scores, adjusted with regression
analysis for variation in head size and age observed in the
control group. A previous study of our controls®® demon-
strated significant negative correlations between regional
cerebellar gray matter volumes and age and positive cor-
relations between fourth ventricular volumes and intra-
cranial volume. Further, the 4 subject groups in our study
differed in intracranial volume (Fs;3;=7.90; P<<.001): the
schizophrenic and comorbid groups had significantly smaller
volumes than the alcoholic or control groups, which did
not differ from each other. Regression analysis was used
to adjust statistically for these differences.

The z scores were calculated with a 2-step regression
analysis based on the control data. Each region of interest was
regressed against an estimate of intracranial volume (ie, head
size) based on a 3-dimensional volume of the cerebrum. The
resulting regression coefficients were used to calculate head
size-residualized scores based on the regression analysis. To
correct for normal age effects, the head size-residualized scores
from the control group were regressed on age, using a con-
strained quadratic function.”®®* The potential increase in in-
tersubject variability with normal age was accounted for by
using a weighted least squares regression model. For each re-
gion, the standard error of the regression (SD with age ef-
fects removed) for the control data was calculated. Once all
regression parameters were estimated, regional volumes from
all subjects were converted to zscores as the final unit of analy-
sis. The expected mean of the controls was z=0=1 SD. Analy-
ses using standardized z scores permitted (1) assessment of
disease effects, having removed the effects of head size and
normal aging variation; (2) direct comparison of patient groups
regardless of age differences; and (3) direct comparison across
brain regions of fundamentally different sizes. Lower z scores
for tissue and higher scores for CSF volumes were in the di-
rection of greater abnormality.

Group comparisons for these volume measures were based
onrepeated-measures analysis of variance (ANOVA; a=.05,
2 tailed), with Greenhouse-Geisser correction for P values as-
sociated with 3-way interactions, and 1-way ANOVAs and
follow-up Scheffé paired comparisons (a=.05, 2-tailed). Re-
lationships between brain and clinical variables were exam-
ined with parametric (Pearson product moment) correlations.
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Table 1. Description of Subject Groups
Subject Group
Control Alcoholic Schizophrenic Only Comorbid I Significant Differences,
(n = 61) (n = 25) (n =27) (n=19) Kruskal-Wallis Tests*
Age, mean (SD), y 46.8 (14.0) 49.6 (11.0) 44.7 (8.6) 40.9 (7.5) NS
Education
Mean (SD), y 16.4 (2.3) 13.9 (3.4) 14.0 (2.4) 13.6 (1.6) C>A=S=CM
No. of subjects 61 25 27 19
National Adult Reading Test 1Q
Mean (SD) 112.8 (6.6) 106.7 (8.3) 108.6 (7.8) 106.4 (6.6) C>A=S=CM
No. of subjects 49 25 18 14
Handedness scoret
Mean (SD) 23.7 (13.8) 24.6 (14.9) 19.3 (12.3) 24.6 (14.9) C=A=CM>S
No. of subjects 58 25 22 17
Age at onset, yt
Mean (SD) 27.8 (12.9) 23.3 (4.6) 22.8 (3.3) NS
No. of subjects 25 27 19
Lifetime alcohol consumption, kg
Mean (SD) 61.7 (78.7) 1263.6 (790.1) 22.4 (25.4) 229.7 (219.1) A>CM>C>S
No. of subjects 60 25 19 13
BPRS Score
Thinking disturbance§
Mean (SD) 8.4 (3.3) 7.7(2.9) NS
No. of subjects 27 19
Withdrawal/retardation||
Mean (SD) 6.8 (3.0) 8.2 (2.6) NS
No. of subjects 27 19
Total
Mean (SD) 41.9(9.1) 42.8 (8.4) NS
No. of subjects 27 19

*NS indicates not significant; C, controls; A, alcoholic group; S, schizophrenic group; CM, comorbid group, and ellipses, not applicable. « = .05, 2 tailed.

tRight-handed score, 14 to 32.

tAge of alcohol onset for the alcoholic group and age of schizophrenia onset for the schizophrenic and comorbid groups.
§Thinking disturbance score consisted of hallucinatory behavior, unusual thought content, and conceptual disorganization items.
||Withdrawal/retardation score consisted of blunted affect, emotional withdrawal, and motor retardation items.

Cerebellar structures subserve a wide range of cogni-
tive? and motor*®*! functions and have extensive connec-
tions to cortical and subcortical sites. As with the cere-
brum,?>3235 cerebellar abnormalities associated with
schizophrenia may affect cerebellar structures and tissue
types differentially. Consequently, examination of gross
volumetric abnormalities requires regional and tissue-
type analyses.

In contrast to the equivocal role cerebellar deficits
play in the pathophysiology of schizophrenia, the con-
tribution of structural cerebellar deficits to behavioral
deficits in patients with chronic alcoholism®® is less
controversial. Pathological studies of chronically alco-
holic patients and patients with alcoholic Korsakoff
syndrome have shown the anterior superior vermis spe-
cifically to be affected.’” Even among moderate alcohol
drinkers, the level of consumption in the year before
death has been linked to degree of vermian Purkinje
cell loss.”® In vivo MR imaging studies report volume
loss in cerebellar hemispheres and vermis of chronically
alcoholic patients without grossly detectable cerebellar
signs,** with quantitative regional assessments indi-
cating specific loss to the anterior superior vermis.*
Thus, there is clear evidence of alcoholism-related dam-
age to the cerebellum, especially vermian lobules I to V
and IX and to X.*

Hemispheres Vermis

Figure 1. Examples of hemisphere (A) and vermian (B) regions, which were
traced manually. C and D, Examples of gray and white matter segmentation.
The 4 regions of the vermis (V1-V4) are described in the “Anatomical
Definitions of Regions” subsection of the “Subjects and Methods” section.

Many patients with schizophrenia abuse or are de-
pendent on alcohol. A survey of studies of comorbidity
of schizophrenia with alcohol abuse found prevalence rates
to range from about 10% to 50%,” with prevalence in-

(REPRINTED) ARCH GEN PSYCHIATRY/VOL 57, SEP 2000

897

WWW.ARCHGENPSYCHIATRY.COM

©2000 American Medical Association. All rights reserved.



Table 2. ANOVA Results Based on z Scores*

Cerebellar Hemispheres

T
Group

1
Group x Hemisphere x Tissue Typet

Group Group x Hemisphere Group x Tissue Type
CvsSvsA
F(dl) 3-44(2,110) 1 -95(2,110) 1 -64(2,110) 1 -65(2,110)
P .04 15 .20 .20
CvsS
Far) 1.461 g5) 0.111.66) 0.881,86) 0.011,66)
P .23 74 .35 91
CvsA
F(dl) 6-48(1,84) 3-47(,184) 4-44(1,84) 3-03(1,84)
P .02 .07 .04 .09
SvsA
Far) 1.441 50) 1.26(1 50) 0.341 50 2.92150)
P .24 .27 .56 10
Svs Avs CM
F(dl) 0-68(2,68) 0-77(2,68) 3-16(2,68) 1-38(2,68)
P .52 A7 .05 .26
Vermian Regions
I 1
Group Group x Region Group X Tissue Type Group x Region x Tissue Type
CvsSvsA
F(dl) 4-06(2,110) 1 -99(6,330) 0-23(2‘110) 2-98(6‘330)
P .02 .07 .80 .008
CvsS
Far) 0.011,66) 1.453 555 0.311,85) 4.04 3 255)
P .93 23 .58 .009
CvsA
F(d/) 7.35(1154) 1.85(31252) 0.04(1‘34) 0.75(3‘252)
P .009 14 .84 .52
SvsA
Far) 5.75(150) 3.133.150) 0.341 50) 4.28 3150,
P .02 .03 .56 .01
SvsAvs CM
F(dl) 301 (2,68) 1-62(6,204) 41 0(2‘68) 31 1 (6,204)
P .053 12 .02 .01

*ANOVA indicates analysis of variance; C, controls (n = 61); S, schizophrenic group (n = 27); A, alcoholic group (n = 25); and CM, comorbid group (n = 19).

Significant P values are in boldface type.
tGreenhouse-Geisser correction applied to 3-way interactions.

creasing in more recent decades. The Epidemiologic Catch-
ment Area Study* estimated that 24% of individuals with
a lifetime diagnosis of schizophrenia or schizophreni-
form disorder met lifetime criteria for alcohol depen-
dence and an additional 9.7% met criteria for alcohol abuse.

Using quantitative MR image acquisition and scor-
ing procedures designed for cerebellar measurement,*
we examined patients with schizophrenia, some with and
others without documented alcoholism comorbidity, and
compared them with patients with chronic alcoholism
and with healthy control subjects.” We hypothesized that
patients comorbid for alcohol dependence and schizo-
phrenia would manifest cerebellar deficits unique to each
disease but compounded in severity.

— T

Two sets of data analyses were performed. First, the
schizophrenic, alcoholic, and control groups were com-
pared, and then the schizophrenic, alcoholic, and co-
morbid groups were compared.

SCHIZOPHRENIC VS ALCOHOLIC
VS CONTROL GROUPS

Included in these analyses were the 61 control subjects,
25 patients with alcoholism, and 27 patients with schizo-
phrenia without alcoholism comorbidity. These analyses
addressed whether patients with schizophrenia had cer-
ebellar volume abnormalities and, if so, were they as se-
vere as those observable in patients with alcoholism. The
primary effects of interest from the repeated-measures
ANOVAs (Table 2) involved the group factor.

A 3-way ANOVA (3 groups X 2 hemispheres X 2 tis-
sue types) tested for differences in cerebellar hemisphere
volumes and yielded a significant group effect. Fol-
low-up ANOVAs were performed for each group pair and
yielded no significant group effects or interactions for the
comparisons between the control and schizophrenic groups
or between the alcoholic and schizophrenic groups. The
ANOVA examining differences between the control and
the alcoholic groups identified gray but not white matter
volume deficits in the alcoholic group (Figure 2, top).
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Figure 2. Means and standard error bars for each magnetic resonance
imaging regional volume for controls (n=61), patients with alcoholism
(alcoholic group, n=25), patients with schizophrenia without alcoholism
comorbidity (schizophrenic group; n=27), and patients with schizophrenia
with alcoholism comorbidity (comorbid group; n=19).

A 1-way ANOVA with follow-up Scheffé tests dis-
closed that the fourth ventricle was significantly larger
in the schizophrenic than in the alcoholic group, which
did not differ in volume from the control group
(F2112=9.47; P<.001) (Figure 2, bottom).

Analysis of vermian volumes proceeded with a 3
groups X 4 regions X 2 tissue types ANOVA. The main ef-
fect of group and the 3-way interaction were significant.
Follow-up ANOVAs involving group pairs showed that the
alcoholic group had significantly smaller volumes in V1
gray and white matter than the control or the schizo-
phrenic group and smaller V2 gray and white matter vol-
ume than the control group (Figure 3).

SCHIZOPHRENIC VS ALCOHOLIC
VS COMORBID GROUPS

Included in these analyses were the 25 patients with al-
coholism, 27 patients with schizophrenia without alco-
holism comorbidity, and 19 patients with schizophre-
nia and alcoholism comorbidity. These analyses addressed
whether the comorbid group had cerebellar volume dif-
ferences relative to patients with uncomplicated schizo-
phrenia (who were found not to have tissue volume defi-
cits), and further, whether they demonstrated the same
pattern and extent of deficits as the alcoholic group.
For the hemispheres, the 3 group X2 hemi-
sphere X 2 tissue type ANOVA vyielded a significant

Figure 3. Means and standard error bars for each magnetic resonance
imaging regional volume for controls (n=61), patients with alcoholism
(alcoholic group,; n=25), patients with schizophrenia without alcoholism
comorbidity (schizophrenic group; n=27), and patients with schizophrenia
with alcoholism comorbidity (comorbid group; n=19). The 4 regions of the
vermis (V1-V4) are described in the “Anatomical Definitions of Regions”
subsection of the “Subjects and Methods” section.

group X tissue interaction (Table 3), indicating that the
comorbid group had significantly smaller gray matter vol-
umes than the schizophrenic group without alcohol-
ism, and that the comorbid group had smaller hemi-
sphere gray matter volume but more white matter volume
(compare with Levitt et al'?) than the alcoholic group (Fig-
ure 2, top). In contrast to the hemisphere pattern of group
differences, the fourth ventricle was enlarged in the schizo-
phrenic and the comorbid groups relative to the alco-
holic group (F,7=3.16; P<.05) (Figure 2, bottom).

For the vermis, a 3 group X 4 region X 2 tissue type
ANOVA yielded a significant 3-way interaction (Figure
3). To examine whether these group differences in re-
gional vermian volumes were selectively related to dif-
ferences in alcohol consumption, the 19 patients with
schizophrenia and 13 patients in the comorbidity group
who had given quantitative alcohol histories were com-
pared using analysis of covariance, covarying the amount
of lifetime alcohol consumed,; in all cases, the group dif-
ferences were no longer detectable, indicating a direct re-
lationship between vermian volume decline and quan-
tity of alcohol consumption among those in the
schizophrenic group.

The estimate of total lifetime alcohol consumption
did not correlate significantly with any cerebellar vol-
ume measure in the alcoholic group. However, among
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Table 3. Volumes of Cerebellar Regions of Interest*

Subject Group, Mean (SD)

I 1
Schizophrenic

Control  Alcoholic Only Comorbid
(n=61) (n=25) (n=27) (n=19)
Hemispheres
Left gray matter 26.07 (3.0) 24.03 (3.2) 24.88 (3.0) 22.51(3.6)
Right gray 26.12 (3.0) 24.02 (3.8) 24.98(3.2) 22.82(3.8)
matter
Left white 20.35(2.7) 20.34 (2.3) 19.40(3.7) 20.90 (4.9)
matter
Right white 20.36 (2.6) 19.50 (3.3) 19.37 (4.1) 20.25(4.2)
matter
Fourth ventricle 1.32(0.5) 1.44(0.7) 1.83(0.7) 1.99(1.0)
Vermian measures
V1 gray matter ~ 1.89(0.3) 1.74(0.3) 2.03(0.3) 1.79(0.3)
V2 gray matter  1.22(0.3) 1.08(0.2) 1.20(0.3) 1.10(0.3)
V3 gray matter ~ 0.37 (0.1) 0.35(0.1)  0.38 (0.1)  0.34(0.1)
V4 gray matter ~ 0.47 (0.1) 0.44(0.1)  0.51 (0.1)  0.41(0.1)
V1 white matter  2.49 (0.4) 2.30(0.4) 2.58(0.4) 2.66 (0.5)
V2 white matter  1.66 (0.4) 1.44(0.3) 1.71 (0.4) 1.69(0.3)
V3 white matter  0.57 (0.1) 0.54 (0.1)  0.53 (0.1)  0.56 (0.1)
V4 white matter  0.65 (0.2) 0.65(0.2) 0.56 (0.2) 0.58 (0.2)

*Vermian regions are described in the “Anatomical Definitions of Regions”
of the “Subjects and Methods” section.

all patients with schizophrenia (ie, with and without al-
coholism) for whom a quantitative alcohol history was
obtained (n=32), greater lifetime alcohol consumption
was negatively correlated with V1 gray matter volumes
(r=-0.45; P=.009).

ANALYSIS OF RAW VOLUMES

To investigate the impact of the regression analysis ap-
proach on the group differences of primary interest, we
examined these comparisons using raw volumes (in-
stead of age- and head size—corrected z scores; Table 3)
in 1-way ANOVAs with follow-up paired comparisons
(a=.05). As observed with z scores, the group differ-
ence for the fourth ventricle was significant (F; 13,=7.14;
P<.001); the schizophrenic and comorbid groups had
significantly larger volumes than the control or alco-
holic groups. Examination of gray matter revealed sig-
nificant group effects for the combined left and right cer-
ebellar hemispheres (F;13,=0.64; P<<.001) and the total
of the 4 vermian regions (F;3;=4.53; P=.005). In both
cases, the comorbid and alcoholic groups had smaller vol-
umes than the control group and the comorbid group had
smaller volumes than the schizophrenic group. Re-
gional analysis of the vermis disclosed that the schizo-
phrenic and control groups did not differ on any gray mat-
ter measure, and, in fact, that the schizophrenic group
had larger volumes in 3 of the 4 vermian regions. By con-
trast, the alcoholic and the comorbid groups had smaller
gray matter volumes than the control group across all 4
vermian regions, although most differences failed to reach
statistical significance. As with z score analysis, which
removed variance attributable to head size and aging, the
differences between alcoholic and control groups and be-
tween comorbid and control groups were statistically sig-

nificant, whereas the schizophrenic group was still not
different from the control group.

— ST

This controlled MR imaging study demonstrated re-
gional cerebellar volume deficits in patients with schizo-
phrenia who were comorbid for alcohol abuse. The cer-
ebellar deficit pattern was similar (albeit not identical)
to that observed in alcoholic patients without schizo-
phrenia and involved gray matter of both cerebellar hemi-
spheres and vermis. The vermian volume deficits of the
alcoholic group extended to white matter and were maxi-
mal in the anterior superior lobules (compare Sullivan
et al*"). In contrast to both patient groups with alcohol
abuse histories, the pure schizophrenic group exhibited
no cerebellar tissue volume deficits and only fourth ven-
tricular enlargement.

Postmortem measurements reveal that the volume
of the adult human cerebellum is 140 to 150 mL.% The
total cerebellar volume for controls in our study was
slightly more than 100 mL (92 mL for the hemispheres
and 9.2 mL for the vermis), indicating that we sampled
about 70% of the volume estimated in postmortem
studies.

Estimates of lifetime alcohol consumption for all
groups provided additional corroborating evidence of the
validity of the diagnostic group differences and also high-
lighted the fact that the patients comorbid for schizo-
phrenia and alcoholism, although drinking more alco-
hol than the patients with schizophrenia alone, had
substantially lower lifetime alcohol use than the pa-
tients recruited from the alcoholic treatment program.
In many cases it had been many years since these co-
morbid patients last met diagnostic criteria for an alco-
hol disorder (Table 2). Despite the lower exposure to al-
cohol and more remote histories of alcohol consumption
in the comorbid group, they manifested the regional defi-
cits typical of alcoholism and, in certain instances, with
greater severity than those seen in patients with alcohol-
ism alone.

Fourth ventricular enlargement was present in pa-
tients with schizophrenia but not in those with alcohol
dependence alone. Conversely, volume deficits of the cer-
ebellar hemispheres and vermis were found in patients
with alcohol dependence but not in those with schizo-
phrenia without alcoholism. Patients comorbid for both
disorders manifested more severe fourth ventricular en-
largement than that seen in patients with schizophrenia
alone and more severe cerebellar and vermian gray mat-
ter volume deficits than those observed in patients with
alcoholism alone. These volume abnormalities oc-
curred in patients comorbid for both disorders despite
substantially lower levels of lifetime alcohol consump-
tion than in patients with alcoholism alone. Although the
levels of deficit present in the patients with schizophre-
nia alone were not severe enough to reach statistical sig-
nificance in this sample, the severe deficits seen in co-
morbid patients may be evidence that the preexisting
neuropathological features of schizophrenia renders these
brain structures especially vulnerable to the toxic ef-
fects of excessive alcohol exposure. This model of su-
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persensitivity is further supported by the observation that
among the combined group of patients with schizophre-
nia, with and without a diagnosis of alcoholism, life-
time alcohol consumption was significantly related to gray
matter volume in the anterior superior vermis (V1) and
that amount of alcohol consumption accounted for the
observed group differences in vermian volumes. These
results also argue against the contention that these ver-
mian volume deficits predated the onset of alcoholism.

A model of “cognitive dysmetria” has been proposed
by Andreasen and colleagues®™ to explain the overarching
deficit of schizophrenia, which includes impairment in the
coordination, ordering, monitoring, and prioritizing of in-
coming and outgoing information. The neural substrate is
hypothesized to involve prefrontal, thalamic, and cerebel-
lar circuitry. An MR imaging study from that research group
reported absence of cerebellar hemisphere volume defi-
cits but presence of anterior superior vermian area deficits
in patients with schizophrenia irrespective of history of
alcoholism.®” Our finding of absence of cerebellar volume
deficits in schizophrenia uncomplicated by alcoholism does
not necessarily disprove the cognitive dysmetria hypoth-
esis, because the circuitry could be disrupted without mac-
rostructural volume deficits. However, an MR spectros-
copy study, although showing N-acetylaspartate—creatine
ratio abnormalities in the pons, failed to show them in the
cerebellum in patients with schizophrenia.®

The similarity of the intracranial volume deficits of
the schizophrenic and comorbid groups provides con-
verging evidence of the diagnosis of schizophrenia in the
patients with alcoholism comorbidity. Abnormal size of
intracranial volumes as well as that of midline struc-
tures, such as the fourth ventricle, is supportive of neu-
rodevelopmental pathogenesis of schizophrenia.!*%-72
This finding is consistent with that of Jacobsen and col-
leagues'® who reported fourth ventricle size abnormali-
ties in adolescent patients with early-onset schizophre-
nia and who also noted that the lack of consensus
regarding this finding may be attributable to difficulties
in measurement of this deeply enfolded fluid-filled space.

B CONCLUSIONS

The data presented herein suggest that fourth ventricu-
lar enlargement is a feature of schizophrenia, whereas cer-
ebellar tissue volume deficits, if seen in patients with
schizophrenia, may be attributable to exposure to alco-
hol. Whether fourth ventricular enlargement reflects a
neurodevelopmental process that also can be exacer-
bated by exposure to alcohol cannot be determined from
the current data. However, these data support the con-
tention that excessive alcohol consumption can be a ma-
jor factor underlying cerebellar volume deficits ob-
served in schizophrenia and emphasize the importance
of documenting history of alcohol use in patients with
schizophrenia. Our findings and interpretations are lim-
ited to men with adult onset of the disease and do not
preclude the possibility that some aspect of schizophre-
nia pathophysiology arises from disruption of neural cir-
cuits involving the cerebellum (compare with previous
studies' > on the cerebellum and schizophrenia). Fur-

ther limitations include lack of knowledge about the func-
tional significance of the observed cerebellar volume defi-
cits in the comorbid group, lack of information about
nutritional status that can underlie brain abnormalities
acquired during bouts of alcohol abuse,**” and whether
recuperation of volume or function can occur with pro-
longed sobriety (compare with previous studies®>*™ on
brain volume in alcoholic patients). Nonetheless, the re-
sults of our study suggest a supersensitivity of the cer-
ebellum in schizophrenia to the detrimental effects of al-
coholism comorbidity, exposing patients to risks for motor
and cognitive dysfunction common to both diseases.”
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