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Gender Differences in Cerebellar Metabolism:
Test-Retest Reproducibility
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Objective: The purpose of this study was to evaluate gender differences in baseline measures
of regional brain metabolism and to assess their reproducibility. Method: Fifteen male and 13
female healthy subjects, whose mean age was 44 years, were tested with positron emission
tomography and [18F]fluorodeoxyglucose (FDG) under resting conditions; eight of the men
and 11 of the women underwent a second FDG scan under the same conditions 4–6 weeks
later to assess the reproducibility of the previous results. Results: There were no differences in
whole brain metabolism between the women and the men. In the first evaluation the female
subjects showed significantly higher metabolism in the temporal poles and cerebellum than
the male subjects. During the second evaluation the female subjects had significantly higher
metabolism only in the cerebellum. Conclusions: This study documents significant and repro-
ducible gender differences in cerebellar metabolism; their functional significance merits further
evaluation.
 (Am J Psychiatry 1997; 154:119–121)

T he use of [18F]fluorodeoxyglucose (FDG) in con-
junction with positron emission tomography (PET)

has enabled researchers to investigate regional brain glu-
cose metabolism in human subjects at baseline and dur-
ing activation. Studies conducted under baseline condi-
tions have shown substantial intersubject variability in
regional brain metabolism. Variables accounting for this
variability have been described and include, among oth-
ers, age and gender (1). Gender effects on metabolism
have not been consistent, with some studies reporting
higher brain metabolism in women than men (2, 3), oth-
ers reporting no differences (4), and others reporting dif-
ferences in regional measures only (5). These discrepan-
cies probably reflect multiple factors, including study

conditions, subjects’ characteristics, analysis strategies,
and measurement variability.

In this study we investigated gender effects on base-
line metabolism in two evaluations to determine the re-
producibility of group differences in regional metabolic
measures.

METHOD

We studied 15 men (mean age=44 years, SD=8; mean level of educa-
tion=14 years, SD=3) and 13 women (mean age=44 years, SD=6; mean
level of education=14 years, SD=2). They were right-handed, healthy
subjects who had been screened for absence of medical, neurological,
and psychiatric disease. Persons in need of medication and those with
past or present alcohol or drug use (except for caffeine and nicotine)
were excluded. Pre-scan tests ensured the absence of psychoactive drug
use. Details have been published elsewhere (1). Written informed con-
sent was obtained from the subjects according to the guidelines of the
institutional review board at Brookhaven National Laboratory.

All subjects underwent PET scans with FDG under baseline condi-
tions (lying supine, eyes open, and ears unplugged); 19 of the subjects
(eight male and 11 female) underwent a second baseline scan 4–6
weeks later. Twenty-minute scans were done with a CTI-931 scanner
35 minutes after injection of 4–6 mCi of FDG. Details on the proce-
dure have been described (1). For the female subjects, scans were done
within the first 10 days of their menstrual cycle.

The template used to locate the regions of interest in the PET scans
has been published (6). Absolute as well as “relative” (region of in-
terest divided by the whole [average metabolic rate in the 15 brain
slices]) metabolic measures were obtained in 14 “composite” brain
regions (6).
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Differences in regional metabolism were tested with analysis of
variance (ANOVA) for a gender-by-region interaction. Follow-up
factorial ANOVAs were then performed to evaluate the regions that
differed between genders.

RESULTS

The results from the ANOVA showed no main group
effect (male versus female subjects: F=1.3, df=1, 338,
p=0.27) but showed a significant region-by-group in-
teraction (F=4.5, df=13, 338, p<0.0001), indicating dif-
ferences in metabolic activity between the genders
across brain regions. Follow-up ANOVAs on the re-
gional measures revealed significantly higher metabo-
lism in the right and left cerebellum and in temporal
poles in the women (figure 1). In the second evaluation,
the women had significantly higher metabolism in the
right cerebellum (women: mean=44.4 µmol/100 g per
minute, SD=3; men: mean=37.8 µmol/100 g per min-
ute, SD=4; F=16.0, df=1, 18, p<0.001) and in the left
cerebellum (women: mean=44.7 µmol/100 g per min-
ute, SD=3; men: mean=40.0 µmol/100 g per minute,
SD=5; F=6.1, df=1, 18, p<0.03).

The results from the ANOVA on the relative meta-
bolic measures were the same as those for the absolute
measures (data not shown).

DISCUSSION

Gender differences in cognitive, motor, and emo-
tional behaviors have been documented (7). Imaging
technologies now enable us to investigate gender differ-
ences in cerebral activity at baseline and during activa-

tion that may underlie some of these differences
(5). In this study, we documented significantly
higher cerebellar metabolism in female subjects
than in male subjects, and this was reproducible
with repeated evaluation. There is increasing evi-
dence that in addition to participating in motor
coordination, the cerebellum participates in emo-
tional (8, 9) and cognitive (10, 11) behaviors, in-
cluding language (12). Hence, one could speculate
that gender differences in language and motor
coordination (7) may be accounted for in part
by gender differences in cerebellar activity. How-
ever, further studies are required to establish this
association.

The regional pattern of differences detected
during the first evaluation is quite similar to that
reported by Gur et al. (5), except that in their
study the direction of differences is reversed: the
male subjects had higher metabolism in the cere-
bellum and temporal poles. This difference in re-
sults could result from the substantial age differ-
ences between the two study groups: the subjects
in the Gur et al. study were considerably younger
than those in the current investigation (mean
age=27.5 years, SD=7, versus mean=44.0 years,

SD=7). This may be particularly relevant for our group,
since it included both premenopausal and postmeno-
pausal women, and estrogen is known to affect brain
function (13). It is also possible that what both stud-
ies detected is those regions which are most likely to
differ between men and women and that the direction
of the differences may be a result of the conditions
of the studies. This discrepancy highlights the difficul-
ties that arise in linking functional significance to the
direction of metabolic changes in normal populations
(i.e., more activity linked with better function and vice
versa).

This study documents reproducible differences in
cerebellar metabolism between male and female sub-
jects; the functional significance and relationship to ex-
perimental conditions of these differences require fur-
ther evaluation.
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FIGURE 1. Absolute Measures of Regional Brain Glucose Metabolism in 15
Healthy Men and 13 Healthy Women

aSignificant difference between men and women (F=4.7, df=1, 27, p<0.04).
bSignificant difference between men and women (F=9.7, df=1, 27, p<0.005).
cSignificant difference between men and women (F=7.1, df=1, 27, p<0.02).
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