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Objective: Functional neuroimaging studies have identified a
role for the cerebellum in the neuropsychology of schizophre-
nia. Few studies, however, have examined the relationship be-
tween cerebellar size and neuropsychological functioning in
schizophrenia. The authors’ goal was to examine this relation-
ship in patients and healthy comparison subjects.

Method: Total cerebellar volume was computed from mag-
netic resonance images in 48 male and 33 female patients expe-
riencing a first episode of schizophrenia and in 14 male and

nine female healthy comparison subjects. Patients and compar-
ison subjects completed a comprehensive neuropsychological
assessment encompassing six domains of functioning: execu-
tive, motor, language, visuospatial, memory, and attention. A
global domain of functioning was computed as the mean of
these six domains.

Results: Larger cerebellar volume correlated significantly with
better global functioning in healthy subjects but not among pa-
tients with schizophrenia; this relationship was significantly
stronger in healthy subjects than in patients. Additional analy-
ses revealed significant associations between cerebellar volume
and visuospatial, executive, and memory functions in healthy
volunteers but not among patients.

Conclusions: The cerebellum plays a role in higher cognitive
functions in healthy individuals, and normal associations be-
tween cerebellar size and function are absent in patients expe-
riencing a first episode of schizophrenia. These findings are con-
sistent with neurobiological models implicating the cerebellum
in the pathogenesis of schizophrenia.

(Am J Psychiatry 2003; 160:1884—1887)

Esitron emission tomography studies suggest that
some aspects of healthy neuropsychological functioning
involve the cerebellum (1) and that patients with schizo-
phrenia demonstrate abnormal patterns of metabolic
activity while performing neuropsychological tasks (2).
Despite these studies, however, little is known regarding
the possible functional correlates of cerebellar size in ei-
ther healthy subjects or patients with schizophrenia. Pre-
vious studies suggested that larger cerebellar volume is as-
sociated with better neuropsychological functioning in
healthy subjects (3, 4). Studies conducted with patients
suggested that smaller cerebellar volume correlates with
greater psychosocial impairment (5) and that smaller ver-
mis volume is associated with greater depression and
paranoia (6). Other studies of patients with schizophrenia
reported that the anterior vermis area correlates positively
with WAIS-R full-scale IQ (7) and that larger vermis white
matter volume is correlated with worse logical memory
functioning (8).

In the present study we investigated the neuropsycho-
logical correlates of cerebellar structure volumes in healthy
subjects and patients experiencing their first episode of
schizophrenia. We hypothesized that larger cerebellar vol-
ume would be associated with better neuropsychological
functioning among healthy subjects and that patients
would demonstrate an abnormal pattern of structure-
function relations.
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Method

Forty-eight men and 33 women with a mean age of 25.5 years
(SD=6.6) who were experiencing their first episode of schizophre-
nia were selected from a larger group of 118 patients described
previously (9). The 81 patients were selected on the basis of
whether they had magnetic resonance imaging (MRI) scans avail-
able for measurement of the cerebellum and whole brain and
completed at least one comprehensive neuropsychological as-
sessment. Fourteen men and nine women with a mean age of 25.5
(SD=5.7) who denied a history of neuropsychiatric or medical ill-
ness on interview were selected to match the patient group in dis-
tribution of age and sex.

Among the 81 patients, 56 were dextral and 25 nondextral; among
the 19 healthy volunteers for whom handedness information was
available, 13 were dextral and six nondextral. Exclusion criteria for
patients and healthy comparison subjects included any history of
chronic neurological, endocrine, or medical illness or drug treat-
ment known to affect the brain as determined by interview and
supplemented among patients and 19 comparison subjects by
Schedule for Affective Disorders and Schizophrenia—Lifetime Ver-
sion interview, physical examination, and urinalysis. All proce-
dures were approved by our institutional review board, and written
informed consent was obtained from all study participants.

MRIs were acquired in the coronal plane by using a three-di-
mensional gradient-echo fast low-angle-shot sequence with a 50°
flip angle, 40-msec repetition time, and 15-msec echo time on a
1.0-T whole-body superconducting Magnetom imaging system
(Siemens, Erlangen, Germany). This sequence produced 63 con-
tiguous coronal slices through the whole head (slice thickness=
3.1 mm). The median number of weeks from the first administra-
tion of antipsychotic medication to the MRI examination was 7.9
(range=0 to 262). Scans of patients and comparison subjects were
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FIGURE 1. Correlations Between Cerebellar Volume and Performance in Six Neuropsychological Domains and a Global
Domain for Patients Experiencing Their First Episode of Schizophrenia and Healthy Comparison Subjects?
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a Performance in the global domain is the mean of the performance in the six individual domains.

mixed together before measurements. Methods for measuring
the whole brain and cerebellum are described elsewhere (10). In-
terrater reliabilities between two raters (as assessed by intraclass
correlations [ICC]) in 10 cases were 0.94 for the cerebellum and
0.96 for the whole brain.

Neuropsychological assessments of patients were conducted
following remission or achievement of a stable level of residual
symptoms for the preceding 2 weeks as measured by rating scale
assessments. The mean number of weeks from the administration
of antipsychotic medication to the neuropsychological exam was
43.3 (SD=40.5). The median number of weeks from the MRI exam-
ination to the neuropsychological exam was 19.4 (range=-235 to
98) for patients and 0 for healthy volunteers (range=-112 to 300).
Administration of the neuropsychological tests was counterbal-
anced and included 41 tests selected to characterize six domains
of neuropsychological functioning: language, attention, memory,
executive, motor, and visuospatial (as described previously [11]). A
global domain of functioning was computed by averaging these
six domains.

Cerebellar volumes were adjusted for the effects of total brain
volume, age, and parental social class by using linear regression
(10). We first examined cerebellar volume in relation to the global
neuropsychological domain to minimize type I error. Because
distributions of variables were judged to have a normal shape,
two-tailed Pearson product-moment correlations (alpha=0.05)
were used for investigation of structure-function relations. We
used either independent groups t tests or chi-square analyses to
examine group differences in characteristics.

Results

Patients and healthy comparison subjects did not differ
significantly in age at the time of the MRI or neuropsycho-
logical examinations or in distributions of sex or handed-
ness (p>0.05). Patients, however, had a significantly lower
parental social class (y?=4.3, df=1, p=0.04) and, as ex-
pected, fewer years of education (x?=17.0, df=1, p<0.001)
than healthy subjects. Parental social class data were un-
available for one patient and three comparison subjects.

The correlations between cerebellar volume and the
neuropsychological domains for patients and healthy
comparison subjects are illustrated in Figure 1. These
analyses revealed that larger cerebellar volume correlated
significantly with better global neuropsychological func-
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tioning among healthy comparison subjects (r=0.47, df=
20, p=0.04), but not among patients with schizophrenia
(r=-0.15, df=80, p=0.20). Cerebellar volume was more
strongly correlated with global neuropsychological func-
tioning among healthy subjects than patients (z=2.47, p=
0.007). Investigation of the individual neuropsychological
domains included in the global domain revealed that
among healthy comparison subjects cerebellar volume
correlated significantly with visuospatial (r=0.46, df=20,
p=0.04), executive (r=0.47, df=20, p=0.04), and memory (r=
0.45, df=20, p=0.05) functioning (Figure 1). None of the
correlations between cerebellar volume and the individ-
ual neuropsychological domains was statistically signifi-
cant among patients (Figure 1) (all p>0.05). Although there
were too few subjects in our healthy comparison group to
investigate the possible effects of sex on the observed find-
ings, there were no significant associations of structure
and function for either male or female patients (all
p>0.05). Global neuropsychological functioning did not
correlate significantly with total brain volume among
healthy comparison subjects (r=0.08, df=20, p=0.72).

We considered whether the lack of an association be-
tween cerebellar volume and neuropsychological func-
tioning in patients might be attributable to changes in
medication or temporal-related or illness-related effects
that occurred between the exams. We found no evidence,
however, for an association between either neuropsycho-
logical functioning or cerebellar volume and total cumula-
tive antipsychotic exposure (in chlorpromazine equiva-
lents), changes in illness severity, or the time interval
between the exams.

Discussion

Although functional neuroimaging studies have identi-
fied a role for the cerebellum in healthy human cognition
as well as the neuropsychological deficits observed in
schizophrenia, there are few data regarding the functional
correlates of cerebellar structure volumes in these groups.
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Our findings suggest that larger cerebellar volume is asso-
ciated with better cognitive functioning in healthy sub-
jects, and that these normal structure-function relations
are absent among patients experiencing a first episode of
schizophrenia studied soon after illness onset and before
extensive pharmacological intervention. Moreover, cere-
bellar volume was more strongly correlated with global
neuropsychological functioning among healthy subjects
than patients. Total brain volume did not correlate signifi-
cantly with global functioning in healthy subjects, sug-
gesting that the observed structure-function relations had
specificity to the cerebellum.

The finding that larger cerebellar volume was associated
with better neuropsychological functioning in healthy sub-
jects is consistent with the results from two previous struc-
tural neuroimaging studies. Andreasen et al. (3) found that
larger cerebellar volume was associated with better verbal
and performance intelligence among 67 healthy subjects.
In a new and independent sample of 62 healthy subjects,
the same group (4) found that cerebellar volume correlated
positively with finger tapping performance, memory re-
tention for complex narrative material, and general intel-
lectual ability. Our findings are also consistent with the re-
sults of functional neuroimaging studies that identified
cerebellar activation in healthy subjects during the short-
and long-term retention of words (1) and during a virtual
reality paradigm assessing allocentric memory (12).

The lack of significant structure-function relations in pa-
tients is consistent with neurobiological models of schizo-
phrenia that implicate cerebellar dysfunction in the disorder
(13) as well as neurological studies implicating cerebellar
disease in a “cerebellar cognitive affective syndrome” (14).
Previous studies investigating the neuropsychological corre-
lates of cerebellar structure volumes in schizophrenia found
relations with the vermis (7, 8); therefore, our findings may
not be directly comparable. Our findings may be consistent
with previous reports of reduced cerebellar blood flow in pa-
tients during the recall of novel and practiced word lists (2).
It is conceivable that cerebellar structural alterations in
schizophrenia, possibly involving the vermis (6, 7), could ei-
ther result in or be a cause of inefficient metabolic activity in
patients during the performance of cognitive tasks. On the
other hand, abnormalities in other brain regions with which
the cerebellum is connected might also obscure normal
structure-function relations.

Although other structural neuroimaging studies investi-
gating the cerebellum may have used higher magnetic
field strengths and a thinner slice thickness, we do not be-
lieve that the use of this methodology would have sub-
stantively affected computation of total cerebellar vol-
ume. A limitation of our imaging methodology, however,
was that we did not investigate the cerebellar lobules or
discern the functional correlates of either cerebellar gray
or white matter volumes.

In summary, this study suggests that the neuropsycho-
logical correlates of cerebellar structure volumes observed
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in healthy humans are absent among patients experienc-
ing a first episode of schizophrenia.
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Objective: Extracellular dopamine concentrations were esti-
mated through measurement of [''CJraclopride binding with
positron emission tomography after dietary manipulation of
the dopamine precursors tyrosine and phenylalanine.

Method: Healthy male subjects were scanned on two occa-
sions: once after receiving a balanced amino acid drink and
once after receiving a drink mixture from which tyrosine and
phenylalanine were omitted.

Results: Dietary tyrosine and phenylalanine depletion increased
["'CJraclopride binding in the striatum by a mean of 6%. The
change in ["'CJraclopride binding correlated significantly with
the fall in the ratio of tyrosine and phenylalanine to large neu-
tral amino acids.

Conclusions: This is the first demonstration of an effect of a di-
etary manipulation on brain dopamine release in humans. This
result provides support for the further investigation of the role
of dietary manipulations in the treatment of neuropsychiatric
disorders.

(Am | Psychiatry 2003; 160:1887-1889)

Dietary manipulation can lower plasma concentra-
tions of tyrosine and phenylalanine, the amino acid pre-
cursors of dopamine (1), and thereby diminish access of
tyrosine and phenylalanine to the brain through competi-
tion with other large neutral amino acids for the transport
site. In animals, this results in reduced brain dopamine
synthesis (2). Indirect evidence from endocrine and psy-
chological paradigms suggests that plasma tyrosine and
phenylalanine depletion lowers brain dopamine activity
in healthy volunteers (3). In addition, tyrosine and phenyl-
alanine depletion attenuates the symptoms of patients
with acute mania (4), a putatively hyperdopaminergic
state. [''C]Raclopride binding measured with positron
emission tomography (PET) is sensitive to levels of en-
dogenous dopamine, providing a more direct measure-
ment of the effect of tyrosine depletion on brain dopamine
concentrations.

Method

PET Scanning

Seven healthy male volunteers (mean=36 years, range=26-48)
were scanned on two occasions according to a protocol approved
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by the local research ethics committee. Volunteers gave written
informed consent after the procedure had been fully explained.
Bolus administration of ['!C]raclopride was followed by constant
infusion (kpor.=105 minutes) (5). Total administered activity was
190 (SD=9.2) MBq per scan. Data were acquired by using a Sie-
mens ECAT 966 PET camera over 100 minutes. Binding potential
was calculated as striatal counts/cerebellar counts-1 between 38
and 80 minutes. An additional complementary analysis was per-
formed by using the simplified reference tissue model, which also
returns a value for binding potential.

Region of Interest Analysis

The striatal region of interest was defined on a magnetic reso-
nance scan positioned in standard Montreal Neurological Institute
space. An [!C]raclopride template was constructed in Montreal
Neurological Institute space and was then spatially transformed to
an individual PET image within SPM 99 (Wellcome Department of
Cognitive Neurology, University College, London). The resulting
transformation parameters were used to transform the region of
interest onto the [!C]raclopride image. Cerebellar regions of in-
terest were defined (operator blind to condition) on summated
PET images (1-35 minutes) as 15-mm radius circles placed manu-
ally on five axial planes. Time activity curves for individual regions
were generated by using image analysis software (Analyze AVW 4.0,
Mayo Foundation, Rochester, Minn.). An additional complemen-
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