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Objective: “Cognitive” circuits anatomi-
cally link the frontal lobe to subcortical
structures; therefore, pathology in any of
the core components of these circuits,
such as in the caudate nucleus, may re-
sult in neurobehavioral syndromes simi-
lar to those of the frontal lobe. Neurolep-
tic medication, however, affects the size
of the caudate nucleus. For this reason,
individuals diagnosed with schizotypal
personality disorder offer an ideal group
for the measurement of the caudate nu-
cleus because they may be genetically re-
lated to individuals with schizophrenia
but do not require neuroleptic treatment
because of their less severe symptoms.

Method: Magnetic resonance imagining
(MRI) scans obtained on a 1.5-T magnet
with 1.5-mm contiguous slices were used
to measure the caudate nucleus and lat-
eral ventricles in 15 right-handed male
subjects with schizotypal personality dis-
order who had no previous neuroleptic
exposure and in 14 normal comparison
subjects. Subjects were group matched

for parental socioeconomic status, hand-
edness, and gender.

Results: First, the authors found signifi-
cantly lower left and right absolute (13.1%,
13.2%) and relative (9.1%, 9.2%) caudate
nucleus volumes in never-medicated sub-
jects with schizotypal personality disorder
than in normal subjects. Second, they
found significant, inverse correlations be-
tween caudate nucleus volume and the se-
verity of perseveration in two distinct
working memory tasks in these neurolep-
tic-naive subjects with schizotypal person-
ality disorder.

Conclusions: These data are consistent
with the findings of reduced caudate nu-
cleus volume reported in studies of neu-
roleptic-naive patients experiencing their
first episode of schizophrenia and sup-
port the association of intrinsic pathology
in the caudate nucleus with abnormali-
ties in working memory in the schizo-
phrenia spectrum.

(Am J Psychiatry 2002; 159:1190–1197)

There has been a growing appreciation of the role of
the basal ganglia in cognitive as well as in motor function-
ing. Discrete motor and cognitive circuits have been de-
scribed that anatomically link the frontal lobe to the basal
ganglia in parallel feedback loops. The striatal nuclei (cau-
date, putamen, and nucleus accumbens) serve as the “in-
put nuclei” for the basal ganglia and nonreciprocally re-
ceive cerebral cortical input. Under the modulation of
midbrain dopamine neurons, these nuclei project to the
“output nuclei” of the basal ganglia, the globus pallidus,
interna and substantia nigra, pars reticulate that, in turn,
project to target thalamic nuclei. The frontal-basal ganglia
feedback loops are completed by thalamic projections
back to the cerebral cortex (1–3).

The basal ganglia, situated between the cortex and thal-
amus, modulate cerebral cortical functioning through
these basal ganglia-thalamocortical feedback loops. More
specifically, three prefrontal “cognitive/limbic” circuits
have been proposed that are believed to be important for
higher cognitive and limbic functions. Two of these cir-

cuits originate in the dorsolateral prefrontal cortex and in
the lateral orbitofrontal cortex, respectively, and a third
“limbic” circuit originates in the anterior cingulate gyrus
(1, 2). The striatum mediates procedural memory (4);
however, because of the heavy connection to the caudate
nucleus from the dorsolateral prefrontal cortex (5), it has
also been postulated that the caudate nucleus is involved
in working memory, a postulate supported by glucose uti-
lization and functional magnetic resonance imaging
(MRI) activation studies in primates (5) and humans (6).
The caudate nucleus (with the nucleus accumbens) is the
focus of this study because it is the primary target of the
“cognitive/limbic” association cortex, whereas the puta-
men is the primary target for the sensorimotor cortex (2).
Furthermore, it has been proposed that the interaction be-
tween glutamate and dopamine at the level of the stria-
tum, which in turn influences thalamic filtering, has great
importance for understanding both psychomotor activity
and psychosis (7).
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It is worth emphasizing that although the striatum re-
ceives input from widespread parts of the cortex, the fron-
tal lobe is its main source (8), and, according to Graybiel
(9), “much of the output of the system” from the basal gan-
glia is directed to the frontal cortex. Therefore, pathology
in the caudate nucleus, the principal striatal recipient of
prefrontal, nonmotor cortical input, might result in simi-
lar neurobehavioral deficits as pathology in the prefrontal,
nonmotor cortex itself (10). Indeed, there are now consid-
erable empirical data supporting this hypothesis, includ-
ing human neurological lesion data (10), animal studies
(11), and studies of degenerative diseases affecting the
caudate nucleus, including Huntington’s chorea and neu-
roacanthocytosis, that manifest behavioral and intellec-
tual symptoms similar to those of patients with frontal
lobe lesions (8).

Both functional and structural neuroimaging studies of
subjects with schizophrenia have pointed to abnormali-
ties in the basal ganglia. Positron emission tomography
(PET) studies have reported diminished striatal metabolic
rates in never-medicated subjects with schizophrenia
(12). PET studies have also reported that haloperidol and
fluphenazine, but not clozapine, increase metabolic rates
in the basal ganglia of subjects with schizophrenia (13, 14).
Structural neuroimaging studies (3, 15, 16) and some (17,
18) but not all (19) postmortem studies have reported
enlarged basal ganglia structures in schizophrenia. Neu-
roleptic medication, however, clearly affects the mor-
phology of the striatum (20) and is likely an important
confound. More recent studies of neuroleptic-naive sub-
jects experiencing their first episode of schizophrenia or
schizoaffective disorder, conversely, have shown reduced
caudate volume suggestive of an intrinsic abnormality in
the caudate nucleus (21, 22).

In this study, we have chosen to measure the caudate
nucleus in schizotypal personality disorder because indi-
viduals with schizotypal personality disorder, who have
less severe psychotic symptoms and neuropsychological
deficits than do those with schizophrenia (23), do not re-
quire neuroleptic treatment or recurrent hospitalization,
which avoids the confounds of medication and chronicity.
In our study, we included only subjects with schizotypal
personality disorder who were neuroleptic naive. Further-
more, genetic studies support the suggestion that schizo-
typal personality disorder may be in the schizophrenia
spectrum (24, 25), suggesting that pathology found in
schizotypal personality disorder has implications for pa-
thology in schizophrenia.

We measured the caudate nucleus bilaterally and, in an
exploratory approach, also divided it into its head and
body for separate analyses. We isolated the head of the cau-
date (which, as we defined our region of interest, includes
the nucleus accumbens) because it is the most anterior
part of the caudate nucleus and, hence, receives its major
innervation from the more anterior part of the cortex;
namely, the three regions of the prefrontal cortex described

earlier in this article (1). We hypothesized that both the to-
tal caudate nucleus volume and the volume of the head of
the caudate nucleus would be smaller in neuroleptic-naive
subjects with schizotypal personality disorder than in nor-
mal comparison subjects. Furthermore, we hypothesized
that diminished caudate volume would correlate with
poorer “frontal” neuropsychological functioning and with
more negative, or abulic, symptoms. Finally, we measured
lateral ventricular volume to determine whether a change
in its size may have indirectly affected caudate volume,
e.g., ventricular expansion might compress contiguous
caudate structures, or, conversely, smaller caudate volume
might result in larger ventricular volume.

Method

Subjects

Fifteen neuroleptic-naive male subjects with schizotypal per-
sonality disorder and 14 normal comparison male subjects, all
right-handed, underwent MRI scanning. Subjects were recruited
and diagnosed as described in detail in our previous report (26).
Briefly, subjects with schizotypal personality disorder were re-
cruited from the community through newspaper advertisements.
An initial telephone screening reduced the number of subjects
from 303 to 84 right-handed men. Inclusion criteria were 1) age
between 18 and 55 years; 2) English as the primary language;
3) no history of neurological disorder (including head trauma
with loss of consciousness greater than 2 minutes); 4) no history
of ECT, no drug or alcohol dependence ever, and no abuse in the
last year; and 5) no current use of psychotropic medications (in-
cluding steroids). Follow-up videotaped interviews of these sub-
jects with the Structured Clinical Interview for DSM-IV—Patient
Edition (SCID-P) (27) and the Structured Clinical Interview for
DSM-IV Personality Disorders (SCID-II) (28) were conducted by
either a research psychiatrist (C.C.D.) or a research psychologist
(M.M.V.). Interrater reliability (established by a second research
psychologist [L.J.S.] reviewing videotapes) for the diagnosis of
schizotypal personality disorder, as previously reported [26], was
high (kappa=0.89, N=25).

Thirty of the 84 subjects met DSM-IV criteria for schizotypal
personality disorder, but 15 of these men were not included in the
analysis: nine were lost to follow-up, three were claustrophobic
and could not go in the MRI scanner, two exceeded the weight
limit for the MRI scanner, and one was removed from the study
because of technical problems with the MRI scan. The subjects
who were not scanned did not differ in terms of demographic
characteristics (age, education, estimated IQ, parental or per-
sonal socioeconomic status) from those who were scanned.

The subjects with schizotypal personality disorder met criteria
for a number of comorbid personality and axis I disorders, includ-
ing paranoid (N=6) and borderline (N=5) personality disorders,
depression (N=2), dysthymia (N=1), panic disorder (N=1), alcohol
abuse (N=1), and polysubstance abuse (N=1); all substance abuse
occurred more than 2 years before testing. More information con-
cerning the subjects’ characteristics is available elsewhere (26).

Comparison subjects also were recruited from the community
through newspaper advertising, and these men also were inter-
viewed with the SCID-P and SCID-II. Comparison subjects had
the additional requirements of not having a personal or family
(first-degree relatives) history of major mental illness or a per-
sonal history of personality disorder.

The mean age of the subjects with schizotypal personality dis-
order did not differ from that of the comparison subjects (38.5
years, SD=11.0, versus 38.0 years, SD=10.5). There were also no
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significant group differences in other demographic characteris-
tics, including number of years of education completed, esti-
mated IQ, and parental socioeconomic status; however, the
groups differed in personal socioeconomic status (Table 1).

Measures of Psychopathology

All subjects underwent a standard neuropsychological test bat-
tery as described elsewhere (23). These included a delayed alter-
nation spatial working memory task (29) and the Controlled Oral
Word Association Test (23), a verbal fluency working memory
task. Subjects with schizotypal personality disorder were assessed
further with the Scale for the Assessment of Negative Symptoms
(SANS) (30) and the Scale for the Assessment of Positive Symp-
toms (31). Scores for total number of positive and negative symp-
toms were derived from a composite score of the nine individual
clinical items from DSM-IV for schizotypal personality disorder,
divided into five positive and four negative symptom clusters, on
the basis of the SCID-II personality disorder interviews. We also
measured left- and right-hand finger tapping as an index of speed
and dexterity of motor performance. Written informed consent
was obtained from all subjects after a complete description of the
study.

MRI Methodology

Image acquisition and postprocessing. The images were ac-
quired by using a 1.5-T General Electric scanner (GE Medical Sys-
tems, Milwaukee). The MRI methodology has been described
elsewhere (26). Briefly, the acquisition protocol involved two MRI
pulse sequences. In the first acquisition protocol, a three-dimen-
sional Fourier transform spoiled gradient-recalled acquisition se-
quence was used that yielded a coronal series of contiguous 1.5-
mm images throughout the brain. The following parameters were
used for the spoiled gradient-recalled images: echo time (TE)=5
msec, repetition time (TR)=35 msec, repetition=1, nutation an-
gle=45°, field of view=24 cm, acquisition matrix=256×256×124,
voxel dimensions=0.9375×0.9375×1.5 mm. This protocol resulted
in high-spatial-resolution images with excellent gray-white mat-
ter contrast, and it was used for measuring by means of manual
tracing of specific caudate regions of interest. In the second ac-
quisition protocol, a double-echo spin-echo sequence was em-
ployed. This yielded 108 contiguous 3-mm-axial double-echo
(proton-density- and T2-weighted) slices, with 54 levels, through-
out the brain. The imaging parameters used were TE=30 msec,
TR=3000 msec, field of view=24 cm, acquisition matrix=256×256,
voxel dimensions=0.9375×0.9375×3 mm.

To measure intracranial contents and lateral ventricular CSF
volume, the double-echo spin-echo axial slices were reformatted
and coregistered to the coronal images obtained by 1.5-mm
spoiled gradient-recalled acquisition. The resulting image was
then used to generate whole brain segmentations into gray and
white matter and CSF by using an iterative expectation-maximi-

zation segmentation protocol developed by Wells et al. (32). The
derived segmented images of the whole brain were then manually
edited where necessary, for example, to separate left from right
lateral ventricle or to demarcate the outer extent of the intracra-
nial contents from skull and scalp tissue. All MRI measurements
were performed blind to the subjects’ diagnostic status.

To reduce flow-related artifacts and to obtain low arterial-sig-
nal intensity, gradient moment nulling and presaturation of a slab
inferior to the head were performed in both coronal and axial ac-
quisitions. An anisotropic diffusion filter for both spoiled gradi-
ent-recalled and proton/T2-weighted images was used to reduce
noise before the processing of each set of scans as described else-
where (33). An algorithm for summing voxels of each tissue class
(across slices) was also used to compute volumes.

Caudate nucleus and lateral ventricular regions of interest:
anatomical landmarks. The caudate nucleus was measured
bilaterally on all coronal slices in which it appeared. The head,
body, and tail portions were included up to the point where the
tail curved ventrally to border the lateral aspect of the atrium of
the lateral ventricles. The anterior coursing of the tail was ex-
cluded because it was indistinct as a result of partial voluming
(Figure 1). Because of difficulty separating the nucleus accum-
bens (ventral striatum) from the merged caudate and putamen
nuclei anteriorly, a vertical line was drawn from the most ventral
point of the internal capsule inferiorly to the external capsule and
was considered to be the lateral bound of the caudate nucleus (3).
We also parcellated the caudate nucleus into its head (anterior
caudate nucleus) and body (posterior caudate nucleus), using the
interventricular foramen of Monroe, bilaterally, as the anatomical
landmark for this division. This foramen was defined, bilaterally,
by the most posterior coronal slice where any part of the anterior
column of the fornix could still be visualized. Our posterior
boundary, for this parcellation, was the coronal slice prior to the
atrium. We derived lateral ventricles as described, using whole-
brain segmentation methodology. We measured the lateral ven-
tricles only on those slices where they appeared contiguous to the
head and body of the caudate nucleus.

Interrater reliability for whole left and right caudate nucleus
volume was high (r>0.98); interrater reliabilities were also high for
left (r>0.82) and right (r>0.87) anterior and left (r>0.94) and right
(r>0.92) posterior caudate nucleus regions of interest. Interrater
reliabilities, based on intraclass correlation coefficients, were
computed by three raters on the brain scans of five subjects with
schizotypal personality disorder and five normal comparison
subjects who had been randomly selected from the total pool of
subjects. Each rater independently traced every other slice for
both left and right anterior and posterior caudate nuclei. Since
the caudate extended anteriorly to posteriorly over approxi-
mately 42 1.5-mm coronal slices, this resulted in each rater trac-

TABLE 1. Demographic Characteristics of Subjects With Schizotypal Personality Disorder and Normal Comparison Subjects

Characteristic

Subjects With Schizotypal 
Personality Disorder (N=15)

Comparison Subjects 
(N=14) Analysis by Student’s t Test (two-tailed)

Mean SD Mean SD t df p
Age (years) 38.5 11.0 38.0 10.5 0.13 27 0.90
Education (years) 15.2 3.2 14.9 1.7 0.28 27 0.78
Estimated IQa 108.9 12.9 116.3 14.4 –0.14 26 0.16
Parental socioeconomic statusa,b 3.5 1.3 3.6 1.1 –0.18 26 0.86
Personal socioeconomic statusb 3.1 1.2 4.2 0.7 –3.10 27 <0.01
Finger taps per 10-second periodc

Left hand 45.4 9.5 48.7 6.7 –0.96 24 0.35
Right hand 50.2 11.0 54.4 5.6 –1.10 24 0.27

a Data were missing for one normal comparison subject.
b Higher numbers represent higher socioeconomic status.
c Data were missing for three normal comparison subjects.
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ing about 21 slices in each of 10 scans (hence, more than 200
slices per rater).

Statistical Analyses

Statistical analyses for MRI structural measures were performed
on relative brain volumes to correct for variations in head size. Rel-
ative volumes were obtained by dividing absolute volumes by total
intracranial contents and multiplying by 100. The effects of lateral-
ity alone (on the caudate nucleus and lateral ventricles) and then
laterality plus region (anterior versus posterior) on the caudate
nucleus were examined by repeated-measures analysis of covari-
ance (ANCOVA) with age as a covariate, group (subjects with
schizotypal personality disorder versus comparison subjects) as
the between-subject factor, and laterality (left versus right) or lat-
erality plus region (anterior versus posterior caudate) as the
within-subject factors. When a main effect for group was found,
follow-up planned Student’s t tests, with significance set at p<0.05
(two-tailed), were used to test the mean difference between
groups in relative volumes of each caudate or lateral ventricular
region of interest. Similar analyses of absolute brain volumes co-
varying for intracranial contents and age were also performed. Be-
cause of the relatively small number of subjects with schizotypical
personality disorder in our study (N=15), and to avoid being un-
duly influenced by outliers, we used nonparametric Spearman
correlations, with two-tailed p values, for all within-group correla-
tions between caudate region of interest relative volumes and
measures of psychopathology.

Results

Caudate Nucleus and Lateral Ventricular 
Volumes

As shown in Table 2, statistical tests of differences in re-
gion of interest volumes were performed on absolute and

relative volumes. There were no group differences be-
tween subjects with schizotypal personality disorder and
normal comparison subjects in total intracranial volume
(t=–1.4, df=27, p=0.17) or in left (t=–0.90, df=27, p=0.38) or
right (t=–0.56, df=27, p=0.58) relative lateral ventricular
volume. Repeated-measures ANCOVA of caudate relative
volumes with age as a covariate revealed a significant
group difference (Table 2). Follow-up planned contrasts
applying Student’s t tests showed that right (t=–2.3, df=27,
p<0.03) and left (t=–2.2, df=27, p<0.04) caudate relative
volumes were significantly smaller in subjects with schizo-
typal personality disorder than in normal comparison
subjects. The results of statistical analyses performed on
absolute volumes fully paralleled those for relative vol-
umes (Table 2 and Figure 2). In percentage terms, basing
the calculations on volume values brought out to three
places after the decimal, we found that the left and right
caudate nucleus relative volumes in the subjects with
schizotypal personality disorder were 9.1% and 9.2%
smaller; absolute volumes were 13.1% and 13.2% smaller.

In an exploratory analysis of the caudate nucleus, par-
cellated into anterior and posterior regions, repeated-
measures ANCOVA revealed a significant group difference
in relative volumes (F=7.14, df=1, 25, p=0.01). Follow-up
contrasts applying Student’s t tests did not yield signifi-
cant differences for the left (t=–2.0, df=27, p<0.06) or right
(t=–1.3, df=27, p<0.2) anterior caudate relative volume but
did yield a significant difference for the right (t=–2.2, df=
22, p<0.04) but not for the left (t=–1.2, df=27, p=0.2) poste-
rior caudate relative volume (Table 2). Repeating the same

FIGURE 1. Three-Dimensional Renderings of Left and Right Head of the Caudate Nucleus and Left and Right Posterior Cau-
date Nucleus Superimposed on MRI Coronal and Axial Slices of a Normal Comparison Subjecta

a The left and right head of the caudate nucleus is blue, and the left and right posterior caudate nucleus is red.
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analysis for parcellated caudate regions of interest and co-
varying for intracranial contents and age yielded similar
results for absolute volumes. In percentage terms, basing
the calculations on volume values brought out to three
places after the decimal, we found that the left and right
anterior caudate nucleus relative volumes were smaller in
subjects with schizotypal personality disorder by 9.1% and
6.4% and absolute volumes were 13.2% and 10.2% smaller.
We did not find significant group differences for left or
right lateral ventricular relative volume or absolute vol-
ume (0.30≤p≤0.58) (Table 2).

Correlation Between Caudate Nucleus Volumes 
and Measures of Psychopathology in Subjects 
With Schizotypal Personality Disorder

We found significant inverse correlations between cau-
date nucleus volumes and perseveration in both spatial
and verbal working memory domains (Figure 3). Specifi-
cally, we found bilateral negative correlations between
number of perseverative errors on a delayed alternation
spatial working memory task and both left (rs=–0.55, N=15,
p=0.03) and right (rs=–0.51, N=15, p=0.05) caudate nucleus
relative volume. Moreover, in a more lateralized pattern,
we found a significant negative correlation between num-

ber of perseverative errors on a verbal fluency working
memory task and left (rs=–0.51, N=15, p=0.05) but not right
(rs=–0.45, N=15, p=0.09) caudate nucleus relative volume.

When we correlated the volume of the anterior, or head,
of the caudate nucleus in an exploratory fashion with the
measures of working memory, we found a similar, if slightly
more robust, pattern of correlations. In subjects with
schizotypal personality disorder, we found that the left (rs=
–0.62, N=15, p=0.02) and right (rs=–0.51, N=15, p=0.05) an-
terior caudate relative volumes were significantly inversely
correlated with number of perseverative errors on our de-
layed alternation working memory task. In a more lateral-
ized fashion, the left (rs=–0.54, N=15, p<0.04) but not the
right (rs=–0.20, N=15, p=0.49) anterior caudate nucleus rel-
ative volume was significantly negatively correlated with
number of perseverative errors on our verbal fluency work-
ing memory task.

For clinical measures in subjects with schizotypal per-
sonality disorder, we did not find significant correlations
with either overall SANS scores or with our overall mea-
sure of negative features based on a summary score of
SCID-P negative feature items. Finally, we found no differ-
ences between subjects with schizotypal personality dis-
order and normal comparison subjects for left-hand or

TABLE 2. Absolute and Relative Volumes of Caudate Regions of Interest in Subjects With Schizotypal Personality Disorder
and Normal Comparison Subjects

Measure

Subjects With Schizotypal 
Personality Disorder (N=15)

Comparison Subjects 
(N=14) Analysis With Student’s t Test (two-tailed)

Mean SD Mean SD t df p
Total intracranial volume (ml) 1506.00 110.30 1572.57 140.95 –1.42 27 0.17
Left caudate nucleus

Absolute volume (ml) 4.07a 0.43 4.68 0.67 –2.94 27 <0.01
Relative volume (%) 0.27b 0.03 0.30 0.04 –2.17 27 <0.04

Right caudate nucleus
Absolute volume (ml) 4.14a 0.40 4.77 0.66 –3.07 21 <0.01
Relative volume (%) 0.28b 0.03 0.30 0.04 –2.31 27 <0.03

Left anterior caudate nucleus
Absolute volume (ml) 3.15c 0.39 3.63 0.53 –2.79 27 0.01
Relative volume (%) 0.21d 0.03 0.23 0.03 –1.97 27 <0.06

Right anterior caudate nucleus
Absolute volume (ml) 3.29c 0.38 3.66 0.49 –2.29 27 0.03
Relative volume (%) 0.22d 0.03 0.23 0.04 –1.32 27 <0.20

Left posterior caudate nucleus
Absolute volume (ml) 0.82c 0.15 0.95 0.24 –1.66 21 0.11
Relative volume (%) 0.05d 0.01 0.06 0.01 –1.19 27 0.24

Right posterior caudate nucleus
Absolute volume (ml) 0.75c 0.17 0.99 0.32 –2.54 19 0.02
Relative volume (%) 0.05d 0.01 0.06 0.02 –2.23 22 <0.04

Left lateral ventricular volume
Absolute volume (ml) 5.01 2.74 6.26 3.30 –1.05 27 0.30
Relative volume (%) 0.33 0.17 0.39 0.19 –0.90 27 0.38

Right lateral ventricular volume
Absolute (ml) 4.96 2.48 5.92 3.97 –0.79 27 0.44
Relative (%) 0.33 0.16 0.37 0.22 –0.56 27 0.58

a Repeated-measures analysis of covariance (ANCOVA) of absolute volume with total intracranial volume and age as covariates, group (subjects
with schizotypal personality disorder versus comparison subjects) as the between-subjects factor, and laterality (left versus right) as the
within-subjects factor revealed a main effect for group (F=6.32, df=1, 25, p<0.02).

b Repeated-measures ANCOVA of relative volume with age as a covariate, group as the between-subjects factor, and laterality as the within-
subjects factor revealed a main effect for group (F=5.05, df=1, 26, p=0.03).

c Repeated-measures ANCOVA of absolute volume with total intracranial volume and age as covariates, group as the between-subjects factor,
and laterality and region (anterior versus posterior) as the within-subjects factors revealed a main effect for group (F=9.82, df=1, 24, p<0.01).

d Repeated-measures ANCOVA of relative volume with age as a covariate, group as the between-subjects factor, and laterality as the within-
subjects factor revealed a main effect for group (F=5.02, df=1, 26, p=0.03).
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right-hand finger tapping (Table 1). Furthermore, we
found that finger tapping in subjects with schizotypal per-
sonality disorder did not significantly correlate with any of
our caudate region of interest volumes (0.12<p<0.98).

Discussion

There were two major findings in our study not previ-
ously reported to our knowledge. First, after correcting for
head size and covarying for age, we found that the relative
volumes of the left and right caudate nucleus in subjects
with schizotypal personality disorder were significantly
smaller than those of normal comparison subjects by 9.1%
and 9.2% (or 13.1% and 13.2% for absolute volumes). Fur-
thermore, we found a bilateral inverse correlation in our
subjects with schizotypal personality disorder between
the volume of the caudate nucleus and the severity of
perseveration in a delayed alternation spatial working
memory task (29) as well as a lateralized inverse correla-
tion between the left caudate nucleus and the severity of
perseveration on the Controlled Oral Word Association
Test (23), a verbal fluency working memory task. In explor-
atory analyses examining the parcellated head of the cau-
date nucleus, we similarly found that the left and right an-
terior caudate relative volumes were smaller than those of
normal comparison subjects by 9.1% and 6.4% (or 13.2%
and 10.1% for absolute volumes). We also found a bilateral
inverse correlation between the volume of the head of the
caudate nucleus and the severity of perseveration on our
spatial working memory task and a lateralized inverse cor-
relation between the volume of the left head of the cau-
date nucleus with the severity of perseveration in our ver-
bal working memory task.

Our findings are important because they represent the
first such findings in an unmedicated group of patients

with a disorder believed to be in the schizophrenia spec-
trum. We found not only smaller caudate nucleus volumes
in these patients but also significant correlations between
structural deficits and cognitive psychopathology. It is of
particular interest that we found bilateral correlations be-
tween smaller caudate nucleus volume and spatial work-
ing memory but left lateralized correlations with verbal
working memory. These findings are consistent with pre-
vious conceptualizations regarding a more bilateral con-
tribution of brain structures for spatial working memory
and a more lateralized contribution of brain structures for
verbal working memory (4).

The reduction in caudate nucleus volume that we report
occurred in the absence of lateral ventricular enlarge-
ment. This suggests that our findings are not simply sec-
ondary to an expansion in lateral ventricular size. Buchs-
baum et al. (34) reported on the volume of parcellated

FIGURE 2. Scatterplots of Absolute Volumes (ml) of the Left
and Right Caudate Nucleus in Subjects With Schizotypal
Personality Disorder and Normal Comparison Subjects

a Follow-up planned contrasts applying Student’s t tests showed that
right (t=–3.07, df=21, p<0.01) and left (t=–2.94, df=27, p<0.01) cau-
date absolute volumes were significantly smaller in subjects with
schizotypal personality disorder than in normal comparison sub-
jects. Horizontal lines represent means.
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FIGURE 3. Scatterplots of Left and Right Caudate Nucleus
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lateral ventricles in subjects with schizophrenia, subjects
with schizotypal personality disorder, and normal volun-
teers. They found an intermediate extent of left-greater-
than-right asymmetry in the temporal horn in subjects
with schizotypal personality disorder than in normal sub-
jects and subjects with schizophrenia. Certain differences
between the study of Buchsbaum et al. and our study de-
serve emphasis. First, we measured that part of the ventri-
cles contiguous to the caudate nucleus and, hence, did not
include the temporal horn. Second, our sampling of sub-
jects differed from that of Buchsbaum et al. in that we did
not include women, our subjects were younger, and all of
our subjects were right-handed. Finally, our tracing strate-
gies delineating the ventricles differed from those of
Buchsbaum et al.

A key strength of our study is that we have eliminated
the confound of neuroleptic treatment, which affects the
size of the basal ganglia. MRI studies of the striatum have
shown that subjects who were experiencing their first epi-
sode of schizophrenia, have minimal neuroleptic expo-
sure, and are maintained on conventional neuroleptics
show enlargement in caudate nucleus volume (35, 36),
which may then be reversed by treatment with clozapine
(37). Both neural and vascular explanations have been of-
fered for this repeated observation (22). We believe that
our study in neuroleptic-naive subjects with schizotypal
personality disorder complements studies of neuroleptic-
naive subjects experiencing their first episode of schizo-
phrenia or schizoaffective disorder (e.g., references 21,
22). The convergent findings in these studies of smaller
caudate nucleus volume in these two unmedicated sub-
ject groups support the view that there is an intrinsic ab-
normality in the caudate nucleus in the schizophrenia
spectrum.

A shortcoming is that our study group is relatively small
and the generalizability of these findings to all subjects with
schizotypal personality disorder, a heterogeneous group,
may be diminished. Nonmedicated subjects with schizo-
typal personality disorder who have severe problems but
who, by and large, are not in treatment and have never
taken neuroleptic medication are difficult to locate. Note
the extensive search required (303 subjects were initially
screened) to find a relatively small group of subjects who
met our stringent research criteria. However, the restriction
of the study group to men reduces one aspect of heteroge-
neity. For future studies, an additional potential approach
to reduce heterogeneity would be to subtype subjects with
schizotypal personality disorder into those with and with-
out a positive family history of schizophrenia.

A further potential methodological shortcoming of our
study also relates to the small number of subjects and the
number of correlations with psychopathological mea-
sures that we performed. We have attempted to address
this issue by basing our correlations on a priori hypothe-

ses. The correlations we found were in the expected direc-
tion and were hypothesis driven. We had hypothesized
that diminished volume in the caudate nucleus would
have an impact on “frontally” mediated neuropsychologi-
cal traits, such as working memory, or “frontally” medi-
ated clinical symptoms, such as abulia or negative symp-
toms. In addition, our cognitive psychopathological
correlations support the concept that our findings regard-
ing the caudate nucleus are not simply epiphenomena
but, instead, abnormalities related to core abnormalities
in schizotypal personality disorder itself. Perhaps, because
of the greater difficulty in quantitatively measuring the
kind of subtle negative symptoms characteristic of our
group of subjects with schizotypal personality disorder
compared with measuring the number of perseverative er-
rors in our cognitive measures, only our neuropsychologi-
cal correlations are meaningful. Future studies involving
larger groups of subjects are needed to confirm the find-
ings we report here regarding the caudate nucleus in
schizotypal personality disorder, particularly our findings
regarding correlations between smaller caudate volume
and cognitive impairment in working memory.

In sum, our finding of diminished caudate nucleus vol-
ume and associated cognitive psychopathological corre-
lates in neuroleptic-naive subjects with schizotypal per-
sonality disorder implicates the striatum as potentially
intrinsically abnormal in this disorder and other schizo-
phrenia spectrum conditions. Our finding supports the
importance of examining both cortical and subcortical re-
gions as possible sites of pathology in this heterogeneous
condition. Furthermore, it emphasizes that dysfunction in
cortical-subcortical circuits may play a key role in disor-
ders of cognition and behavior such as schizotypal per-
sonality disorder.

Presented in part at the 152nd Annual Meeting of the American
Psychiatric Association, May 15–20, 1999, Washington, D.C., and the
1999 annual meeting of the Society of Biological Psychiatry, May 12–
16, 1999, Washington, D.C. Received May 30, 2001; revision received
Dec. 5, 2001; accepted Dec. 19, 2001. From the Clinical Neuroscience
Division, Laboratory of Neuroscience, Department of Psychiatry, VA
Boston Healthcare System, Brockton Division, Harvard Medical
School; and the Surgical Planning Laboratory, MRI Division, Depart-
ment of Radiology, Harvard Medical School, Boston. Address reprint
requests to Dr. Shenton and Dr. McCarley, Department of Psychiatry-
116A, VA Boston Healthcare System, Brockton Division, Harvard Med-
ical School, 940 Belmont St., Brockton, MA 02301; martha_shenton@
hms.harvard.edu (e-mail); robert_mccarley@hms.harvard.edu (e-
mail).

Supported by NIMH grants MH-40799 (Dr. McCarley), MH-50740 (Dr.
Shenton), and MH-01110 (Dr. Shenton), by the VA Center for Clinical
and Basic Neuroscience Studies of Schizophrenia (Dr. McCarley), the
VA Merit Application (Drs. McCarley and Shenton), a VA Career Devel-
opment Award (Dr. Dickey), Neuroimaging Analysis Center Biomedi-
cal Technology Resource grant P41 RR-13218-01 (Dr. Jolesz), and Core
Segmentation Tools for Computer Assisted Surgery grant 1R01 RR-
11747-01A (Dr. Kikinis).

The authors thank Jonathan Sutton and Marie Fairbanks for their
assistance.



Am J Psychiatry 159:7, July 2002 1197

LEVITT, MCCARLEY, DICKEY, ET AL.

References

1. Alexander GE, DeLong MR, Strick PL: Parallel organization of
functionally segregated circuits linking basal ganglia and cor-
tex. Annu Rev Neurosci 1986; 9:357–381

2. Alexander GE, Crutcher MD, DeLong MR: Basal ganglia-
thalamocortical circuits: parallel substrates for motor, oculo-
motor, “prefrontal” and “limbic” functions. Prog Brain Res
1990; 85:119–146

3. Hokama H, Shenton ME, Nestor PG, Kikinis R, Levitt JJ, Metcalf
D, Wible CG, O’Donnell BF, Jolesz FA, McCarley RW: Caudate,
putamen, and globus pallidus volume in schizophrenia: a
quantitative MRI study. Psychiatry Res 1995; 61:209–229

4. Mesulam M-M: Behavioral neuroanatomy, in Principles of Be-
havioral and Cognitive Neurology, 2nd ed. Edited by Mesulam
M-M. Oxford, UK, Oxford University Press, 2000, pp 1–120

5. Levy R, Friedman HR, Davachi L, Goldman-Rakic PS: Differen-
tial activation of the caudate nucleus in primates performing
spatial and nonspatial working memory tasks. J Neurosci 1997;
17:3870–3882

6. Manoach DS, Gollub RL, Benson ES, Searl MM, Goff DC, Halpern
E, Saper CB, Rauch SL: Schizophrenic subjects show aberrant
fMRI activation of dorsolateral prefrontal cortex and basal gan-
glia during working memory performance. Biol Psychiatry
2000; 48:99–109

7. Carlsson A, Waters N, Carlsson ML: Neurotransmitter interac-
tions in schizophrenia—therapeutic implications. Biol Psychia-
try 1999; 46:1388–1395

8. Calabresi P, De Murtas M, Bernardi G: The neostriatum beyond
the motor function: experimental and clinical evidence. Neu-
roscience 1997; 78:39–60

9. Graybiel AM: The basal ganglia. Trends Neurosci 1995; 18:60–
62

10. Bhatia KP, Marsden CD: The behavioural and motor conse-
quences of focal lesions of the basal ganglia in man. Brain
1994; 117(part 4):859–876

11. Kawagoe R, Takikawa Y, Hikosaka O: Expectation of reward
modulates cognitive signals in the basal ganglia. Nat Neurosci
1998; 1:411–416

12. Buchsbaum MS, Haier RJ, Potkin SG, Nuechterlein K, Bracha
HS, Katz M, Lohr J, Wu J, Lottenberg S, Jerabek PA, Trenary M,
Tafalla R, Reynolds C, Bunney WE Jr: Frontostriatal disorder of
cerebral metabolism in never-medicated schizophrenics. Arch
Gen Psychiatry 1992; 49:935–942

13. Holcomb HH, Cascella NG, Thaker GK, Medoff DR, Dannals RF,
Tamminga CA: Functional sites of neuroleptic drug action in
the human brain: PET/FDG studies with and without haloperi-
dol. Am J Psychiatry 1996; 153:41–49

14. Cohen RM, Nordahl TE, Semple WE, Andreason P, Litman RE,
Pickar D: The brain metabolic patterns of clozapine- and
fluphenazine-treated patients with schizophrenia during a
continuous performance task. Arch Gen Psychiatry 1997; 54:
481–486

15. Breier A, Buchanan RW, Elkashef A, Munson RC, Kirkpatrick B,
Gellad F: Brain morphology and schizophrenia: a magnetic
resonance imaging study of limbic, prefrontal cortex, and cau-
date structures. Arch Gen Psychiatry 1992; 49:921–926

16. Jernigan TL, Zisook S, Heaton RK, Moranville JT, Hesselink JR,
Braff DL: Magnetic resonance imaging abnormalities in lentic-
ular nuclei and cerebral cortex in schizophrenia. Arch Gen Psy-
chiatry 1991; 48:881–890

17. Heckers S, Heinsen H, Heinsen Y, Beckmann H: Cortex, white
matter, and basal ganglia in schizophrenia: a volumetric post-
mortem study. Biol Psychiatry 1991; 29:556–566

18. Beckmann H, Lauer M: The human striatum in schizophrenia,
II: increased number of striatal neurons in schizophrenics. Psy-
chiatry Res 1997; 68:99–109

19. Bogerts B, Meertz E, Schönfeldt-Bausch R: Basal ganglia and
limbic system pathology in schizophrenia: a morphometric
study of brain volume and shrinkage. Arch Gen Psychiatry
1985; 42:784–791

20. Benes FM, Paskevich PA, Davidson J, Domesick VB: The effects
of haloperidol on synaptic patterns in the rat striatum. Brain
Res 1985; 329:265–273

21. Keshavan MS, Rosenberg D, Sweeney JA, Pettegrew JW: De-
creased caudate volume in neuroleptic-naive psychotic pa-
tients. Am J Psychiatry 1998; 155:774–778

22. Corson PW, Nopoulos P, Andreasen NC, Heckel D, Arndt S: Cau-
date size in first-episode neuroleptic-naive schizophrenic pa-
tients measured using an artificial neural network. Biol Psychi-
atry 1999; 46:712–720

23. Voglmaier MM, Seidman LJ, Niznikiewicz MA, Dickey CC, Shen-
ton ME, McCarley RW: Verbal and nonverbal neuropsychologi-
cal test performance in subjects with schizotypal personality
disorder. Am J Psychiatry 2000; 157:787–793

24. Kendler KS, McGuire M, Gruenberg AM, O’Hare A, Spellman M,
Walsh D: The Roscommon Family Study, I: methods, diagnosis
of probands, and risk of schizophrenia in relatives. Arch Gen
Psychiatry 1993; 50:527–540

25. Siever LJ, Kalus OF, Keefe RS: The boundaries of schizophrenia.
Psychiatr Clin North Am 1993; 16:217–244

26. Dickey CC, Shenton ME, Hirayasu Y, Fischer I, Voglmaier MM,
Niznikiewicz MA, Seidman LJ, Faraone S, McCarley RW: Large
CSF volume not attributable to ventricular volume in schizo-
typal personality disorder. Am J Psychiatry 2000; 157:48–54

27. First MB, Spitzer RL, Williams JBW, Gibbon M: Structured Clini-
cal Interview for DSM-IV—Patient Edition (SCID-P). Washington,
DC, American Psychiatric Press, 1995

28. First MB, Gibbon M, Spitzer RL, Williams JB, Benjamin L: Struc-
tured Clinical Interview for DSM-IV Personality Disorders (SCID-
II): Interview and Questionnaire. Washington, DC, American
Psychiatric Press, 1997

29. Seidman LJ, Oscar-Berman M, Kalinowski AG, Ajilore O, Kremen
WS, Faraone SV, Tsuang MT: Experimental and clinical neuro-
psychological measures of prefrontal dysfunction in schizo-
phrenia. Neuropsychology 1995; 9:481–490

30. Andreasen NC: Scale for the Assessment of Negative Symptoms
(SANS). Iowa City, University of Iowa, 1981

31. Andreasen NC: Scale for the Assessment of Positive Symptoms
(SAPS). Iowa City, University of Iowa, 1984

32. Wells W, Kikinis R, Grimson W, Jolesz FA: Adaptive segmenta-
tion of MRI data. IEEE Trans Med Imaging 1996; 15:429–442

33. Gerig G, Kubler O, Kikinis R, Jolesz F: Non-linear anisotropic fil-
tering of MRI data. IEEE Trans Med Imaging 1992; 11:221–232

34. Buchsbaum MS, Yang S, Hazlett E, Siegel BV Jr, Germans M,
Haznedar M, O’Flaithbheartaigh S, Wei T, Silverman J, Siever LJ:
Ventricular volume and asymmetry in schizotypal personality
disorder and schizophrenia. Schizophr Res 1997; 27:45–53

35. Keshavan MS, Bagwell WW, Haas GL, Sweeney JA, Schooler NR,
Pettegrew JW: Changes in caudate volume with neuroleptic
treatment (letter). Lancet 1994; 344:1434

36. Chakos MH, Lieberman JA, Bilder RM, Borenstein M, Lerner G,
Bogerts B, Wu H, Kinon B, Ashtari M: Increase in caudate nuclei
volumes of first-episode schizophrenic patients taking antipsy-
chotic drugs. Am J Psychiatry 1994; 151:1430–1436

37. Chakos MH, Lieberman JA, Alvir J, Bilder R, Ashtari M: Caudate
nuclei volumes in schizophrenic patients treated with typical
antipsychotics or clozapine (letter). Lancet 1995; 345:456–457


