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Objective: The purpose of this study was to determine whether schizotypal personality
disorder, which has the same genetic diathesis as schizophrenia, manifests abnormalities
in whole-brain and CSF volumes. Method: Sixteen right-handed and neuroleptic-naive
men with schizotypal personality disorder were recruited from the community and were
age-matched to 14 healthy comparison subjects. Magnetic resonance images were ob-
tained from the subjects and automatically parcellated into CSF, gray matter, and white
matter. Subsequent manual editing separated cortical from noncortical gray matter. Lateral
ventricles and temporal horns were also delineated. Results: The men with schizotypal
personality disorder had larger CSF volumes than the comparison subjects; the difference
was not attributable to larger lateral ventricles. The cortical gray matter was somewhat
smaller in the men with schizotypal personality disorder, but the difference was not statisti-
cally significant. Conclusions: Consistent with many studies of schizophrenia, this exami-
nation of schizotypal personality disorder indicated abnormalities in brain CSF volumes.

(Am J Psychiatry 2000; 157:48-54)

One approach to obtaining insight into schizophre-
nia is to examine nonschizophrenic disorders that are
in the schizophrenia spectrum. For example, data indi-
cate that schizotypal personality disorder has the same
genetic diathesis as schizophrenia; the risks of schizo-
phrenia in a sibling of a proband with schizotypal per-
sonality disorder and a sibling of a proband with
schizophrenia are the same (1-4). Schizotypal person-
ality disorder is thus an ideal spectrum disorder to
study because subjects with this disorder often have
not been treated with neuroleptics. In addition, per-
sons with schizotypal personality disorder have not ex-
perienced the possible complicating effects of a chronic
illness, including hospitalization, nor the stress of a
long-term illness, which may result in glucocorticoid-
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induced cell morphological changes (5, 6). Environ-
mental richness and nutrition, which may be different
in the chronically ill, have also been demonstrated to
affect cellular morphology (35, 6). There is also the fur-
ther possibility that, by examining similarities and dif-
ferences of neuroanatomical abnormalities in schizo-
typal personality disorder and schizophrenia, one can
not only observe endophenotypic similarities but also
perhaps determine what additional features in schizo-
phrenia relate to an overtly psychotic course and/or
what features in schizotypal personality disorder may
protect against overt psychosis.

Our initial examination of individual temporal lobe
regions of interest in schizotypal personality disorder
(7) demonstrated smaller volume of the left superior
temporal gyrus gray matter than in comparison sub-
jects and an abnormal parahippocampal asymmetry.
However, we did not find the markedly abnormal vol-
umes for the medial temporal lobe that are often noted
for schizophrenia. These findings are compatible with
the hypothesis that abnormalities of the left superior
temporal gyrus are a consistent anatomic component
of the schizophrenia spectrum disorders, as found in
several studies of schizophrenia (8-14), which we have
reviewed elsewhere (15-17). A study (18) of subjects
with features of schizotypy (but not clinical schizo-
typal personality disorder) indicated a prefrontal vol-
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ume deficit (involving a region and subject pool not
evaluated by our group), suggesting that there may be
an abnormality of the frontotemporal connection and/
or that abnormalities in schizotypal personality disor-
der may be more widespread. These reports, however,
suggest the possibilities that the abnormalities in
schizotypal personality disorder may be more wide-
spread than the temporal lobe and that any abnormal-
ities in the frontal and temporal regions might also
have an abnormality of the frontotemporal connec-
tion. As discussed in our reviews (15-17), one of the
recurring issues in magnetic resonance imaging (MRI)
studies of schizophrenia is the degree to which abnor-
malities are circumscribed or widespread throughout
the brain. Thus, we decided to evaluate whether
schizotypal personality disorder involves global anom-
alies in CSF, gray matter, cortical gray matter, and/or
white matter. We here report larger than normal CSF
volumes not attributable to large lateral ventricles.

METHOD

Subjects

Subjects with schizotypal personality disorder were recruited from
the community through newspaper advertisements. We received 473
responses, 170 of which were excluded because the respondents
could not be reached, were left-handed, or were female. The remain-
ing 303 subjects underwent telephone screening to determine
whether or not they met the following inclusion criteria: 1) age be-
tween 18 and 55 years old; 2) English as the primary language; 3) no
history of neurological disorder (including head trauma with loss of
consciousness greater than 2 minutes), no history of ECT, no drug or
alcohol dependence ever or abuse in the last year; and 4) no current
use of psychotropic medications (including steroids). A total of 84
met these criteria and also positively answered at least three questions
from the schizotypal personality disorder section of the Structured
Clinical Interview for DSM-IV (SCID) (19). A psychiatrist (C.C.D.)
or psychologist (M.M.V.) conducted a videotaped interview with
these 84 subjects, using the SCID patient version (SCID-P) (20) and
personality disorders version (SCID-II) (21). To establish interrater
reliability for the diagnosis of schizotypal personality disorder, one-
half of the videotapes were reviewed by a second psychologist
(L.J.S.). The interrater reliability for the diagnosis of schizotypal per-
sonality disorder was high (kappa=0.89, N=25). Of the interviewed
subjects, 30 met at least five of the nine DSM-IV criteria for a diagno-
sis of schizotypal personality disorder, but 14 did not complete the
study because they were lost to follow-up (N=9), were unable to be
scanned because of claustrophobia (N=3), or exceeded the weight
limit of the MRI scanner (N=2). Therefore, the study group com-
prised 16 men with schizotypal personality disorder.

There were no differences in demographic characteristics (age, ed-
ucation, estimated IQ, parental or personal socioeconomic status) or
in number of DSM-IV diagnostic criteria met between the subjects
who did and did not complete the study. On the basis of the SCID-II
interview, the following diagnoses or past diagnoses were also estab-
lished: past major depression, N=2; dysthymia, N=1; panic disorder,
N=1; past alcohol abuse, N=1; past polysubstance abuse, N=1; para-
noid personality disorder, N=6; borderline personality disorder, N=
5; passive-aggressive personality disorder, N=2; schizoid personality
disorder, N=3; and narcissistic personality disorder, N=1. Four of the
16 subjects with schizotypal personality disorder had received mari-
tal, pastoral, or family counseling ranging from 2 weeks to less than
1 year, but none had received medication or individual treatment
from a psychiatrist. The Scale for the Assessment of Positive Symp-
toms (SAPS) (22) and Scale for the Assessment of Negative Symp-
toms (SANS) (23) were also completed for these subjects. The mean
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TABLE 1. Demographic Variables for 16 Men With Schizotypal
Personality Disorder and 14 Healthy Comparison Subjects

Subjects
With
Schizotypal
Personality Comparison Student'st Test
Disorder Subjects (two-tailed)

Variable

Age (years)

Education (years)

1Q (estimated)?

Socioeconomic status®
Parental® 33 12 39 1.0 -161 27 0.11
Self 29 1.0 39 1.0 -2.39 28 0.02

2 Data not available for one comparison subject.
bBased on the Hollingshead two-factor index of socioeconomic
status.

Mean SD Mean SD t df p

39.9 10.3 38.2 104 0.42 28 0.67
152 31 149 17 0.34 28 0.74
109.3 13.0 113.7 17.0 -2.01 27 0.06

SAPS score was 4.75 (SD=1.29), and the mean SANS score was 6.81
(SD=3.33); these measures did not correlate with MRI variables,
perhaps because they were designed for more seriously ill subjects.

The comparison subjects were 14 healthy men recruited from the
community. They met the additional requirements of no personal or
family history of psychotic or bipolar illness and no personal history
of personality disorder. They denied history of any developmental
disorder. They were matched for age one-to-one with the subjects
with schizotypal personality, although two comparison subjects
were each matched to two schizotypal subjects. As shown in table 1,
there was no statistically significant difference in parental socioeco-
nomic status, but the comparison subjects did show a higher per-
sonal socioeconomic status. After a complete description of the
study to the subjects, written informed consent was obtained.

MRI Procedures

The images were acquired on a 1.5-T MRI system (GE Medical
Systems, Milwaukee). For the sagittal, localizer series the following
acquisition variables were used: TR=600 msec, TE=19 msec, and
4.0-mm-thick slices with 1.0-mm skip. The axial double-echo spin-
echo series, used to maximize information on CSF anatomy, had the
following characteristics: 52 3.0-mm-thick interleaved slices, TR=
3000 msec, and TE=30 and 80 msec. The coronal series, 124 contig-
uous slices with no skip, obtained by using a three-dimensional Fou-
rier transform spoiled gradient/recalled echo (SPGR) acquisition,
had the following characteristics: TR=35 msec, TE=5 msec, nutation
angle=45°, and voxel size=0.975 x 0.975 x 1.5 mm) (figure 1A). For
all images, the field of view was 24 cm and the matrix size was 256
% 256 (192 phase-encoding steps with zero filling).

Several steps were taken to process the images on workstations
(SPARC2, Sun Microsystems, Mountain View, Calif.). First, a pre-
processing filter was used to reduce noise while maintaining clear tis-
sue class distinction (24). Next, T information from the double-
echo spin-echo axial slices was registered with data from the SPGR
images by reformatting the axial voxels to the voxel dimensions cor-
responding to those in the coronal SPGR images (25). Third, the in-
tensity information from both the SPGR and T, images was used in
a fully automated segmentation program to classify tissue into gray
matter, white matter, and CSF (as described in detail in reference 25).
Wells’s iterative expectation-maximization algorithm initially esti-
mates image intensity inhomogeneities and then uses these estimates
to classify tissue on the basis of the same set of signal intensity char-
acteristics for all subjects (25). Figure 1B illustrates the segmentation
results. Next, we then summed the voxel volumes of gray and white
matter, CSF, blood vessels, and unclassified voxels; the last type av-
eraged less than 1 cm? in all cases. Last, masks were automatically
created to demarcate the outer extent of the intracranial contents,
with the skull, scalp, and neck tissue removed. Minimal manual ed-
iting of the masks was required.

To separate cortical from noncortical gray matter, manual editing
of each slice was done to exclude the cerebellum, brain stem, and
gray matter of the basal ganglia and thalamus. The cortex of the me-
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FIGURE 1. Coronal Gray-Scale Image of the Brain of a Man
With Schizotypal Personality Disorder (A) and the Same Image
With Automatically Segmented Tissue Types Overlaid (B)?

J'fj\r.

2 Following radiological convention, the right side of the image is of
the left side of the brain. In part B, CSF is outlined in red, gray
matter in blue, white matter in yellow, and undefined tissue in
orange.

dial temporal lobe regions (i.e., hippocampus and parahippocampal
gyrus) was also included, as well as the amygdala. The latter was in-
cluded since its reliable separation from the hippocampus was diffi-
cult. The interrater reliability for the separation of cortical from
other tissue was high (intraclass correlation coefficient=0.995, N=3).

The lateral ventricles were identified and classified as such. On the
slices in which the automated segmentation did not separate the left
and right ventricles, left and right were manually defined by using
the septum pellucidum. Because the temporal horns were small,
manual editing of these structures was required.

Statistical Methods

A test of normality, the Shapiro-Wilk test, demonstrated that the
data for CSF volume did not follow a normal distribution (Shapiro-
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Wilk statistic=0.92, df=30, p=0.03). When we separated the two
groups, we found that it was the schizotypal group that was driving
the statistic (Shapiro-Wilk statistic=0.86, df=16, p=0.02), not the
comparison subjects (Shapiro-Wilk statistic=0.92, df=14, p=0.26).
Rather than being due to a simple outlier or two, the sample proba-
bility density (e.g., histogram of values) of CSF volumes for schizo-
typal personality disorder had a nonnormal form that resembled a
gamma distribution, type Il in the Pearson nomenclature, and had a
positive skew, i.e., with a “tail” to the right, toward higher values
(see review of sampling probability densities in reference 26). Be-
cause of this nonnormality, all of the data were subsequently trans-
formed by using the natural log, which produced distributions that
were normally distributed. To correct for differences in brain size,
the volume of each of the regions of interest was regressed on the
volume of the intracranial contents. With this method each subject’s
absolute value for each region of interest was regressed against each
subject’s value for intracranial contents, and the residuals were used
in subsequent analyses. The regression analysis controlled for the
possibility of nonuniformity in the relationship between intracranial
contents and the regions of interest within a particular subject
group. However, while almost all laboratories correct for intracra-
nial contents, there is some disagreement in the literature concerning
which statistical procedure is most appropriate, although arguments
favoring the regression method have been advanced (11).

A repeated measures analysis of variance (ANOVA) compared the
two subject diagnostic groups on the within-subject measure of
tissue class (gray, white, and CSF). The conservative Greenhouse-
Geisser correction is reported, where appropriate. Planned contrasts
consisting of Student’s t tests were subsequently performed. To de-
termine whether a more refined segmentation of cortical gray matter,
as opposed to total gray matter, altered results, the ANOVA and
planned contrasts were repeated for cortical gray matter. We also
performed t tests of ventricular volumes.

RESULTS

A repeated measures ANOVA comparing the sub-
jects with schizotypal personality disorder and the
comparison subjects on the three tissue classes (gray
and white matter and CSF) revealed a statistically sig-
nificant main effect of diagnosis (F=4.69, df=1, 28, p=
0.04). There was no statistically significant main effect
of tissue class (F=0.74, df=1.34, 56, p=0.43). There
was, however, an interaction between diagnosis and
tissue class (F=3.97, df=1.34, 56, p=0.04). When corti-
cal gray matter, instead of total gray matter, was en-
tered into the analysis, the results were not meaning-
fully changed: there was still a main effect of diagnosis
(F=4.28, df=1.00, 28, p=0.05) and an interaction be-
tween diagnosis and tissue class (F=4.15, df=1.30, 56,
p=0.04) but no main effect of tissue class (F=0.65, df=
1.30, 56, p=0.47).

The planned contrasts demonstrated that the CSF
volumes were larger in the subjects with schizotypal
personality disorder than in the comparison subjects
(table 2 and figure 2). To determine whether the differ-
ence in CSF volume was driven by differences in the
lateral ventricles, t tests were performed. There was no
difference in the left or right lateral ventricle or in the
left or right temporal horn. The range of the volumes
of the left ventricle for the comparison subjects was
17.9 ml, whereas it was 13.7 ml for the subjects with
schizotypal personality disorder. Two of the compari-
son subjects had large ventricular volumes. When these
two subjects were removed from the analysis, the dif-
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TABLE 2. Mean Absolute Volumes of Whole-Brain Tissue

Classes in 16 Men With Schizotypal Personality Disorder and
14 Healthy Comparison Subjects

Absolute Volume (ml)

Subjects With Student's
Schizotypal t Test
Personality Comparison  (two-tailed)
Disorder Subjects (df=28)
Region Mean SD Mean SD t p
Total intracranial
contents 1509.5 107.5 1572.7 141.0 -1.39 0.18
Gray matter 716.1 827 765.7 72.6 -1.00 0.33
Cortical gray matter 594.4 64.1 638.4 59.4 -1.92 0.07

White matter 628.4 67.2 6651 919 -0.48 0.63

CSF 160.5 62.2 137.3 56.8 2.15 0.04
Lateral ventricles

Left 7.58 3.44 9.37 5.05 -0.36 0.72
Right 7.82 3.65 935 7.34 0.19 0.85
Temporal horn

Left 0.41 0.32 0.37 0.17 041 0.69
Right 0.47 0.29 0.51 0.29 -0.06 0.96

ference in ventricular volumes between the schizotypal
and comparison subjects still lacked statistical signifi-
cance. Subarachnoid CSF volume accounted for the
difference in total CSE, as whole-brain CSF minus ven-
tricular CSF remained significantly larger in the schizo-
typal group (t=2.69, df=28, p=0.01).

There was no difference between the two groups in
overall intracranial contents (table 2). In addition,
there was no difference between the comparison and
schizotypal subjects in gray matter or in white matter.
However, the subjects with schizotypal personality dis-
order had a smaller cortical gray matter volume, al-
though the difference was not quite statistically signif-
icant (effect size=0.78, percentage difference=7.1%)
(table 2 and figure 3). On the basis of this effect size, a
power analysis suggests that fewer than 30 subjects per
group would be needed to demonstrate a statistically
significant difference in cortical gray matter volume.

DISCUSSION

In this study of whole-brain measures in subjects
with schizotypal personality disorder, ANOVAs dem-
onstrated a main effect of diagnosis and an interaction
between diagnosis and the brain’s three main tissue
classes. Follow-up planned comparisons showed larger
CSF volume in the schizotypal subjects than in normal
comparison subjects. As lateral ventricle size did not
differ, this difference in CSF volume derived from other
sources. In addition, there was also a nonsignificantly
smaller (p=0.07) cortical gray matter volume with a
moderate to large effect size (0.78), suggesting that an
increase in the subject number would result in statisti-
cally significant differences between groups in total cor-
tical gray matter. Calculations based on this effect size
indicated that a subject pool of fewer than 30 subjects
per group would yield a statistically significant result.

These data suggest that the abnormalities in schizo-
typal personality disorder are not confined to the tem-
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FIGURE 2. Individual Absolute CSF Brain Volumes for 16 Men
With Schizotypal Personality Disorder and 14 Healthy Com-
parison Subjects?
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FIGURE 3. Individual Absolute Cortical Gray Matter Volumes
for 16 Men With Schizotypal Personality Disorder and 14
Healthy Comparison Subjects?
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poral lobe (7) but may be more widespread. As sub-
arachnoid CSF accounts for the major portion of the
nonventricular CSF (about 87% of whole-brain CSF)
(9), we think it likely that this component is larger than
normal, a finding consistent with results of a previous
computerized tomography (CT) study (27). The most
likely reason for a large CSF volume is a small volume
of underlying gray or white matter. Our findings of no
difference in white matter but smaller than normal cor-
tical gray matter (although not statistically significant)
suggest it may be primarily this latter component.
Nonetheless, additional studies of gray matter volume
in different cortical regions will be required to deter-
mine whether the larger CSF volume is accompanied
by diffusely small gray matter volume or is better char-
acterized by disproportionate abnormalities among re-
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gions, as has been true in the great majority of studies
of schizophrenia (86%) (15-17).

In an important MRI study (28) examining the pos-
sible role of genetics in overall brain morphology,
schizophrenic subjects and their siblings—10% of
whom had schizotypal personality disorder—were
shown to have smaller cortical gray matter volumes
and larger sulcal CSF volumes. However, only the
schizophrenic subjects had large lateral ventricles and
concurrently small white matter volumes. The au-
thors hypothesized that genetics contributed to the
small cortical gray matter volume and that psychotic
illness effects or “nonshared causative effects” con-
tributed to the large ventricular volumes (28). Their
finding is similar to ours: the subjects with schizo-
typal personality disorder showed a tendency for
smaller cortical gray matter, no abnormality in ven-
tricular volume, but a significantly larger than nor-
mal subarachnoid CSF volume.

Also, consistent with the preceding hypothesis,
Buchsbaum and co-workers (29) showed no abnor-
mality in lateral ventricle size in subjects with schizo-
typal personality disorder. However, they did find large
temporal horns in those subjects. Possible reasons for
the difference in temporal horn findings are their 1) use
of a clinic population, 2) inclusion of both men and
women, 3) inclusion of both right- and left-handed
subjects, 4) use of axial images rather than coronal im-
ages, and 35) different tracing procedures. Indeed, only
one study (30) showed high ventricle-brain ratios
(VBRs) in subjects with schizotypal personality disor-
der, although these subjects may have VBRs intermedi-
ate between those of schizophrenic and comparison
subjects (31) and larger VBRs than those of nonaf-
fected siblings (32).

Overall, although there are differences in the tech-
nology used, populations sampled, and brain regions
measured, there appears to be an emerging consensus
from the literature. In terms of global measures,
schizotypal personality disorder appears to be associ-
ated with large CSF volume and, possibly, small corti-
cal gray matter volume. The exact area of the large
CSF volume may differ among studies, and more work
is needed to understand these differences.

The nonnormal distribution of CSF volume demon-
strated in this study may not be unusual as a skew to-
ward the right (toward higher values) has also been re-
ported in chronic schizophrenia (33). Thus, in the
schizophrenia spectrum disorders, the skew toward
higher values may reflect a severity factor affecting
CSF volume. Although the reported CSF volume for
this comparison group was not statistically different
from a normal distribution, there are literature reports
of a “tail” of higher CSF values in the general popula-
tion (34), where mean CSF volume is usually between
130 and 140 ml (35, 36). Our mean value of 137 ml
and our finding that two comparison subjects had CSF
volumes 100 ml above the mean are consistent with
these reports.
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Moreover, the size of the lateral ventricles may also
vary greatly in the general population. In a postmor-
tem study of 183 grossly normal brains (37), the mean
lateral ventricle size was 7 ml and the range was 2 to
39 ml, values that are consistent with our current find-
ings of large lateral ventricles in two comparison sub-
jects. No history of head trauma or developmental ab-
normalities was noted for either subject. (Removing
these two normal subjects from the analysis had no ef-
fect on the absence of a statistically significant differ-
ence in lateral ventricle size between the schizotypal
and comparison subjects.) The present data thus ap-
pear compatible with literature reports of variability of
CSF and ventricle size in the general population and
with a tendency for distributions to be skewed toward
higher values.

Although there was no difference in total gray mat-
ter volume between the two groups, when total gray
matter was more carefully delineated into cortical gray
matter only, the subjects with schizotypal personality
disorder showed nonsignificantly smaller volumes. In
studies of schizophrenia, measurements of gray matter
have yielded conflicting results: some studies have
demonstrated a smaller than normal total gray matter
volume (38-40) or cortical gray matter volume (39,
41, 42) and others have not (9, 10, 13, 43). From our
review of such studies (15-17), however, the evidence
suggests a nonuniform distribution of gray matter vol-
ume deficits in schizophrenia, i.e., that the deficits are
greater in some areas than in others. One CT study
(30) of subjects with personality disorders in the
schizophrenia spectrum (the majority of whom had
schizotypal personality disorder) used a visual scale to
show “cortical atrophy” (greater sulcal prominence),
which likely is compatible with our finding of larger
than normal subarachnoid CSF volume.

The ability to generalize these findings to all persons
with schizotypal personality disorder is limited by the
relatively small number of subjects and the use of only
male subjects. Future plans include the study of female
subjects. Drawing subjects from the community may
yield subjects less severely affected than in clinic
groups but has the important advantage of finding
subjects not yet exposed to neuroleptics or other psy-
chotropic medications. In addition, these data do not
address the issue of whether the abnormalities are neu-
rodevelopmental and/or degenerative in nature, as this
was not a longitudinal study designed to study changes
over time.

The finding of larger than normal overall CSF vol-
ume and suggestive evidence for smaller cortical gray
matter volume, taken together with previous findings
of focal deficits in the temporal lobes of the same
subjects, suggest that neuroanatomic abnormalities
in schizotypal personality disorder may be present in
widespread locations but may be greater in some re-
gions than in others, not unlike what is seen in
schizophrenia (15-17).
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