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Objective: Individuals with schizophre-
nia spectrum disorders evince similar ge-
netic, neurotransmitter, neuropsychologi-
cal, electrophysiological, and structural
abnormalities. Magnetic resonance imag-
ing (MRI) studies have shown smaller gray
matter volume in patients with schizotypal
personality disorder than in matched com-
parison subjects in the left superior tem-
poral gyrus, an area important for lan-
guage processing. In a further exploration,
the authors studied two components of
the superior temporal gyrus: Heschl’s gy-
rus and the planum temporale.

Method: MRI scans were acquired from
21 male, neuroleptic-naive subjects re-
cruited from the community who met
DSM-IV criteria for schizotypal personality
disorder and 22 male comparison subjects
similar in age. Eighteen of the 21 subjects
with schizotypal personality disorder had
additional comorbid, nonpsychotic diag-
noses. The superior temporal gyrus was
manually delineated on coronal images
with subsequent identification of Heschl’s

gyrus and the planum temporale. Explor-
atory correlations between region of inter-
est volumes and neuropsychological mea-
sures were also performed.

Results: Left Heschl’s gyrus gray matter
volume was 21% smaller in the schizotypal
personality disorder subjects than in the
comparison subjects, a difference that was
not associated with the presence of co-
morbid axis | disorders. There were no be-
tween-group volume differences in right
Heschl’s gyrus or in the right or left planum
temporale. Exploratory analyses also
showed a correlation between poor logical
memory and smaller left Heschl’s gyrus
volume.

Conclusions: Smaller left Heschl’s gyrus
gray matter volume in subjects with schizo-
typal personality disorder may help to ex-
plain the previously reported abnormality
in the left superior temporal gyrus and
may be a vulnerability marker for schizo-
phrenia spectrum disorders.

(Am | Psychiatry 2002; 159:1521-1527)

Schizotypal personality disorder is considered part of
the schizophrenia spectrum (1) because it shares a com-
mon genetic diathesis with schizophrenia (2-4) and be-
cause individuals diagnosed with schizotypal personality
disorder evince many of the biological features that are
observed in schizophrenia, albeit in milder form. These
include higher homovanillic acid levels, aberrant eye
tracking, cognitive deficits, and electrophysiological ab-
normalities (5-12). Of note, however, persons with schizo-
typal personality disorder are not psychotic and generally
have not been prescribed neuroleptic medications. Thus,
schizotypal personality disorder affords researchers a
unique opportunity to study the schizophrenia spectrum
without the potential confounding factors of neuroleptic
usage, repeated hospitalizations, and chronicity.

Interest in schizotypal personality disorder has in-
creased in recent years concurrent with the ability to ex-
amine morphologic brain abnormalities with magnetic
resonance imaging (MRI). Several laboratories have re-
ported brain abnormalities in subjects with schizotypal
personality disorder that were similar to findings reported
in those with schizophrenia: corpus callosum shape dif-
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ferences (13), greater temporal horn size (14), enlarged
CSF volume (15), thalamic abnormalities (16, 17), and
greater incidence of large cavum septi pellucidi (18).

Our laboratory’s work has focused mainly on the tempo-
ral lobe, in particular the gray matter of the superior tem-
poral gyrus. The superior plane of the superior temporal
gyrus consists of three regions (moving posteriorly): the
temporal pole (which has sensory-limbic integrative func-
tions [19]), Heschl’s gyrus (responsible for processing of
pure tones), and the planum temporale (which may be in-
volved in phonemic processing). Of note, gray matter ab-
normalities in the superior temporal gyrus are the most
robust finding in schizophrenia (all 12 of the studies ex-
amining gray matter have found abnormalities [20]). In
our initial investigation of the temporal lobe in subjects
with schizotypal personality disorder, we found the gray
matter volume of the left superior temporal gyrus to be
smaller and also found a higher rate of thought disorder in
the subjects with schizotypal personality disorder (21).
This finding was similar to what our laboratory (22) and
other laboratories have shown in schizophrenia (23-25)
(for review, see references 20, 26).
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FIGURE 1. Delineation of Heschl’s Gyrus and the Planum Temporale in the Brain of a Subject With Schizotypal Personality

Disorder?
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2 The axial image (part A) illustrates the most inferior slice boundary for Heschl’s gyrus, and the coronal image (part B) shows the separation of
Heschl’s gyrus and the planum temporale. The sagittal view (part C) was used to confirm the delineation of the two regions of interest, which
are shown in a three-dimensional rendering in part D. Following radiologic convention, the left side of the brain is on the right side of the

image.

The goal of this study was to further delineate the supe-
rior temporal gyrus into Heschl’s gyrus and the planum
temporale to determine whether individuals with schizo-
typal personality disorder exhibit abnormalities similar to
those reported in patients with first-episode schizophre-
nia (27) and chronic schizophrenia (23, 28) as well as to ex-
plore whether there are correlations between region of in-
terest volumes and clinical measures. By understanding
the aberrant anatomy of the superior temporal gyrus in
schizophrenia spectrum disorders, researchers may begin
to understand further the associations between brain
morphology, genetic phenotype, and symptoms/signs in
schizotypal personality disorder.

Method

Subject Recruitment

A total of 21 male subjects with schizotypal personality disor-
der and 22 male comparison subjects recruited from the commu-
nity were included in the current study. Methods for recruiting
have been described in detail elsewhere (15, 18, 21). The diagno-
sis of schizotypal personality disorder was determined by using
the nonpatient and axis II versions of the Structured Clinical In-
terview for DSM-IV (SCID). Fourteen of the schizotypal personal-
ity disorder subjects and 14 of the comparison subjects were
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common to those reported in previous studies (15, 18, 21), and
five additional comparison subjects were common with another
study (29). Comparison subjects were age matched (within 4
years) to the subjects with schizotypal personality disorder and
group matched for years of education and parental socioeco-
nomic status. After a complete description of the study, all sub-
jects provided written informed consent.

All subjects were right-handed and met the following criteria,
detailed elsewhere (15, 21): 1) age between 18 and 55 years old;
2) no history of neurological illness; 3) no history of alcohol or
drug dependence in the past 5 years, abuse within the last year (as
per DSM-1V criteria), or alcohol use in the 24 hours before testing;
4) no use of drugs/medication that would affect cognitive func-
tioning or MRI results and no lifetime exposure to neuroleptics or
ECT; 5) estimated IQ above 80, with English as primary language;
and 6) no history of axis I psychotic disorder or bipolar disorder or
current axis | mood disorder. Comparison subjects were addition-
ally required to have no history of mental illness, learning disabil-
ities, or an axis I disorder in a first-degree relative.

Clinical Measures

The Thought Disorder Index, a measure of the severity of
thought disorder, was administered to 18 (85.7%) of the 21 schizo-
typal personality disorder subjects (three subjects were lost to fol-
low-up) but not to comparison subjects because of “floor effects”
(e.g., comparison subjects score <5 [30]). The California Verbal
Learning Test (31) and, as an exploratory measure, the logical
memory tests (immediate and delayed recall) from the Wechsler
Memory Scale—Revised (on which schizotypal personality disor-
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TABLE 1. Demographic Characteristics of Subjects With
Schizotypal Personality Disorder and Healthy Comparison
Subjects

Schizotypal

Personality Healthy

Disorder ~ Comparison

Subjects Subjects

(N=21) (N=22) Analysis
Characteristic Mean SD Mean SD t df p
Age (years) 38.0 10.61 384 104 -0.13 41 0.89
1Q 110.6 14.0 120.2 14.5 -2.12 38 0.04
Socioeconomic status?
Parental 34 13 3.8 09 1.04 39 0.31
Personal 31 13 39 1.2 198 40 0.06
Education (years) 151 28 152 22 -0.11 41 0.91

2 Based on the Hollingshead two-factor index of socioeconomic
status.

der subjects perform poorly [11, 12]), were used as verbal tests for
correlations with the region of interest measures. These latter
tests were selected because they are receptive language tasks that
require subjects to listen to words and paragraphs, thereby re-
cruiting the primary auditory cortex for initial processing. Clini-
cal data were available for 20 (95.2%) of the 21 subjects with
schizotypal personality disorder and 19 (86.4%) of the 22 compar-
ison subjects.

MRI Procedures

Details regarding image acquisition and postprocessing are de-
tailed elsewhere (15, 18, 21). Briefly, superior temporal gyrus gray
matter was manually drawn (for boundaries, see references 21
and 22) on coronal 1.5-mm slices. Images were subsequently re-
aligned and reformatted so that the voxel size became isotropic
(0.9375 cm3) (27). Intracranial contents were determined from
the double-echo spin-echo and original coronal spoiled gradient
recall acquisition images (15, 21).

Boundary Identification

Landmarks used to identify Heschl’s gyrus and the planum
temporale on reformatted images are described in detail else-
where (27) and represent anterior and posterior extensions of the
originally drawn superior temporal gyrus (see Figure 1 for delin-
eation of the regions). Interrater reliability among three raters for
the editing of the originally drawn superior temporal gyrus vol-
umes into Heschl’s gyrus and planum temporale, with the ex-
tended boundaries, was high (intraclass correlation coefficient:
r>0.99, number of cases=10).

Statistical Methods

To correct for differences in brain size, a linear regression proce-
dure was used with absolute volume of each of the regions of inter-
est as the dependent variable and intracranial contents as the in-
dependent variable, with residuals used in subsequent analyses. A
test of normality, the Shapiro-Wilk test, demonstrated that left He-
schl’s gyrus was not normally distributed; therefore, the nonpara-
metric test, Mann-Whitney U, was used instead of an analysis of
variance. To consider the possible confound of comorbidity,
schizotypal personality disorder subjects without comorbid axis I
disorders were examined separately with their corresponding
comparison subjects. To measure region of interest asymmetry,
we subtracted the right side from the left, since the left planum
temporale is normally larger than the right (32). Two-tailed Stu-
dent’s t tests were used to analyze between-group differences on
demographic variables, since the data were normally distributed.
Spearman correlations for the regions of interest were performed
separately for the subjects with schizotypal personality disorder
and the comparison subjects. To determine whether the magni-
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tude of the correlation differed between the two groups, Fisher’s r-
to-z transformation was employed. Similarly, exploratory Spear-
man correlations were performed on clinical/volumetric mea-
sures with a conservative significance level set at p<0.01.

Results

Subject Demographics

As seen in Table 1, there were no differences between
the two groups in parental socioeconomic status. Lower
personal socioeconomic status was seen in the subjects
with schizotypal personality disorder, but this difference
did not achieve statistical significance. The IQ of the com-
parison subjects was significantly higher than that of the
schizotypal personality disorder subjects, but it is impor-
tant to note that no difference was seen in level of educa-
tion. Of note, only three schizotypal personality disorder
subjects had neither an axis I disorder nor an additional
axis II disorder. Consistent with other reports (33), most
subjects had more than one comorbid diagnosis from axis
I (major depression: N=5, dysthymia: N=4, panic disorder:
N=2, past alcohol abuse or dependence: N=6, hallucino-
gen dependence or cocaine abuse: N=2) or axis II (para-
noid [N=11], narcissistic [N=5], avoidant [N=>5], and schiz-
oid [N=4] personality disorders were most prevalent; all
others combined: N=14). Interrater reliability for the diag-
nosis of schizotypal personality disorder diagnosis was
high (kappa=0.89) (21).

Region of Interest Measures

No difference in whole brain volume was found between
the two groups (t=—1.44, df=41, p<0.16). The Shapiro-Wilk
test demonstrated that left Heschl’s gyrus gray matter vol-
ume was not normally distributed (Shapiro-Wilk statistic=
0.92, df=43, p=0.01) and that this was due to the schizotypal
personality disorder group (Shapiro-Wilk statistic=0.85, df=
21, p=0.01) and not the comparison subjects (Shapiro-Wilk
statistic=0.97, df=22, p<0.67). Left Heschl’s gyrus gray mat-
ter volume was 21% smaller in the schizotypal personality
disorder subjects than in the comparison subjects (Figure
2), with an effect size (Cohen’s d) of 0.77. This finding held
even when only those subjects without comorbid axis I dis-
orders (N=11) and their age-matched comparison subjects
(N=11) were included in the analysis (Mann-Whitney U=38,
z=-1.48, p<0.02). (Only five schizotypal personality disorder
subjects had no other axis II disorder; therefore, compari-
sons excluding those with comorbid axis II disorders were
not performed.) There was no difference in right Heschl’s
gyrus gray matter volume (Table 2). There was, however, a
difference in Heschl’s gyrus asymmetry, with schizotypal
personality disorder subjects exhibiting less asymmetry
(i.e., less left> right asymmetry) than comparison subjects
(Mann-Whitney U=148, z=-2.02, p<0.05).

Planum temporale gray matter volume, however, did not
distinguish the two groups on either the right or left side
(Table 2). Moreover, there was no difference in planum
temporale asymmetry (Mann-Whitney U=212, z=-0.46, p=
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FIGURE 2. Absolute Gray Matter Volume of Left Heschl’s
Gyrus in Subjects With Schizotypal Personality Disorder
and Healthy Comparison Subjects?®
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2 Horizontal bars indicate mean volumes (schizotypal personality dis-
order subjects: mean=1.20 ml [SD=0.40]; comparison subjects:

mean=1.51 ml [SD=0.48]).

0.64) between the two groups; both groups showed left>
right asymmetry.

Correlations Among Region of Interest Volumes

In the comparison subjects, a correlation between left
Heschl’s gyrus and planum temporale gray matter vol-
umes was found (r;=0.59, N=22, p=0.004) that was not
present in the schizotypal personality disorder subjects
(rs=—0.09, N=21, p=0.69). To verify that there was a signifi-
cant difference in the correlation between these two
groups, Fisher’s r-to-z transformation statistic was em-
ployed (z=-1.82, p<0.04). No other region-to-region corre-
lation reached significance.

Correlations Between Clinical Measures
and Region of Interest

Correlations were performed between the four regions
of interest (right and left Heschl’s gyrus and planum tem-
porale) and the three clinical measures (Thought Disorder
Index [total score], California Verbal Learning Test [total
words learned], and Wechsler Memory Scale—Revised
[immediate and delayed recall performance]). The mean
Thought Disorder Index score for the schizotypal person-
ality disorder subjects (N=18) was 28.3 (SD=22.5, range=
2.4-71.7). There were no correlations between Thought
Disorder Index and any region of interest measure.
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TABLE 2. Heschl’s Gyrus and Planum Temporale Volumes
of 21 Subjects With Schizotypal Personality Disorder and
22 Healthy Comparison Subjects

Gray Matter Volume (ml)

Schizotypal

Personality Healthy

Disorder ~ Comparison

Subjects Subjects Analysis
Region Mean SD Mean SD u z p
Heschl’s gyrus
Left 1.20 040 1.51 0.48 136 -231 0.03
Right 139 053 138 0.54 225 -0.15 0.89
Planum temporale
Left 224 061 223 0.64 230 -0.024 0.99
Right 209 067 209 068 217 -034 0.74

In the exploratory analyses, there were no statistically
significant correlations between performance on the Cali-
fornia Verbal Learning Test and region of interest volumes
for either the subjects with schizotypal personality disor-
der or the comparison subjects. On the Wechsler Memory
Scale—Revised, only one correlation (delayed recall per-
formance and left Heschl’s gyrus volume) in subjects with
schizotypal personality disorder surpassed our threshold
of p<0.01 (rg=—-0.57, N=20, p=0.008).

Discussion

We found smaller left Heschl’s gyrus gray matter volume
in right-handed male subjects with schizotypal personality
disorder relative to that of comparison subjects. To our
knowledge, no other study has examined this structure in
subjects with schizotypal personality disorder. This finding
was a further refinement of our previous report of smaller
gray matter volume in the left superior temporal gyrus (21).

In the comparison subjects there was a positive correla-
tion between Heschl’s gyrus and planum temporale gray
matter volume not found in the schizotypal personality
disorder subjects. This lack of correlation was likely due to
the 21% smaller left Heschl’s gray matter volume and the
normal planum temporale volumes in the schizotypal
personality disorder subjects rather than due to a differ-
ence in the variability of the data between the two groups.
This reinforces the notion that the abnormality in subjects
with schizotypal personality disorder is restricted to left
Heschl’s gyrus.

This result is similar to our previous finding of smaller
volumes of Heschl’s gyri (total volume) and left planum
temporale in patients with first-episode schizophrenia (27).
In chronic schizophrenia patients it was the left planum
temporale, not left Heschl’s gyrus, that was smaller (28). The
discrepancy between superior temporal gyrus findings is
most likely due to subject or other methodological differ-
ences. For example, although schizotypal personality disor-
der and comparison subjects within this study had compa-
rable education levels, the schizotypal personality disorder
subjects had a lower IQ than did their counterparts. It may
be that the disease or genetic liability of schizotypal person-
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ality disorder affects some measures of IQ. In a study of
schizophrenic relatives, for example, Faraone et al. (34)
noted deficits in the realms of abstraction, verbal memory,
and auditory attention that were not attributable to educa-
tional level attained or parental socioeconomic status. It
may be that subjects with schizotypal personality disorder
have similar genetic loci affecting scores on neuropsycho-
logical measures as do the relatives (34). In addition, this re-
port used fairly functional subjects recruited from the com-
munity, not patients, whereas a similar study of clinic-
based schizotypal personality disorder subjects may dem-
onstrate more extensive abnormalities. Therefore, how
groups are matched may play a role in subtle differences in
volume findings. The other factor that may account for the
slightly diverging reports may be minimal differences in
methodology. For example, in the present study, images
were realigned, reformatted, and the anterior/posterior
boundaries were extended compared with Kwon et al. (28).
Also, despite good interrater reliability, different people
were manually drawing the region of interest. Finally, in pa-
tients with chronic schizophrenia it is possible that with
neuroleptic usage, the volume of the superior temporal gy-
rus may change over time (35) and that those effects would
not be seen in these neuroleptic-naive schizotypal person-
ality disorder subjects. Nonetheless, this report employed
the same methodology as did Hirayasu et al. (27), thus
strengthening the interpretation of finding a more con-
stricted abnormality in schizotypal personality disorder
than in schizophrenia (smaller left gray matter volume in
left Heschl'’s gyrus alone as contrasted with smaller volumes
in both Heschl’s gyri and left planum).

The finding of smaller left Heschl’s gyrus gray matter
volume in subjects with schizotypal personality disorder
was a further specification of our previous finding of
smaller left superior temporal gyrus volume and may have
more precisely indicated a key area of abnormality in the
schizophrenia spectrum. This may suggest that the less af-
fected planum temporale may attenuate the language ab-
normalities seen in patients with schizophrenia. For ex-
ample, schizotypal personality disorder subjects have
thought disorder as measured by the Thought Disorder In-
dex, but it was less severe than what has been shown in
patients with schizophrenia (21).

The superior temporal gyrus consists of three compo-
nents (anterior to posterior): the temporal pole, Heschl’s
gyrus, and planum temporale. Receptive auditory pro-
cessing is now considered to be hierarchical—not unlike
the visual system—with highly specialized Heschl’s gyrus
(primary auditory cortex) at the core and a surrounding
belt region in the auditory cortex of the superior temporal
plane with more integrative functions (36, 37). Heschl’s gy-
rus receives auditory sensory inputs via the thalamic me-
dial geniculate nucleus and provides preattentive process-
ing of pure tones (38, 39) in posterior and medial portions,
while more extensive regions of this gyrus respond to
band-passed noise (37).
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In functional MRI (fMRI) studies, voice-selective regions
have been located ventral to the belt region in the upper
bank of the superior temporal sulcus, an area that receives
direct inputs from the more dorsal surface of the superior
temporal gyrus (36, 40) and is possibly analogous to the
face recognition areas in the fusiform gyrus (41). The next
stage of language processing, phonemic processing, which
may be viewed as a fusing of multiple sound features, has
been reported to occur in the auditory association cortex
located in the superior temporal sulcus (40), although other
reports place phonemic processing in the planum tempo-
rale and Wernicke’s area (32, 42), including the angular and
supramarginal gyrus of the parietal lobe (43)—regions also
found to be abnormal in schizophrenia (44-46).

The highest level of processing, that of semantic features,
is the most highly left-lateralized and is thought to occur in-
ferior to the superior temporal gyrus in the middle and infe-
rior temporal gyri and in the temporal pole—areas less
thoroughly explored in schizophrenia (40). Semantic pro-
cessing also extends posteriorly to the angular gyrus (40).

Recent work has suggested a dual processing stream for
auditory percepts (47), not unlike the dorsal and ventral
pathways of the visual system. From the auditory core, lo-
cated in Al or Heschl’s gyrus, two parallel streams emerge:
a ventral one dedicated to processing auditory patterns
(“what”) located on the lateral belt of the superior tempo-
ral cortex, and a second dorsal pathway specific for pro-
cessing spatial information of auditory inputs (“where”)
that extends into the parietal region (39). According to this
model, both streams converge with visual information in
the prefrontal cortex in order to provide multimodal, inte-
grative processing that can in turn be linked with the abil-
ity to abstract (39).

How these downstream language processes may be af-
fected by an abnormality in the superior temporal gyrus
or, more specifically, in Heschl’s gyrus is still uncertain.
Moreover, the effect of pathology, such as that occurring in
schizophrenia or schizotypal personality disorder, on the
functional anatomy of these key language processing ar-
eas is just beginning to be explored. For example, using
fMRI, Wible et al. (48) showed in schizophrenic subjects
abnormal Heschl’s and posterior superior temporal gyrus
activation to “mismatched” or unattended discordant
tones, an example of an early perceptual processing ab-
normality in patients known to have abnormalities of lan-
guage production. An increase in fMRI activation in He-
schl’s gyrus during auditory hallucinations has also been
reported (49) (although it has been suggested that the re-
sult might have been due to a shift of auditory attention as
opposed to the hallucinations themselves [50]). Other
data suggest that the superior temporal gyrus may be in-
volved in the production of hallucinations (51, 52), and
smaller superior temporal gyrus volume has been associ-
ated with both the severity of hallucinations (23, 53) and
greater thought disorder (22, 25).
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Our laboratory has previously shown that schizotypal
personality disorder subjects, relative to comparison sub-
jects, have language deficits (11, 12), thought disorder (21),
verbal memory impairments (11), and, using event-related
potentials, N400 abnormalities while processing normal
sentences (54). In the present group of schizotypal person-
ality disorder subjects, there was no correlation between
any region of interest and thought disorder, as measured by
total score on the Thought Disorder Index, or verbal learn-
ing, as measured by the California Verbal Learning Test.
There was, however, a correlation between delayed recall,
as measured by the Wechsler Memory Scale—Revised, and
left Heschl’s gyrus volume that requires further study.

A potential limitation of this study was the inclusion of
schizotypal personality disorder subjects with histories of
nonpsychotic comorbid disorders. However, one would
predict that inclusion would have diluted the results. For
example, it may be that left planum temporale gray matter
would have been similarly reduced, not unlike what was
shown in patients with first-episode schizophrenia (27),
had there not been comorbidity. Much remains to be
learned about the seemingly high prevalence of comor-
bidity in this population (approximately one-half had axis
I disorders and three-quarters had other personality disor-
ders) and its impact on fundamental neuroanatomy.

The main finding of this study was the localization of
deficits in the left superior temporal gyrus to Heschl’s gy-
rus, primary auditory cortex. This region operates early in
the auditory processing stream and is important for pro-
cessing of tones (37, 39, 40). Whether this volume deficit is
directly associated with primary auditory processing
problems and, downstream, contributes to language com-
prehension problems is not yet known. However, evidence
of early processing problems in schizophrenia, such as
mismatch abnormalities (structurally localized in or near
Heschl’s gyrus), suggests that a focus on both structural
and functional features associated with early auditory
processing in schizotypal personality disorder may be a
promising avenue of investigation.
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