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Sex Differences in Inferior Parietal Lobule Volume
in Schizophrenia

Melissa Frederikse, M.D., Angela Lu, B.A., Elizabeth Aylward, Ph.D., 
Patrick Barta, M.D., Ph.D., Tonmoy Sharma, M.D., and Godfrey Pearlson, M.D.

Objective: The inferior parietal lobule is a heteromodal association cortical region that has
been implicated in the pathophysiology of schizophrenia. Inferior parietal lobule gray matter
volumes have been shown to differ between healthy male and female subjects, with male
subjects having larger left volumes. The authors sought to determine whether these volumet-
ric sex differences also exist in patients with schizophrenia. Method: The authors used mag-
netic resonance imaging to measure inferior parietal lobule volumes of 15 pairs of male and
female schizophrenic subjects who were individually matched to each other and to 15 pairs
of healthy male and female subjects. Results: Male schizophrenic patients exhibited a rever-
sal of the normal left-greater-than-right male asymmetry in this region and had left inferior pa-
rietal lobule gray matter volumes that were significantly smaller than those of healthy male
subjects. Female schizophrenic patients did not differ significantly from healthy female sub-
jects in left or right inferior parietal lobule volume or in asymmetry. Conclusions: This study
provides further evidence of brain morphology sex differences in schizophrenia that possibly
contribute to the differential clinical disease expression in men and women. 

(Am J Psychiatry 2000; 157:422–427)

There has been evidence suggesting that several neu-
ropsychological deficits found in schizophrenia may be
associated with parietal lobe dysfunction (1–3). These
abnormalities are associated with problems in atten-
tion, perception, affect recognition, and visuospatial
processing (2–5), functions subserved by the inferior
parietal lobule as part of a circuit in conjunction with
other, particularly frontal, brain regions.

The inferior parietal lobule, also referred to as “pos-
terior parietal cortex” (6), consists of the supramar-
ginal and angular gyri, which correspond approxi-
mately to Brodmann’s areas 39 and 40 (7). It is part of
the heteromodal association cortex (6, 8, 9), the re-
gions of which are the last to evolve and mature and
comprise higher-order cortical circuits that receive and

process information from primary motor and sensory
areas, as well as other unimodal and polymodal asso-
ciation cortical regions (10, 11). The inferior parietal
lobule also has extensive interconnections with the
limbic system and hypothalamus (12).

Heteromodal association cortex areas are usually
highly lateralized (figure 1), with the region in one
hemisphere having greater area or volume than the
other (9, 13). These regions also exhibit normal sex dif-
ferences, especially with regard to asymmetry (9, 13–
24). We have previously shown that the left inferior pa-
rietal lobule is larger in healthy male subjects than in fe-
male comparison subjects (13, 25). As the inferior pari-
etal lobule is involved in visuospatial processing, in
which men tend to outperform women (26), such sex-
based brain differences may mediate some of the nor-
mally observed subtle cognitive differences (27–30).

Several of the cognitive tasks mediated by the pari-
etal lobe appear to be lateralized. For example, the
right parietal lobe may be more involved in processing
affect (31–33) and relationships between body parts
(34). In contrast, the left inferior parietal lobule is
more involved in cognitive tasks related to perception
and visuospatial processing (35–40).

Several functional neuroimaging studies in schizo-
phrenia have demonstrated that parietal regions ex-
hibit reduced regional cerebral blood flow (rCBF) in
resting states (2, 32, 41, 42) and a failure to deactivate
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rCBF appropriately during cognitive tasks (43, 44).
Some of these activation/deactivation patterns appear
to lateralize (44) or relate to symptoms (2, 45). These
rCBF patterns are often associated with concurrent in-
appropriate activation/deactivation in other brain re-
gions, particularly frontal areas, which implies that the
inferior parietal lobule is part of a functional circuit
that is disturbed in patients with schizophrenia (43).

Differential disease expression between the sexes has
been observed in patients with schizophrenia (46–55).
Both the sex-based brain asymmetries, particularly in
heteromodal association cortex regions, seen in
healthy subjects and the involvement of the hetero-
modal association cortex in schizophrenia suggest that
disruption of these normal sex-based heteromodal as-
sociation cortex asymmetries may occur in schizophre-
nia (9, 16, 56). Most research that has examined the
heteromodal association cortex, however, has focused
on frontal and temporal lobe structure and function
(13, 19, 22, 57–59). By means of a locally developed
method for measuring inferior parietal lobule gray
matter volume, we previously reported stronger asym-
metry in normal male subjects than in normal female
subjects (25). Given this stronger male asymmetry, plus
the possible disruptions of normal asymmetries seen
with schizophrenia, we hypothesized that in patients
with schizophrenia, the normal leftward male inferior
parietal lobule asymmetry would be disturbed.

METHOD

Subjects

Figure 2 depicts the individual matching design between subjects.
We examined a total of 60 subjects in which 15 pairs of normal male
and female subjects, individually matched to each other on age (plus
or minus 5 years), race, and parental socioeconomic status (60),
were also individually matched on the same variables as well as by

sex to 15 pairs of similarly matched male and female subjects with
DSM-III-R schizophrenia (as assessed by the SCID [61]). In terms of
diagnostic reliability, all patients continue to be followed by the in-
vestigators, and there have been no diagnostic changes. All 60 sub-
jects were right-handed as assessed by the Chapman inventory (62).
Table 1 outlines group demographic data.

Comparison and schizophrenic subjects were recruited from the
community through advertisements (N=18) or had been reached
through a random telephone digit dialing protocol as part of a com-
munity-based aging study (N=4). Additional subjects were taken
from the Epidemiologic Catchment Area study (63) (N=6) and the
Maryland Epidemiologic Sample (64) (N=10) or were employees of
Johns Hopkins Hospital (N=3). In addition, nine schizophrenic and
10 comparison subjects were derived from a parallel study by a col-
laborator in London (T.S.). Exclusion criteria included history or
magnetic resonance imaging (MRI) evidence of overt brain disease
as determined by radiologist interpretation; lifetime history of sub-
stance abuse/dependence; or any medical illnesses known to affect
the brain, e.g., severe head injury with loss of consciousness for more
than 1 hour, severe hypertension (e.g., requiring treatment with two
or more medications), or clinically significant cardiovascular disease
that required medical or surgical treatment. Additional exclusionary

FIGURE 1. Left and Right Inferior Parietal Lobules in a Normal Male Braina

a Sulcal boundaries are labeled. The left-greater-than-right asymmetry typically seen in healthy male subjects is illustrated here (left inferior
parietal lobule gray matter volume=26.10 cm3; right inferior parietal lobule gray matter volume=17.30 cm3).
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FIGURE 2. Paradigm for Matching Subjects in Study of Inferior
Parietal Lobule Volume in Schizophreniaa

a Subjects matched individually within diagnoses on age, race, and
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on these variables, as well as sex.
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criteria for comparison subjects included lifetime history of signifi-
cant psychopathology or history of major mental illness in a first-de-
gree relative as assessed by a locally developed questionnaire. After
complete description of the study to the subjects, written informed
consent was obtained from all subjects in accordance with institu-
tional internal review board standards.

MRI Protocol

Coronal MRI scans from throughout the entire brain were ob-
tained by means of high-resolution contiguous 1.5-mm thick spoiled
gradient recall acquisition in the steady state (TE=5 msec, TR=35
msec, field of view=20 or 24 cm, image matrix=256 × 256 pixels, flip
angle of 45°) on one of three Signa 1.5-T units that used the same
General Electric software. An approximately equal number of patients
and comparison subjects were imaged on each scanner. Scans were
then transferred from the MRI archive and stored on CD-ROMs.

Image Processing and Measurement

All raters were blind to subject sex and diagnosis. By using the
software developed in our laboratory (Measure) (65), raters stripped
all brains of skull and dura by means of reliable semiautomated tech-
niques (59, 66) and rendered realistic three-dimensional brain im-
ages, which enabled easy visualization of sulcal-gyral patterns. All
brains were aligned along the anterior-posterior commissural line
and the interhemispheric fissure.

By means of a “paint and point-counting” method described else-
where (25, 59), the inferior parietal lobule was first delineated by
painting the sulcal and gyral landmarks on a three-dimensional ren-
dering of the cortical surface. The anterior boundary was the post-
central sulcus and the superior boundary was the intraparietal sulcus.
The inferior boundary consisted of 1) the Sylvian fissure from the
postcentral sulcus to the posterior lateral edge of the planum tempo-
rale, 2) a plane that passed through this posterior lateral edge and the
temporo-occipital incisure to the superior temporal (or parallel) sul-
cus, and 3) the parallel sulcus to its horizontal segment (anterior oc-
cipital sulcus) and its connection with the intraparietal sulcus.

The spoiled gradient recall acquisition data set was filtered by us-
ing locally developed anisotropic diffusion filtering software (K=1.5
× average sigma value of 10 random values within the caudate nu-
cleus; number of iterations=3) to better visualize the gray-white
boundary (67). A three-dimensional grid of points, spaced 4.5 mm
apart and yielding approximately 200 points per inferior parietal
lobule, was superimposed on the entire volume (25). “Paint” that
demarcated the inferior parietal lobule anatomical borders was then
superimposed on the filtered image set, and gray matter points lying

within the painted borders were selected. This stereological volume
estimation method (Cavalieri) has been discussed in previous publi-
cations (59, 65). Because of imprecise white matter boundaries for
this and other cortical regions, inferior parietal lobule white matter
volumes were not obtained. As reported previously (25), intra- and
interrater reliability of the inferior parietal lobule volume stereolog-
ical measurements separately yielded intraclass correlation coeffi-
cients of 0.98 in five randomly selected brains.

In addition to total brain volume and volumes of the left and right
inferior parietal lobules, asymmetry indexes of inferior parietal lob-
ule volume ([left – right]/0.5[left + right]) and ratios of left and right
inferior parietal lobule volumes to total brain volume were calcu-
lated for each subject and are presented in table 2.

Statistical Analysis

Given our previous finding of sex differences in the inferior pari-
etal lobule in normal subjects (25), we compared subjects within the
same sex group so as not to obscure potentially important disease
state findings. In order to retain the greatest statistical power from
our individually matched group, we conducted paired-samples t tests
for total brain volume, asymmetry index, and ratios of left and right
inferior parietal lobule volume to total brain volume within each sex
group. As asymmetry indexes were unitless and were derived from
the mean inferior parietal lobule volumes, no total brain volume cor-
rection was required.

Chi-square analyses or t tests, as appropriate, were used to exam-
ine group differences on demographic variables. Analyses of vari-
ance (ANOVAs) of total brain volume, left and right inferior parietal
lobule volumes, and asymmetry indexes were performed to examine
main effects of MRI scanner.

RESULTS

Neither the male versus female nor the schizophrenic
versus comparison groups differed significantly on age,
race (86.7% of the entire group was Caucasian), or
family socioeconomic status (table 1). ANOVA
showed no significant main effect of MRI scanner on
total brain volume (F=0.04, df=2, 59, p=0.97), left in-
ferior parietal lobule volume (F=0.22, df=2, 59, p=
0.81), right inferior parietal lobule volume (F=0.12,
df=2, 59, p=0.88), or asymmetry index (F=0.52, df=2,
59, p=0.60).

Results of the statistical analyses for the measure-
ment data are summarized in table 2. Regarding our
primary hypothesis, male schizophrenic patients dif-
fered significantly from male comparison subjects on
asymmetry index and the left inferior parietal lobule to
total brain volume ratio, but not on total brain volume
or the right inferior parietal lobule to total brain vol-
ume ratio. Female schizophrenic patients differed sig-
nificantly from female comparison subjects only on to-
tal brain volume.

DISCUSSION

This structural MRI study provides evidence of infe-
rior parietal lobule abnormality in patients with
schizophrenia that appears to be mediated by sex. Pre-
viously, we had shown that inferior parietal lobule vol-
ume in healthy men exhibited a left-greater-than-right
asymmetry and that left inferior parietal lobule gray

TABLE 1. Age and Socioeconomic Status of Male and Female
Schizophrenic Patients and Healthy Comparison Subjectsa

Group

Age (years)

Family
Socioeconomic

Statusb

Mean SD Mean SD

Comparison subjects (N=30)
Men 39.67 11.06 2.80 0.41
Women 38.40 9.80 2.80 0.41
Total 39.03 10.28 2.80 0.41

Schizophrenic patients (N=30)
Men 39.00 9.26 2.80 0.41
Women 40.00 10.51 2.73 0.46
Total 39.50 9.45 2.77 0.43

Both groups (N=60)
Men 39.33 10.03 2.80 0.41
Women 39.20 10.02 2.77 0.43
Total 39.27 9.94 2.78 0.42

a Subjects matched within diagnoses on age, race, and socioecom-
omic status and across diagnoses on age, race, socioeconomic
status, and sex.

b According to the Hollingshead Four-Factor Index of Social Status
(60).
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matter volumes were significantly larger in men than in
women (25). Conversely, this study demonstrated that
male schizophrenic subjects had significantly smaller
left inferior parietal lobule volumes than healthy male
comparison subjects, as well as a reversal of the nor-
mal left-greater-than-right asymmetry. Whereas female
schizophrenic patients had significantly smaller total
brain volumes than healthy female comparison sub-
jects, these differences were not accompanied by signif-
icant differences in left or right inferior parietal lobule
volume or asymmetry. Hence, in patients with schizo-
phrenia, disruption of the normal inferior parietal lob-
ule asymmetry appears to be limited to men only. To
our knowledge, this is the first study to demonstrate
such a finding. Such sexual dimorphisms may underlie
some of the sex-based cognitive and clinical differences
observed between male and female schizophrenic pa-
tients (46–55).

Given our previous finding in normal subjects of
larger left inferior parietal lobule volumes in men ver-
sus women (25), it is important when comparing dis-
eased and healthy subjects to analyze data by sex so as
not to obscure potentially important sex-based find-
ings. Closer inspection of table 2 reveals that combin-
ing male and female inferior parietal lobule data for
each diagnostic group may lead to the incorrect con-
clusion of no inferior parietal lobule volume differ-
ences in schizophrenia. While not statistically signifi-
cant, scrutiny of the data also reveals that female
schizophrenic patients not only had larger inferior pa-
rietal lobule volumes than female comparison subjects,
even when corrected for total brain volume, but that
female schizophrenic patients exhibited the greatest
degree of inferior parietal lobule rightward asymmetry
overall (figure 3). Thus, the inferior parietal lobule
may be affected in female schizophrenic patients, and
further studies are required.

The inferior parietal lobule is one component of the
heteromodal association cortex family of regions that
also include the planum temporale, Broca’s area, and
the dorsolateral prefrontal cortex (6, 8, 9). Hetero-
modal association cortex regions normally exhibit

asymmetries (9, 13), especially with regard to sex dif-
ferences (9, 13, 17). In schizophrenia, heteromodal as-
sociation cortex regions show disruption of these nor-
mal asymmetries, as well as volume losses, e.g., in
Broca’s area (32, 45) and the planum temporale (13,
68, 69). Functionally, activation abnormalities of rCBF
in several heteromodal association cortex regions, in-
cluding the inferior parietal lobule, suggest impairment
of a neural circuit in schizophrenia (43).

Possible deficiencies of this study include lack of
white matter volume data and all of the subjects being
right-handed. Many asymmetrical brain measures
(e.g., planum temporale and radius of gyration) corre-
late with handedness (18, 70). Thus, left-handed indi-
viduals may show variants of the pattern described
here. As for white matter data, precise white matter
boundaries for the inferior parietal lobule, or other
cortical surface regions, do not exist, and appropriate

TABLE 2.  Measures of Total Brain Volume, Asymmetry, and Inferior Parietal Lobule Volumes in Schizophrenic Patients and
Healthy Comparison Subjects

Inferior Parietal Lobule

Left Right

Total Brain Volume
(cm3) Asymmetry Index

Volume 
(cm3)

Ratio of Volume 
to Total Brain 

Volume 
Volume 
(cm3)

Ratio of Volume 
to Total Brain 

Volume 

Group Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Comparison subjects (N=30)
Men 1288.61 152.50 0.0846 0.1978 24.38 4.92 0.0193 0.0046 22.20 3.55 0.0187 0.0035
Women 1216.30 81.14 –0.0822 0.3022 18.55 4.47 0.0153 0.0052 19.89 3.55 0.0173 0.0046

Schizophrenic patients (N=30)
Men 1286.59 138.09 –0.0871a 0.2086 20.50 5.53 0.0153b 0.0064 22.24 4.69 0.0173 0.0046
Women 1155.25c 76.26 –0.1122 0.2764 20.17 5.15 0.0180 0.0056 22.33 4.82 0.0193 0.0059

a Significantly different from male comparison subjects (t=2.97, df=14, p=0.01).
b Significantly different from male comparison subjects (t=2.45, df=14, p=0.03).
c Significantly different from female comparison subjects (t=2.59, df=14, p=0.02).

FIGURE 3. Lateral Asymmetry of the Inferior Parietal Lobule in
Male and Female Schizophrenic Subjects and Healthy Com-
parison Subjectsa

a Positive asymmetry values indicate left-greater-than-right asym-
metry; negative values indicate right-greater-than-left asymmetry.

b Asymmetry index values of two subjects coincided exactly in
three cases.
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valid and reliable measurement techniques remain to
be developed.

As we have noted, the inferior parietal lobule is in-
volved in neurological functions related to attention,
perception, and visuospatial processing, with studies
demonstrating hemispheric lateralization of these
functions. For example, the left inferior parietal lobule
appears to mediate visuospatial functions such as men-
tal rotation of three-dimensional figures (38) and judg-
ments of target speed (35) and position (39). Studies
have also demonstrated that normal male subjects tend
to perform better than normal women on visuospatial
tasks (26).

In schizophrenia, male/female comparisons of cogni-
tive functions have provided mixed results. Men with
schizophrenia tend to develop the disorder earlier (47)
and exhibit more negative symptoms (48, 53, 55),
poorer social functioning (46, 49, 50, 52), and more
abnormal neurologic signs (51). They may also exhibit
more cognitive impairment (46, 71), although other
studies do not report this (54, 72–74). While our study
was conducted in a very well-matched subject popula-
tion and used a highly reliable measurement method,
the lack of accompanying detailed neuropsychological
and clinical data makes direct comparison between
brain findings and clinical symptoms speculative. Fu-
ture studies (e.g., functional neuroimaging studies)
that assess activation during cognitive tests specific to
parietal regions, with an emphasis on sex differences
and lateralization in normal and disease states, would
be useful.
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