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Objective: Studies of sex differences in neuropsychological performance in schizophre-
nia report inconsistent results, due in part to methodological artifacts. The study presented
here was specifically designed to examine sex differences in neuropsychological perfor-
mance. It was hypothesized that schizophrenic women would exhibit fewer neuropsycho-
logical deficits than schizophrenic men and that their performance would be more similar
to that of normal women than schizophrenic men’s performance would be to that of normal
men. Method: Thirty-one outpatients with DSM-III-R-defined schizophrenia were system-
atically sampled from an extensive service network serving a large urban catchment area
for seriously mentally ill persons. Twenty-seven normal comparison subjects were
matched within sex on the basis of age, parental socioeconomic status, ethnicity, and
handedness. An extensive neuropsychological test battery was administered, and multi-
variate analysis of variance was used to test for the effects of sex and group and sex-by-
group interactions. Results: Male patients were significantly impaired across all functions
in comparison with normal male subjects and on tests of attention, verbal memory, and ex-
ecutive functions in comparison with female patients. Female patients performed signifi-
cantly worse than female normal comparison subjects only on tests of attention, executive
functions, visual memory, and motor functions. Conclusions: The findings suggest that
women with schizophrenia may be less vulnerable to particular cognitive deficits, espe-
cially those involving verbal processing, than schizophrenic men. 

(Am J Psychiatry 1998; 155:1358–1364)

There are substantial neuropsychological data indi-
cating that schizophrenic patients are pervasively im-
paired in contrast to normal comparison subjects.
However, there are relatively few studies reporting on
sex differences in neuropsychological performance in

subjects with schizophrenia. Sex differences in biobe-
havioral characteristics among schizophrenic patients
are plausible, because studies have shown poorer pre-
morbid histories, earlier age at onset, and worse out-
comes among schizophrenic men than among schizo-
phrenic women (1, 2). These clinical characteristics
tend to be associated with poorer neuropsychological
functioning.

Sex differences in neuropsychological performance
may reflect differential illness effects or premorbid ca-
pacities or both. Studies of subjects at high risk for
schizophrenia have identified significantly more pre-
morbid abnormalities among boys than among girls in
neuromotor function (3, 4), aggression and social
withdrawal (4), impulse control and IQ (5, 6), electro-
dermal response (5), and attention (3, 5). These studies
and our work (7) suggest that schizophrenic males may
be at higher risk than schizophrenic females for more
severe neurocognitive consequences because of early
developmental deficits.
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Some studies of adults indicated that schizophrenic
males have more impairment than females in sustained
attention, language, executive functions, intelligence,
and olfactory identification (7–10). However, three
studies (11–13) did not find significant sex differences
in cognition in schizophrenia, and still others (14, 15)
found that females exhibited greater cognitive deficits.
We and others have argued that the inconsistency in
study results is due to different sampling strategies and
inadequate sample sizes to test for sex effects (16–18)
and/or failure to match normal comparison subjects
within sex (18). The issue of sampling bias stems from
the likelihood that study groups composed of persons
with chronic schizophrenia may include higher pro-
portions of severely ill women than schizophrenic
women in general, given that schizophrenic women are
less likely to become chronic patients. Thus, study
groups of chronic patients may result in attenuated sex
effects. The chronicity of illness in study groups may
be reflected in 1) the source of sampling (i.e., tertiary-
care facilities), 2) the high male-to-female ratio of cases
(i.e., men are more likely to be chronic patients), and
3) the early age at onset (i.e., the early 20s) among the
women in the studies, which is typically associated
with schizophrenia in males (1, 2).

An additional sampling-related issue is the reliance
on acutely ill patients for analyses of neuropsychologi-
cal functioning in schizophrenia. Acutely ill patients
tend to be more cognitively impaired than patients in
remission (19). Using acutely ill patients to test for sex
effects may produce results reflecting clinical state dif-
ferences rather than those due to traits associated with
the sex of the subjects. For example, in two studies (11,
14), the inpatient women had more symptoms than the
inpatient men.

Finally, none of these studies included matched nor-
mal comparison subjects within sex to test for sex dif-
ferences in schizophrenia. The inclusion of within-sex-
matched normal comparison subjects is important be-
cause even though there is substantial evidence of sex
differences in cognition among normal subjects (20),
the sex effect size is small. Matching normal compari-
son subjects within sex provides a better control of ex-
traneous variation, thus increasing the statistical
power to find sex effects, particularly in small groups.

The study presented here was specifically designed to
test for sex effects in neuropsychological performance.
We hypothesized that women with schizophrenia
would exhibit fewer neuropsychological deficits than
men with schizophrenia, and that their performance
would be more similar to that of normal comparison
women than the performance of schizophrenic men
would be to that of their comparison subjects. We hy-
pothesized specific sex differences in language, atten-
tion, and executive functions on the basis of previously
identified sex differences in these domains among nor-
mal subjects (20), among high-risk offspring of schizo-
phrenic subjects (21), and in our previous study of
adult schizophrenic patients (7).

METHOD

Subjects

Patients were drawn from an extensive public network of outpa-
tient services for seriously mentally ill persons that serves a large ur-
ban catchment area. Out of the universe of current outpatients at the
initiation of the study (N=345), the first 136 charts (of 75 men and
61 women) were reviewed to find those meeting our inclusion crite-
ria, since funding was available for only 60 subjects (i.e., approxi-
mately 30 patients). Thirty-six (16 men and 20 women) of the 136
patients were excluded on the basis of a history of severe substance
abuse or dependence, 25 or more ECTs in their lifetime, or their
medical history, and one was deceased. On the basis of the record re-
view, 79% of the men (N=59) and 67% of the women (N=41) met
our criteria, including a clinical diagnosis of DSM-III-R schizophre-
nia. These 100 patients were stratified by sex and then randomly
sampled to yield 31 patients.

We chose outpatients to ensure that patients would be stable
when tested. The 31 recruited patients (17 male and 14 female) were
representative of all schizophrenic patients in the service network
who met our inclusion criteria. One woman dropped out of the
study, and another was randomly chosen from the list of eligible
cases.

Normal comparison subjects were recruited through advertise-
ments and notices posted on bulletin boards at two hospitals serving
the same catchment area. The majority were already participating in
an ongoing family study of the neuropsychology of schizophrenia
(22). Twenty-seven normal comparison subjects (13 male and 14 fe-
male) were proportionately matched within sex on age, handedness,
parental socioeconomic status, and ethnicity. Written informed con-
sent was obtained from all subjects after the procedures had been
fully explained.

The subjects ranged from 20 to 60 years of age. They had no his-
tory of organic mental disorder, documented head trauma associated
with loss of consciousness, ECT within the past year, DSM-III-R
substance dependence, or substance abuse within the past 6 months.
Potential subjects were excluded if they had sensory impairments in-
terfering with performance or a systemic medical condition affecting
CNS functioning. Other inclusion criteria were fluency in English, at
least a 10th-grade education, and an IQ of 70 or greater.

The mean age of the schizophrenic patients was 39.1 years (SD=
7.0). This group was primarily (85%) non-Hispanic white, most had
some college education (mean=13.2 years, SD=1.9), and they came
from middle class socioeconomic backgrounds (the mean parental
socioeconomic status [Hollingshead four-factor score] was 2.3, SD=
1.4). They also performed at an average level on the Wide Range
Achievement Test—Revised (WRAT-R) (23) reading test (mean stan-
dardized score=101.2, SD=15) and spelling test (mean standardized
score=102.9, SD=16.7). The comparison group did not significantly
differ on any sociodemographic variable or on the standardized, age-
scaled WRAT-R reading and spelling scores.

The patients’ mean age at onset was 22.0 years (SD=5.2, range=
14–35), the mean number of hospitalizations was 7.6 (SD=5.5), and
the mean duration of illness was 17.8 years (SD=9.1). All of the pa-
tients were in a stable clinical state when tested, as measured by our
ratings of cooperation and degree of overt psychotic agitation (22);
possible scores ranged from 0, reflecting normal effort on the task or
no current overt psychosis, to 6, reflecting very poor effort or a high
degree of psychosis. The mean cooperation and psychosis ratings
were 0.65 (SD=1.0) and 0.84 (SD=1.3), respectively, reflecting mild
symptoms. The patients were receiving a mean daily neuroleptic
dose of 520 mg (SD=428) in chlorpromazine equivalents (for the
men, mean=624.7 mg, SD=511.9; for the women, mean=402.9 mg,
SD=190.2; t=1.65, df=21.1, p<0.11).

Table 1 shows the demographic and clinical characteristics of the
patients and the comparison subjects stratified by sex. The two diag-
nostic groups were proportionately matched within sex on age, pa-
rental socioeconomic status, ethnicity, and handedness. There were
no significant differences between the male and female schizophrenic
patients in age at onset, duration of illness, number of hospitaliza-
tions, or ratings on psychosis and cooperation. Finally, there were no
significant differences in age, ethnicity, parental socioeconomic sta-
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tus, and handedness between the male and female patients and their
same-sex normal comparison subjects (table 1).

Diagnostic Assessments

The patients with schizophrenia were diagnosed according to the
DSM-III-R criteria on the basis of structured research interviews and
a systematic record review of the history and course of their symp-
toms and their medical history. Patients were clinically interviewed
with the Schedule for Affective Disorders and Schizophrenia (25).
Consensus diagnoses were made on the basis of information from all
sources by two experienced diagnosticians (J.M.G. and L.J.S.), who
were unaware of the patients’ neuropsychological data. The normal
comparison subjects received a brief clinical interview and the
MMPI-I to screen for current psychopathology. They were included
if their T scale scores on the MMPI-I were less than or equal to 70
(22).

Neuropsychological Assessment

As in our previous work and others’ (11, 13, 22, 26, 27), we used
an extensive battery of tests grouped into domains of neuropsycho-
logical functions on the basis of theory and practice as applied to
schizophrenia (27). The neuropsychological battery consisted of
tasks relating to intelligence, verbal and nonverbal memory, abstrac-
tion/executive functions, motor skills, visual-spatial processing,
smell identification, and visual and auditory attention, as well as an
extensive language battery, including tests of phonology, semantics,
and grammar. Smell identification was the topic of another article
(10) and thus is not discussed here. The examiners had extensive ex-
perience in clinical and neuropsychological testing with schizo-
phrenic patients. It was not possible for them to be blind to patient
status, although they did not conduct the diagnostic interviews. The
neuropsychological tests and the associated internal consistency reli-
abilities (Cronbach’s alpha for standardized variables) are presented
in table 2.

In general, the internal consistency reliabilities of the functions
were excellent. The somewhat lower reliabilities (alphas) for visual-
spatial ability and motor skills were most likely due to the use of
only two tests to operationalize these domains.

Functions were created by standardizing all of the variables to a
mean of 0 and standard deviation of 1, as is typically done to create
z scores. The z scores were created by using the mean and standard
deviation of the whole study group. Standardized scores on each test
were averaged within a function. In previous work on neuropsycho-
logical functions in schizophrenia (22, 31), the control mean and
standard deviation have been used to standardize tests within a func-
tion after adjustment for age and parental socioeconomic status.
However, in this study, the variance of test scores within the group
of patients was significantly larger than that within the normal com-
parison group. Thus, if the patients’ deviation scores were divided by
the comparison group’s standard deviation, they would be divided
by an artifactually small number, that is, the significantly smaller
comparison group standard deviation. This would result in an over-
estimation of the patients’ standardized deficit scores. Analyses of
the data with the use of both approaches demonstrated that the dif-
ferences between male and female patients and their comparison
subjects were in the same direction but even larger when the latter
method was used. However, we used the former z score approach, to
avoid overestimating the differences between patients and normal
comparison subjects.

Data Analyses

We used multivariate analysis of covariance to test for significant
sex differences across neuropsychological functions, with indepen-
dent predictors being sex, group, and sex-by-group interaction. The
interaction term tested whether there was a “different difference”
between schizophrenic women and men than between normal com-
parison women and men. Effect sizes (32) were estimated for sex dif-
ferences within group and group differences within sex. Effect sizes
represent the mean difference, in standard deviation units, between
groups of interest. Wilks’s lambda was used as the multivariate test
for three effects: sex, group, and their interaction. We did not expect
a significant overall interaction effect, since not all cognitive func-
tions were hypothesized to differ by sex. Given the previous litera-
ture, we hypothesized that the interaction would be significant for
attention, language, and executive functions in particular.

TABLE 1. Characteristics of Schizophrenic Patients and Normal Comparison Subjects in a Study of Neuropsychological Function-
ing

Variable

Schizophrenic Patients Comparison Subjects

Male (N=17) Female (N=14) Male (N=13) Female (N=14)

Mean SD Mean SD Mean SD Mean SD

Age (years) 37.0 5.8 41.6 7.7 36.4 7.9 40.1 9.5
Education (years) 12.9a 1.7 13.5 2.1 14.8 2.4 13.6 2.2

N % N % N % N %

White, non-Hispanic 15 88 11 79 13 100 12 86
Right-handed 14 82 12 86 12 92 11 79

Mean SD Mean SD Mean SD Mean SD

Parental socioeconomic status 2.1
21.0

1.2 2.6 1.6 2.5 1.1 2.7 0.73
Age at onset of illness (years)b 3.9 23.4 6.6
Duration of illness (years) 17.0 6.2 19.6 12.4
Number of hospitalizations 6.5 4.1 9.1 6.9
WRAT-Rc

Reading test score (standardized) 98.6 17.1 104.5 11.6 107.7 8.7 105.6 8.9
Spelling test score (standardized) 97.4d 18.2 110.2 11.6 104.3 8.9 104.3 13.3

Estimated IQe 92.7 12.7 103.8 13.6 112.6 11.8 106.4 11.5
a Significantly different from the male comparison subjects (t=–2.6 , df=28, p<0.02).
b For male patients, range=14–28 years; for female patients, range=16–35 years.
c Wide Range Achievement Test—Revised (23).
d Significantly different from female patients (t=–2.2, df=28, p<0.05).
e Estimated by the WAIS-R vocabulary and block design age-scaled scores (24). Male patients were significantly different from f emale

patients (t=–2.3, df=27, p<0.05) and from male comparison subjects (t=–4.3, df=27, p<0.001).
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RESULTS

Table 3 presents the multivariate test results for the
overall effects of group and sex and their interaction.
In addition, effect sizes were calculated, on the basis of
univariate analyses of variance of the functions, for the
effects of sex within group (table 3, columns 2 and 3)
and group within sex (columns 5 and 6). Finally,
univariate F tests are shown for the effects of sex (col-
umn 4), group (column 7), and their interaction (col-
umn 8) across functions. Figure 1 shows the standard-
ized scores for each neuropsychological domain for
male and female patients with schizophrenia and male
and female comparison subjects.

Table 3 shows that the multivariate test (Wilks’s
lambda) for an overall effect of group across all neu-
ropsychological functions and the overall effect of sex

were significant. The overall test of the interaction of
group by sex was not significant.

When neuropsychological functions were compared
by group within sex (table 3, columns 2–4, and figure
1), the results showed that the male schizophrenic pa-
tients performed significantly more poorly across all
neuropsychological domains than the male compari-
son subjects. The female schizophrenic patients per-
formed significantly more poorly than the female com-
parison subjects on attention, nonverbal memory,
executive functions, and motor function. However,
they were not significantly different from the female
comparison subjects on language, verbal memory, and
visual-spatial ability. In general, the effect sizes for the
men, patients versus comparison subjects, were two to
three times larger than the effect sizes among the
women, except for nonverbal memory (table 3).

TABLE 2. Neuropsychological Test Battery Administered to Schizophrenic Patients and Normal Comparison Subjectsa

Neuropsychological 
Function

Internal Consistency 
Reliability

(Cronbach’s alpha) Tests and Scores

Abstraction/execu-
tive functions

0.87 Wisconsin Card Sorting Test, perseveration and categories; Visual-Verbal Test (total misses)

Language 0.90 WAIS-R vocabulary and similarities (age-scaled scores); Wide Range Achievement Test—
Revised (23) reading and spelling (standardized scores); Boston Naming Test (total cor-
rect); Controlled Word Associations (total correct); Syntactic Comprehension (28) (total 
correct); Auditory Blending (total correct); Rapid Automatized Naming (29) (total time); 
Roeltgen’s Nonwords Reading, Spelling (30) (total correct); Homophones (total correct)

Visual-spatial ability 0.68 WAIS-R block design (age-scaled score); Judgment of Line Orientation (total score)
Verbal memory 0.78 Wechsler Memory Scale—Revised, logical memories, immediate and delayed recall; Cal-

ifornia Verbal Learning Test (total correct on trials 1–5)
Nonverbal memory 0.82 Wechsler Memory Scale—Revised, visual reproduction, immediate and delayed recall (to-

tal); WAIS-R digit symbol recall, free and matched pairs
Attention 0.78 Auditory Continuous Performance Test (CPT) (total correct); visual CPT scores (discrim-

inability and reaction time); Dichotic Listening (total correct digits); WAIS-R digit symbol 
(total); Cancellations (total errors, letters and symbols, and total time)

Motor ability 0.68 Manual Position Sequencing (total correct sequences); Finger-Tapping Test (total speed)
a The neuropsychological tests are in references 22, 24, and 27 unless otherwise noted in parentheses.

TABLE 3. Effect Sizes, Effects of Sex and Group, and Sex-by-Group Interactions for Neuropsychological Functions in Schizo-
phrenic Patients and Normal Comparison Subjects

Functiona

Effect Sizeb Effect Sizeb

Sex-by-
Group 

Interaction:
F (df=1, 54)c 

Schizophrenic 
Patients

(Male [N=17] 
and Female 

[N=14])

Comparison 
Subjects 

(Male [N=13] 
and Female 

[N=14])

Sex
Effect:

F (df=1, 54)c 

Male Subjects 
(Schizophrenic 

and
Comparison)

Female Subjects 
(Schizophrenic 

and Comparison)

Group
Effect:

F (df=1, 54)c

Attention –0.47*** –0.06 4.02** –1.02† –0.60† 40.30† 2.61
Language –0.54** 0.06 2.02 –0.92† –0.32 13.63† 3.19*
Verbal memory –0.55*** –0.24 6.77*** –0.54*** –0.23 6.53*** 1.06
Nonverbal memory –0.12 –0.08 0.24 –0.68*** –0.65*** 11.00† 0.01
Executive functions –0.82† –0.01 6.35*** –1.56† –0.76*** 49.05† 5.72***
Visual-spatial ability –0.04 0.70** 2.73* –1.21† –0.47 17.47† 3.43*
Motor ability –0.15 0.32 0.32 –1.13† –0.67*** 36.23† 2.41
a Functions consist of an average of standardized tests within a domain, standardized by mean=0, SD=1.
b Mean difference between groups (by sex and by patient/comparison subject status) in standard deviation units (32), i.e., difference in z

scores. Effect size was calculated on the basis of the ANOVA of the functions regarding the impact of sex and group and sex-by-
group interactions.

c Multivariate F test across functions, based on Wilks’s lambda. For sex effect, Wilks’s lambda=0.62, F=2.62, df=8, 34, p=0.02; for group
effect, Wilks’s lambda=0.41, F=6.17, df=8, 34, p<0.001; for sex-by-group interaction, Wilks’s lambda=0.75, F=1.43, df=8, 34, n.s. The sex
and group effects are controlled for each other as well as the interaction.

 *p<0.10. **p<0.05. ***p<0.01. †p<0.001.
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The sex effects within group showed that female and
male normal comparison subjects did not significantly
differ in performance on most of the neuropsychologi-
cal domains, except visual-spatial ability (table 3, col-
umn 3); the male comparison subjects performed sig-
nificantly better on visual-spatial ability and on motor
speed than the females. In contrast, the male patients
performed significantly more poorly than the female
patients on attention, language, verbal memory, and
executive functions (table 3, column 2). The male pa-
tients did not significantly differ from the female pa-
tients on nonverbal memory, visual-spatial ability, and
motor speed because of poorer functioning among the
men. The difference in effect sizes for men and women
within groups was substantial (two- to eightfold), ex-
cept for nonverbal memory (table 3, columns 2 and 3),
even though the interaction of sex and group was not
significant.

DISCUSSION

As is typical in schizophrenia, the patients showed
significant decrements in neuropsychological perfor-
mance across many functional domains. Although the
overall interaction of sex by group was not significant,
the effect sizes suggest that there are differences in def-
icits for male and female patients compared with nor-
mal subjects. Male patients were significantly impaired
across all domains of functioning in comparison with
male normal subjects. Female patients were signifi-
cantly worse than female normal subjects on attention,
executive functions, visual memory, and motor func-
tions, with relatively preserved function in language,
verbal memory, and visual-spatial ability. Further, male
patients performed significantly worse than female pa-
tients on tasks of attention, verbal memory, and execu-
tive functions, three domains thought to be central in

the neuropsychology of schizophrenia (21, 26, 27, 31,
33–35).

The results consistently showed medium to large dif-
ferences in effect size between patients and comparison
subjects within sex (table 3, columns 5 and 6) and be-
tween the sexes within groups (table 3, columns 2 and
3), suggesting that there is widespread dysfunction
among male patients and greater preservation of func-
tioning among female patients. Even for functions in
which female patients showed deficits (i.e., executive
functions or attention), the effect size for the deficits
among male patients was twofold greater than that for
female patients (table 3, columns 5 and 6).

Other studies examining neuropsychological func-
tioning in schizophrenia have shown diffuse deficits
among first-episode and chronic schizophrenic pa-
tients (13, 26, 33) and selective impairment in verbal
memory (31). One possibility suggested by our work is
that these findings apply primarily to male schizo-
phrenic patients. In fact, the groups in these other stud-
ies (13, 26, 31, 33) included a majority of men (73%,
62%–87%, and 74%, respectively). Thus, it is possible
that the effects were mainly accounted for by the men.

However, two recent studies, one of which (15) was
specifically designed to study sex differences in neu-
ropsychological functioning, reported no significant
sex differences (11) or greater impairment in women
(15). What could account for the inconsistency be-
tween our results and theirs? One possible method-
ological artifact may be that neither of the other stud-
ies matched schizophrenic and normal subjects within
sex. This is important, since the variability of cognitive
functions within sex in normal subjects is greater than
the differences between the sexes (20). Thus, since sex
effect sizes are small, it is important to control for as
much extraneous variation as possible within sex-spe-
cific groups, such as using carefully matched normal
comparison subjects within sex. Otherwise, the signif-
icance of the sex effects may not be detected, even with
large study groups (11, 15).

Second, although one study (11) involved a large
study group from three sources, it did not include nor-
mal comparison subjects. The absence of sex effects
could potentially provide some insights into sex differ-
ences in particular cognitive functions in which normal
subjects have been found to differ (20).

A third possibility is that there were sex differences
in premorbid capacities among our subjects, which re-
sulted in sex differences in cognitive performance after
illness. In our schizophrenic group, the men had signif-
icantly lower reading scores and IQs than the normal
comparison men, perhaps indicating that they were
drawn from a population with lower intellectual ca-
pacity and thus exhibited lower cognitive performance
as adults than the comparison men or schizophrenic
women. This would suggest that our findings were due
to sampling bias rather than to the effects of illness. We
tested this by conducting additional analyses of covari-
ance of the functions with group, sex, and their inter-
action, and statistically controlling for reading ability.

FIGURE 1. Differences in Neuropsychological Functions Be-
tween Male and Female Schizophrenic Patients and Same-Sex
Normal Comparison Subjectsa

a The names of and references for the tests used in the neuropsy-
chological domains are listed in table 2.
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We controlled for reading rather than IQ, since we and
others have argued that IQ is more susceptible to ill-
ness effects than single-word oral reading (36, 37).
Controlling for IQ would therefore “overadjust” by
controlling for intellectual capacity and illness effects
(36); thus, reading can be considered a better matching
variable (36, 37). The results remained the same even
when we controlled for reading. That is, the sex effects
were still significant for language (when reading was
dropped from the definition of the domain, since read-
ing was used as a covariate), attention, verbal memory,
and executive functions. Controlling for reading is a
conservative test of our results, since it is possible that
premorbid reading ability may also be subtly suscep-
tible to illness effects early in the developmental course
of the illness and more likely to be expressed by males
(6, 7).

Our sample of women was not atypical of a large
outpatient service network serving an extensive urban
catchment area, since we systematically ascertained
subjects by using a strict stratified-by-sex, random as-
certainment procedure. The women were long-term,
clinically stable outpatients, carefully matched to com-
parison subjects within sex. We did not initially de-
sign a study of sex differences that would include
chronic patients, since we and others (16, 17) have ar-
gued that among chronic subjects, sex effects would be
attenuated. Finding significant sex effects even among
this chronic group of patients is meaningful, since the
female patients had somewhat longer, although not
significantly different, illnesses and more hospitaliza-
tions than the men and still functioned better in selec-
tive domains.

Given that the size of sex-specific groups was rela-
tively small, the findings in this study must be repli-
cated in larger groups with the use of similar method-
ological designs. However, we do not believe that
group size accounted for the lack of significant differ-
ences in some functions among the women, since we
found a differential effect among the men, and the
male group sizes were similar to the females’. Further,
we had excellent reliabilities on the functions, thus in-
creasing the power to find significant effects even in
small groups. Finally, although we had a small study
group and thus low statistical power to detect signifi-
cant interactions, differences in the effect sizes of the
functions for sex within group and group within sex
were substantial (two- to eightfold) and consistent. If
we were to be conservative in our interpretation of the
results because of the limitations of group size, then
the results would still show that the differences in func-
tions between female patients and female comparison
subjects were much smaller than the differences be-
tween male patients and their comparison subjects, in-
dicating that male patients are more impaired on spe-
cific functions than female patients. The lower,
twofold difference in effect size for verbal memory
may reflect sex differences in deficits in encoding (i.e.,
an executive function) or in verbal ability in general
rather than memory deficits per se. Thus, it is impor-

tant to investigate further the aspects of each overall
domain in which men and women with schizophrenia
differ.

Significant neuropsychological sex differences have
been reported by other investigators as well. In fact,
Hoff and colleagues (13) found a significant overall
sex effect, although there was no significant result for
any particular domain upon inspection of the univari-
ate analysis. This may have been due to the small num-
ber of female patients compared with males (approxi-
mately 1:3). Further, these researchers controlled for
education, which may have attenuated illness effects.
Females, in general, in their study performed relatively
better on verbal memory than males, and males, in
general, performed better on visual-spatial ability, con-
sistent with our results for female patients and male
comparison subjects, respectively. Our findings are
also consistent with previous studies of schizophrenic
patients (7–9) and studies of high-risk offspring of
schizophrenic parents (3–5, 21). These studies re-
ported significant sex differences in neuropsychologi-
cal performance, with males showing more deficits
than females in particular areas, such as attention, lan-
guage, and executive functions.

Our findings suggest that female schizophrenic pa-
tients may be less vulnerable to deficits involving ver-
bal processing (e.g., language, verbal abstraction, and
verbal memory) and visual-spatial ability. We believe
this to be associated, in part, with normal sexual brain
dimorphism (18, 20, 38) and normal sex differences in
cognition (20) and brain physiology (39). Studies of
cognition in normal subjects have reported that, on av-
erage, women perform better on tasks of verbal flu-
ency and verbal memory, and men perform better on
particular kinds of visual-spatial and mathematical
reasoning tasks (20). Such normal cognitive differences
may be associated with sex differences in brain struc-
tures. Preliminary magnetic resonance imaging (MRI)
studies of small groups of normal subjects have re-
ported that with adjustment for total brain volume,
women had a larger hippocampus (40), dorsolateral
prefrontal cortex, and superior temporal gyrus (40,
41) than men. Some MRI studies of schizophrenic pa-
tients have also indicated sex differences in brain vol-
umes in areas such as the thalamus and ventricular sys-
tem (42). The brain areas just mentioned contribute to
long-term and working memory, sustained attention,
abstract verbal reasoning, and language production. If
these recent MRI findings are replicated, then women
with schizophrenia may be less vulnerable to conse-
quences from particular prenatal/perinatal or geneti-
cally determined insults that may differentially affect
these areas of the brain in schizophrenia. Replication
of our findings in this study is important, since the area
of sex differences in neuropsychological functioning
remains controversial.
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