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Sex, handedness, anddiseaseprocesses in schizophreniamay a¡ect
the magnitude and/or direction of structural brain asymmetries.
Using MRI data from 67 healthy (30 men, 10 nondextral) and 84
schizophrenia patients (60 men, 16 nondextral), cortical thickness
asymmetries were compared at high spatial resolution. Within-
group asymmetries were observed in sensorimotor, perisylvian,
and parahippocampal cortices (leftward) and in anterior mesial
frontal cortices (rightward). Asymmetry patterns were similar
across diagnosis and sex, although some regional asymmetry

increases were observed in men.Hand preference (dextrality) sig-
ni¢cantly in£uenced regional asymmetries in parietal association
and dorsomedial frontal cortices (false discovery rate-corrected),
where medial-frontal regions showed diagnosis by dextrality ef-
fects (uncorrected). Thus, dextrality relates to cortical thickness
asymmetries, although schizophrenia may di¡erentially a¡ect
asymmetry patterns across handedness. NeuroReport18:1427^1431
�c 2007 LippincottWilliams &Wilkins.
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Introduction
Earlier imaging and postmortem studies have identified
asymmetries in the structural morphology of the brain [1,2].
Asymmetries are reported in Sylvian fissure, planum
parietale, and parietal operculum anatomy. Leftward shape
and volume asymmetries are also frequently reported in
language-related cortices such as the planum temporale, a
component of Wernicke’s area [3]. Factors such as handed-
ness, sex, and disease processes associated with schizo-
phrenia have been suggested to modulate the structural
lateralization of the cerebral hemispheres. Sex has been
shown to affect structural and functional asymmetries with
greater asymmetries found in men in both the planum
temporale and the planum parietale [4]. Furthermore,
pathological processes in schizophrenia are reported to
exert effects on lateralization, where it has been hypothe-
sized that disturbances in hemispheric specialization for
language may be the basis for the disease [5]. Handedness
also appears to be associated with structural and functional
asymmetries in language regions [4]. For example, studies
have shown asymmetries related to handedness in the
primary somatosensory cortex and motor cortex, in which
the cortical representation for the right hand was larger than
that of the left-hand for right handers, and vice versa for left
handers [6]. Voxel-based studies examining tissue density,
however, report negative findings for handedness [7,8]. To
our knowledge, no studies have explicitly examined the

effects of hand preference or schizophrenia on cortical
thickness asymmetries. Thus, this study investigated
whether cortical thickness asymmetries are influenced by
handedness, sex, and schizophrenia.

Methods
Participants
Participants included 67 healthy controls (30 men, seven
of whom were nondextral; 37 women, three of whom were
nondextral) and 84 patients experiencing their first episode
of schizophrenia (60 men, 12 of whom were nondextral;
24 women, four of whom were nondextral) similar in age
[controls (mean7SD): 29.377.1 years; patients: 24.2674.6
years]. Handedness was determined using a modified 20-
item Edinburgh Handedness Inventory [9]. Laterality quo-
tients (LQs) were obtained using the following formula [2]:

LQ ¼
½ð# actions with R handÞ � ð# actions with L handÞ�

½total # actions with L and R hand�
:

LQ scores have a distribution of �1 (extremely sinistral)
to + 1 (extremely dextral). LQ scores of more than 0.70 were
used to separate participants who were dextral from those
who were nondextral [10]. Participants in this study were
identical to those in our earlier study on asymmetries in
cortical shape [2]. The diagnostic status of patients was
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confirmed using the Schedule for Affective Disorders and
Schizophrenia [11] and the Structured Clinical Interview for
Axis I Diagnostic and statistical manual of mental disorders-IV
(DSM-IV) [12].

Healthy comparison participants were recruited from
local newspaper advertisements and community word of
mouth. Control participants were required to have no
history of psychiatric illness as assessed by clinical inter-
view using the SCID-NP [13]. Exclusion criteria included
serious neurological or endocrine disorders, any medical
condition or treatment known to affect the brain, or meeting
DSM-IV criteria for mental retardation. The North Shore–
Long Island Jewish Health System Institutional Review
Board approved all procedures and informed written
consent was obtained from all participants. Additional
approval for image processing and analysis was received
from the UCLA Institutional Review Board.

Image acquisition and preprocessing
High-resolution 3D SPGR MR images were obtained on a
1.5-T scanner (Milwaukee, Wisconsin, USA) as a series of
124 contiguous 1.5 mm coronal brain slices (2562 matrix,
0.86 mm2 in-plane resolution). Image volumes were pre-
pared for analysis by removing nonbrain tissue (interrater
reliability, rI¼0.99), correcting for intensity nonuniformity
due to magnetic field inhomogeneities [14], and by
reorienting each volume into the standard position of the
International Consortium for Brain Mapping-305 average
brain [15], using a six-parameter rigid body transformation
with no scaling [16] to correct for head tilt and alignment.
Hemispheric surfaces comprised of 65 536 surface points
were extracted [17] after manually separating the right and
left hemispheres.

Cortical thickness analysis
Cortical pattern-matching algorithms were applied to
spatially relate homologous cortical surface locations be-
tween individuals so that anatomically comparable mea-
sures of cortical thickness could be obtained and compared
across hemispheres [2]. Cortical thickness was measured by
referencing tissue-classified brain volumes using an im-
plementation of the 3D Eikonal equation [18]. The thickness
of the cortex was defined as the shortest distance in 3D,
without crossing CSF voxels, from the cortical white–gray
matter boundary to the outer gray-CSF hemispheric surface
at all hemispheric surface points. A smoothing filter of 8 mm
was applied [2].

Statistical analyses
To identify within-group cortical thickness asymmetries,
paired t-tests were used to compare thickness measures
obtained at thousands of spatially equivalent surface points
between the left and the right hemispheres. Results were
mapped within groups defined by handedness, sex, and
diagnosis. As nondextral study groups were small, hemi-
spheric effects were examined by pooling participants
across diagnosis and separately, across sex. To examine
regional differences of thickness asymmetries between
groups, an asymmetry index (L�R)/[0.5(L + R)], was com-
puted at corresponding hemispheric locations. The General
Linear Model was then used to examine effects of schizo-
phrenia, sex, and handedness while controlling for age and
all other factors in the model. Two-way interactions between

sex or diagnosis and handedness were also examined. Cell
sizes were considered too small to meaningfully interpret
three-way interactions. As cortical thickness asymmetries
were compared at thousands of hemispheric locations
across groups and measurements obtained from adjacent
data points may be correlated, a false discovery rate (FDR)
of Pr0.01 was used to control for multiple spatial
comparisons [19].

Results
Within-group effects
Significant cortical thickness asymmetries were observed in
motor, perisylvian, lateral temporal, parahippocampal, and
surrounding cortices (leftward) and in anterior mesial
frontal and posterior parietal cortices (rightward) within
dextral patient and control groups (Fig. 1). Localized
leftward thickness asymmetries appeared less pronounced
within nondextral participants pooled across diagnosis
and/or sex. Rightward asymmetries were largely absent in
participants who were nondextral with the exception of
rightward thickness asymmetries in mesial frontal cortices
in nondextral controls.

Between-group effects of sex, diagnosis, and dextrality
Between-group comparisons of thickness asymmetries
showed little evidence for differences in asymmetry patterns
between groups defined by sex or diagnosis (FDR40.99 for
Po0.01), although men exhibited some small, localized
asymmetry increases compared with women in the un-
corrected data (Fig. 2a).

Nondextral participants showed significant shifts of
thickness asymmetries in mesial frontal and parietal cortices
including angular gyrus and bordering supramarginal
gyrus (Brodmann areas 22 and 39; Fig. 2a; FDRo0.044 for
Po0.01). These alterations in asymmetry may be attributed
to regional reductions of rightward asymmetries exhibited
by dextral participants, as evident in the asymmetry indices
averaged within groups defined by dextrality (Fig. 2b).
These average maps of asymmetry indices for dextral and
nondextral participants, pooled across sex and diagnosis,
indicate more spatially diffuse leftward asymmetries in
nondextral participants.

Significant regional diagnosis by dextrality group inter-
actions indicated that altered thickness asymmetries in
mesial cortices were schizophrenia related, but effects did
not survive FDR correction (FDR40.99 for Po0.01). The sex
by dextrality interaction did not survive FDR correction
(FDR40.99 for Po0.01).

Discussion
Structural and functional asymmetries are ubiquitous in the
human brain, where developmental, hereditary, and patho-
logical factors may influence the magnitude and direction of
asymmetries [4]. We report significant leftward cortical
thickness asymmetries in motor, perisylvian, lateral temporal,
and parahippocampal regions that are largely consistent
with earlier findings, at least for the lateral aspects of the
brain [1]. Leftward asymmetries, however, appeared less
pronounced in nondextral participants, where localized
leftward asymmetry patterns in dextral participants were
more spatially diffuse in those who were nondextral
(Fig. 2b). Furthermore, rightward asymmetries shown in
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parietal association regions in dextral groups were observed
in the opposite direction in nondextral groups. Thus, our
findings support that dextrality relates to both the pattern

and direction of regional cortical thickness asymmetries.
Trends in our results may also indicate that disease
processes in schizophrenia mediate rightward asymmetry

Healthy women Healthy men

Schizophrenia women Schizophrenia men

Dextrals

Nondextrals
Nondextral men

Nondextral patients

Nondextral women

Nondextral controls

P-value
R > L

L > R
< 0.01 < 0.05 < 0.1

Fig.1 Signi¢cant cortical thickness asymmetriesmappedwithin dextral healthymale and female participants (top); dextralmale and female schizophre-
nia patients (second row); nondextralmale and female participants collapsed across diagnosis (third row); and nondextral patients and controls collapsed
across sex (bottom). Signi¢cance and direction of regional cortical thickness asymmetries are indexed by the color bar.

Diagnosis(a)

(b)

Diagnosis by dextrality Positive effects Sex by dextrality
Negative effects

Dextrality

Dextrals Nondextrals

Sex
Females > males
Males > females

Nondextral > dextral
Dextral > nondextralControls > patients

Patients > controls

< 0.01 < 0.05 < 0.10 < 0.01 < 0.05 < 0.10 < 0.01 < 0.05 < 0.10

P-value
< 0.01 < 0.05 < 0.10

−0.05 0 0.1
Asymmetry index

R > L L > R

Fig. 2 (a) Statistical maps (uncorrected) show signi¢cant diagnosis (top left), dextrality (top center), and sex (top right) e¡ects for cortical thickness
asymmetry indices compared at thousands of hemispheric surface locations. Regional interactions between diagnosis and dextrality (left) and sex and
dextrality (right) are mapped in the second row.The color bars encode the probability and direction of e¡ects. (b) Average asymmetry indices mapped
within dextral and nondextral participants.Cool colors indicate leftward (positive) asymmetries; hot colors indicate rightward (negative) asymmetries.
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patterns in the dorsomedial prefrontal cortices of both
dextral and nondextral participants, though effects did not
survive FDR correction.

Nondextral participants exhibited leftward asymmetries
in posterior association cortices including the angular and
bordering supramarginal gyrus, regions that showed right-
ward asymmetries in dextral participants. These supra-
modal and heteromodal cortical association regions serve
several brain functions including aspects of language and
somatosensory processing, with localized lesions to these
areas resulting in the disruption of lateralized functions [20].
Thus, the presence of handedness-related cortical thickness
asymmetries within these areas is not surprising, although
the functional significance of increases versus decreases in
hemispheric cortical thickness patterns in relation to
dextrality is less obvious. As there is an established left-
hemisphere bias for language processing and hand pre-
ference, and parietal association regions play a role in
integrating language information, these regional asymme-
tries and their differences across handedness may relate to
language dominance. Notably, recently identified fiber
density asymmetries in the arcuate fasciculus, which
connects parietal and other language-related regions, are
suggested to relate to functional asymmetries in language
[21]. Although a greater percentage of left handers than
right handers, however, are right-lateralized for language,
70% of left handers remain left-lateralized [4]. Dextrality
effects for parietal lobule cortical thickness asymmetries
may thus also relate to somatosensory functions through
lateralized inputs from the left and right hands [6]. Finally,
given that nondextral participants exhibit less localized
thickness asymmetries than dextral participants (Fig. 2b),
our results suggest that cortical thickness asymmetries are
less structurally organized in those with nondextral hand
preference and, consequently, that those who are
nondextral are less lateralized than those who were dextral.

Sex and disease status had little measurable effect on
cortical thickness asymmetries. We observed some regional
thickness asymmetry increases in men compared with
women that are consistent with our earlier studies showing
similar sex-related thickness asymmetry trends [1], with
reports of increased structural asymmetries in men [4,7], but
findings did not survive FDR correction. As earlier research
indicates that schizophrenia is a lateralized disease [22,23]
with disturbances in both functional laterality as well as
increases in left, mixed, and ambiguous handedness [3], we
sought to clarify how schizophrenia and handedness
interact with regard to cortical thickness asymmetries.
Although we found that diagnosis alone had little effect
on cortical thickness asymmetry patterns, uncorrected
results showed some indication that schizophrenia affects
cortical thickness asymmetries differentially in dextral and
nondextral, which implies more complex relationships
between handedness and disease processes. Our findings
do not preclude the existence of disturbances in other
structural asymmetries in schizophrenia, but suggest that
cortical thickness abnormalities reported in the disorder are
similar across hemispheres. This is consistent with earlier
reports of bilateral effects in schizophrenia, albeit that
asymmetry effects were not tested explicitly [24].

Although our overall sample size was large (N¼157), the
number of nondextral participants in our study was
relatively modest (N¼26). Thus, statistical power issues
may have influenced our results in which cortical asym-

metry patterns examined within nondextral participants
included fewer subjects. These issues also rendered it
impractical to investigate the presence of more complex
interactions among sex, diagnosis, and dextrality. The
methods used for defining handedness may also have
impacted results. Future studies relating functional and
structural asymmetries could help to elucidate the under-
lying mechanisms responsible for handedness and specifi-
cally to determine how the direction of cortical thickness
asymmetries relate to hand preference or other behavioral
asymmetries.

Conclusion
Our data show that dextrality affects the pattern and
direction of cortical thickness asymmetries, particularly in
parietal association cortices. Although sex and disease
processes are reported to influence shape or volume
asymmetries in the brain, neither of these factors appears
to have a large influence on cortical thickness asym-
metries.
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