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Objective: The anterior cingulate gyrus is
a pivotal component of brain networks di-
recting affective and cognitive functions,
and abnormalities of the anterior cingulate
gyrus may be involved in the pathophysiol-
ogy of schizophrenia. However, magnetic
resonance imaging studies of the morphol-
ogy of this region have been few and the
results inconsistent. Many of the studies
have not accounted for confounding fac-
tors such as gender, handedness, or clinical
variables such as neuroleptic exposure.

Method: The morphology and clinical
correlates of the anterior cingulate gyrus
were evaluated in a group of 30 right-
handed male subjects with schizophrenia
and a comparison group matched for age,
sex, and handedness. The patient group
was specifically designed to provide mea-
sures of multiple phenomenological dif-
ferences such as severity of illness, dura-
tion of illness, and exposure to typical
neuroleptics.

Results: The patient group had a signifi-
cantly larger left anterior cingulate gyrus
volume relative to comparison subjects,
whereas right anterior cingulate gyrus vol-
ume did not differ between groups. Depth
of the left anterior cingulate gyrus was sig-
nificantly correlated with neuroleptic ex-
posure, indicating that greater exposure to
neuroleptics was associated with greater
cortical depth of this region. There was no
significant relationship between anterior
cingulate gyrus morphology and duration
of illness or severity of symptoms.

Conclusions: Anterior cingulate gyrus
depth in subjects with schizophrenia is di-
rectly related to typical medication expo-
sure (the greater the exposure, the thicker
the anterior cingulate gyrus) but not to
other clinical variables such as length of ill-
ness or symptom severity. Future research
is needed to determine the functional con-
sequences of these changes and relation-
ship to atypical neuroleptic use.

(Am J Psychiatry 2005; 162:1872–1878)

The anterior cingulate gyrus is a pivotal component of
brain networks directing affective and cognitive functions
(1, 2). As part of the rostral limbic system, the anterior cin-
gulate gyrus modulates internal emotional responses (2,
3). Cognitively, the anterior cingulate gyrus is considered
to be an integral component of a variety of executive func-
tions such as motivation, attention, working memory,
learning (especially in novel situations and when over-
coming habitual responses), decision making, and aware-
ness and insight (1, 2, 4).

Structurally, the anterior cingulate gyrus is located bilat-
erally in the medial wall of the frontal lobes, following the
curvature of the genu of the corpus callosum. The anterior
cingulate gyrus is contiguous with the posterior cingulate;
the two together form the cingulate gyrus. While the cin-
gulate gyrus has the appearance of a single structural unit,
functionally the anterior cingulate gyrus is quite different
from the posterior cingulate gyrus, which is involved in
visuospatial and memory function (2).

Within schizophrenia research, several lines of evidence
suggest that structural and functional abnormalities of the
anterior cingulate gyrus are involved in the pathophysiol-

ogy of the illness. In functional neuroimaging research,
positron emission tomography (PET) studies have shown
differences in error monitoring (5), working memory con-
trol (6, 7), and selective attention (8, 9) and decreases in
dopamine activation (10), glucose metabolism (11), re-
gional cerebral metabolism (12), and regional cerebral
blood flow (13). Electrophysiological studies have shown
decreased anterior cingulate gyrus activation and slowed
reaction times during information processing in subjects
with schizophrenia (14, 15). Postmortem studies have
shown key cytoarchitectural changes in layer II of the an-
terior cingulate gyrus and a decreased density of nonpyra-
midal neurons (16, 17) upon microscopic exam of people
with schizophrenia versus normal subjects. However,
gross examinations of postmortem brains have not shown
observable changes (18, 19).

The literature on the structure of the anterior cingulate
gyrus in schizophrenia as determined with magnetic reso-
nance imaging (MRI) is small and highly inconsistent. Of
the studies focusing on the overall anterior cingulate gy-
rus, findings have shown both a lack of significant differ-
ences in anterior cingulate gyrus volume in patients rela-
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tive to comparison subjects (20, 21) as well as significant
bilateral decreases in anterior cingulate gyrus volume in
patients relative to comparison subjects (22, 23). Two
studies have reported a significant asymmetry in anterior
cingulate gyrus volume, with the left hemisphere anterior
cingulate gyrus being smaller than the right (21, 24). Fur-
ther studies have shown that the differences in the volume
of the anterior cingulate gyrus are related to gender. Taka-
hashi et al. (25) and Suzuki et al. (22) found a decrease in
gray matter in the right anterior cingulate gyrus in female
but not in male subjects. Szeszko et al. (26) found a corre-
lation between decreased anterior cingulate gyrus volume
and executive function in male but not female subjects
with schizophrenia. Finally, Yucel et al. (27, 28) have taken
a more qualitative approach by examining the sulcal-gyral
morphology of this region, focusing on the presence or ab-
sence of a paracingulate sulcus. Studies using this method
have documented significant gender effects in healthy
subjects (27) as well as findings among male subjects with
schizophrenia indicating abnormal cortical development
in this region (28).

Why are the findings among anterior cingulate gyrus
structural studies so varied? Many studies have not ac-
counted for confounding differences within study groups.
For example, gender differences have not been accounted
for between subjects. MRI studies in normal subjects
demonstrate a marked asymmetry of the anterior cingu-
late gyrus such that the right is significantly larger than
the left. This laterality is not consistent across gender
lines. Typically, women show a greater degree of asymme-
try than men (3, 25, 29). However, one study found the
normal asymmetry greater in male than in female sub-
jects (27). Often, studies have also not accounted for dif-
ferences between right- and left-handed patients. Other
factors that could potentially affect the morphology of
this region include duration of illness or exposure to neu-
roleptic medications. No studies to date have accounted
for these variables.

Furthermore, the anterior cingulate gyrus is a region
with poorly defined boundaries. These boundaries have
most often been identified structurally as opposed to
functionally. Methods of first defining and then parcellat-
ing the anterior cingulate have varied widely between
studies. Thus, the “anterior cingulate” has not been rigidly
defined as a set region replicable between studies. One ex-
ample of this inconsistency in definition is that some stud-
ies have included the paracingulate region as part of the
anterior cingulate (21) while other studies have not (20).

In a previous study by our laboratory, neuroleptic-naive,
first-episode, right-handed male patients were found to
have no significant differences in anterior cingulate gyrus
morphologic measures relative to healthy comparison
subjects (30). This current study was designed to repro-
duce and extend these findings by using a reliable and rep-
licable MRI-based method of cortical parcellation to evalu-
ate anterior cingulate gyrus morphology in a group of 30

subjects with schizophrenia compared with a matched
group of 30 healthy subjects. Since symmetry of the ante-
rior cingulate gyrus is affected by gender and handedness,
the study group was restricted to right-handed male sub-
jects. The patient group was specifically designed to pro-
vide a high degree of variability in multiple phenomeno-
logical variables (e.g., severity of illness, duration of illness,
and exposure to neuroleptics) in order to assess the rela-
tionship between these variables and structure of the ante-
rior cingulate gyrus.

Method

Subjects

All patients were inpatient admissions to the Mental Health
Clinical Research Center at the University of Iowa Hospitals and
Clinics. Because atypical neuroleptics have been shown to have a
different effect on the morphology of brain tissue compared with
typical neuroleptics, subjects who had been treated only with typ-
ical neuroleptics were included (31). All subjects were right-
handed. Subjects who had ever received an atypical neuroleptic
were excluded from the study. Currently, the vast majority of pa-
tients with schizophrenia are treated with atypical neuroleptics. It
is important to note that the patients in the current study were as-
sessed in the early to mid-1990s when atypical neuroleptics were
just being introduced. Therefore, at the time these patients were a
representative sample of the patient population as a whole.

Of the 30 patients, six were “first episode” (defined as first psy-
chiatric hospitalization), 11 were “recent onset” (within 5 years),
and the remaining 13 were “chronic” (disease duration greater
than 5 years). There is no patient group overlap between our pre-
viously reported study of regional frontal lobe morphology (30)
and the current study.

The “dose year” formula (32) was used to measure neuroleptic
exposure. This required conversion of neuroleptic medication to
chlorpromazine equivalents (33). Exposure was calculated over
time, weighted for dose using the formula (X mg × Y years/100). At
the time of scanning, all subjects had been exposed to typical
neuroleptics. Exposure ranged from 0.5 to 650 “dose years.”

All patients met DSM-III-R criteria for schizophrenia and were
evaluated with the Comprehensive Assessment of Symptoms and
History (34). Clinical symptoms were rated using the Scale for the
Assessment of Negative Symptoms (SANS) (35) and the Scale for
the Assessment of Positive Symptoms (SAPS) (36). Summary scores
for three dimensions of symptoms (psychotic, negative, and disor-
ganized) were calculated using sums of global scores from the
SANS/SAPS. The psychotic symptom dimension was the sum of
global scores for hallucinations and delusions. The negative symp-
tom dimension score was the sum of global scores for alogia, affec-
tive flattening, avolition-apathy, and anhedonia-asociality. The
disorganized symptom dimension comprised the global scores of
positive formal thought disorder, disorganized/bizarre behavior,
and inappropriate affect. A “global” index of severity was calcu-
lated by summing the scores of all three dimensions.

The comparison subjects were 30 healthy men individually
matched with the patients for age and handedness. These sub-
jects were recruited from the community through newspaper ad-
vertisements. They had no current or lifetime history of psychiat-
ric, neurological, or general medical illness, including substance
abuse, as determined with an abbreviated version of the Compre-
hensive Assessment of Symptoms and History.

All subjects gave written informed consent in accordance with
the Human Subjects Institutional Review Board of the University
of Iowa.
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Table 1 summarizes the demographic characteristics of the two
groups. There were no significant differences between groups in
age, height, and socioeconomic status of their parents. As ex-
pected, there was a significant difference in education between
groups (t=2.52, df=58, p<0.02).

MRI Acquisition

All multimodal MRI scans were obtained at the University of
Iowa Hospitals and Clinics using a 1.5-T General Electric SIGNA
System (GE Medical Systems, Milwaukee). Three-dimensional T1-
weighted images, using a spoiled grass sequence, were acquired in
the coronal plane with the following parameters: echo time (TE)=
5 msec, repetition time (TR)=24 msec, number of excitations=2,
rotation angle=45°, field of view=26×24×18.8 cm, and a matrix of
256×192×124. Two-dimensional proton density and T2 sequences
were acquired as follows: coronal slices (thickness: 3.0 mm or 4.0
mm), TR=3000 msec, TE=36 msec (for proton density) and 96
msec (for T2), number of excitations=1, field of view=26×26 cm,
matrix=256×192.

Image Processing

MR data were processed on Silicon Graphics workstations by us-
ing locally developed software (BRAINS2 [37]). The T1-weighted
images were spatially normalized so that the anterior-posterior
axis of the brain was realigned parallel to the anterior-posterior
commissure line, and the interhemispheric fissure was aligned on
the other two axes. A 6-point transformation was used to place
images into the standard Talairach orientation (38), and the im-
ages were resampled to 1.0156-mm cubic voxels. This process al-
lows for the mapping of Talairach coordinates onto the image us-
ing a piecewise linear interpolation to account for the sizes of the
individual brains. However, the individual’s image is not warped
or scaled in any way. 

The T2- and proton density-weighted images were aligned to
the spatially normalized T1-weighted image. The data sets were
then segmented using the multispectral data and a discriminate
analysis method based on automated training class selection
(39). Segmented images are processed by using the BRAINS2 pro-
gram, which generates a visual map and quantitative measures of
brain surface anatomy. The segmented image is used to extract a
triangle-based polygonal model of an iso-surface, representing
the parametric center of the gray matter tissue class. This triangu-
lated surface was used as the basis for our calculations of cortical
area, depth, and volume (40).

Region of Interest Definition and Reliability

Quantitative measures of the asymmetry coefficient were ob-
tained using a previously developed and validated cortical parcel-
lation atlas of the frontal lobe (41). Details of the region of interest
are subsequently described, but in general the region of interest
consisted of the anterior section of the cingulate corresponding
to Brodmann’s area 25 and excluding the paracingulate gyrus.

Boundaries. The macroscopic limit between the anterior and
posterior cingulate has not been clearly established in the liter-
ature, leading to the need for an arbitrary but consistent land-
mark to differentiate between the two parts of the cingulate gy-
rus. Plane B, an imaginary vertical line passing through the most
anterior tip of the inner surface of the genu of the corpus callo-
sum, was the boundary between anterior and posterior cingu-
late (41). The cingulate sulcus represented the outer boundary
of the anterior cingulate gyrus; the callosal sulcus represented
the inner boundary. The anterior cingulate gyrus presented as a
double structure that extended above and below the corpus
callosum.

Tracing. The anterior cingulate gyrus was traced on alternat-
ing serial coronal slices (every 1.0 mm). However, sagittal and
transaxial slices were also examined to obtain an overall view of
the anterior cingulate. The deepest point of the callosal sulcus
and the most medial point of the dorsal bank of the cingulate
sulcus constituted the inner and the outer boundary of the an-
terior cingulate in each coronal slice respectively. Tracing be-
gan at the Plane B and continued rostrally until the most ante-
rior coronal slice containing anterior cingulate tissue. The
precingulate gyrus was not included in the area of the anterior
cingulate gyrus.

Reliability. The reliability study for the anterior cingulate was
then performed by one of the authors (A.K.) on a set of 10 “gold
standard” brains, separate from the data set. High intraclass cor-
relation coefficients were seen for the right hemisphere (r=0.991)
and left hemisphere (r=0.848) anterior cingulate gyrus.

Morphologic measures. From the anterior cingulate gyrus
tracings, measures of cortical volume (cm3), surface area (mm2)
and cortical depth (mm) were obtained. In addition, an asymme-
try coefficient, a measure of laterality, for the anterior cingulate
gray matter volume was calculated using the following formula:
(right – left)/(right + left) × 100. A positive value indicates a larger
right-sided structure.

Statistical Analyses

All morphologic measures of the anterior cingulate gyrus were
subjected to analysis of covariance, with diagnosis as the between-
group factor and age and the total intracranial volume as the co-
variates. A t test was used to compare the asymmetry coefficient
between groups.

To evaluate the relationship between anterior cingulate mor-
phology and the clinical correlates of symptom severity, illness
duration, and cumulative neuroleptic exposure, Pearson r partial
correlation coefficients were calculated that controlled for the ef-
fects of age and intracranial volume. In order to prevent a type I
error, only those morphologic measures that significantly differed
between groups were used in the correlation analyses.

Results

Volumetric and Surface Size Measurements

Comparisons of mean cortical volumes between sub-
jects and healthy volunteers, adjusted for intracranial
volume and age, are shown in Table 2. Patients with schizo-
phrenia showed a significant enlargement of the left ante-

TABLE 1. Demographic and Clinical Characteristics of Pa-
tients With Schizophrenia and a Matched Group of Healthy
Volunteers

Characteristic

Schizophrenia
Patients 
(N=30)

Comparison 
Subjects 
(N=30)

Mean SD Mean SD
Age (years) 33.5 10.6 33.7 7.9
Height (cm) 175.9 9.9 177.9 7.6
Parental socioeconomic statusa 2.97 0.77 2.93 0.52
Subjects educational level (years) 12.83 2.42 14.30 2.07
Duration of illness (months) 109.4 112.9
Dose years 29.55 45.08
Symptom severity scores

Negative symptoms (scale 1–20) 11.43 3.86
Disorganized symptoms (scale 1–15) 6.63 2.86
Positive symptoms (scale 1–10) 4.87 3.31
Global severity scale (scale 1–45) 22.93 7.55

a Based on a modified Hollingshead scale (1–5) such that the lower
the number, the higher the socioeconomic status.
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rior cingulate gyrus relative to comparison subjects. This
enlargement appeared to be due to a significant increase
in cortical depth, since surface area was not significantly
different between the two groups. No significant differ-
ences between the two groups were found for right hemi-
sphere volume, depth, or surface area. The laterality in-
dex is a measure of asymmetry between right and left
hemispheres, with a positive value indicating right larger
than left. Healthy subjects showed a laterality index favor-
ing the right hemisphere, replicating results from other
studies of normal subjects (3, 27). Patients with schizo-
phrenia showed a noticeable but nonsignificant reduc-
tion of asymmetry relative to comparison subjects.

Correlations Between Morphology 
and Clinical Variables

Within the patient group, correlations between left
hemisphere anterior cingulate gyrus morphology and
clinical variables are shown in Table 3. Cortical depth of
the anterior cingulate gyrus on the left was significantly
correlated with dose years: the greater the dose years, the
greater the depth of the left anterior cingulate gyrus. There
was no significant correlation between left hemisphere
anterior cingulate gyrus volume or depth and duration of
illness. Since dose years, calculated by measuring the
amount of drug used over time, were highly correlated
with duration of illness (r=0.64, df=28, p=0.0002), it was
necessary to isolate the effects of neuroleptic exposure on
anterior cingulate gyrus morphology. This was done by re-
calculating the correlations between dose years and ante-
rior cingulate gyrus morphology after controlling for dura-
tion of illness. The results remained similar but were now
more robust (dose years and volume: r=0.37 [p<0.08]);
dose years and cortical depth: r=0.61 [p=0.001]).

Table 3 also shows the results of correlation analyses be-
tween left hemisphere anterior cingulate gyrus morphol-
ogy and symptom severity. No significant correlations
were found between either volume or depth and any of the
three symptom domains.

Discussion

The literature to date on quantitative measures of the
anterior cingulate gyrus in subjects with schizophrenia is
variable and inconsistent, which may be in part due to lack
of controlling for factors that may influence anterior cingu-
late gyrus volume such as sex, handedness, or even medi-
cation exposure. The current study was designed to mini-
mize these factors by including in the study male subjects
exposed to only one class of medications and matched to
healthy subjects by sex, age, and handedness. In our previ-
ous study of neuroleptic-naive male subjects, we found no
morphologic abnormalities of the anterior cingulate gyrus.
In this study of a more heterogeneous group of patients, we
found the structure of the anterior cingulate gyrus to be
significantly different between groups, with patients hav-
ing enlarged volumes of the left anterior cingulate gyrus
relative to comparison subjects. This increase in volume
was accounted for by an increase in cortical depth without
any difference in surface area of the left anterior cingulate
gyrus between groups. Moreover, the increase in the depth
of the left anterior cingulate gyrus in patients was posi-
tively correlated with neuroleptic exposure, such that the
greater the time or dose of medication, the thicker the left
anterior cingulate gyrus cortex. This suggests that the mor-
phologic differences between the two groups are an effect
of medication exposure.

Although several previous studies have documented vol-
ume increase in the basal ganglia after exposure to typical
neuroleptics (31, 42–47), few studies have shown structural
changes in the cortex in response to medication. In fact, to
our knowledge, the only other studies to document en-
largement of the cortex in response to typical neuroleptics
are previous reports from our group. Using the current data
set of 30 male patients exposed to typical medications only,
we have evaluated the morphology of the temporal plane
(planum polare, planum temporale, and Heschl’s gyrus)
(48), the ventral frontal cortex (49), and the insula (50). In
these studies, exposure to typical neuroleptics was signifi-
cantly correlated with greater volumes of the planum po-
lare and the insula, but there was no relationship with the
planum temporale, Heschl’s gyrus, or the ventral frontal
cortex. This suggests that the effect of neuroleptics on the

TABLE 2. Volumetric and Surface Size Measurements of the
Anterior Cingulate Gyrus in Patients With Schizophrenia and
a Matched Group of Healthy Volunteers

Hemisphere 
and Measure

Adjusted Mean Analysisa

Schizophrenia
Patients 
(N=30)

Comparison
Subjects 
(N=30)

F 
(df=1, 

58) p
Right

Volume (cm3) 6.55 6.54 0.00 0.98
Depth (mm) 3.24 3.25 0.01 0.92
Surface area (mm2) 1567 1603 0.06 0.81

Left
Volume (cm3) 6.05 5.12 4.30 0.05
Depth (mm) 3.35 3.15 4.20 0.05
Surface area (mm2) 1572 1408 1.48 0.23

Laterality index 3.22 11.39 1.60 0.12
a ANCOVA with age and intracranial volume as covariates.

TABLE 3. Relationship Between Left Hemisphere Anterior
Cingulate Gyrus Morphology and Clinical Variables in Pa-
tients With Schizophreniaa

Variable

Volume Depth

r (df=28) p r (df=28) p
Neuroleptic exposure 0.15 0.49 0.52 0.007
Duration of illness –0.20 0.35 0.09 0.67
Symptoms

Positive –0.05 0.81 –0.22 0.28
Negative –0.14 0.51 –0.34 0.09
Disorganized 0.06 0.77 0.15 0.46

a Intracranial volume and age were controlled in the correlation
analyses.
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structure of the cerebral cortex may be regionally specific
and not a global cortical phenomenon.

Possible Mechanisms of Anterior Cingulate 
Gyrus Structural Change in Response 
to Typical Neuroleptics

Theories devised to explain structural changes in the
basal ganglia in response to neuroleptic exposure are ap-
propriate to consider as explanation for the effects on the
cortex as well. One theory is that tonic inhibition of dopa-
mine receptors by typical neuroleptics may lead to com-
pensatory upregulation by other dopamine receptors
manifesting as an increase in regional volumes (10, 51).
Dopamine receptors are found throughout the brain. Rat
studies have shown D1 receptors in the anterior cingulate
gyrus or increased binding of D2 receptors in the frontal
cortex (52). However, it is generally thought that dopa-
mine receptor density is not as great in the frontal cortex
as it is in other brain regions such as the basal ganglia (53).
An alternate theory is that upstream changes might lead to
downstream effects via neural circuitry, such that the
changes seen in the anterior cingulate gyrus might be
caused by direct typical neuroleptic effects elsewhere in
the brain. This theory is less accepted as a primary cause
of changes in the anterior cingulate gyrus (5).

One difficulty that our study encountered, as have all
previous MRI morphology studies of this region, is that of
defining a structurally and functionally unique unit. Our
study was able to trace a reliable and replicable area that
encompasses the anterior cingulate. However, at best,
MRI of brain morphology is a “proxy” measure that must
ultimately be integrated with functional imaging to best
delineate a true anterior cingulate. Because the anterior
cingulate gyrus is a region of intricate functions and con-
nectivity, it will take further functional MRI and PET stud-
ies to define these changes in relation to both schizophre-
nia and typical neuroleptic exposure.

Correlations Between Anterior Cingulate 
Morphology and Clinical Variables

Severity of positive, negative, and disorganized symp-
toms, as assessed by the SANS/SAPS, were not correlated
with anterior cingulate gyrus morphology. Of these three
symptom domains, positive symptoms alone have previ-
ously been reported to be related to the structure or func-
tion of the anterior cingulate gyrus. PET (53, 54) and single
photon emission computed tomography (55) studies have
suggested that psychotic symptoms, especially hallucina-
tions, are associated with the entire cingulate region (an-
terior and posterior regions were not separately examined
in these studies). A decrease in D2 receptors in the anterior
cingulate gyrus in neuroleptic-naive people with schizo-
phrenia as compared with healthy subjects has been pos-
ited as a mechanism for positive symptoms (53). There has
been only one structural study to date associating a bilat-
eral decrease in gray matter in the cingulate gyrus (ante-

rior and posterior) with psychosis. However, this was not a
direct correlation, and the study was not limited to people
with schizophrenia, making it difficult to draw associa-
tions solely to schizophrenia (56). In the current study, the
correlation between psychosis and left anterior cingulate
gyrus depth was inverse, indicating the same direction of
relationship (less cortical depth associated with greater
severity of symptoms), although not statistically signifi-
cant (r=–0.22, p=0.28). Finally, the anterior cingulate gyrus
has been more commonly associated with executive func-
tion, selective attention, error detection, and self-moni-
toring (57). It has been suggested that these latter roles
contribute to conceptual disorganization and hallucina-
tory behavior (53). Future studies evaluating the relation-
ship between cognitive functioning and the structure of
the anterior cingulate gyrus in subjects with schizophre-
nia may help define its functional role more clearly.

Specificity to Schizophrenia

Morphologic abnormalities of the anterior cingulate gy-
rus are most likely not unique to schizophrenia. However,
there may be regional specificity with regard to different
illnesses. For instance, a section of the cingulate gyrus lo-
cated adjacent (posterior) to the currently defined ante-
rior cingulate gyrus is a region variably defined as the sub-
genual cingulate. This region has been documented to be
structurally abnormal in subjects with depression (58–60).
Yet in contrast, this region has been reported to be struc-
turally normal in subjects with schizophrenia (60), indi-
cating that the morphology of the subgenual cingulate is
unique to subjects with depression. Further studies will
need to verify the regional and diagnostic specificity of
structural abnormalities in this brain region.

Future Directions

The current study supports the notion that typical neu-
roleptics change the structure of the anterior cingulate gy-
rus. This study does not address, however, the clinical im-
plications of these changes. We are currently evaluating
patients in a prospective, longitudinal study to address the
issue of whether these changes in morphology over time
are related in any way to changes in symptom severity.

Another important question is whether or not there is
differential effect on structure on the basis of antipsy-
chotic class. While typical neuroleptic exposure has been
shown to increase basal ganglia volumes, atypical neuro-
leptic exposure has been reported to decrease the volume
of many of these same regions (42–44). Further studies are
needed to see what, if any, effects atypical neuroleptics
have on anterior cingulate gyrus morphology.
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