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Abstract
Context—Previous magnetic resonance imaging (MRI) findings have demonstrated
psychopathological symptom–related smaller gray matter volumes in various cingulate gyrus
subregions in schizophrenia and bipolar disorder. However, it is unclear whether these gray matter
abnormalities show a subregional specificity to either disorder and whether they show postonset
progression.

Objective—To determine whether there are initial and progressive gray matter volume deficits in
cingulate gyrus subregions in patients with first-episode schizophrenia (FESZ) and patients with
first-episode affective psychosis (FEAFF, mainly manic) and their specificity to FESZ or FEAFF.

Design—A naturalistic cross-sectional study at first hospitalization for psychosis and a longitudinal
follow-up approximately 1½ years later.

Setting and Participants—Patients were from a private psychiatric hospital. Thirty-nine patients
with FESZ and 41 with FEAFF at first hospitalization for psychosis and 40 healthy control subjects
(HCs) recruited from the community underwent high-spatial-resolution MRI, with follow-up scans
in 17 FESZ patients, 18 FEAFF patients, and 18 HCs. Individual subjects were matched for age, sex,
parental socioeconomic status, and handedness.

Main Outcome Measures—Cingulate gyrus gray matter volumes in 3 anterior subregions
(subgenual, affective, and cognitive) and 1 posterior subregion, and whether there was a paracingulate
sulcus.

©2008 American Medical Association. All rights reserved.
Correspondence: Robert W. McCarley, MD, Department of Psychiatry, 116A, Veterans Affairs Boston Healthcare System, Brockton
Division, Harvard Medical School, 940 Belmont St, Brockton, MA 02301 (robert_mccarley@hms.harvard.edu)..
Author Contributions: Drs Koo and McCarley had full access to all of the data in the study and take responsibility for the integrity of
the data and the accuracy of the data analysis.
Financial Disclosure: None reported.
Additional Information: The supplemental text and eTables are available at http://www.archgenpsychiatry.com.
Additional Contributions: Lillian Hsu, BA, provided technical support; Kiyoto Kasai, MD, provided comments and suggestions; and
Marie Fairbanks provided administrative support.

NIH Public Access
Author Manuscript
Arch Gen Psychiatry. Author manuscript; available in PMC 2009 December 14.

Published in final edited form as:
Arch Gen Psychiatry. 2008 July ; 65(7): 746–760. doi:10.1001/archpsyc.65.7.746.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://www.archgenpsychiatry.com


Results—At first hospitalization, patients with FESZ showed significantly smaller left subgenual
(P=.03), left (P=.03) and right (P=.005) affective, right cognitive (P=.04), and right posterior (P=.
003) cingulate gyrus gray matter sub-regions compared with HCs. Moreover, at the 1½-year follow-
up, patients with FESZ showed progressive gray matter volume decreases in the subgenual (P=.002),
affective (P<.001), cognitive (P<.001), and posterior (P=.02) cingulate subregions compared with
HCs. In contrast, patients with FEAFF showed only initial (left, P<.001; right, P=.002) and
progressive subgenual subregion abnormalities (P<.001). Finally, patients with FESZ showed a less
asymmetric paracingulate pattern than HCs (P=.02).

Conclusions—Patients with FEAFF and FESZ showed differences in initial gray matter volumes
and in their progression. Initial and progressive changes in patients with FEAFF were confined to
the subgenual cingulate, a region strongly associated with affective disorder, whereas patients with
FESZ evinced widespread initial and progressively smaller volumes.

THE CINGULATE GYRUS IS A cortical area of mixed cytoarchitectonics that links to the
limbic system and neocortex.1 The subcomponents of the cingulate gyrus serve a range of
functions, including emotional, cognitive and attentional, nociceptive, and motor processing.
2-4 Grossly, the anterior cingulate cortex (ACC) is differentiated from the posterior cingulate
cortex on the basis of cytoarchitecture, projection patterns, and functions.5-7 For example, the
anterior cingulate gyrus is activated by emotional stimuli, whereas the posterior cingulate gyrus
is activated by both emotional and nonemotional stimuli and plays an important role in memory
access and visuospatial orientation.5,7 Within the ACC, further parcellation can be made on
the basis of functional and anatomical studies.8 The rostral area of the ACC (the affective
subregion) is connected to the nucleus accumbens, amygdala, insula, hippocampus, and
orbitofrontal cortex and assesses the salience of emotional and motivational information
regulating emotional responses.8 The caudal (dorsal) area of the ACC (the cognitive subregion)
has strong reciprocal interconnections with the lateral prefrontal cortex, parietal cortex, and
premotor and supplementary motor areas9 and modulates attention and executive functions,
error detection, and working memory.7,10-12 The portion of the ACC located inferior to the
genu of the corpus callosum (subgenual subregion) has extensive connections to structures
implicated in emotional behavior, mood, and autonomic responses to stressors13 and is the
region used for deep-brain stimulation for treatment-resistant depression.14

Abnormalities in these structures play a crucial role in the dysfunction of cognitive and
emotional processing in patients with schizophrenia.15 Magnetic resonance imaging (MRI)
studies have demonstrated that anterior16-21 and posterior17,22 cingulate gyrus volumes in
schizophrenic patients are smaller than in control subjects, although findings have been
controversial,23-25 and may differ by sex.18,19 Voxel-based morphometry (VBM) studies have
reported decreased cingulate gray matter signal density in subjects at high risk for
schizophrenia26 or first-episode schizophrenia (FESZ).27,28 Studies have also reported
decreased gray matter in subjects at high risk of schizophrenia (optimized VBM)29 and
associated with the allele containing the Val158Met polymorphism of the catechol O-
methyltransferase gene in chronic schizophrenia (deformation-based study).30

Decreased volume of the ACC was associated with impaired executive function in
schizophrenic patients,31 which is compatible with results of positron emission tomography
studies showing abnormal ACC activity for tasks examining the effects of interference32 and
attention33,34 in schizophrenia. These studies divided the cingulate gyrus into anterior and
posterior parts, without the finer parcellation of the ACC as described in the preceding
paragraphs.8-10,13

Abnormalities in the cingulate gyrus have also been reported in affective disorder (mostly
bipolar disorder), including smaller subgenual volume35-40 and decreased functional activity.
2,39 Postmortem studies have reported more prominent nonpyramidal neuronal loss in layer II
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in the ACC in affective psychosis compared with schizophrenia, although pyramidal
(particularly in layer IV) and nonpyramidal neuron loss were present in schizophrenia.41

However, it remains to be determined whether cingulate gyrus gray matter volumetric
abnormalities occur preferentially in schizophrenia or affective disorder, and whether there are
specific subregional differences. Patients in their first hospitalization (first-episode patients)
present an excellent population in which to examine these issues because they are free of the
long-term direct and indirect consequences of the disease, including long-term pharmaceutical
treatment.

In addition, longitudinal examination of brain structure in first-episode patients may help
determine whether the time of psychotic symptom onset is the critical period for this volume
change, and whether this change may be progressive.42 Unfortunately, there are few
longitudinal studies of cingulate gyrus.16 A longitudinal study using VBM but without a
healthy comparison group showed that left ACC gray matter density decreased over time in
FESZ, whereas patients with bipolar disorder showed a bilateral decrease in ACC gray matter
density.43 Right ACC gray matter density loss was reported in high-risk subjects developing
schizophrenia.44

Abnormalities in the paracingulate sulcus (PCS) pattern may provide a robust marker of the
contribution of neurodevelopmental factors to schizophrenia,45,46 because cerebral folding
occurs during the second and third trimester47,48 and is stable thereafter, unlike volumes, which
may change with disease progression.

Herein, we report cross-sectional and longitudinal gray matter volume findings for cingulate
gyrus subregions in patients with FESZ or first-episode affective psychosis (FEAFF, mainly
bipolar in a manic phase), compared with healthy control subjects (HCs). Paracingu-late sulcus
patterns45 were also examined to investigate the association of gyrification with diagnosis.

METHODS
PARTICIPANTS

Eighty patients with first-episode psychosis (39 patients with FESZ and 41 with FEAFF [of
whom 38 had bipolar disorder in a manic phase]) and 40 HCs participated in the cross-sectional
study (Table 1). Patients were recruited at McLean Hospital, a Harvard Medical School
affiliate. The HCs were recruited through newspaper advertisement. Consistent with the
literature and our previous studies, a first episode was operationally defined as the first
hospitalization for psychosis.49-51 Subjects had not been previously hospitalized for any
psychiatric reason. The inclusion and exclusion criteria for subjects have been described in
detail elsewhere.51 Briefly, patients and HCs met criteria for age (18-55 years), IQ (>75), right-
handedness, and a history that was negative for seizures, head trauma with loss of
consciousness, neurologic disorder, and any lifetime dependence on alcohol or another drug.
Patient diagnosis was based on the Structured Clinical Interview for DSM-III-R–Patient
Version52 for DSM-III-R or DSM-IV criteria. The HCs had no Axis I or Axis II disorder
according to the Structured Clinical Interview for DSM-III-R–Non-Patient Version53 and
Structured Clinical Interview for DSM-IV Personality Disorders,54 and no Axis I disorder in
their first-degree relatives per self-report.

Eighteen HCs and 35 patients with first-episode psychosis (17 patients with FESZ and 18 with
FEAFF [of whom 17 had bipolar disorder in a manic phase]) were longitudinally re-scanned
approximately 1½ years later (Table 2). Using only subjects with bipolar disorder did not
change the statistical results in the cross-sectional or the longitudinal sample. The cross-
sectional and longitudinal groups were matched for age, sex, handedness,55 and parental
socioeconomic status. Medication history before and during the first hospitalization, between
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scans, and during any second hospitalization, if present, was assessed by patient report and
through medical chart review. Dosage (Tables 1 and 2) of antipsychotics56 did not correlate
with any initial volume or volume change. Subjects’ serum levels of mood stabilizers were
monitored by their treating psychiatrist. Two patients with FEAFF self-reported they had not
adhered to their treatment regimen before the second scan. This study was approved by the
McLean Hospital, Veterans Affairs Boston Healthcare System, and Harvard Medical School
institutional review boards. Written informed consent was obtained from all subjects before
study participation.

Clinical evaluations at times 1 and 2 included the Brief Psychiatric Rating Scale (BPRS),57,
58 the Mini-Mental State Examination,59 the Wechsler Adult Intelligence Scale–Revised
(WAIS-R),60 and the Global Assessment Scale.61

REGIONS OF INTEREST
The neuroanatomical regions of interest (ROIs) were outlined manually on a workstation
(Figure 1). The cingulate gyrus was bounded superiorly by the cingulate sulcus and inferiorly
by the callosal sulcus on each of the coronal image sections (slices). The anatomical landmark
for dividing the cingulate gyrus into anterior and posterior cingulate regions was a vertical
line11 passing through the anterior commissure point in the midsagittal section. Within the
anterior cingulate gyrus, further parcellations were made forming subgenual,39 affective
(anterorostral),8,62 and cognitive (anterodorsal)8 subregion ROIs.

The subgenual subregion39 was defined as the cingulate area under the corpus callosum
bounded anteriorly by the line passing through the anterior margin of the genu of corpus
callosum and posteriorly 1 section anterior to the internal capsule that divides the striatum. We
note that the anatomical boundaries of the area designated as subgenual have varied
considerably across studies, and a study38 has shown that findings may depend on whether the
anterior or posterior portion of the overall subgenual area is used. The affective subregion
(anterorostral)8 was bounded anteriorly by the cingulate sulcus and posteriorly above the
corpus callosum by a line62 passing through the most anterior point of the inner surface of the
genu of the corpus callosum, and anterior to the subgenual division below the corpus callosum.
The cognitive subregion (anterodorsal)8 was defined as the remaining ACC between the
affective subregion and posterior cingulate gyrus. The posterior cingu-late subregion extended
to the line passing through the most posterior end of the corpus callosum.63 We did not include
the most posterior part of the posterior cingulate division, often termed the retrosplenial
cortex,64,65 because there were no clear MRI boundaries to define it.

Some, but not all, brains contained a PCS, parallel to the cingulate sulcus. The PCS was
classified as prominent if the sulcus extended at least 40 mm and exhibited no more than 20
mm of interruptions between its origin and a coronal plane passing through the anterior
commissure. If interruptions exceeded 20 mm and the length was at least 20 mm, the PCS was
classified as present. Finally, when the horizontal sulcus was less than 20 mm in length, it was
classified as absent.66,67 When the PCS was present, the paracingulate gyrus, which is mainly
Brodmann area 32, was excluded from the cingulate gyrus measurement. To determine
association with diagnosis, the number of cases with a PCS present were compared among
groups.

MRI PROCESSING
The MRI protocol used 2 pulse sequences on a 1.5-T MRI system (GE Medical Systems,
Milwaukee, Wisconsin), as described by Kasai et al50 and in our supplemental text (available
at http://www.archgenpsychiatry.com). All manual ROI parcellations were performed by
investigators blinded to diagnoses and the date of scan. To assess interrater reliability, 3 raters
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(including M.-S.K. and M.N.) who were blinded to the diagnoses independently delineated the
ROIs for 5 random cases and examined the PCS patterns for 30 random cases. Intraclass
correlation coefficients were 0.97 for the subgenual, 0.98 for the affective, 0.97 for the
cognitive, and 0.96 for the posterior subregions. Interrater reliability for the PCS pattern was
also high (κ=0.89 for the left side and κ=0.77 for the right side). The voxel volumes of gray
and white matter and cerebrospinal fluid were summed, yielding the total intracranial content
(ICC).

STATISTICAL ANALYSIS
Group differences in cingulate gyrus gray matter volumes were first assessed using repeated-
measures analysis of variance (ANOVA), with the diagnostic group as the between-subjects
factor and the hemisphere (left or right) and region (anterior and posterior) as the within-
subjects factors. On finding significant results, we then subdivided the anterior region into
subgenual, affective, and cognitive subregions for a second repeated-measures ANOVA.
Relative volume (given as a percentage and calculated as [absolute volume/ICC]×100) was
used to control for individual head size. Groups did not differ significantly in ICC at time 1
(P=.18) or in their ICC volume changes between imaging (P=.51). Of note, the statistical
conclusions reported herein remained the same when we analyzed absolute volumes using the
ICC as a covariate. For the longitudinal volume comparison, the percentage of volume change
was calculated with the following formula:

We further examined relative volumes of each subregion using 1-way ANOVA, with follow-
up post hoc Tukey Honestly Significant Difference tests. In addition, to evaluate which
subregion showed differences between times 1 and 2 in gray matter volumes among groups,
we examined the percentage of differences of relative volumes for each subregion using 1-way
ANOVA with follow-up post hoc Tukey Honestly Significant Difference tests.

To examine the PCS pattern, we assessed intragroup asymmetry using the McNemar test for
symmetry. Between-group differences for rightward and leftward asymmetry were assessed
using χ2. Asymmetry was measured by an asymmetry index assigned to each individual in
terms of a leftward (where left is greater than right), symmetric (where left equals right), or
rightward (where left is less than right) prominence of PCS.

To examine the associations between volume change and clinical outcome or cognitive test
score (eg, WAIS-R score), Spearman correlation coefficients (ρ) were used. Clinical outcome
was evaluated by the percentage of change in factor scores in BPRS using the following
equation:

RESULTS
There were no significant group differences in age, sex, handedness, parental socioeconomic
status, or Mini-Mental State Examination scores among groups. The patient groups showed
lower socioeconomic status, less education, and lower WAIS-R performance, consistent with
reduced functioning due to the disorder. There were no significant differences in medication
dosage, BPRS scores, or Global Assessment Scale scores between the patients with FESZ and
FEAFF in either the cross-sectional or the longitudinal studies (Tables 1 and 2).
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INITIAL VOLUMES (CROSS-SECTIONAL STUDY)
Total Cingulate Gyrus Gray Matter Volume—A repeated-measures ANOVA of
cingulate gyrus gray matter relative volume with group (FESZ, FEAFF, or HC) as the between-
subjects factor and hemisphere (left vs right) and region (anterior vs posterior cingulate region)
as the within-subjects factors revealed that groups differed in whole cingulate gray matter
volumes (F2,117=7.7 [P=.001]). All groups showed larger cingulate volumes in the right
hemisphere than in the left (main effect, F1,117=4.4; P=.037; with no significant interactions
of hemisphere × group [F2,117=0.2; P=.83] or region × hemisphere × group [F2,117=0.2; P=.
79]). Although the posterior cingulate showed larger volumes than the anterior cingulate (main
effect for region, F1,117=5.9; P=.02), group differences were not the same in the anterior and
posterior cingulate (interactions of region × group, F2,117=3.2; P=.04). The main effects of
group were further analyzed by 1-way ANOVA of the entire cingulate volume and follow-up
Tukey tests, with smaller volumes in the FESZ vs HC group (P<.001), equal volumes in the
FEAFF vs HC group (P=.12), and equal volumes in the FEAFF vs FESZ group (P=.07).
Moreover, the right was larger than the left hemisphere gray matter volume (t119=2.4; P=.02),
accounting for the main effect of hemisphere. Follow-up tests indicated highly significant
group differences in the anterior cingulate (F2,117=6.9; P=.001) but only trend-level differences
in the posterior cingulate (F2,117=2.3; P=.06).

Based on our hypothesis of differences derived from previous studies, we further divided the
anterior cingu-late gyrus into the subgenual, affective, and cognitive sub-regions. Groups
differed in whole anterior cingulate gray matter volumes (F2,117=6.9; P=.001). All groups
showed larger anterior cingulate volumes in the right than in the left hemisphere (main effect,
F1,117=7.2; P=.008; with no significant interactions of hemisphere × group [F2,117=0.4; P=.
67] or region × hemisphere [F2,234=2.9; P=.06]). Of note, the subregional differences were
different among groups (main effect for subregion, F2,234=2479.1; P<.001), and there was a
significant interaction between groups and subregion (F4,234=3.7; P=.01) in the anterior cingu-
late (Table 3).

Subregions of Cingulate Gyrus Gray Matter Volume—In the subgenual subregion,
the FEAFF group showed significantly smaller gray matter volumes than HCs in the left (P<.
001; effect size [d]=0.81]) and right sides (P=.002; d=0.67). Also, the left subgenual subregion
gray matter volumes of the FESZ group were significantly smaller than those of the HCs (P=.
026; d=0.48). In the affective (anterorostral) subregion, the FESZ group showed bilaterally
significantly smaller gray matter volumes than the HCs (left, P=.03 [d=0.56]; right, P=.005
[d=0.75]). There were no statistical differences on either side between the FEAFF and HC
groups. In the cognitive (anterodorsal) subregion on the right (P=.04; d=0.51) and the posterior
subregion on the right (P=.003; d=0.73), the FESZ group showed smaller GM volumes than
the HCs (Figure 2 and Table 3).

The relative subgenual volumes of patients with FEAFF who had a positive family history for
a mood disorder were significantly smaller than those of patients with FEAFF who had no
family history for both left (t38=3.4; P=.002) and right (t38=3.0; P=.005) sides.

Clinical Correlations With Cingulate Gyrus Volume at Time 1 (Initial Scan)—In
patients with FESZ, the BPRS withdrawal factor scores were negatively correlated with relative
volumes of the right affective (ρ=−0.47; d=0.93; P=.008) and the right cognitive subregions
(ρ=−0.40; d=0.88; trend-level P=.09). In patients with FEAFF, hostility-suspicious factor
scores were negatively correlated with left subgenual subregion relative volumes (ρ = −0.35;
d = 0.75; P = .03). Examination of volumes and WAIS-R scores revealed, although only in the
FESZ group, that relative volumes of the cognitive subregion (right side) were significantly
and positively correlated with Digit Span (ρ = 0.36; d = 0.76; P = .03 [n = 38]) and Information
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(ρ = 0.37; d = 0.77; P = .02 [n = 38]) scaled scores. If the Bonferroni correction was applied
with the clinical BPRS factors and the WAIS-R scores, the α threshold would be 0.0031
(0.05/16) and 0.0063 (0.05/8), respectively, and none of these correlation results would be
statistically significant. Of note, however, Fisher z transformation and the subsequent
comparison tests showed significant differences in FESZ vs FEAFF correlations in the right
affective subregion's correlations with BPRS withdrawal factor scores (z = 2.1; P = .02) and
also in the left subgenual subregions correlations with BPRS hostility-suspicious factor scores
(z=1.7; P=.04).

PCS Patterns—Within-group comparisons showed that HCs had a significant PCS
asymmetry (McNemar test χ2

3=10.9; P=.01). However, in patients with FESZ (McNemar test
; P=.38) as well as in patients with FEAFF (McNemar test ; P=.11), no significant

asymmetry was detected. Follow-up between-group comparisons revealed a significant
difference for asymmetric index between the FESZ and HC groups ( ; P=.02) (Table 4).
The PCS patterns did not change longitudinally in any group.

LONGITUDINAL VOLUME CHANGES
Cingulate Gyrus Gray Matter Volume Changes Over Time—Repeated-measures
ANOVA of relative volume difference (percentage of change) with group (FESZ, FEAFF, and
HC) as the between-subjects factor and hemisphere (left vs right) and region (anterior vs
posterior) as the within-subjects factors revealed that the groups differed in percentages of
volume change in cingulate gyrus gray matter (F2,50=27.0; P<.001). However, regional group
differences in percentages of change were different in the anterior and posterior cingulate (main
effect for region, F1,50=25.4; P<.001; significant interaction between region and group,
F2,50=7.5; P=.001). There was no left-right hemispheric difference in percentages of change
(main effect for hemisphere, F1,50=0.1; P=.783) and no interaction of hemisphere × group
(F2,50=0.2; P=.86), region × hemisphere ( F1,50 = 0.2; P = .64), or region × hemisphere × group
(F2,50 = 0.8; P = .43) (Table 5). Further analysis using 1-way ANOVA comparisons for anterior
and posterior cingulate components showed significant between-group differences for both the
anterior component (F2,50=27.5; P<.001) and the posterior component (F2,50=4.4; P=.02).

An analysis of the subregions of the anterior cingulate gyrus (subgenual, affective, and
cognitive) (Table 5) showed that groups differed in percentage of volume changes in anterior
cingulate gyrus gray matter (F2,50=27.0; P < .001), and there was a significant interaction
between subregion and group (F4,100=4.76; P=.002), indicating that the pattern of anterior
cingulate gyrus regional change differed among groups. There was no significant effect for
hemisphere (F1,50=0.04; P=.84) and no significant interaction of hemisphere × group
(F2,50=0.9; P=.40), subregion × hemisphere (F2,100=0.65; P=.52), or subregion × hemisphere
× group (F4,100=0.2; P=.91).

Analyzing the volumetric data at times 1 and 2 using time as a within-subjects factor, instead
of an analysis with the percentage of change, did not change our conclusions of statistical
significance.

Compared with the HC group, the percentage of change in the FEAFF group over time was
significantly different only in the subgenual subregion (P<.001). In contrast, the percentage of
volume reduction seen in the FESZ group showed significant differences from those in the HC
group for the cingulate gyrus (Table 5, Figure 3, and Figure 4).

Comparison of Percentages of Change of Volumes Among Patient Subgroups
by Medication History—There were no statistically significant effects of medication
(typical or atypical antipsychotics, or presence or absence of mood stabilizers) on the cingulate
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volumes in the FESZ or the FEAFF group (eTable 1; available at
http://www.archgenpsychiatry.com).

Correlations Between Percentage of Change of Cingulate Gyrus Relative
Volumes and Interscan Intervals—Interscan interval did not differ among groups (Table
2), but there were different correlations of volume reduction with interscan interval in the
groups. All were negative, with longer interscan intervals (a positive number) resulting in
greater volume reductions (a negative number). In the FESZ group, there was an association
between the interscan interval and the relative volume change in the left (ρ=−0.58; P=.002)
and right (ρ=−0.49; P=.04) anterior cingulate gyrus, particularly in the left (ρ=−0.54; P=.03)
and right (ρ=−0.65; P=.005) affective subregions. Fisher z transformation showed significant
differences in correlations between the FESZ and HC groups in the left (z=−2.0; P=.048) and
right affective subregions(z=−2.4;P=.02).Incontrast,intheFEAFFgroup,
thereweresignificantnegativecorrelationsonlybetweenthe
interscanintervalandtheleftsubgenualcingulategyrusvolume reduction (ρ=−0.50; P=.03),
which was significantly different from the HC correlation (z=−1.6; P=.05).

Clinical Correlations With Volume Change Over Time and Comparison Between
Good and Poor Responders—In the groups with good and poor responses, greater volume
reductions resulted in worse withdrawal symptom factor scores over time, with the relevant
volume differing by group. This correlation was negative because more reduction in volume
(a negative number) was associated with larger BPRS factor scores (worsening). In the FESZ
group, changes in withdrawal factor scores were negatively correlated with changes of right
affective cingulate subregion relative volumes (ρ=−0.60; P=.02) (eTable 2).

We also analyzed the FEAFF and FESZ groups according to treatment response as measured
by a BPRS score decrease of more than 20 (eTable 3). The percentage of decrease in volume
of the poor-response FESZ subgroup was significantly greater in the affective subregions than
those of the good-response FESZ subgroup (Mann-Whitney tests, z=−3.4; P=.001). For the
FEAFF group, the percentage of change in volume decrease in the left subgenual subregion in
the poor-responder subgroup was greater than that of the good-responder subgroup (z=−2.6;
P=.009).

COMMENT
There were 3 major findings. Cross-sectionally, groups were differentiated by regions showing
abnormalities. The cingulate gyrus gray matter volume in the FESZ group was significantly
smaller than that of the HC group in a number of subregions, including the left subgenual
subregion, the left and right affective (anterorostral) sub-regions, and the right cognitive
(anterodorsal) and posterior subregions. However, in patients with FEAFF psychoses, smaller
gray matter volume was confined to bilateral reductions in the subgenual subregion.

Longitudinally, the FESZ group also demonstrated more widespread gray matter volume
reduction over time, with progressive volume reductions in subgenual (4.2%), affective (6.1%),
cognitive (4.9%), and posterior (2.0%) subregions. In contrast, in the FEAFF group,
progressive volume change was confined to reductions (5.6%) in the subgenual subregion.

Finally, the FESZ group showed less PCS fissurization and less leftward asymmetry than HCs.

CROSS-SECTIONAL FINDINGS
With regard to findings in the FESZ group, these cross-sectional findings are consistent with
VBM studies reporting smaller gray matter signal density of anterior cingu-late bilaterally27,
29 or in the right hemisphere28 in FESZ, bilaterally in subjects at high risk of schizophrenia,
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26 and bilaterally in the posterior cingulate in chronic schizophrenia.22 The findings are also
compatible with a volu-metric study17 using geometric parcellation showing smaller relative
volume in the anterior and posterior cingulate gyrus in patients with chronic schizophrenia.
Although these previous reports had shown cingulate structural abnormalities in schizophrenia,
there had remained uncertainty regarding the specific subregion or hemisphere for cingulate
gyrus deficits in this disorder. This present study directly addressed the issue of subregional
localization and showed that the degree and the laterality of the deficits in FESZ differed in
specific cingulate subregions.

In the FEAFF group, only the subgenual subregion was significantly smaller bilaterally at time
1 than in the HC group. This finding is consistent with previous reports,38,39,68 showing
significantly smaller cingulate volumes in the left subgenual cingulate, but also adds the right
subgenual cingulate, which was of trend level significance in a previous report from our group
using a smaller and different sample.40 Previous VBM studies showed bilateral gray matter
density deficits in the anterior cingulate,35,36 but did not localize to the subcallosal-subgenual
region.

LONGITUDINAL FINDINGS
Findings in the present longitudinal study with regard to FESZ were consistent with but are
also more ROI-specific than recent longitudinal VBM studies of gray matter density,43 which
demonstrated decreases over time in the left anterior cingulate gyrus in the FESZ group.

Our longitudinal findings of bilateral subgenual volume reduction in the FEAFF group
compared with the HC group specify which subregion is affected, thus providing a more exact
specification of abnormality than a recent VBM study43 reporting decreased bilateral anterior
cingulate gyrus gray matter density over time in this disorder. We think it of importance that
the specific sub-region implicated in the initial scan and longitudinal data in the FEAFF group
is suggested by the literature to have a particularly strong relationship to affective disorder,
and is the target of deep brain stimulation14 (Mayberg et al14 also reviewed the literature links
between this region and affective disorder). There is thus a strong congruence of structural and
functional findings. However, a longitudinal study of 7 patients with psychotic depression by
Coryell et al38 demonstrated increases in posterior subgenual volumes; these patients were
diagnostically different from those in the present study, had longer durations of illness (4.7
years), and possibly differed in mood stabilizer medication duration, which may lead to volume
increases.69

To our knowledge, our FESZ and FEAFF findings, taken together, constitute the first report
to demonstrate that the gray matter volume deficits in the cingulate gyrus (cross-sectionally)
and their progressive reductions (longitudinally) differ according to both subregion specificity
and the type of psychosis. The FESZ group showed more extensive cross-sectional deficits and
more extensive progressive reduction over time of cingulate subregions, in contrast to the
subgenual subregion of the anterior cingulate gyrus in the FEAFF group.

Our group's previous studies found commonalities and differences in regional gray matter
volumes between samples of patients with FESZ and patients with FEAFF. For instance, the
FESZ group showed volume deficits in the posterior superior temporal gyrus49 and its
subdivisions of the Heschl gyrus and planum temporale,51 as well as in the pre-frontal
cortex70 and in fusiform gyrus gray matter.71 Commonalities of these 2 psychoses at first
episode included smaller gray matter volumes of the left posterior amygdalahippocampal
complex (mostly hippocampus)49 and in the subgenual cingulate cortex.40 These reports
suggested that the pathologic regions may show specificity between the 2 psychoses except in
the limbic or limbic-linked regions (hippocampus, temporal pole, or subgenual cingulate
cortex), where pathological findings overlap.
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One important question is when in the course of postonset schizophrenia are volume reductions
most prominent. The data by Kasai et al50 suggest that much occurs within the first 10 to 12
months, whereas the present data suggest a more protracted course, although the smaller
percentage of reduction in the present study makes direct comparison difficult and regions may
differ in time course.

Our third major finding that patients with FESZ showed less PCS fissurization than HCs is
similar to a previous report by Yücel et al.45 In contrast, there was no difference between the
patients with FEAFF and HCs. Sulcal pattern likely indexes developmental factors (genetic
and gestational environment) and may be a vulnerability indicator.72 Taken with the postonset
progressive volume decrements, these findings suggest that schizophrenia has both
neurodevelopmental and postonset progressive components.

In the present study, we compared the cingulate volume differences between the FESZ
subgroups treated with typical and atypical neuroleptics, and between the FEAFF subgroups
with and without mood stabilizer treatments. These comparisons did not show significant
subgroup differences. Our findings suggestive of medication effects in a study69 of entire
neocortical gray matter in patients with FESZ and FEAFF may be related to the greater
detection sensitivity of large regions of gray matter compared with the relatively small volumes
in the present study.

In terms of association between volume change and clinical measures, we found that worsening
withdrawal symptoms were associated with decreased cingulate gray matter volumes,
particularly in the right affective cingulate subregion volumes in patients with FESZ (ρ=−0.60;
P=.02). These were supported further by the good- vs poor-response group comparisons.
However, we emphasize that these symptom correlation analyses were exploratory in nature
and therefore confirmation will be needed in future planned studies.

We believe a strength of this study is that it represents, to our knowledge, the largest cross-
sectional MRI study sample of cingulate gyrus in patients with FEAFF and FESZ. Furthermore,
possible confounding variables that could affect the size of the gray matter, including age, sex,
handedness, and other demographic factors (eg, parental socioeconomic status), were carefully
controlled, strengthening the validity of our findings of smaller cingulate gray matter volume
in patients with FESZ and FEAFF, with regional specificity according to the type of psychosis.

Longitudinally, we found that the cingulate gray matter volume deficits progress during the
early stage of the psychotic illness: in the subgenual cingulate in patients with FEAFF and
patients with FESZ, and in the cognitive and affective anterior cingulate only in patients with
FESZ. This is the first demonstration of progression of gray matter volume deficits in
subgenual, affective, and cognitive subregions in patients with FESZ, and of progression of
gray matter volume deficits in the subgenual cingulate in patients with FEAFF compared with
HCs. In general, our findings support a hypothesis of differential progression in patients with
FESZ and FEAFF, as do our previous studies.50,69

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Cingulate gyrus subregions. Three-dimensional reconstruction (A) of the cingulate gyrus gray
matter according to subregions (subgenual, affective [anterorostral], cognitive [anterodorsal],
and posterior divisions), seen in sagittal (B) and coronal (C) views. On the sagittal view of the
left cingulate gyrus (B), the subgenual subdivision is yellow; the affective subdivision, pink;
the cognitive subdivision, blue; and the posterior division, green.

Koo et al. Page 15

Arch Gen Psychiatry. Author manuscript; available in PMC 2009 December 14.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Relative cross-sectional volumes of the cingulate gyrus subregions by hemisphere in patients
with first-episode schizophrenia (FESZ) (n=39) or first-episode affective psychosis (FEAFF)
(n=41) and healthy control subjects (HCs) (n=40). *P<.05; †P<.01; ‡P<.001, by analysis of
variance.
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Figure 3.
Scattergram of percentage of change for 1½ years in bilateral (left and right) volumes of the
cingulate gyrus gray matter in patients with first-episode schizophrenia (FESZ) (n=17) or first-
episode affective psychosis (FEAFF) (n=18) and healthy control subjects (HCs) (n=18).
Horizontal lines indicate mean. *P<.05; †P<.01; ‡P<.001, by analysis of variance.
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Figure 4.
Volume changes in 1½ years in absolute bilateral (left and right combined) volumes of the
cingulate gyrus gray matter at baseline and the second scan in subjects with first-episode
schizophrenia (FESZ) (n=17) or first-episode affective psychosis (FEAFF) (n=18) and healthy
control subjects (HCs) (n=18). Values of the baseline and second scan in each subject are
connected by lines. The numbers at the top of the graphs indicate the proportion of subjects
who showed volume reduction over time (number of subjects/total number of subjects).
Horizontal lines indicate the mean at the baseline and second scan. *P<.05; †P<.01; ‡P<.001,
in comparison of percentages of change between each of the 2 groups by analysis of variance.
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