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Objective: The purpose of the present
study was to characterize the association
between clinical symptoms and anatomi-
cal and functional cerebral deficits in a
relatively large sample of antipsychotic-
naive first-episode schizophrenia patients
using optimized voxel-based morphome-
try and resting state functional connectiv-
ity analysis.

Method: Participants were 68 antipsy-
chotic-naive first-episode schizophrenia
patients and 68 matched healthy com-
parison subjects. Both patients and
healthy  comparison subjects  were
scanned using a volumetric three-dimen-
sional spoiled gradient recall sequence
and a gradient-echo echo-planar imaging
sequence. Psychopathology of first-epi-
sode schizophrenia patients was evalu-
ated using the Positive and Negative Syn-
drome Scale (PANSS). Optimized voxel-
based morphometry was used to charac-
terize gray matter deficits in schizophre-
nia patients. The clinical significance of
regional volume reduction was investi-
gated by examining its association with
symptoms in patients with first-episode
schizophrenia and with alterations in rest-
ing state functional connectivity when

brain regions with gray matter volume re-
duction were used as seed areas.

Results: Significantly decreased gray
matter volume was observed in schizo-
phrenia patients in the right superior
temporal gyrus (Brodmann’s area 41),
right middle temporal gyrus (Brodmann’s
area 21), and right anterior cingulate gy-
rus (Brodmann’s area 32). Decreased gray
matter volume in these brain regions was
related to greater disturbance as shown
on PANSS scores for positive symptoms,
general psychopathology symptoms,
thought disturbance, activation, para-
noia, and impulsive aggression as well as
total PANSS scores. A positive correlation
was observed between PANSS scores for
thought disturbance and temporo-puta-
men connectivity, and negative correla-
tions were found between temporo-pre-
cuneus connectivity and total PANSS
scores as well as scores for negative symp-
toms and anergia.

Conclusions: The findings revealed vol-
ume loss in the right superior temporal
gyrus, right middle temporal gyrus, and
right anterior cingulate gyrus among
antipsychotic-naive first-episode schizo-
phrenia patients. In addition, the func-
tional networks involving the right supe-
rior temporal gyrus and middle temporal
gyrus were associated with clinical symp-
tom severity. No abnormalities were ob-
served in resting state connectivity with
regions of identified gray matter deficits.

(Am J Psychiatry 2009; 166:196–205)

Although morphometry studies have demonstrated
evidence for cerebral deficits in patients with schizophre-
nia (1), findings from these reports have been inconsistent
(1–3). Confounds associated with illness chronicity and
prolonged exposure to antipsychotic medication—and
possible progressive gray matter atrophy—may have con-
tributed to the inconsistency across studies (4, 5). Com-
pared with studies of chronic patients, relatively few at-

tempts have been made to investigate gray matter deficits
in antipsychotic-naive patients with first-episode schizo-
phrenia (6). However, the study of antipsychotic-naive
first-episode schizophrenia may be important for eluci-
dating the core pathophysiology of this illness (7).

Another issue pertains to whether and how anatomic
deficits relate to clinical manifestations and alterations in
brain physiology. Findings from the few previous studies
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that have examined these relationships have been incon-
sistent (7–11). In 25 medication-naive first-episode
schizophrenia patients, Kim et al. (8) observed a negative
association between the volume of an anterior region of
the left superior temporal gyrus and ratings of reality dis-
tortion symptoms (the sum of hallucination and delusion
ratings on the Scale for the Assessment of Positive Symp-
toms) (12). Conversely, volume loss in a posterior region of
the right superior temporal gyrus has been associated
with negative symptoms (11). Other studies did not find a
relationship between symptom ratings and whole brain or
temporal lobe gray matter volume reduction in patients
with first-episode schizophrenia (9, 10).

There is increasing evidence that deficits of schizophre-
nia arise from systems-level disturbances in distributed
brain networks (13, 14). Functional magnetic resonance
imaging (fMRI) studies have reported disrupted fronto-
temporal connectivity in individuals with first-episode
schizophrenia during working memory and verbal fluency
task performance (15, 16). The fMRI data also suggest a
functional disconnection within cortical-thalamo-cere-
bellar circuitry as a fundamental abnormality among
schizophrenia patients (17). Other fMRI studies have re-
ported disruptions in subcortical and cerebellar connec-
tions to the prefrontal cortex (18, 19) and between pre-
frontal and parietal regions (8).

Recently, assessments of brain functional connectivity
were conducted in order to investigate the level of integra-
tion of brain systems at a resting state when no task was
performed (20). Low-frequency (0.01–0.8 Hz) fluctuations
of the blood-oxygen-level-dependent (BOLD) signal in the
resting state are considered to be physiologically mean-
ingful and related to spontaneous neural activity (21). Al-
though fMRI studies can assess disturbances in functional
connectivity when patients perform a particular task, as-
sessment of resting state connectivity may have different
and potentially broader significance. Abnormal bilateral
fronto-parietal, fronto-cingulate, and fronto-thalamic
connectivity have been observed in schizophrenia pa-
tients during the resting state (22, 23). However, it is un-
clear whether these connectivity alterations were associ-
ated with morphometric deficits or clinical symptom
severity. Until recently, very few studies investigated
whether gray matter deficits in schizophrenia affect cere-
bral functional networks, and no study, to our knowledge,
has determined whether symptoms of schizophrenia are
associated with the functional connectivity of areas with
gray matter deficits.

Various methods, such as correlation approaches (24,
25), independent-component analysis (26), and small
world networks (27), have been employed to characterize
functional networks of the brain during the resting state.
However, correlation approaches are particularly suitable
for examining the relationship between regional anatomic
deficits and their implications for broader functional con-
nectivity. The purpose of the present study was to 1) iden-

tify brain regions with gray matter volume reduction, using
optimized voxel-based morphometry, and 2) investigate
the clinical significance of gray matter volume reduction
by using the observed structural deficits as seed regions in
functional connectivity analysis in order to explore the
brain network effect of these anatomic deficits and their
association with clinical symptoms in a large sample of an-
tipsychotic-naive first-episode schizophrenia patients.

Method

Participants

Sixty-eight antipsychotic-naive first-episode schizophrenia pa-
tients and 68 healthy comparison subjects were recruited via the
Mental Health Centre of the West China Hospital, Chengdu,
China (Table 1). The study was approved by the local ethics com-
mittee, and all patients and healthy comparison subjects gave
written informed consent. Diagnosis of schizophrenia and dura-
tion of illness were determined by consensus between the attend-
ing psychiatrist and a trained interviewer using the Structured
Clinical Interview for DSM-IV (SCID)–Patient Version. Diagnoses
for all patients were confirmed after ≥1-year follow-up. Healthy
comparison subjects were recruited from the local area via poster
advertisement and screened using the SCID–Non-Patient Version
to confirm the lifetime absence of psychiatric and neurological
illness. In addition, healthy subjects were interviewed to confirm
that there was no history of psychiatric illness among their first-
degree relatives. Data pertaining to age, sex, height, weight, hand-
edness (based on the Annett Handedness Scale [28]), years of ed-
ucation, duration of illness, and clinical symptom ratings were
obtained by two experienced clinical psychiatrists prior to initiat-
ing any treatment and magnetic resonance (MR) examinations.
All patients were evaluated using the Global Assessment of Func-
tioning Scale (GAF) of DSM-IV (29). Psychopathology associated
with first-episode schizophrenia was evaluated using the Positive
and Negative Syndrome Scale (PANSS) (30, 31), which determines
positive and negative symptom scores and a total score as well as
indices of thought disturbance, activation, paranoia, depression,
and anergia by combining item ratings via a previously published
six-factor structure of PANSS items (32). Healthy comparison
subjects were matched with schizophrenia patients on age, sex,
height, weight, and years of education (Table 1). Exclusion criteria
for both groups were 1) existence of a neurological disorder; 2) al-
cohol or drug abuse; 3) pregnancy; and 4) any physical illness
such as a brain tumor, hepatitis, or epilepsy as assessed according
to clinical evaluations and medical records. Magnetic resonance
imaging (MRI) was inspected by an experienced neuroradiolo-
gist, and no gross abnormalities were observed in either group.

Data Acquisition

High resolution T1-weighted images were acquired via a 3-
Telsa MRI system (EXCITE, General Electric, Milwaukee, Wisc.),
with a volumetric three-dimensional spoiled gradient recall se-
quence (TR=8.5 msec, echo time=3.4 msec, flip angle=12°, slice
thickness=1 mm) using an eight-channel phase array head coil.
Field of view (240×240 mm2) was used with an acquisition matrix
comprising 256 readings of 128 phase encoding steps that pro-
duced 156 contiguous coronal slices, with a slice thickness of 1.0
mm. The final matrix size of T1-weighted images was automati-
cally interpolated in-plane to 512×512, which yielded an in-plane
resolution of 0.47×0.47 mm2. MR images sensitized to changes in
BOLD signal levels (TR=2000 msec, echo time=30 msec, flip an-
gle=90°) were obtained via a gradient-echo echo-planar imaging
sequence. During MR examination, subjects were instructed to
relax with their eyes closed without falling asleep (confirmed by
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subjects immediately after the experiment). Five dummy scans
were collected before fMRI scans were performed, and the first
two volumes of fMRI time series were discarded for magnetiza-
tion stabilization (slice thickness=5 mm [no slice gap]; matrix=
64×64; field of view=240×240 mm2; voxel size=3.75×3.75×5 mm3).
Each brain volume comprised 30 axial slices, and each functional
run contained 200 image volumes.

Voxel-Based Morphometry Analysis

Optimized voxel-based morphometry (33) was conducted
using Statistical Parametric Mapping–2 (SPM2) ( Welcome
Department of Imaging Neuroscience, London [http://
www.fil.ion.ucl.ac.uk/spm]). The voxel-based morphometry–2
toolbox, which implements the optimized voxel-based mor-
phometry approach (33), was used for data preprocessing. Opti-
mized voxel-based morphometry consists of a two-step proce-
dure that starts with the construction of a study-specific whole
brain template and tissue priors that account for the magnetic
field properties of the scanner as well as the anatomical proper-
ties of the study groups. In this first step, images from all 136 par-
ticipants were normalized to the T1-Montreal Neurological Insti-
tute (MNI) brain template in SPM2 using a 12-parameter affine-
only procedure, smoothed (according to SPM2 specifications)
with a 4-mm isotropic Gaussian kernel and averaged. In the sec-
ond step, the customized template and tissue priors were used for
data segmentation and data registration to and re-segmentation
in standard space. Thus, gray matter was automatically seg-
mented from raw MRI using tissue-signal intensity values and tis-
sue priors for the distribution of brain tissue type. An automated
brain extraction step was incorporated in order to eliminate vox-
els from non-gray matter structures with signal intensities similar
to gray matter, such as the dural venous sinuses, scalp, cranial
marrow, and diplopic space. Gray matter partitions were spatially
normalized (using a 12-parameter affine transformation and
7×8×7 nonlinear basis functions) to the created customized gray
matter template. The deformation parameters obtained from the
normalization process were applied to each participant’s original
raw image (native space) in order to create optimally normalized
whole brain images, which were recursively segmented for brain
tissue extraction. Finally, the segmented images were modulated

with the Jacobian determinants derived from spatial normaliza-
tion (33). The optimally processed images were smoothed with an
isotropic Gaussian kernel (full-width half maximum=8 mm).

Voxel-by-voxel-based comparisons of gray matter volume were
performed between groups using two-sample t tests. The signifi-
cance of group differences in each region was estimated by distri-
butional approximations from the theory of random Gaussian
fields, and significance levels were set at p<0.05 (corrected for
multiple comparisons). To identify the association between
structural abnormalities and clinical symptom severity, the aver-
age gray matter volume values for all voxels in abnormal areas, re-
vealed by voxel-based morphometry, were extracted and corre-
lated with PANSS scores, age, and duration of illness using
correlation analysis.

Functional Connectivity Analysis

Preprocessing and statistical analysis of functional images
were conducted using SPM2. For each subject, echo-planar im-
ages were slice-time corrected and realigned to the first image in
the first series and were subsequently unwarped to correct for
susceptibility-by-movement interaction. All realigned images
were spatially normalized to the MNI echo-planar imaging tem-
plate in SPM2, and each voxel was resampled to 3×3×3 mm3.
Functional connectivity was examined using a method based on
a seed voxel correlation approach (24, 25). Since voxel-based
morphometry analysis showed anatomic deficits in the right su-
perior temporal gyrus (Brodmann’s area 41), right middle tempo-
ral gyrus (Brodmann’s area 21), and right anterior cingulate gyrus
(Brodmann’s area 32), areas with gray matter volume reduction in
each of these three regions were defined as seeds for functional
connectivity analysis. A reference time series for each seed was
obtained by averaging the fMRI time series for all voxels within
each of the three regions with anatomic deficits. Next, each time
series was temporally bandpass filtered (0.01–0.08 Hz). Correla-
tion analysis was conducted between the seed reference and the
rest of the whole brain in a voxel-wise manner using the realigned
images. The resultant r value map was subsequently normalized
to MNI space for group analysis using the normalization parame-
ters extracted previously.

TABLE 1. Demographic and Clinical Characteristics for Antipsychotic-Naive First-Episode Schizophrenia Patients and
Healthy Comparison Subjects

Characteristic

Group

Antipsychotic-Naive First-Episode 
Schizophrenia Patients (N=68) Healthy Comparison Subjects (N=68)

Mean SD Mean SD p
Age (years) 24.2 8.6 24.7 8.8 0.88
Education (years) 11.8 3.2 13.0 2.9 0.76
Height (cm) 167.3 4.9 166.8 6.4 0.82
Weight (kg) 59.4 12.8 58.7 10.6 0.85
Illness duration (months) 8.6 14.3
GAF scores 26.2 7.6
PANSS scores

Total 107.4 15.2
Negative symptoms 20.6 6.6
Positive symptoms 26.6 5.4
General psychopathology symptoms 51.8 9.1
Thought disturbance 14.4 3.5
Activation 10.0 2.8
Paranoid 11.2 2.5
Depression 10.5 4.7
Anergia 10.1 4.0
Impulsive aggression 17.8 5.2

N % N % p
Gender

Female 38 55.9 37 54.4 0.91
Male 30 44.1 31 45.6 0.91
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For patient data, individual r value maps were analyzed with a
random effect one-sample t test to identify voxels showing a sig-
nificant positive or negative correlation to the seed time series,
with correlations thresholded using a family-wise error correction
at p<0.05. For between-group comparison, two-sample t tests
were used to compare r value maps between first-episode schizo-
phrenia patients and healthy comparison subjects, with the sig-
nificance threshold set at p<0.05 after correction for multiple
comparisons from the theory of random Gaussian fields. MNI co-
ordinates for our results were transformed to Talairach coordi-
nates via mni2tal (http://imaging.mrc-cbu.cam.ac.uk/imaging/
MniTalairach). To identify the association between functional
connectivity and symptoms in schizophrenia patients, a series of
correlation analyses between individual r value maps and PANSS
scores of interest were computed and then thresholded at p<0.05
after correction for multiple comparisons from the theory of ran-
dom Gaussian fields.

Results

Morphometry Analysis

Relative to healthy comparison subjects, first-episode
schizophrenia patients showed significantly decreased
gray matter volume in the following three brain regions:
right anterior cingulate gyrus ([Brodmann’s area 32] Ta-
lairach coordinates: 20, 22, 27; voxel size=252 mm3), right
middle temporal gyrus ([Brodmann’s area 21] Talairach
coordinates: 54, –26, –1; voxel size=2,715 mm3), and right
superior temporal gyrus ([Brodmann’s area 41] Talairach
coordinates: 50, –26, 16; voxel size=5,353 mm3) (Figure 1).
No significant increases in gray matter volume were
found in schizophrenia patients relative to healthy com-
parison subjects.

Significant positive correlations were observed between
the degree of gray matter volume reduction in each of the
three anatomic regions and the general functioning of
schizophrenia patients as measured using GAF (Table 2).
Correlations were also found between PANSS scores and
the gray matter volume of the three regions. Significant
negative correlations were found between the gray matter

volume of the right anterior cingulate gyrus and PANSS
scores for positive symptoms, thought disturbance, activa-
tion, paranoia, and impulsive aggression (Table 2). In addi-
tion, significant negative correlations were observed be-
tween the gray matter volume of the right middle temporal
gyrus and PANSS scores for positive symptoms, thought
disturbance, activation, paranoia, and impulsive aggres-
sion (Table 2). Last, significant negative correlations were
observed between the gray matter volume of the right su-
perior temporal gyrus and total PANSS scores as well as
scores for positive symptoms, general psychopathology
symptoms, thought disturbance, and paranoia (Table 2).
No correlation was found between the gray matter volume
of the three regions with anatomic deficits and the age and
duration of illness among schizophrenia patients.

Functional Connectivity Analysis

The three seed areas, where reduced gray matter vol-
ume was detected among first-episode schizophrenia pa-
tients, were selected for functional connectivity analysis.
When the seed was located in the right anterior cingulate
gyrus where reduced gray matter volume was detected,
both schizophrenia patients and healthy comparison sub-
jects showed significant positive correlations between the
seed and activity in the contralateral cingulate gyrus, bilat-
eral prefrontal cortex, and bilateral inferior parietal lobes
(Figure 2). When the seed was located in the right middle
temporal gyrus where reduced gray matter volume was
detected, both schizophrenia patients and healthy com-
parison subjects showed significant positive correlations
between the seed and activity in the contralateral middle
temporal gyrus, bilateral thalamus, putamen, cerebellum,
dorsolateral frontal cortex, posterior cingulate gyrus, and
precuneus (Figure 2). When the seed was located in the
right superior temporal gyrus where reduced gray matter
volume was detected, both schizophrenia patients and
healthy comparison subjects showed significant positive

FIGURE 1. Statistical Parametric Images of Voxel-Based Morphometry Analysis for Antipsychotic-Naive First-Episode Schizo-
phrenia Patients and Healthy Comparison Subjectsa

a Relative to healthy comparison subjects, schizophrenia patients had significantly reduced gray matter volume in the right superior and mid-
dle temporal gyri (panel A) and right anterior cingulate gyrus (panel B).
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correlations between the seed and activity in the con-
tralateral superior temporal gyrus, bilateral thalamus, oc-
cipital lobes, dorsolateral frontal cortex, bilateral parietal
lobes, cingulate gyrus, and precuneus (Figure 2). There
were no significant differences in r value maps between
schizophrenia patients and healthy comparison subjects
reflecting the resting state functional connectivity of any
of the three seed areas. Given the findings of previous
studies (22, 34), we also examined the connectivity of the
dorsolateral prefrontal cortex in our antipsychotic-naive
schizophrenia sample and did not find evidence of altered
functional connectivity with this region.

A correlation analysis was performed between r value
maps from the functional connectivity analysis and
PANSS scores in order to assess the association between
schizophrenia symptoms and functional connectivity val-
ues. When the seed was located in the right middle tempo-
ral gyrus, significant positive correlations were observed
between PANSS thought disturbance scores and r values
in the bilateral putamen (Table 3). When the seed was lo-
cated in the right superior temporal gyrus, significant neg-
ative correlations were observed between PANSS total
scores and r values in the bilateral posterior cingulate gy-
rus and bilateral precuneus and between PANSS scores for
negative symptoms and anergia and r values in the bilat-
eral precuneus (Table 3). When the seed was located in the
right anterior cingulate gyrus, there were no areas showing
a positive or negative correlation between PANSS total
scores and r values.

Discussion

The present study examined gray matter abnormalities
in a relatively large sample of antipsychotic-naive first-ep-
isode schizophrenia patients. Decreases in gray matter
volume were observed in the right anterior cingulate gy-
rus, right middle temporal gyrus, and right superior tem-
poral gyrus (Figure 1). Gray matter volume reduction in

these three regions was related to the severity of psycho-
pathology (Table 2).

Gray matter deficits in schizophrenia patients were re-
ported in approximately 50 brain regions in one meta-
analysis (1). Among those regions, volume reduction in
the superior temporal gyrus had 100% replicability with
region-of-interest measurements (35) and approximately
50% replicability with voxel-based morphometry ap-
proaches in previous studies (1). However, decreased gray
matter volume in the right anterior cingulate gyrus and
right middle temporal gyrus had replicability with voxel-
based morphometry approaches of approximately 24%
and 7%, respectively, in previous studies (1). The inhomo-
geneous findings of different voxel-based morphometry
studies may be related to numerous confounds, including
illness chronicity and antipsychotic medication effects (4,
5, 36, 37) as well as methodological differences (e.g.,
smoothing kernel) (1).

The study of untreated first-episode schizophrenia is es-
pecially useful for understanding the disorder-related
clinical and neurophysiological correlates of morphomet-
ric changes. To our knowledge, only three voxel-based
morphometry studies (3, 6, 38) have, to date, recruited
antipsychotic-naive schizophrenia patients, all with a
smaller sample size than that of the present study. Each of
these previous studies reported decreased gray matter in
the cingulate gyrus, and none found alterations in the
right middle temporal gyrus. However, findings for the su-
perior temporal gyrus differed among the three studies. To
our knowledge, the present study is the first to demon-
strate that gray matter deficits in the right middle tempo-
ral gyrus and right superior temporal gyrus may be
present during a very early stage of schizophrenia.

In the present study, we also found positive correlations
between gray matter volume values in the three brain re-
gions with anatomic deficits (right anterior cingulate gy-
rus, right middle temporal gyrus, and right superior tem-
poral gyrus) and GAF scores. This finding confirms that
the gray matter abnormalities were associated with in-

TABLE 2. Association of Regional Gray Matter Volume Reduction With Clinical Symptoms in Antipsychotic-Naive First-Epi-
sode Schizophrenia Patients

Clinical Measures

Association With Brain Regiona (r)

Right Middle Temporal Gyrus 
(Brodmann’s area 21)

Right Superior Temporal Gyrus 
(Brodmann’s area 41)

Right Anterior Cingulate Gyrus 
(Brodmann’s area 32)

GAF scores 0.28∗ 0.41∗∗ 0.26∗
PANSS scores

Total –0.18 –0.26∗ –0.16
Negative symptoms 0.21 0.065 0.22
Positive symptoms –0.44∗∗ –0.30∗ –0.43∗∗
General psychopathology symptoms –0.082 –0.26∗ –0.06
Thought disturbance –0.36∗∗ –0.32∗∗ –0.35∗∗
Activation –0.36∗∗ –0.19 –0.37∗∗
Paranoid –0.28∗ –0.26∗ –0.25∗
Depression 0.007 –0.12 0.019
Anergia 0.19 0.053 0.21
Impulsive aggression –0.37∗∗ –0.23 –0.36∗∗

a Regions with gray matter volume reduction in schizophrenia patients (seed areas).
∗p<0.05. ∗∗p<0.01.
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creased levels of psychopathology and functional impair-
ment among antipsychotic-naive first-episode schizo-
phrenia patients (39). In a previous study using single
photon emission computed tomography, activity in the
anterior cingulate gyrus was reported to be correlated
with some positive symptoms, such as delusion, in anti-
psychotic-naive schizophrenia patients (40). In the
present study, we utilized MRI to show that gray matter
volume in the anterior cingulate gyrus was correlated with
the psychopathology of schizophrenia, since there were
negative correlations of gray matter volume in the right
anterior cingulate gyrus with PANSS scores for positive
symptoms, thought disturbance, activation, paranoia, and
impulsive aggression.

The role of volume reduction in the superior temporal
gyrus as it relates to negative symptoms (8) and thought
disorder (2, 41) in schizophrenia has been discussed in pre-
vious studies, although some nonreplication has also been
reported (9, 10). Studies of patients with familial and non-

familial schizophrenia have suggested that superior tem-

poral gray matter volume reduction may be a familial phe-

notype (42) and may have a neurodevelopmental origin,

since decreases in superior temporal gray matter volume

in these studies occurred among unaffected individuals for

whom illness progression effects would not have been a

potential cause of morphometric abnormality (42, 43). Al-

though decreased gray matter volume in the middle tem-

poral gyrus has been rarely reported in the literature (1), re-

cent structural (44) and functional (41) studies have shown

correlations between the severity of symptoms and sever-

ity of abnormalities in the middle temporal gyrus among

first-episode schizophrenia patients. In the present study,

our results confirm the presence of neuroanatomic abnor-

malities in the temporal and cingulate cortex and further

confirm the role of these areas in the pathology of schizo-

phrenia by demonstrating correlations of gray matter vol-

ume reduction with symptom profiles (Table 3).

FIGURE 2. Statistical Parametric Images of Functional Connectivity Analysis for Antipsychotic-Naive First-Episode Schizo-
phrenia Patients and Healthy Comparison Subjectsa

a The seed areas (areas with gray matter volume reduction) were located in the right anterior cingulate gyrus ([Brodmann’s area 32] panels A
and D), right middle temporal gyrus ([Brodmann’s area 21] panels B and E), and right superior temporal gyrus ([Brodmann’s area 41] panels
C and F). Schizophrenia patients (upper row) and healthy comparison subjects (lower row) showed no significant differences in patterns of
functional connectivity during the resting state.
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Alterations of functional connectivity in schizophrenia
has been treated as a potential systems-level substrate of
the disorder. Through the use of resting-state fMRI, previ-
ous studies (22, 23, 45) have reported alterations of func-
tional connectivity in schizophrenia patients. Decreased
fronto-parietal, fronto-cingulate, and fronto-thalamic
connectivity have also been reported (22, 23, 45). However,
the findings have not been consistent. These previous
studies utilized different a priori anatomic regions as seeds
based on the specific hypotheses of the investigations. Fur-
thermore, since regional changes in resting state brain
physiology are known to occur after antipsychotic treat-
ment (46, 47), previous functional connectivity studies, in-
cluding those of first-episode schizophrenia patients who
received treatment (22, 23, 45), may have detected effects
of antipsychotic medication rather than direct illness ef-
fects on brain function. Longitudinal studies of patients
evaluated before and after treatment are needed in order to
assess whether effects of antipsychotic medication or di-
rect illness effects on brain function are present.

In the present study, regions with abnormal gray matter
volume were used as seeds for functional connectivity
analysis. Surprisingly, patterns of resting state functional
connectivity for all three structurally abnormal regions
(right anterior cingulate gyrus, right middle temporal gy-
rus, and right superior temporal gyrus) were similar
among antipsychotic-naive first-episode schizophrenia
patients and healthy comparison subjects (Figure 2). In
addition, we did not observe altered functional connectiv-
ity with the dorsal lateral prefrontal cortex in our antipsy-
chotic-naive schizophrenia sample, which has been found
in patients who received treatment in previous studies (22,
34). Thus, gray matter volume reduction in the three re-
gions—although related to symptoms—did not appear to
significantly alter the integration of affected brain regions
within their corresponding functional networks, at least
with regard to resting state indices of functional connec-
tivity. However, correlations were found between the clin-
ical symptoms and functional connectivity of the middle
temporal gyrus with the putamen and between the clinical
symptoms and functional connectivity of the superior
temporal gyrus with the precuneus. Middle temporal con-
nectivity with the putamen among first-episode schizo-

phrenia patients was associated with thought disturbance,
while superior temporal gyrus connectivity with the pre-
cuneus was associated with PANSS total scores as well as
scores for negative symptoms and anergia (Table 3). This
suggests that heightened patterns of common activity be-
tween the basal ganglia and middle temporal gyrus may
be associated with increased levels of thought disorder, an
association that is perhaps mediated by increased striatal
metabolic or dopaminergic activation that can occur dur-
ing acute episodes of illness (48). In contrast, functional
integration of the superior temporal gyrus with the precu-
neus was associated with negative symptoms, which is an
association that might be related to reduced attention or
impaired processing of real-life events (49).

To our knowledge, the present study is the first to iden-
tify two different patterns of associations between brain
abnormalities and symptoms of first-episode schizophre-
nia. First, volume reduction in the right anterior cingulate
gyrus, right middle temporal gyrus, and right superior
temporal gyrus was directly related to the severity of sev-
eral dimensions of psychopathology. Second, functional
connectivity levels of the right middle temporal gyrus and
right superior temporal gyrus were associated with symp-
tom severity and thus may have clinical significance in
some more severely ill patients. However, since schizo-
phrenia patients were not followed over time, we were un-
able to determine whether the reported relations between
symptom severity and neurophysiological and morpho-
metric measures were restricted to periods of acute psy-
chosis or were patterns that persisted during recovery.

The two patterns of associations between anatomic
deficits and symptom severity among first-episode
schizophrenia patients suggest that there may be impor-
tant clinical and, perhaps, neuropsychological effects as-
sociated with disorder-related morphometric changes in
the right middle temporal gyrus and superior temporal
gyrus that could be examined in future studies of schizo-
phrenia. For example, a recent study by Weinstein et al.
(41) revealed that the association between decreased gray
matter volume in the left superior temporal gyrus and the
severity of thought disorder was mediated by the level of
activation in the superior and middle temporal gyri dur-
ing language processing.

TABLE 3. Resting State Functional Connectivity Associated With Symptoms in Antipsychotic-Naive First-Episode Schizophre-
nia Patients

Seed Areaa
PANSS 

Symptom
Connection 

Type Connected Location

Talairach 
Coordinates

(x, y, z)
Voxel Size 

(cm) pb

Right middle temporal gyrus Thought 
disturbance

Positive Left putamen –18, 10, –11 217 0.0001

Right middle temporal gyrus Thought 
disturbance

Positive Right putamen; precuneus/posterior 18, 8, –12 61 0.036

Right superior temporal gyrus Total Negative Cingulate gyrus (Brodmann’s area 31) 18, –60, 19 97 <0.0004
Right superior temporal gyrus Negative Negative Precuneus (Brodmann’s area 7) –3, –56, 47 160 0.0005
Right superior temporal gyrus Anergia Negative Precuneus (Brodmann’s area 7) –3, –56, 47 37 0.043
a Regions with gray matter volume reduction in schizophrenia patients.
b Corrected for multiple comparisons.
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Several methodological limitations regarding the use of
voxel-based morphometry should be considered when in-
terpreting the results of the present study. First, although
optimized voxel-based morphometry was employed,
which minimizes the contamination of brain tissue with
nonbrain voxels relative to standard voxel-based mor-
phometry (33), findings from our sample of Chinese pa-
tients may have affected the accuracy of normalization
because the generic MNI template differs structurally in
the brains of non-Caucasian populations (50). However,
since both schizophrenia patients and healthy compari-
son subjects were of a similar ethnic background, it is un-
likely that the group differences observed were affected by
ethnic factors. Second, some of the differences in gray
matter volume may have resulted from systematic mor-
phological differences between the two groups, since spe-
cific patterns of abnormal morphology may result in
group-specific misregistration. In such a case, there can be
increased sensitivity to systematic shape differences at-
tributable to misregistration from the spatial normaliza-
tion step (51). Systematic differences in morphology are
one of several potential differences between schizophre-
nia patients and healthy comparison subjects that may be
detected by voxel-based morphometry, and they reflect a
real difference between data obtained from different pop-
ulations but may not necessarily be the result of changes
in gray matter volume (52). In addition, compared with
the classic region of interest method, previous studies (53,
54) of individuals with schizophrenia have indicated that
the results of voxel-based morphometry and region of in-
terest are generally consistent, and voxel-based mor-
phometry has proven to be somewhat more sensitive than
region of interest methods. Last, we also recognize that
voxel-based morphometry may not be sensitive to a dis-
ease that likely affects brain structure in nonlinear ways,
as first demonstrated by Davatzikos (55). Although voxel-
based morphometry methods used to accommodate non-
linearities have been proposed (56), it is important to ac-
knowledge that voxel-based morphometry is not a surro-
gate for multivariate volumetric analyses that have been
specifically developed to characterize highly distributed
nonlinear changes.

In conclusion, the present study applied morphometry
analysis and resting-state functional connectivity to
examine their relationship with the clinical features of
first-episode schizophrenia. Our findings document that
symptoms in antipsychotic-naive patients with first-epi-
sode schizophrenia are associated with both structural
deficits and alterations in the functional brain networks of
regions with gray matter volume reduction. However, re-
gions with gray matter volume reduction did not have sig-
nificantly altered resting state functional connectivity
with other brain regions. Our results provide support for
future efforts to combine anatomical and functional data
to explore the complex disorder of schizophrenia.
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