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Objective: Smaller temporal lobe corti-
cal gray matter volumes, including the
left superior temporal gyrus, have been
reported in magnetic resonance imaging
(MRI) studies of patients with chronic
schizophrenia and, more recently, in pa-
tients with first-episode schizophrenia.
However, it remains unknown whether
there are progressive decreases in tempo-
ral lobe cortical gray matter volumes in
patients with first-episode schizophrenia
and whether similarly progressive volume
decreases are present in patients with af-
fective psychosis.

Method: High-spatial-resolution MRI scans
at initial hospitalization and 1.5 years
later were obtained from 13 patients with
first-episode schizophrenia, 15 patients
with first-episode affective psychosis
(mainly manic), and 14 healthy compari-
son subjects. MRI volumes were calcu-
lated for gray matter of superior temporal

gyrus and for the amygdala-hippocampal
complex.

Results: Patients with first-episode schizo-
phrenia showed significant decreases in
gray matter volume over time in the left
superior temporal gyrus compared with
patients with first-episode affective psy-
chosis or healthy comparison subjects.
This progressive decrease was more pro-
nounced in the posterior portion of the
left superior temporal gyrus (mean=9.6%)
than in the anterior portions (mean=
8.4%). No group differences in the rate of
change over time were present in other
regions.

Conclusions: These findings demonstrate
a progressive volume reduction of the left
posterior superior temporal gyrus gray
matter in patients with first-episode schizo-
phrenia but not in patients with first-epi-
sode affective psychosis.

(Am J Psychiatry 2003; 160:156-164)

Abnormalities in temporal lobe structures, including
the superior temporal gyrus and amygdala-hippocampal
complex, play a crucial role in dysfunction of auditory and
language processing and in memory in patients with schizo-
phrenia (1). Studies of magnetic resonance imaging (MRI)
techniques have also demonstrated a gray matter volume
reduction in temporal lobe regions of interest, which are
associated with auditory hallucinations, thought disorder,
and memory dysfunction (see reviews [2—4]).

Moreover, several investigators have also reported a vol-
ume reduction of temporal lobe gray matter regions of in-
terest in patients with first-episode schizophrenia, includ-
ing the superior temporal gyrus (5, 6) and hippocampus
(6, 7). Our laboratory noted smaller left posterior superior
temporal gyrus (8) and smaller left planum temporale and
total (left plus right) Heschl’s gyri gray matter volumes (9)
in patients with first-episode schizophrenia that were not
present in patients with first-episode affective (mainly
manic) psychosis. On the other hand, both groups showed
smaller left-side posterior amygdala-hippocampal com-
plex volumes (8). This different pattern of gray matter re-
ductions supports the hypothesis that schizophrenia and
affective psychoses are different disorders, although it
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does not rule out the possibility of epistatic or environ-
mentally induced variations of the same genetic etiology.
As noted, our group (8) demonstrated a gray matter vol-
ume reduction of the left posterior superior temporal gy-
rus that was present at the first episode and specific to pa-
tients with schizophrenia. Here we evaluate progression of
this abnormality over time. We note that early cross-sec-
tional studies reported differences in the prevalence and
severity of ventricular enlargement and medial temporal
lobe gray matter volume reductions between patients with
first-episode and patients with chronic schizophrenia (10—
12), although there are as yet too few first-episode supe-
rior temporal gyrus studies to permit a similar compari-
son. Cross-sectional P300 event-related-potential studies
have demonstrated an age-related (13) or duration-of-ill-
ness-related (14) latency prolongation in schizophrenic
patients, which is compatible with a progressive process.
However, only longitudinal studies can provide defini-
tive evidence about progression. Ideally, longitudinal
studies should 1) use high-spatial-resolution MRI technol-
ogy (currently 1.5-mm contiguous slices), 2) examine sev-
eral regions of interest, 3) segment gray and white matter
(this procedure provides the most accurate measure [3—
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TABLE 1. Demographic and Clinical Characteristics of Patients With First-Episode Schizophrenia, Patients With First-
Episode Affective Psychosis, and Healthy Comparison Subjects

Healthy Comparison

Variable Schizophrenia Patients Affective Psychosis Patients Subjects Analysis?
N N N

Gender

Men 10 14 13

Women 3 1 1

Mean SD Range Mean SD Range Mean SD Range F df p

Age (\/ears)b 27.2 8.4 18—41 21.8 2.9 18-28 25.6 4.7 18-35 3.36 2,39 <0.05
Handedness® 0.79 0.13 0.56-1.00 0.75 0.17 0.44-1.00 0.79 0.16 0.60-1.00 0.35 2,39 071
Socioeconomic statusd 3.7 1.4 2.6 1.3 1.9 0.6 8.09 2,39 0.001
Parental socioeconomic status 1.9 0.6 1.5 0.7 1.4 0.6 219 2,39 0.13
Score on the Mini-Mental

State Examination (time 1) 27.7 3.0 29.1 1.4 28.8 1.4 1.71 2,38 0.20
Score on the WAIS-R (time 1)

Information 11.4 3.6 12.7 2.9 12.3 2.6 0.64 2,38 0.53

Digits forward 8.2 2.0 9.3 2.5 9.7 2.5 152 2,38 0.23

Digits backward 6.4 3.0 7.3 2.6 71 2.8 0.38 2,38 0.69
Time between scans (months)  17.1 11.0 9-40 17.7 8.1 8-36 19.5 105 9-43 022 2,39 0.80

Mean SD Range Mean SD Range Mean SD Range t df p

Medication dose (time 1) 348 520 178 144 122 25 0.24
Age first medicated (years)? 26.8 8.6 18-41 21.1 3.1 17-28 229 23 0.03
Score on the Global

Assessment Scale

Time 1 359 9.1 421 9.2 1.78 26 0.09

Time 2 49.2 9.8 63.6 14.7 299 26 0.006
Total score on the Brief

Psychiatric Rating Scale

Time 1 40.8 12.7 33.4 7.6 1.89 26 0.07

Time 2 30.0 6.3 23.5 5.6 282 25 0.009

Median Range  Median Range

Duration of medication use

(months) 1 0-24 0 0-60

a Degrees of freedom differ among variables owing to unavailability of data for some subjects.
b Post hoc test indicated that the schizophrenia group was significantly older than the affective psychosis group (p<0.05, Tukey’s honestly sig-

nificant difference test).
¢ Right-handedness is designated by values above 0.

d Higher scores indicate lower socioeconomic status. Post hoc tests indicated that the schizophrenia group had significantly lower socio-
economic status than the affective psychosis group or the healthy comparison group (p<0.05, Tukey’s honestly significant difference tests).

4]), 4) start the longitudinal study group at the first epi-
sode, and 5) demonstrate specificity to schizophrenia vis-
a-vis another functional psychosis with a frequently
chronic course, such as manic or unipolar psychosis.

A number of investigators have pioneered longitudinal
MRI studies of temporal lobe structures in schizophrenia
patients (5, 15-19), although the findings have been some-
what controversial. Mathalon et al. (19) demonstrated that
male patients with chronic schizophrenia exhibited more
volume decline than healthy comparison subjects in bilat-
eral posterior superior temporal gyrus gray matter. Addi-
tionally, Jacobsen et al. (17) reported that patients with
childhood-onset schizophrenia showed significantly
greater decreases than healthy comparison subjects in the
right temporal lobe, superior temporal gyrus, and left hip-
pocampal volumes. Other studies of patients with first-ep-
isode schizophrenia, however, indicated no faster de-
creases than those of healthy comparison subjects in the
hippocampus (15, 18) or (unsegmented) temporal lobes
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(15, 16). Keshavan et al. (5) reported a reversal of volume
reduction in the initial gray matter superior temporal gy-
rus with neuroleptic treatment after 1 year of follow-up in
patients with first-episode schizophrenia. However, to our
knowledge, no study to date has evaluated progressive
changes in superior temporal gyrus and amygdala-hip-
pocampal complex gray matter volumes in patients with
first-episode schizophrenia as contrasted with those in
patients with first-episode affective psychosis.

We here report longitudinal data indicating a progres-
sive reduction in gray matter volume of the left posterior
superior temporal gyrus in patients with schizophrenia
compared with those of patients with affective psychosis
and healthy comparison subjects.

Method

Subjects

Thirteen patients with first-episode schizophrenia (three
women), 15 patients with first-episode affective psychosis (one
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woman), and 14 healthy comparison subjects (one woman) partic-
ipated in this study (Table 1). The patients were recruited from the
inpatients at McLean Hospital, a private psychiatric hospital affili-
ated with Harvard Medical School. Healthy comparison subjects
were recruited through newspaper advertisement. Our earlier
study of current regions of interest at baseline MRI scan (8) in-
cluded 51 subjects (17 with schizophrenia, 16 with affective psy-
chosis, and 18 healthy comparison). Twenty-six of these subjects
(10 with schizophrenia, nine with affective psychosis, and seven
healthy comparison) agreed to participation in a second scan and
were included in the present study. The remaining 16 subjects were
newly recruited. The rate of nonparticipation in the second scan
(dropout rate) did not differ significantly among the groups (x?=
2.34, df=2, p=0.31). After a complete description of the study, writ-
ten informed consent was obtained from all participants.

The protocols for diagnosis and clinical evaluations have been
described in detail elsewhere (8, 9). Briefly, the patients and
healthy comparison subjects met criteria for age (18-55 years), IQ
(above 75), right-handedness (handedness score >0 on the Edin-
burgh Inventory [20]), and negative history for seizures, head
trauma with loss of consciousness, neurological disorder, and any
lifetime history of alcohol or other drug dependence. Healthy
comparison subjects also had no axis I psychiatric disorder or a
first-degree relative with axis I psychiatric disorder, according to
the nonpatient version of the Structured Clinical Interview for
DSM-1V (SCID). These criteria were applied at both the initial
scan and rescan.

The patients were diagnosed on the basis of DSM-IV criteria by
using the SCID interview, information from medical records, and
diagnoses confirmed at the follow-up interview. Schizophrenia
subtypes included 11 paranoid, one disorganized, and one undif-
ferentiated. The affective psychosis group (all psychotic) included
13 bipolar disorder patients in a manic phase and two major de-
pressive (unipolar) disorder patients. Omitting the two unipolar
patients did not alter the statistical results. Consistent with the lit-
erature (8, 9, 15, 18), “first episode” was operationally defined as
the first psychiatric hospitalization. Median duration of psycho-
tropic medication before the MRI was short. At the time of the
first scan, the patients were variously receiving typical neurolep-
tics (six schizophrenia and nine affective psychosis), atypical
neuroleptics (two schizophrenia and five affective psychosis), or
both (three schizophrenia and no affective psychosis); mood sta-
bilizers (lithium [one schizophrenia and five affective psychosis],
sodium valproate [three schizophrenia and five affective psycho-
sis]); and only drugs other than neuroleptics or mood stabilizers
(one schizophrenia and one affective psychosis), while typical/
atypical neuroleptic status for one schizophrenic subject was un-
known because of enrollment in a double-blind olanzapine/halo-
peridol crossover protocol. Between scans, hospital records and
self-reports indicated that the patients were receiving neurolep-
tics (typical [one schizophrenia and no affective psychosis], atyp-
ical [nine schizophrenia and five affective psychosis, or both [no
schizophrenia and one affective psychosis]); mood stabilizers
(lithium [three schizophrenia and five affective psychosis], so-
dium valproate [five schizophrenia and seven affective psycho-
sis]); and only drugs other than neuroleptics or mood stabilizers
(one schizophrenia and one affective psychosis). Two schizophre-
nia and one affective psychosis patients had discontinued medi-
cation, while medication status for one affective psychosis sub-
ject was unknown.

Clinical evaluations both at time 1 and time 2 included the total
and four syndrome factors (21) of the Brief Psychiatric Rating
Scale (BPRS), the Mini-Mental State Examination (MMSE), the in-
formation and digits-forward and digits-backward subscales of
the Wechsler Adult Intelligence Scale—Revised (WAIS-R), and the
Global Assessment Scale (GAS) (22). The interrater reliabilities for

158 http.//ajp.psychiatryonline.org

diagnosis and clinical ratings in our laboratory settings, repeated
over several different time periods, have been high (kappa>0.90).

MRI Acquisition and Processing

MRI scans were acquired with the same 1.5-T scanner (GE
Medical Systems, Milwaukee) and the same acquisition protocol
at time 1 and time 2. The MRI acquisition protocol and the post-
processing of images have been described in detail elsewhere (8,
9). Briefly, a 1.5-mm thickness coronal series of contiguous
spoiled gradient/recall acquisition images (TR=35 msec, TE=5
msec, voxel dimensions=0.9375x0.9375x%1.5 mm) was used for de-
lineating and measuring temporal lobe regions. Second, an axial
series of contiguous double-echo (proton density and T»-
weighted) images (TR=3000 msec, TE=30 and 80 msec, voxel di-
mensions=0.9375%0.9375x3.0 mm) was used to evaluate total in-
tracranial contents. Images were aligned by using the line be-
tween the anterior and posterior commissures and the sagittal
sulcus to correct head tilt and were also resampled to make voxels
isotropic (sides measured 0.9375 mm) (9). This procedure did not
significantly alter the region-of-interest volumes reported in our
earlier study (8), which did not realign/resample (decrease:
mean=0.6%).

Regions of Interest

Temporal lobe gray matter regions of interest (the superior
temporal gyrus and amygdala-hippocampal complex) were out-
lined manually on a workstation by a rater who was blind to
knowledge of diagnosis or time of scan (initial or retest) by em-
ploying the established procedure in our previous report (8) (see
Figure 1). Three raters who were blind to group membership in-
dependently drew regions of interest on five subjects, resulting in
a high interrater reliability (left/right superior temporal gyrus, in-
traclass correlation coefficients [ICC]=0.99/0.99; left/right amyg-
dala-hippocampal complex, ICC=0.99/0.98).

Statistical Analyses

Group differences in volume change. We evaluated change
in regions of interest over time by using the percent of change as
the dependent variable. Change (%) was calculated with the fol-
lowing formula: 100x([absolute volume at time 2]-[absolute vol-
ume at time 1]/[absolute volume at time 1]). A repeated measures
analysis of variance (ANOVA) with group (schizophrenia, affective
psychosis, or healthy comparison) as the between-subjects factor
and region (superior temporal gyrus or amygdala-hippocampal
complex) and side (left or right) as the within-subjects factors was
performed. In the case of significant interactions between group,
region, and hemisphere, each region was compared separately. In
the case of significant group differences in the specific region of
interest, we further conducted group comparison separately for
the anterior and posterior subdivisions. For comparative pur-
poses, we also used Wilcoxon’s signed rank nonparametric test for
change in volume for each region of interest and group (signifi-
cance level: p<0.0048 [with Bonferroni correction, 0.05/12]).

Age, interscan interval, and intracranial contents. Neither
patient group differed significantly in age from the healthy com-
parison group, but the schizophrenia patients were significantly
older than the affective psychosis patients. The interscan interval
(time between initial MRI scan and rescan) was not significantly
different between groups. The statistical conclusions reported re-
mained the same when analysis of covariance (ANCOVA) with age
and/or interscan interval were adopted as covariates or when an
age-matched subgroup was tested (schizophrenia subjects: N=12,
affective psychosis subjects [manic only]: N=13, healthy compar-
ison subjects: N=14). Moreover, the use of percent change per
year (total percent change/[interscan interval (month)/12]) as the
dependent variable did not alter the statistical conclusions (this
measure produced a mean percent change for the left posterior
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FIGURE 1. Delineation of the Posterior Superior Temporal Gyrus and Amygdala-Hippocampal Complex Regions of Interest

in a Coronal Brain Slice?

4 The gray matter of the superior temporal gyrus is labeled red on the subject’s left and green on the subject’s right. The gray matter of the
amygdala-hippocampal complex is orange on the subject’s left and blue on the subject’s right.

superior temporal gyrus: schizophrenia subjects, —9.5%; affective
psychosis subjects, 0.9%; healthy comparison subjects, 0.6%).

The intracranial contents volume was not significantly different
between groups (repeated measures ANCOVA with age as the cova-
riate: F=0.77, df=2, 38, p=0.47). The intracranial contents volume
for all groups averaged about 0.6% smaller at time 2 than at time 1
(F=4.91, df=1, 38, p<0.04). This small change was not different
among groups (F=0.95, df=2, 38, p=0.40). Additionally, intracranial
contents changes were not correlated with any of the changes in re-
gions of interest for any groups. Moreover, the statistical conclu-
sions reported did not change when the relative volume ([absolute
region of interest volume/intracranial contents]x100) was used in
calculating the change nor when intracranial contents change was
treated as a covariate.

Correlational analysis. Spearman’s r was used in exploratory
analyses of the correlations between the change in each region of
interest and initial or changes in clinical measures. Additionally,
we also computed and tested averaged measures for time 1 and
time 2 as a potential compensation for fluctuations in symptoms
and functioning in early illness. Considering the use of multiple
comparisons, we conservatively used p<0.001 as the cutoff for
statistical significance. Moreover, for any region of interest in
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which there was a significant group difference in change, correla-
tions between change and interscan interval were also evaluated
for each group.

Results

Volume Changes

Age, socioeconomic status, parental socioeconomic sta-
tus, age first medicated, duration of medication treat-
ment, medication dose, and intracranial contents volume
at time 1 or time 2 did not correlate with any of the region-
of-interest volumes at time 1 or time 2 or with the change
in any of the region-of-interest volumes in either patient
group.

Although Shapilo-Wilk tests indicated that percent
changes in the left and right amygdala-hippocampal com-
plex in schizophrenia patients were not normally distrib-
uted (W=0.86, df=13, p<0.05; W=0.84, df=13, p=0.002, re-
spectively), there was no violation of sphericity for the
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TABLE 2. Absolute Volumes of Brain Regions of Interest at Baseline (Time 1) and 1.5 Years Later (Time 2) and Percent
Change in Patients With First-Episode Schizophrenia, Patients With First-Episode Affective Psychosis, and Healthy Compar-
ison Subjects

Healthy Comparison Subjects

. . . . . . One-Factor
Schizophrenia Patients (N=13)  Affective Psychosis Patients (N=15) (N=14) ANOVA
Volume (ml) Volume (ml) Volume (ml) by Group?
Time 1 Time 2 % Time 1 Time 2 % Time 1 Time 2 % F (df=2
Region Mean SD Mean SD Change Mean SD Mean SD Change Mean SD Mean SD Change 39) p
Left superior
temporal
gyrus 7.63P¢ 0.87 692 094 -9.4 891 100 886 098 -04 880 095 874 093 -0.6 12.98 <0.001

Anterior 1449 031 132 034 -84 148 048 145 045 -10 161 034 159 027 -05 2.36 0.11

Posterior 6.19Pd 0.78 5.559 0.80 -9.6 742 1.06 7.42 0.98 0.2 719 0.74 7.15 0.81 -0.6 12.48 <0.001
Right superior

temporal

gyrus 8.58¢ 1.01 832 097 -29 876 082 874 090 0.2 922 129 925 1.27 0.3 2.08 0.14
Anterior 1.97 056 191 057 -26 1.73 029 169 028 -19 210 043 211 0.44 1.1 0.49 0.62
Posterior 6.62 085 6.41 075 28 7.03 092 7.05 0.86 0.6 712 1.09 714 1.14 0.2 2.03 0.15
Left

amygdala-

hippo-

campal

complex 5.39¢ 0.75 531 052 -04 520 0.78 5.09 058 -15 581 0.77 561 063 -3.0 0.32 0.73
Anterior 1.91 046 1.78 038 5.1 1.72 036 1.67 027 -15 190 029 185 023 22 0.40 0.67
Posterior 3.48 0.48 3.53 044 2.5 348 065 342 048 -09 391 063 376 057 3.2 0.98 0.38
Right

amygdala-

hippo-

campal

complex 576 0.79 5.59 055 -19 560 0.69 5.48 0.61 -1.8 6.02 068 584 066 2.7 0.05 0.96
Anterior 2.26 048 211 036 4.5 199 033 190 038 -40 222 034 221 037 -05 0.45 0.64
Posterior 3.50 0.45 3.48 037 0.4 3.62 065 358 049 0.2 3.80 053 3.64 046 -38 0.74 0.48

a Repeated measures ANOVAs of percent change with group (schizophrenia, affective psychosis, or healthy comparison) as the between-sub-
jects factor and region (superior temporal gyrus or amygdala-hippocampal complex) and side (left or right) as the within-subjects factors: sig-
nificant group-by-region-by-side interaction (F=4.79, df=2, 39, p<0.02). For the superior temporal gyrus: significant main effect of group (F=
8.86, df=2, 39, p=0.001), significant group-by-hemisphere interaction (F=6.74, df=2, 39, p=0.003); follow-up ANOVAs for the amygdala-hip-
pocampal complex: nonsignificant main effect of group (F=0.15, df=2, 39, p=0.86), nonsignificant group-by-side interaction (F=0.44, df=2,
39, p=0.65).

b post hoc tests indicated that the total volume (p<0.001) and posterior volume (p<0.001) of the schizophrenia group were significantly smaller
than those of the group with affective psychosis, which were not significantly different from those of the healthy comparison group (Tukey’s
honestly significant difference test).

¢ Repeated measures ANCOVA of the total (not relative) volume at time 1 with age and intracranial content as the covariates: significant group-
by-region-by-side interaction (F=6.64, df=2, 37, p=0.003). Follow-up repeated measures ANCOVA for the superior temporal gyrus: nonsignif-
icant main effect of group (F=2.51, df=2, 37, p<0.10), significant group-by-side interaction (F=5.59, df=2, 37, p=0.008); for the amygdala-
hippocampal complex: nonsignificant main effect of group (F=0.86, df=2, 37, p=0.43), nonsignificant group-by-side interaction (F=2.69, df=
2, 37, p=0.09). One-factor ANCOVA of the main effect of group: significant for the left superior temporal gyrus (F=5.94, df=2, 37, p=0.006),
nonsignificant for the right superior temporal gyrus (F=1.19, df=2, 37, p=0.31). Post hoc tests indicated that the volume of the schizophrenia
group was significantly smaller than that of the affective psychosis group, which was not significantly different from that of the healthy com-
parison group (p<0.01).

d One-factor ANCOVA of the main effect of group: nonsignificant for the anterior portion (F=0.50, df=2, 37, p=0.61), significant for the poste-
rior portion (F=5.47, df=2, 37, p=0.008).

repeated measures ANOVA as evaluated by Mauchly’s test
for sphericity (Mauchly’s W=1.0). For confirmatory pur-
poses, we also used arcsine transformations, which did
not alter the statistical results described.

Groups were not significantly different in overall change
in volume across regions (F=0.86, df=2, 39, p=0.43) (Table
2, Figure 2). However, a significant group-by-region inter-
action (F=4.79, df=2, 39, p<0.02) and a significant group-
by-region-by-side interaction (F=4.79, df=2, 39, p<0.02) in-
dicated that a group difference was present in at least one
region. Thus, analyses were conducted separately on the
superior temporal gyrus and amygdala-hippocampal
complex. Groups did not differ significantly regarding the
amygdala-hippocampal complex (F=0.15, df=2, 39, p=
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0.86), and there was no group-by-side interaction (F=0.44,
df=2, 39, p=0.65).

In marked contrast, groups were significantly different
regarding the superior temporal gyrus (F=8.86, df=2, 39,
p=0.001), and the degree of group difference was signifi-
cantly different between hemispheres (F=6.74, df=2, 39, p=
0.003). We next compared the left and right superior tem-
poral gyrus separately. Groups were significantly different
regarding the left superior temporal gyrus (F=12.98, df=2,
39, p<0.001), with schizophrenia patients showing a signif-
icantly faster volume decrease than both affective psycho-
sis patients and healthy comparison subjects (p<0.001,
Tukey’s honestly significant difference test). On the other
hand, groups were not different regarding the right supe-
rior temporal gyrus (F=2.08, df=2, 39, p=0.14).
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FIGURE 2. Percent Change Over 1.5 Years in Absolute Volumes of Regions of Interest in the Superior Temporal Gyrus and
Medial Temporal Lobe Structures in Patients With First-Episode Schizophrenia, Patients With First-Episode Affective

Psychosis, and Healthy Comparison Subjects?

@ Patients with schizophrenia (N=13)
@ Patients with affective psychosis (N=15)
B Healthy comparison subjects (N=14)
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4 Heavy black lines indicate means.

To further isolate the locus of change in the superior
temporal gyrus, we next performed group comparisons
separately for the anterior and posterior portions of the left
superior temporal gyrus using the one-factor ANOVA. Sig-
nificant group differences were observed for the left poste-
rior superior temporal gyrus (F=12.48, df=2, 39, p<0.001),
with schizophrenia patients showing more change (9.6%
decrease) than both affective psychosis patients and
healthy comparison subjects (p<0.005, Tukey’s honestly
significant difference). Group differences did not reach sig-
nificance for the left anterior superior temporal gyrus (F=
2.36, df=2, 39, p=0.11) (8.4% decrease for schizophrenia
patients).

Wilcoxon’s signed rank nonparametric test revealed that
only the left superior temporal gyrus in the schizophrenia
group showed a significant volume change (z=-2.90, df=
12, p=0.004; 11 of 13 patients showed decreases). More-
over, separate anterior and posterior superior temporal
gyrus subdivision analyses showed that the schizophrenia
patients had a significant change (decrease) in the left
posterior superior temporal gyrus (z=-2.97, df=12, p=
0.003; 11 of 13 had decreases) but that change in the left
anterior superior temporal gyrus only approached signifi-
cance (z=-1.89, df=12, p=0.06; 8 of 13 had a decrease). In
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contrast, eight of 15 affective psychosis subjects (z=—0.23,
df=14, p=0.82) and seven of 14 healthy comparison sub-
jects (z=—0.53, df=13, p=0.59) showed decreases in volume
in the left superior temporal gyrus. For the remaining re-
gions of interest, there were no significant changes for any
of the groups (z=-1.85 to —0.23, df=12-14, p=0.06-0.86).

Correlations Between Volumes
and Clinical Measures

For the patient groups, region-of-interest volume
changes over time were not significantly associated with
initial, average, or changes on the total or factor BPRS, the
MMSE, the subscales of the WAIS-R, or the GAS. Of note,
the left posterior superior temporal gyrus change did not
significantly correlate with the interscan interval in the
schizophrenia group (r;=0.285, N=13, p=0.35), driven by
the fact that six of the eight patients who showed more
than 10% decreases had a short interscan interval (9-11
months). In contrast, in the other groups, the left posterior
superior temporal gyrus change was negatively correlated
with interscan interval (the longer the interscan interval,
the more change) in both the affective psychosis group
(rs=—0.576, N=15, p<0.03) and the healthy comparison
group (rs=—0.585, N=14, p<0.03), and both of these correla-
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tions were significantly different from that of the schizo-
phrenia group (p<0.04, Fisher’s z transformation).

Discussion

To our knowledge, this is the first study to demonstrate a
progressive reduction in left superior temporal gyrus gray
matter volume in schizophrenia patients in the first 1.5
years after their first hospitalization. These results support
the presence of a regionally selective progressive process
in the pathophysiology of schizophrenia that is specific to
schizophrenia patients as contrasted with patients with
affective psychosis. Although posterior superior temporal
gyrus—and not anterior superior temporal gyrus—change
attained significance, we note it is possible that a larger
study group might show anterior superior temporal gyrus
significance. A conservative summary is that the change is
selective to the left superior temporal gyrus relative to the
right and is likely more pronounced in the posterior por-
tions of the left superior temporal gyrus.

The present findings of superior temporal gyrus region-
of-interest volumes at time 1 are in accordance with our
earlier study (8), replicating the specificity of smaller left
posterior superior temporal gyrus volume in schizophre-
nia (for results, see captions to Table 2) and showing simi-
lar results for the left posterior amygdala-hippocampal
complex, although they did not reach significance. While
some studies of temporal lobe morphometry in schizo-
phrenia have not shown a left-lateralized reduction (6), in
the present group of first-episode schizophrenia patients,
the left posterior superior temporal gyrus not only showed
a smaller volume at time 1 but also showed a 9.6% further
volume reduction over 1.5 years that was also specific to
schizophrenia psychosis. It is possible that the left anterior
superior temporal gyrus might also show a statistically sig-
nificant progressive decrease with a larger study group
size or that the left anterior superior temporal gyrus might
show a somewhat delayed or slower progression than the
left posterior superior temporal gyrus. These possibilities
could be tested in future studies with a larger group and a
follow-up over a longer period of time.

The present study’s rate of 9.6% for progressive change
in the left posterior superior temporal gyrus in schizo-
phrenia patients is about twice the rate of change of about
3% per year found in chronic schizophrenia patients in the
study by Mathalon et al. (19). Moreover, this large volume
decrease appeared especially prominent in the first year,
and the time course was significantly different compared
with the affective psychosis and healthy comparison
groups in which small and statistically nonsignificant vol-
ume reductions linearly increased with time. These data
are compatible with a progressive process that is espe-
cially severe during the early stage of schizophrenia, while
the affective psychosis and healthy comparison groups
showed time-related changes in volume that might be ex-
pected in normal aging. Such a curvilinear decay of vol-
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ume during the first year of overt psychosis that asymp-
totes within a year or two would be consistent with data
showing less change over time in chronic schizophrenia
(19) and also consistent with the presence of an active
phase of cortical deterioration early in the disease. This
hypothesis of a more severe volume reduction early in the
illness, however, can only be definitively tested through
further repeated scans of the present cohort and of addi-
tional subjects.

The precise neurobiological mechanism underlying this
progressive, perhaps neurodegenerative, change in the
left posterior superior temporal gyrus is unknown. How-
ever, there is a growing body of work implicating abnor-
mal excitatory amino acid neurotransmission in schizo-
phrenia, possibly mediated through a deficit in recurrent
inhibition (23-25). Recent in vivo MRI spectroscopy find-
ings have also suggested excitatory amino acid abnor-
malities in schizophrenia patients (26, 27). Although con-
troversial, this mechanism could be a possible cause of
ongoing, use-dependent cellular damage through excito-
toxic effects, a mechanism that would strongly support the
use of neuroleptic treatment to suppress overexcitation as
well as psychosocial intervention. Alternately, there may
be an abnormality in the normal synaptic pruning mecha-
nism of late adolescence whereby schizophrenia patients
overly reduce their dendritic arborization (28), reflected in
gray matter volume reductions.

Previous findings from follow-up MRI studies evaluat-
ing temporal lobe structures in patients with first-episode
schizophrenia have been controversial. For example,
Delisi et al. (15), using 5-mm-thick MRI slices with 2-mm
gaps between slices, reported no volume changes over
time in amygdala-hippocampal complex or temporal lobe
volume. In contrast, Gur et al. (16), using 5-mm MRI slices
with no gap, reported temporal lobe volume changes in
both schizophrenia patients and healthy comparison sub-
jects after a 2-3-year follow-up period. However, neither of
these studies segmented gray and white matter separately,
and thus a direct comparison with our study is not possi-
ble. Keshavan et al. (5), using 2.6-mm axial MRI slices with
no gap, reported a reversal (9.0% increase) of superior
temporal gyrus gray matter volume reduction with neuro-
leptic treatment after 1 year of follow-up in first-episode
schizophrenia patients, while their healthy comparison
subjects also had an increase of 6.9%. Although a paired t
test comparing time 1 and time 2 scans was significant
only in the schizophrenia group, no group-by-time
ANOVA interaction was reported, and thus the possibility
cannot be ruled out regarding unknown factors leading to
a general increase in measured superior temporal gyrus
volume in both healthy comparison and schizophrenia
subjects in their study.

In this study, clinical measures were not significantly
correlated with the percent change of the any of the re-
gion-of-interest volumes in either patient group. Matha-
lon et al. (19) reported that temporal gray matter volume
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decline was related to greater BPRS total and negative
symptom scores in their group of chronic schizophrenia
patients after a mean interscan interval of 4 years. The
mean 1.5-year interscan interval in our study may not be
long enough for symptom correlations to emerge, as the
symptom profile of patients early in the disorder may be in
flux. Further studies will be also necessary to investigate
the relationship between morphological changes and au-
ditory, language, and memory function involving tempo-
ral lobe structures.

In a follow-up MRI study of schizophrenia, the use of
medicated patients inevitably raises the question of
whether progressive effects are possibly due to medica-
tion or to the illness itself. While the present subject group
was small, the available data may be useful to present.
The percent change of left posterior superior temporal gy-
rus volume between schizophrenia patients who received
neuroleptics between scans (N=10, change, mean=-9.3%)
and those who did not (N=3, mean=-10.6%) was not sta-
tistically different (Mann-Whitney U=12.00, df=11, p=
0.61). We caution that (obviously) the groups were very
small and that, in this naturalistic study, it was not possi-
ble to control prescan or interscan medication type or
dose or to monitor medication compliance other than
through hospital records and patient accounts. Since only
one subject was taking typical neuroleptics between
scans, comparison with subjects taking atypical neuro-
leptics was not possible.

However, our use of neuroleptic-medicated patients
with first-episode affective psychosis may help in dis-
ambiguating whether the progressive volume decrease in
schizophrenia may be at least partly independent of
medication effects. In fact, the affective psychosis patients
who received neuroleptics between scans (N=6, change:
mean=1.7%) and those who did not (N=8, mean=-0.9%)
did not differ from the healthy comparison subjects in per-
cent change of the left posterior superior temporal gyrus
volume (affective psychosis subjects taking neuroleptics
versus healthy comparison subjects: Mann-Whitney U=
30.00, df=18, p=0.32: affective psychosis subjects not taking
neuroleptics versus healthy comparison subjects: Mann-
Whitney U=52.00, df=20, p=0.79). Moreover, these two sub-
groups of patients with affective psychosis were not differ-
ent from each other in percent change regarding the left
posterior superior temporal gyrus volume (Mann-Whitney
U=14.00, df=12, p=0.20). This argues against a single deter-
minative effect of neuroleptics on gray matter volume.
While mood stabilizers, especially lithium, are another po-
tential source of medication effects (29), exclusion of the
eight patients receiving lithium between scans did not alter
the statistical conclusion reported here.

Regarding the dropout rate, out of the 51 subjects re-
ported in our earlier study (8), more than half (N=26) had
rescans used in the present study, and of importance, the
dropout rate did not differ significantly among groups.
Nor was the dropout rate significantly different among
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subjects above or below the median value of the left poste-
rior superior temporal gyrus volume in the Hirayasu et al.
study (8) for either the schizophrenia, affective psychosis,
or healthy comparison groups (p=1.00, p=0.62, p=0.34, re-
spectively, Fisher’s exact test). Additionally, we note that
the region-of-interest volume profile of the subjects in the
earlier study was almost exactly replicated in the present
study, further suggesting the absence of selection bias in
the subjects receiving two scans.

In conclusion, the left posterior superior temporal gyrus
gray matter volume reduction over time in our group of
subjects with first-episode schizophrenia—but not in the
group with first-episode affective psychosis—suggests
that a progressive process in this specific brain region and
in the early stage of the illness may play a crucial role in
the pathophysiology of schizophrenia.
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