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Objective: The superior temporal gyrus
is associated with developmental mecha-
nisms of brain lateralization and the
pathogenesis of language-related schizo-
phrenic symptoms. It therefore lends it-
self to investigation of developmental de-
viance in the early onset of schizophrenia.

Method: Using stereological methods,
the authors obtained bilateral measure-
ments of the superior temporal gyrus (to-
tal, gray matter, and white matter vol-
umes) from 40 adolescents with recent-
onset schizophrenia and an equal num-
ber of matched healthy volunteers. Symp-
toms were rated by using the Positive and
Negative Syndrome Scale.

Results: The total and gray matter vol-
ume of the right superior temporal gyrus
was significantly lower in patients with

early-onset schizophrenia than in the
healthy volunteers, even after differences
in whole brain volume were controlled.
Bilateral superior temporal gyrus vol-
umes were positively correlated with the
age at onset of psychosis, while severity of
thought disorder and hallucinations were
inversely related to right superior tempo-
ral gyrus volume.

Conclusions: In patients with early-on-
set schizophrenia, the predominantly
right-sided volumetric abnormalities
found in the superior temporal gyrus may
reflect a particularly early neurodevelop-
mental disruption. The relationship be-
tween language-related symptoms and
superior temporal gyrus volume is similar
to that seen in adult-onset cases but not
as lateralized.

(Am J Psychiatry 2001; 158:1299-1304)

r]?he superior temporal gyrus has been of particular
interest in schizophrenia research since Barta et al. (1) and
Shenton et al. (2) observed that it is associated with hallu-
cinations and thought disorder. The involvement of the su-
perior temporal gyrus in language-related schizophrenic
symptoms has been confirmed by subsequent structural
and functional imaging studies (3-7). Furthermore, the
presence of premorbid speech abnormalities suggests the
possibility of superior temporal gyrus dysfunction predat-
ing the onset of schizophrenia. Premorbid language prob-
lems in schizophrenic subjects are three times more likely
than in healthy subjects (8), and their prevalence may be
higher in patients with early-onset (during childhood and
adolescence) schizophrenia (9).

It is not clear whether the degree or nature of superior
temporal gyrus abnormalities is modified by the age at on-
set of the disorder. Morphometric studies in patients with
adult-onset schizophrenia have reported mainly left-sided
volume deficits compared to healthy subjects (1, 2, 4, 5,
10-12). In contrast, relative to healthy comparison sub-
jects, Marsh et al. (11) reported lower bilateral gray matter
volume of the superior temporal gyrus in 56 male patients
with chronic schizophrenia with early onset, and Jacobsen
et al. (13) found superior temporal gyrus enlargement in
21 adolescents with childhood-onset schizophrenia. Ja-
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cobsen et al. later reported a bilateral reduction in supe-
rior temporal gyrus volume in a group of 10 patients from
their initial cohort rescanned after an average interval of 2
years (14).

In the present study, we compared superior temporal
gyrus volumes in adolescents with recently diagnosed
schizophrenia to those of matched healthy volunteers.
Our main aims were to examine 1) whether the earlier age
atillness onset was associated with greater deviance of su-
perior temporal gyrus volume and 2) whether the role of
the superior temporal gyrus in the pathogenesis of lan-
guage-related positive symptoms was similar to that seen
in patients with adult-onset schizophrenia.

Method

Subjects

Forty adolescents who fulfilled DSM-1V criteria for schizophre-
nia were recruited over a 3-year period from two adolescent inpa-
tient units in south London. Forty subjects without a personal
history of psychiatric disorder or family history of psychosis were
recruited from the community through advertisements. They
were matched to the patients by age (within 6 months), gender,
and parental socioeconomic status (15).

Subjects were excluded if they had 1) current neurological dis-
orders or family history of hereditary neurological disorders, 2) a
history of head injury resulting in loss of consciousness, 3) alco-

1299



SUPERIOR TEMPORAL GYRUS IN SCHIZOPHRENIA

TABLE 1. Demographic Characteristics of 40 Adolescents
With Recent-Onset Schizophrenia and 40 Healthy Matched
Comparison Subjects

Characteristic Schizophrenic Subjects Comparison Subjects

Mean SD Mean SD
Age (years) 15.50 2.20 15.70 2.06
Height (cm) 165.45 12.11 163.97 13.01
Weight (kg) 62.34 13.42 60.04 9.93
1Q (WISC-R) 80.98 19.27 104.97 15.19

N % N %

Male sex 20 50.0 20 50.0
Right-handedness 32 80.0 31 77.5
Social class 1-32 30 75.0 28 70.0
White ethnicity 25 62.5 23 57.5

a Per the Standard Occupational Classification (15), parent not em-
ployed in a professional occupation, middle or senior manage-
ment position, or specialist managerial job (i.e., a position requir-
ing a degree or equivalent or a corresponding amount of work
experience).

hol or substance abuse, or 4) metallic objects in their body (exclu-
sion criterion for magnetic resonance imaging [MRI] scans). Pa-
tients were also excluded if they had any comorbid DSM-IV axis I
disorder.

After complete description of the study to the subjects and the
parents of subjects below the age of 16, written informed consent
was obtained.

Assessment

Diagnoses were made on the basis of interviews by two trained
psychiatrists (one of whom was a child psychiatry specialist),
medical records, and information from family members and
treating physicians. The type and duration of medication was also
recorded. Age at onset of schizophrenia was based on the age
when patients first clearly manifested either delusions or halluci-
nations. Psychopathology was assessed with the Positive and
Negative Syndrome Scale (16).

Diagnosis or absence of diagnosis was confirmed with the
Structured Clinical Interview for DSM-IV Axis I Disorders (17). For
those subjects under the age of 16 (21 volunteers and 18 patients),
the interview was supplemented by the KID-SCID (18).

Parental socioeconomic status was determined according to
the Standard Occupational Classification (15), and handedness
was determined by the Annett Handedness Scale (19). Regarding
language development, we recorded the age at spontaneous pro-
duction of first words, which was based on maternal recall. In or-
der to avoid possible recall bias regarding speech problems, we
also recorded whether or not subjects had received treatment for
speech problems.

Neuroimaging

Data acquisition. Structural MRIs were acquired by using a 1.5-
T Signa system (GE Medical Systems, Milwaukee) at the Maudsley
Hospital, London. A quadrature birdcage head coil was used for
radiofrequency transmission and reception. Head movement was
limited by foam padding within the head coil and a restraining
band across the forehead. Initially a series of fast gradient echo
scout images were acquired to orient subsequent images relative
to the anterior-commissure/posterior-commissure line and the
interhemispheric fissure (TR=200 msec, TE=4.2 msec, flip angle=
90°, field of view=24 cm, slice thickness=5 mm, slice gap=2.5 mm,
256 x 192 acquisition matrix, one data average). Subsequently, the
whole brain was scanned with a three-dimensional spoiled gradi-
ent/recall acquisition in the steady state T;-weighted dataset.
These images were obtained in the coronal plane with 1.5-mm
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contiguous sections (TR=35 msec, TE=5 msec, flip angle=20°, one
data average, 256 x 256 x 128 pixel matrix).

Data analysis. These images were analyzed by using MEASURE,
an image analysis software program that allows simultaneous
viewing of images in three mutually orthogonal planes and uses
stereological principles for volume estimation. The image analy-
sis method used has been described in detail previously (20). Rat-
ings were performed after the entire sample had been collected.
Images were mixed and identified only by number so that the in-
vestigators were blind to group affiliation. Head tilt was corrected
in all brains before any measurements by aligning the brain along
the anterior-posterior commissure line in the sagittal plane and
along the intrahemispheric fissure in the coronal and axial
planes.

For this study, the skull, dura mater, and subdural CSF were
manually stripped by tracing around the outer surface of the
brain. A grid size of 3 x 3 x 1 was used for the superior temporal
gyrus volume measures, meaning that every pixel was sampled in
the coronal plane and every third pixel in the sagittal and axial
planes. A grid size of 5 x 5 x 5 was used for measuring the whole
brain volume.

The volumes of interest were whole brain (including cortical
and subcortical gray matter, white matter, and the brainstem su-
perior to the foramen magnum) and the superior temporal gyrus.
We measured the volume of the entire gyrus and that of gray and
white matter within it. The superior temporal gyrus was measured
in the rostrocaudal direction from the first coronal slice where the
temporal stem was visible until the point of upward angulation of
the posterior ascending ramus of the sylvian fissure, which was
more easily discernible in the reconstructed parasagittal sections.
The superior temporal sulcus was used as the inferolateral border,
and the circular sulcus was used as the medial border.

Intrarater reliability estimates for the whole brain and total su-
perior temporal gyrus volumes were based on a random sample
of 10 brains that were measured twice by the same investigator
(H.M.) who performed all of the ratings. Estimates of interrater re-
liability between two raters (H.M. and S.E) for the whole brain
and total superior temporal gyrus volumes were based on a sepa-
rate random sample of 10 brains. Interclass correlation coeffi-
cients for both measures of reliability were over 0.92 for the vol-
umes measured. A third rater (M.H.) performed the white and
gray matter segmentation. The intraclass correlation coefficients
for intra- and interrater reliability (M.H. and S.E) for gray and
white matter were based on a random sample of 10 brains and
were both found to be over 0.94.

Statistical Analysis

Pearson’s chi-square and Student’s t tests were used to compare
the distribution of categorical data and continuous data, respec-
tively, between the two groups. Simple factorial analysis of vari-
ance (ANOVA) was used to compare differences in whole brain
volume with diagnosis and gender as factors. General linear
model repeated measures analyses were used to examine the
side-by-diagnosis interactions of the superior temporal gyrus vol-
umes (total volume or gray/white only) with whole brain volume
as covariate and diagnosis, gender, and handedness as between-
subject factors. Pearson’s correlations were used to examine the
relationship between symptom ratings and volumetric measures.

Results

There were no group differences in age (t=-0.4, df=78,
p=0.60), gender (x?>=0.2, df=1, p=0.50), ethnic origin (y?=
4.1, df=3, p=0.10), handedness (3°=2.2, df=2, p=0.30), or
parental social class (x?=4.9, df=4, p=0.20) (Table 1).
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TABLE 2. Whole Brain and Superior Temporal Gyrus Volume in Adolescents With Recent-Onset Schizophrenia and Healthy

Matched Comparison Subjects

Volume (cm3)

Schizophrenic Subjects (N=40) Comparison Subjects (N=40) Analysis
Area Mean SD Mean SD F (df=1, 63) p
Whole brain 1254.00 117.16 1320.00 123.39 10.702 0.002
Left superior temporal gyrus
Total 13.00 1.84 13.95 1.85 1.16 0.28
Gray 9.10 1.38 9.71 1.29 0.34 0.56
White 3.81 0.67 3.80 1.07 1.13 0.29
Right superior temporal gyrus
Total 11.88 1.74 13.44 217 5.89 0.01
Gray 8.60 1.36 9.72 1.43 4.48 0.03
White 3.24 0.64 3.67 1.16 1.35 0.25
adf=1, 78.

The patients’ mean age at assessment was 15.5 years
(SD=2.0). Their mean age at onset of psychosis was 14.1
years (SD=2.1), and their mean duration of illness was 16.0
months (SD=14.4). Thirty-two patients had been receiving
regular antipsychotic medication for a mean of 11.1
months (SD=14.8), mostly atypical antipsychotics (62.8%),
while the remaining eight were medication free at the time
of scanning.

There was no group difference in the mean age at spon-
taneous production of first words between the volunteers
(mean=12.59 months, SD=5.81) and the patients (mean=
15.20 months, SD=7.11) (t=-1.44, df=78, p=0.15). However,
significantly more patients had received treatment for
speech problems (12 patients versus three volunteers) (p=
0.004, Fisher’s exact test).

Structural MRI Data

Compared to the volunteers, patients had significantly
lower whole brain volumes (Table 2). There was an effect
of gender (F=37.80, df=1, 76, p<0.0001), with male subjects
having larger volumes, but no gender-by-diagnosis inter-
action (F=0.03, df=1, 76, p=0.86). General linear model re-
peated measures analysis with side as the repeated mea-
sure; diagnosis, gender, and handedness as between-
subject factors; and whole brain volume as covariate re-
vealed a significant side-by-diagnosis interaction for the
total superior temporal gyrus volume (F=8.39, df=1, 63, p=
0.005). The interactions of side by gender (F=2.05, df=1, 63,
p=0.15); side by handedness (F=0.94, df=2, 63, p=0.39); or
side by diagnosis, gender, and handedness (F=2.75, df=1,
63, p=0.10) were not significant. Subsequent, univariate
analyses revealed that the effect of diagnosis was signifi-
cant for volume of the right superior temporal gyrus but
not the left (Table 2).

Similarly, there was a significant side-by-diagnosis in-
teraction for the gray matter volume of the superior tem-
poral gyrus (F=5.64, df=1, 63, p=0.02). The interactions of
side by gender (F=2.35, df=1, 63, p=0.13); side by handed-
ness (F=0.55, df=2, 63, p=0.58); or side by diagnosis, gen-
der, and handedness (F=3.53, df=1, 63, p=0.06) were not
significant. The effect of diagnosis was significant for the
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gray matter volume of the right superior temporal gyrus
but not the left (Table 2).

There was a significant side-by-diagnosis interaction for
white matter volume as well (F=5.91, df=1, 63, p=0.01). The
interactions of side by gender (F=0.49, df=1, 63, p=0.48);
side by handedness (F=1.22, df=2, 63, p=0.30); or side by
diagnosis, gender, and handedness (F=0.40, df=1, 63, p=
0.52) were not significant. There was no effect of diagnosis
on white matter volume for either side (Table 2).

To further explore the issue of superior temporal gyrus
asymmetry, laterality coefficients were calculated by using
the following formula: (left-right)/0.5(eft+right). This co-
efficient was entered in a univariate ANOVA as the depen-
dent variable with diagnosis, gender, and handedness as
fixed factors. This revealed an effect of diagnosis (F=9.53,
df=1, 64, p=0.003) but not of gender (F=2.11, df=1, 64, p=
0.15) or handedness (F=0.95, df=2, 64, p=0.40). The inter-
actions between gender and diagnosis (F=2.57, df=1, 64,
p=0.11) and handedness and diagnosis (F=1.86, df=2, 64,
p=0.16) were not significant. The interactions between
gender and handedness (F=2.68, df=2, 64, p=0.07) and for
diagnosis, gender, and handedness (F=3.07, df=1, 64, p=
0.08) failed to reach statistical significance. This finding of
greater leftward laterality in patients than in healthy vol-
unteers was consistent with our aforementioned finding
of lower right-side total and gray matter superior temporal
gyrus volumes in the patients with schizophrenia.

Finally, in order to examine the possible confounding
effect of medication, the volume of the superior temporal
gyrus was compared between schizophrenic patients di-
vided into three subgroups according to treatment with
typical or atypical antipsychotics or no medication. No
significant effect of medication was found (F=1.56, df=4,
74,p=0.19). In addition, no correlation was found between
medication duration and the volume of either the left or
the right superior temporal gyrus (left: r=0.17, df=40, p=
0.11; right: r=0.008, df=40, p=0.94).

Correlations Between Volumetric Measures
and Clinical Variables

We examined the correlation between the volumetric
measures and the scores from the items “hallucinatory
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behavior” and “conceptual disorganization” derived from
the Positive and Negative Syndrome Scale. Neither score
correlated with whole brain volume (hallucinatory be-
havior: r=-0.13, df=40, p=0.42; conceptual disorganiza-
tion: r=-0.06, df=40, p=0.71). Both scores were negatively
correlated with bilateral total volume of the superior tem-
poral gyrus. The correlations were significant on the right
(hallucinatory behavior: r=-0.31, df=40, p=0.006; concep-
tual disorganization: r=-0.24, df=40, p=0.03) but failed to
reach statistical significance on the left (hallucinatory be-
havior: r=-0.12, df=40, p=0.06; conceptual disorganiza-
tion: r=-0.11, df=40, p=0.09). For the gray matter volume
of the superior temporal gyrus, significant bilateral cor-
relations were seen for hallucinatory behavior (right: r=
-0.39, df=40, p=0.0001; left: r=-0.27, df=40, p=0.02) and
conceptual disorganization (right: r=—0.34, df=40, p=0.03;
left: r=—0.22, df=40, p=0.05). No significant correlations
were found between white matter volume and either hal-
lucinatory behavior (right: r=-0.15, df=40, p=0.20; left: r=
0.04, df=40, p=0.70) or conceptual disorganization (right:
r=-0.06, df=40, p=0.58; left: r=0.11, df=40, p=0.34). Of
these correlations, only the one between the right gray
matter volume and hallucinatory behavior would have
survived Bonferroni correction for multiple testing.

No correlation was found between age and superior
temporal gyrus total volume (right: r=0.10, df=40, p=0.51;
left: r=0.12, df=40, p=0.43). However, there was a positive
bilateral correlation between age at onset of psychosis and
both total volume (right: r=0.31, df=40, p=0.04; left: r=0.33,
df=40, p=0.03) and gray matter volume (right: r=0.34, df=
40, p=0.03; left: r=0.35, df=40, p=0.03). No significant cor-
relations were found between age at onset of psychosis
and the volumes of the whole brain (r=0.16, df=40, p=0.29)
or the white matter of the superior temporal gyrus (right:
r=0.05, df=40, p=0.74; left: r=—0.01, df=40, p=0.93). None of
these correlations would have survived Bonferroni correc-
tion for multiple testing.

Discussion

We found total and gray matter volumes of the right su-
perior temporal gyrus that were lower in adolescents with
recent-onset schizophrenia than in healthy comparison
volunteers. The total and gray matter volumes of the supe-
rior temporal gyrus on both sides correlated positively
with age at onset of psychosis. Bilateral gray matter vol-
ume of the superior temporal gyrus was negatively corre-
lated with the severity of hallucinations and conceptual
disorganization.

Our finding of right-sided superior temporal gyrus defi-
cits was unexpected. Previous studies of this structure in
adult-onset schizophrenia have suggested either left-
sided deficits or no differences (1, 2, 5, 21-24). Holinger et
al. (25) reported right-sided superior temporal gyrus defi-
cits, but they examined only left-handed male subjects
(eight with schizophrenia and 10 volunteers).
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The study that is most directly comparable to ours is
that of Jacobsen et al. (13). They examined the volume of
the superior temporal gyrus in 41 volunteers and 21 pa-
tients who had developed schizophrenia in childhood but
were assessed in adolescence (mean age at the time of
their MRI scan=14.6 years). In this study, the superior tem-
poral gyrus was larger bilaterally in patients but more so
on the right after an adjustment was made for whole brain
volume. There are differences in study populations and
brain image analysis methods that could explain the dis-
crepancy between their findings and ours, at least in part.
Their study consisted of patients whose mean age at onset
of psychosis was 10.2 years (SD=1.5), 4 years earlier on av-
erage than in the present study. In addition, their patients
were selected on the basis of treatment resistance, and a
number were later found to have comorbid neurological
or pervasive developmental disorders (14).

Clinical Correlates of Superior Temporal Gyrus
Abnormalities

Morphometric studies of adult-onset schizophrenia
point to a negative correlation between left superior tem-
poral gyrus volume and thought disorder or hallucina-
tions (1, 2, 4, 5, 10, 24). Functional imaging studies, how-
ever, have revealed a bilateral involvement of the superior
temporal gyrus in the pathogenesis of such symptoms (6,
7). Lennox et al. (7) and Dierks et al. (6) found that during
auditory hallucinations, activation spreads to a wide area,
including both the right and left superior temporal gyri.
This evidence suggests that in adult-onset schizophrenia,
there is bilateral superior temporal gyrus dysfunction with
morphometric abnormalities being prominent on the left.

We also found an inverse relationship between the se-
verity of hallucinations and thought disorder and bilateral
superior temporal gyrus volumes. This relationship was
significant on the right but failed to reach statistical signif-
icance on the left. Therefore, although the direction of the
relationship is the same as seen with adult-onset cases,
the degree of lateralization of the effect is different. This is
also supported by longitudinal data from 10 adolescents
with early-onset schizophrenia in which higher positive
symptom scores at baseline predicted larger volume defi-
cits in the right posterior superior temporal gyrus at 2-year
follow-up (14).

Neurodevelopmental Considerations

Although our findings require replication, it is possible
that predominately right-sided superior temporal gyrus
pathology is indeed a feature of early-onset schizophrenia.
The right hemisphere develops earlier and more rapidly
than the left (26). Because of this, right-sided brain abnor-
malities result from particularly early insults and are asso-
ciated with more widespread brain pathology (26). As
early insults are associated with a lower likelihood of sur-
vival, conditions with predominantly right-sided develop-
mental abnormalities are uncommon (26).
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It could be argued that such an early developmental de-
viance could be associated with the early onset of schizo-
phrenia in our study and the predominantly right-sided
pathology seen in the superior temporal gyrus. Other fea-
tures of early-onset schizophrenia also conform to the
characteristics of a condition resulting from an early de-
velopmental insult. Early-onset schizophrenia is uncom-
mon: only 4.7% of patients have their onset before the
18th year of life (27). Early onset is also associated with
greater severity and higher levels of premorbid social and
cognitive abnormalities, particularly in language develop-
ment (9, 28) and poor outcome (29).

Antipsychotic Effects

There is increasing awareness of the effect of antipsy-
chotics on brain morphology. This has been confirmed for
the striatum, in which volumetric increases have been as-
sociated with exposure to typical but not atypical anti-
psychotics (30-32). Treatment-related changes in brain
morphology might be quite widespread. For example, ex-
posure of primates to typical and atypical antipsychotics
leads to glial proliferation and increases in cortical thick-
ness in the prefrontal cortex (33).

There is theoretical evidence for an effect of antipsychot-
ics on superior temporal gyrus volume measurements. The
superior temporal gyrus has a well-differentiated pattern
of high concentration of dopamine D, receptor expression
(34). Although the density of the D, receptor family in the
temporal lobe is lower than in the striatum (35, 36), the
level of occupancy following treatment with neuroleptics
is similar (37).

Two longitudinal studies have found changes in supe-
rior temporal gyrus volume following alteration or initia-
tion of antipsychotic treatment. Jacobsen et al. (14) re-
ported a bilateral reduction in the total volume of the
superior temporal gyrus and a right-sided reduction in the
anterior superior temporal gyrus over a 2-year period in a
group of 10 subjects. At baseline, these patients were tak-
ing typical antipsychotics, while at the time of their sec-
ond scan they were treated with atypical antipsychotics,
mostly clozapine. There is also a preliminary and as yet
unreplicated report of bilateral increases in the volume of
the superior temporal gyrus, more pronounced on the
right, following initiation of treatment with typical anti-
psychotics in previously drug-naive patients (38). To our
knowledge, this is the only study to measure the volume of
the superior temporal gyrus in such patients. Patients
were already medicated in other first-episode studies of
the superior temporal gyrus (12), while the rest of the liter-
ature is based on chronically treated patients (1, 2, 5, 21—
24, 39).

The existing evidence of a lateralized effect of antipsy-
chotics on superior temporal gyrus volume is limited.
However, it does point to antipsychotics as a possible con-
founding factor in volumetric studies of this brain region
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in schizophrenia. Subdividing our patient group accord-
ing to medication status did not reveal significant differ-
ences in superior temporal gyrus volume between the dif-
ferent medication groups, but given the small group sizes
this finding may be due to a lack of power.

Methodological Considerations

Despite our comprehensive assessment of patients and
comparison subjects we cannot exclude the possibility
that some individuals in either group may change diag-
nostic classification in the future. Our volumetric mea-
surements made use of three-dimensional reconstructed
images with simultaneous viewing of the structures in
three planes. Thus, we were able to overcome the difficul-
ties associated with recognition of superior temporal gy-
rus boundaries in single-plane measurements. However,
raters were not blind to side, although it is unlikely that
this influenced the results, since any bias would be in
terms of known abnormalities in the left superior tempo-
ral gyrus.

In summary, we found right superior temporal gyrus
volume deficits in patients with early-onset schizophre-
nia. This is in apparent contrast to findings from adult-on-
set cases and may reflect an unusually early neurodevel-
opmental insult resulting in right-sided brain pathology.
We also confirmed that, as in adult-onset schizophrenia,
abnormalities in the superior temporal gyrus are related to
the severity of hallucinations and thought disorder, which
implies continuity with adult-onset schizophrenia in the
pathogenesis of these symptoms. However, this associa-
tion appeared to be less lateralized in early-onset cases.
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