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Objective: Previous reports have docu-
mented a striking progressive reduction
in cortical gray matter volume during ad-
olescence in patients with childhood-on-
set schizophrenia. This study examined
the rate of loss in cortical gray matter vol-
ume in relation to age and clinical status
in adolescent patients over a follow-up
period of 2-6 years.

Method: A total of 131 brain magnetic
resonance imaging scans were acquired
for 60 subjects with childhood-onset
schizophrenia (mean age=14.5 years, SD=
2.5), and 140 scans were acquired for 64
matched healthy comparison subjects.
One or more follow-up scans were ac-
quired at approximately 2-year intervals
for 39 subjects with childhood-onset
schizophrenia and 43 healthy subjects.
Developmental trajectories for total and
regional brain volumes were examined in
relation to age by using polynomial
growth models and data from all avail-
able scans. The rate of gray matter reduc-
tion in patients with childhood-onset

schizophrenia was examined in relation
to developmental and clinical measures
by using stepwise regression.

Results: Rates of brain volume reduction
were significantly higher for patients with
childhood-onset schizophrenia than for
healthy comparison subjects. In child-
hood-onset schizophrenia, the rate of
gray matter reduction was related to pre-
morbid impairment and baseline severity
of clinical symptoms but not to gender,
ethnicity, or age at onset of the disorder.
Unexpectedly, greater clinical improve-
ment was significantly related to a higher
rate of gray matter reduction. Longitudi-
nal trajectories suggested that the rate of
cortical loss plateaus during adolescence.

Conclusions: Striking loss of cerebral
gray matter is seen through adolescence
in patients with childhood-onset schizo-
phrenia. The rate of reduction was related
to premorbid impairment and baseline
symptom severity, but it may also be in
part a plastic response to illness.

(Am J Psychiatry 2003; 160:2181-2189)

Structural brain abnormalities are well established for
schizophrenia (1, 2), with most imaging studies that in-
clude gray matter and white matter segmentation report-
ing smaller cortical gray matter volumes and larger lateral
ventricular volumes (1, 3-8). Volumetric abnormalities in-
clude deficits ranging from 1.5% (9) to 20% (10) for total
gray matter volume and enlargements ranging from 5%
(11) to 48% (12) for lateral ventricular volume, relative to
healthy subjects, and these abnormalities have been gen-
erally associated with poor premorbid functioning and
poor outcome (3, 11, 13-15).

Recent prospective brain magnetic resonance imaging
(MRI) studies over a 2-4-year follow-up period in patients
with adult-onset schizophrenia have found subtle brain
changes, including lateral ventricular enlargement and re-
duction in hemispheric, frontal, and temporal volumes (8,
14, 16-18).

An ongoing prospective series of studies of brain devel-
opment in healthy children and children with psychoses
has permitted a more detailed investigation of brain de-
velopment in children with psychoses during adoles-
cence. Progressive loss of cortical gray matter and in-
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crease in ventricular volumes were observed in small
subsets of 15 and 16 adolescent subjects with childhood-
onset schizophrenia (19, 20), and these changes were
more striking than those seen in the adult studies across a
similar time period (effect size for ventricular enlarge-
ment was 0.89 for childhood-onset schizophrenia versus
0.18-0.65 in studies of adult-onset schizophrenia [21]).
Most recently, a back-to-front “cortical wave” of loss has
been described for a subgroup of 12 subjects with child-
hood-onset schizophrenia, and this effect was not seen in
a comparison group of nonschizophrenic patients
matched for IQ and drug treatment status (22). Thus, cor-
tical change appears most striking in the parietal region
early in the illness course, with later spread to frontal and
temporal cortices.

These studies support the concept of schizophrenia as a
progressive neurodevelopmental disorder with both early
and late developmental abnormalities (23). The identifica-
tion of these cortical changes in adolescents with child-
hood-onset schizophrenia, however, raises several ques-
tions. First, since age at onset is not associated with degree
of gray matter loss in adult patients (3, 12, 24), the relative
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TABLE 1. Clinical and Demographic Characteristics of Subjects in an MRI Study of Progressive Loss of Cortical Gray Matter
Volume During Adolescence in Patients With Childhood-Onset Schizophrenia

All Subjects Subjects With Two or More MRI Scans
Patients With Patients With
Childhood- Healthy Childhood- Healthy
Onset Comparison Onset Comparison
Schizophrenia Subjects Schizophrenia Subjects
Characteristic (N=60) (N=64) Analysis (N=39) (N=43) Analysis
Mean SD Mean SD t df p Mean SD Mean SD t df p
Age (years) 14.5 25 145 2.5 0.05 122 096 15.0 2.3 14.8 2.2 0.09 73 0.92
N % N % X2 df p N % N % x>  df p
Male sex 36 60 39 61 0.01 1 092 24 61 27 63 0.01 1 0.90
Ethnicity 19.00 0.01 16.70 4 <0.002
Caucasian 31 52 55 86 20 51 39 91
African American 15 25 7 11 10 26 3 7
Asian 4 7 1 2 3 8 1 2
Hispanic 5 8 0 0 4 10 0 0
Other 5 8 1 2 2 5 0 0
Number of subjects
with 1-5 scans 5.06 4 028
1 21 35 21 33
2 18 30 21 33
3 14 23 12 19
4 3 5 9 14
5 4 7 1 2
Mann-
Whitney
N N z p
Total number of scans 131 140 0.01 0.98
Mean SD Mean SD t df p Mean SD Mean SD t df p
Number of scans per subject 2.18 1.2 219 1.1 0.02 122 0.98
Age at second scan (years) 18.4 21 186 1.9 047 73 0.64
Follow-up period (years) 3.4 1.4 3.6 1.6 0.79 80 045
Age at onset (years) 10.2 2.2
Duration of illness (years) 4.6 2.0
N %
Familial schizotypy 41 68
Abnormal premorbid
development 33 85
Social 25 64
Motor 22 56
Speech/language 22 56
Medications
Clozapine only? 16 41
Olanzapine only 8 20
Clozapine plus other
atypical antipsychotics 9 23
Clozapine and typical
antipsychotics 3 8
Other atypical antipsychotics 3 8

4 Mean dose=415 mg/day, SD=121.

loss of gray matter in childhood-onset schizophrenia
would be expected to plateau, relative to the cortical mat-
uration of healthy comparison subjects. Second, the rela-
tive loss of brain tissue in childhood-onset schizophrenia
might reflect a process uniquely salient to adolescence,
but it could also be due to other factors such as severity of
illness, drug treatment, clinical outcome, or some interac-
tions among these factors.
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In the present study, anatomic brain MRI images from
60 patients with childhood-onset schizophrenia were
evaluated for progressive gray matter loss. For the 39 pa-
tients for whom two or more scans were available, the rate
of loss was examined in relation to developmental and
clinical characteristics. Our hypothesis was that greater
loss of gray matter would be associated with poorer clini-
cal outcome.
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Method

Subjects

Childhood-onset schizophrenia. The recruitment of probands
with childhood-onset schizophrenia has been described in de-
tail elsewhere (25). Briefly, we sought children and adolescents,
age 8-18 years, who met the DSM-III-R or DSM-1V criteria for
schizophrenia with onset of psychotic symptoms before their
13th birthday, a premorbid full-scale IQ of atleast 70, and no sig-
nificant medical or neurological disease or other psychiatric dis-
order that was a major focus of treatment. Ongoing national re-
cruiting resulted in more than 1,400 chart reviews and 250 in-
person screenings. The diagnosis of childhood-onset schizo-
phrenia was confirmed by an extensive evaluation that included
clinical and structured interviews of the children and their par-
ents with portions of the Schedule for Affective Disorders and
Schizophrenia for School-Age Children (26, 27) and in-hospital
observation during a 1-3-week medication-free period. Severity
of clinical symptoms was assessed by using the Brief Psychiatric
Rating Scale (BPRS) (28), Scale for the Assessment of Positive
Symptoms (SAPS) (29), Scale for the Assessment of Negative
Symptoms (SANS) (30), and BPRS for Children (31). Interrater
reliabilities (measured with the interclass correlation coefficient
[ICC]) for three different groups of child psychiatrists at three
different points in the study ranged from moderate (ICC=0.64
for the BPRS for Children) to high (ICC=0.92 for the SANS and
SAPS).

Premorbid development (defined as development up to 1 year
before onset of psychosis) was evaluated on the basis of clinical,
neuropsychological, and school records and parental recall (for a
detailed description of this evaluation, see reference 32). The
presence or absence of premorbid abnormalities was rated for
social interactions, speech and language, and motor behavior.
The sum of scores on 15 items within these categories constituted
a total score of premorbid developmental dysfunction (adapted
from the rating method of Hollis [33]). Interrater reliability
between the two raters was high (kappa=0.9). Family interview
information was used to identify any symptoms of the schizo-
phrenia spectrum diagnoses, defined as schizophrenia, schizoaf-
fective disorder, or schizotypal, schizoid, or paranoid personality
disorder, in the first-degree relatives of probands.

All subjects participated in an inpatient, double-blind, pla-
cebo-controlled study of atypical neuroleptics (haloperidol ver-
sus olanzapine or clozapine versus olanzapine), and most (91%)
returned for follow-up scans approximately every 2 years across
a 2-8-year period. At baseline and at each follow-up visit, sub-
jects were administered the WISC-R (34), WISC-III (35), or WAIS-
R (36), as appropriate. At follow-up, WISC-R raw scores for infor-
mation and comprehension subtests were obtained to compare
performance on these scales independent of the subjects’” age.
Clinical status was rated at follow-up by using the rating scales
listed earlier.

Healthy comparison subjects. MRI scans were obtained for 64
age- and sex-matched healthy subjects who were a part of a larger
pool of subjects participating in an ongoing study of normal brain
development at NIMH (37). Details concerning the recruitment
and assessment of the healthy subjects have been presented else-
where (38). Since 1990, research teams ensured that the matched
comparison subjects were rescanned at approximately 2-year in-
tervals to match the intervals for the subjects with childhood-
onset schizophrenia. A total of 140 scans was available for the
healthy comparison group, of whom 43 had two or more good-
quality scans (Table 1).

The project was approved by the NIMH Institutional Review
Board. Written consent was obtained from parents, and assent
was obtained from minor subjects.
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MRI Image Acquisition

All scans were obtained on the same GE 1.5-T Signa scanner
(GE Medical Systems, Milwaukee) by using the same three-di-
mensional spoiled gradient recalled echo in the steady state im-
aging protocol (axial slice thickness=1.5 mm, time to echo=5
msec, repetition time=24 msec, flip angle=45°, acquisition ma-
trix=192x256, number of excitations=1, and field of view=24 cm).
Foam padding was placed around the subject’s head to minimize
scanner noise and help steady the head position. Vitamin E cap-
sules, one in each ear and one taped to the left lateral inferior or-
bital ridge, were used to standardize head placement. Scans were
evaluated clinically by a neuroradiologist and had no gross ab-
normalities. Researchers evaluating the scans for research mea-
sures were blinded to the subjects’ diagnoses. Total and regional
gray and white matter volumes were generated by a fully auto-
mated system that classifies tissue according to voxel intensity
using a probabilistic atlas and provides lobar (frontal, parietal,
temporal, and occipital) parcellation of cortical gray matter vol-
umes. Total cerebral volume was defined as the algebraic sum of
all gray matter pixels and white matter pixels, excluding the cere-
bellum and brainstem. More detailed descriptions of the proce-
dure have been given elsewhere (37, 39, 40).

Anatomical boundaries for classification of brain voxels were
based on a total of 4,000 points selected by a trained neuroanato-
mist for gray matter, white matter, CSE fat, and background, by
using reference space and the coordinate system from Talairach
space (41) (for example, the left lateral ventricle extends from —36
to 0 on the x axis, from -56 to 29 on the y axis and from -14 to 28
on the z axis in Talairach space). Complete information on ana-
tomical boundaries is available on request and on our web site
(http://intramural.nimh.nih.gov/chp/).

Occasionally scans were not available due to a variety of rea-
sons (e.g., refusal from the patient, presence of metal objects in
the body) or were discarded because of poor quality (i.e., motion
artifact) by the automated processing software.

Statistical Analyses

Demographic characteristics were compared for the child-
hood-onset schizophrenia group and the healthy comparison
group and for subgroups with two or more scans by using t,
Mann-Whitney, or chi-square tests, as appropriate.

To evaluate age-related volumetric changes, developmental
trajectories were generated by using mixed-model regression. All
available scans for each subject were used for these analyses. A to-
tal of 131 scans were available for the 60 subjects with childhood-
onset schizophrenia, and 140 scans were available for the 64
healthy comparison subjects.

Mixed-model regression has several advantages over more
common statistical techniques such as polynomial regression or
repeated measures analysis of variance. Specifically, it accounts
for unbalanced data measured at irregular time intervals and for
within-person correlation, such as multiple measures obtained
from the same person. We were thus able to include participants
with varying numbers of scans (one to five) and increase the sta-
tistical power to examine volume and age relationships.

Briefly, for a given structure, the ith individual’s jth measure-
ment was initially modeled by using the following equation:

sizejj=intercept+di+Am(sex=m)+A¢(sex=f)+B; (age-mean age)
+B;(age-mean age)?+Bs(age-mean age)>+ej,

in which d; is a normally distributed random effect that models
within-person dependence; the intercept, A, and B are modeled
as fixed effects; e;; represents the usual normally distributed re-
sidual error; Ay, and Arshow how the individual’s sex affects the
volume measurements; and B;, B», and Bz show how volume

changes with age. The initial models allowed for gender/diagnos-
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TABLE 2. Statistical Model Fitting for Developmental Trajectories of Gray Matter and Lateral Ventricular Volumes in
Adolescent Patients With Childhood-Onset Schizophrenia (N=60) and Healthy Comparison Subjects (N=64)2

Fixed Effects

Between-Group Comparisons

Age Shape of
Quadratic Developmental
Diagnosis Gender Linear Model Model Cubic Model Trajectory Curve Intercept?

Measure F df F df F df F df F df Fort df t df
Total cerebral volume 10.04** 1,129 56.56** 1,118 22.13** 2,152 0.59 2,200 5.17** 2,191 5.09* 3,169 3.17*% 127
Gray matter volumes

Total 17.29%* 1,130 40.59** 1,117 48.32* 2,160 1.28 2,225 4.67** 2,213 6.42** 3,185 4.16** 126

Frontal 17.92*% 1,129 29.56** 1,116 68.96** 2,160 0.83 2,226 5.16** 2,214 5.00** 3,185 4.23** 125

Parietal 21.59*% 1,129 24.84** 1,116 67.71** 2,159 0.21 2,224 3.89* 2,212 1.71 3,184 4.65%* 125

Temporal 9.08** 1,132 38.62** 1,118 17.98** 2,163 3.15* 2,228 3.50* 2,216 5.86** 3,188 3.01** 128
Lateral ventricular

volume¢ 15.93** 1,121 5.83* 1,120 25.05** 2,157 4.10%* 157 3.99%* 120

2 Mixed-model regression analysis using data from a total of 131 scans from patients with childhood-onset schizophrenia and 140 scans from

healthy comparison subjects.

b Height of developmental trajectory curve, a measure of regional brain volumes.
¢ Quadratic and cubic terms were not significant for these models and therefore are not included in the table.

#p<0.05.  **p<0.01.

tic interactions in the shape of the growth curves. However, these
models were not significant improvements over the final model
that imposed parallel trajectories for male and female subjects.
Due to space considerations these analyses were omitted.

In the final models, the intercept and B terms were allowed to
vary by diagnostic group, producing two growth curves with dif-
ferent height and shape characteristics. F tests were used to deter-
mine whether cubic, quadratic, linear, or constant growth models
best fit the data. After the order of the model was determined (lin-
ear, cubic, or quadratic), F tests were used to see if the diagnostic
curves differed in shape (i.e., if the coefficient for age terms dif-
fered between the groups). Parameter estimates of the fixed ef-
fects were used to generate fitted values in the graphs. Outliers
were checked visually, and collinearity among explanatory vari-
ables was not an issue, as age, sex and diagnosis were not signifi-
cantly correlated. Additional details regarding the mixed-model
regression analysis are given elsewhere (37, 42, 43).

Polynomial regression analyses using the first data point for
each subject, mixed-model regression analyses using data only
from subjects with two scans, and volumetric slope comparisons
using data from scans before and after age 20 were also per-
formed, but these analyses were not found to be informative ow-
ing to the insufficient number of cases.

The rate of total gray matter volume change was calculated for
the subjects with childhood-onset schizophrenia and the healthy
comparison subjects who had at least two MRI scans available
before age 21 (39 subjects with childhood-onset schizophrenia
and 43 healthy comparison subjects). The total gray matter slope
was defined as the follow-up scan value minus the first scan value
divided by time elapsed between scans and expressed as millili-
ters per year (a negative value represented cortical volume reduc-
tion). This calculated linear slope was used as an approximation
of the nonlinear/cubic developmental trajectory. By using the lin-
ear approximation we were able to examine the relationships be-
tween volumetric change and corresponding clinical measures in
a straightforward, easily accessible manner.

For subjects with childhood-onset schizophrenia who had
three or more scans (N=21), we used paired t tests to compare the
total and regional gray matter slopes between the first and second
scans versus the second and last (usually third) scans.

For the subjects with childhood-onset schizophrenia subjects
who had two or more scans (N=39), baseline and follow-up clini-
cal and neuropsychological measures were compared by using
paired t tests. Finally, for this subgroup, the rate of gray matter re-
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duction was examined as an outcome variable in relation to de-
velopmental and clinical measures by using stepwise regression
analysis.

All statistics were performed by using SPSS 11.0.1 (44) or NCSS
2001 (45).

Results

The final study group consisted of 60 subjects with
childhood-onset schizophrenia (36 boys, 24 girls) and 64
healthy comparison subjects (39 boys, 25 girls) for whom
one or more MRI scans were available (a total of 131 and
140 scans, respectively, for each group). Follow-up scans
were available for 39 subjects with childhood-onset
schizophrenia (65% of the total childhood-onset schizo-
phrenia group) and 43 comparison subjects (67%). As Ta-
ble 1 shows, the overall childhood-onset schizophrenia
and healthy comparison groups and their subgroups with
more than one scan were well matched for gender, age at
first and last follow-up scan, number of scans per person,
and length of follow-up period. Information on age at on-
set of illness, duration of illness, abnormal premorbid de-
velopment, familial schizotypy, and antipsychotic treat-
ment for subjects with childhood-onset schizophrenia
who had two or more scans is presented in Table 1. The
subjects with childhood-onset schizophrenia who had
only one scan were not significantly different from those
with two or more scans on any of these measures.

Developmental Trajectories for All Subjects

Age-related changes for total cerebral volume, total and
regional gray matter volumes, and ventricular volume
were analyzed by using all scans for the subjects with
childhood-onset schizophrenia (N=60) and the healthy
comparison subjects (N=64).

Results of the mixed-model regression analysis included
significant cubic terms for total cerebral volume (p<0.01)

Am | Psychiatry 160:12, December 2003
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FIGURE 1. Developmental Pattern of Total and Regional Gray Matter Volumes in Adolescent Patients With Childhood-Onset

Schizophrenia and Healthy Comparison Subjects?
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2 The two curves, based on a total of 131 scans for the patients and 140 scans for the healthy comparison subjects, represent estimated age-
related slopes for average individuals after accounting for between-person variation by random effect in the mixed regression model. Both
longitudinal and cross-sectional data were used. Nonlinear curves for total, parietal, temporal, and frontal gray matter indicate that the rate

of volumetric loss approaches zero at approximately age 21.

b Significant difference in developmental growth trajectory between patients with childhood-onset schizophrenia and healthy comparison sub-

jects (p<0.01, F test).

FIGURE 2. Raw Total and Regional Gray Matter Volumes in Adolescent Patients With Childhood-Onset Schizophrenia Who
Had Three or More MRI Scans Over a 2-6-Year Follow-Up Period?
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2 Slopes were based on a total of 75 scans for 21 patients, 57% of whom were male.
b Early slopes were significantly steeper than later slopes (p=0.03, paired t test).

and for total (p<0.01), frontal (p<0.01), parietal (p<0.05),
and temporal (p<0.05) gray matter volumes, indicating a
nonlinear decline. Developmental trajectories for lateral
ventricular volume (Table 2), however, were linear
(p<0.01), indicating a constant rate of increase with no in-
dication of a plateau during this age period. The develop-
mental trajectories for frontal, parietal, temporal, and to-
tal gray matter volumes generated from the mixed-model

Am | Psychiatry 160:12, December 2003

regression analysis for the childhood-onset schizophrenia
and healthy comparison groups are presented graphically
in Figure 1.

Raw data for total and regional gray matter volumes for
subjects with childhood-onset schizophrenia who had
three or more scans are presented in Figure 2 to illustrate
the nonlinearity of developmental trajectories in child-
hood-onset schizophrenia. As seen in Figure 2, for most

http://ajp.psychiatryonline.org 2185



CHILDHOOD-ONSET SCHIZOPHRENIA

TABLE 3. Gray Matter and Lateral Ventricular Volumes at Baseline and 2-6-Year Follow-Up in Adolescent Patients With
Childhood-Onset Schizophrenia (N=39) and Healthy Comparison Subjects (N=43) With Two or More MRI Scans

Baseline Scan

Follow-Up Scan?

Volume (ml) Volume (ml)
Patients With Patients With
Childhood- Healthy Childhood- Healthy
Onset Comparison Onset Comparison

Measure Schizophrenia Subjects Analysis Schizophrenia Subjects Analysis

Mean SD Mean SD t (df=80) p Mean SD Mean SD t (df=80) p
Total cerebrum 1089.5 114.7 11204 125.8 1.16 025 10622 119.4 11101 126.7 175  0.08

F(df=1,79P p F(df=1,79 p

Total gray matter 693.8 77.3 720.8 78.4 2.19 0.14 657.9 79.8 704.6 72.6 13.21 0.0004
Frontal gray matter 2131 25.2 2233 229 4.27 0.04 199.5 26.6 214.8 22.0 7.92 0.006
Parietal gray matter 113.0 13.7 119.9 14.3 6.28 0.01 105.6 12.9 114.5 13.2 9.30 0.003
Temporal gray matter  180.5 20.7 185.1 18.9 0.01 0.97 175.4 21.6 184.2 17.6 1.15 0.28
Lateral ventricles 16.7 8.1 12.7 6.9 8.52 0.004 18.5 10.4 13.1 6.8 10.70 0.001

a Mean follow-up period=3.4 years, SD=1.4.
b Analysis of covariance with total cerebral volume as covariate.

subjects there was a decrease in the rate of gray matter loss
(flattening of the curve) with time.

Comparisons of the developmental curves between the
groups showed significant differences in shape for total
cerebral volume and for total, frontal, and temporal gray
matter volumes (p<0.01). For parietal gray matter, the
curves for the two groups did not differ in shape (both fit-
ted curves were cubic) but did differ significantly in inter-
cept (height), indicating that the curves for both groups
followed statistically comparable courses of nonlinear vol-
umetric reduction. Developmental curves for lateral ven-
tricular volume were linear for both the childhood-onset
schizophrenia group and the healthy comparison group.
For all the trajectories, the intercepts were significantly
different between the groups (Table 2), which reflects
smaller total brain volumes and steeper declines in vol-
ume in the childhood-onset schizophrenia group (all p
values <0.01).

In addition, for 21 subjects with childhood-onset schizo-
phrenia who had three MRI scans, we used paired t tests to
compare the slopes for gray matter volume (values for the
last scan minus the values for the first scan divided by the
time elapsed between the scans) from scan 1 to scan 2 with
the slopes for gray matter volume from scan 2 to the last
scan. The mean ages of the subjects at the three time
points were 14.2 years (SD=2.1) at scan 1, 16.5 years (SD=
2.2) at scan 2, and 20.4 years (SD=2.1) at the last scan. The
difference between the early and later slope was significant
for frontal gray matter volume (mean=-6.0 ml/year, SD=
5.2, versus mean=-2.5 ml/year, SD=3.2) (t=2.32, df=20, p=
0.03) and parietal gray matter volume (mean=-3.3 ml/year,
SD=2.8, versus mean=-1.2 ml/year, SD=1.9) (t=2.30, df=20,
p=0.03) and approached significance for total gray matter
volume (mean=-16.0 ml/year, SD=16.4, versus mean=-5.8
ml/year, SD=10.3) (t=2.07, df=20, p=0.052) and temporal
gray matter volume (mean=-2.7 ml/year, SD=4.1, versus
mean=-0.5 ml/year, SD=2.2) (t=2.06, df=20, p=0.052).

2186 http.//ajp.psychiatryonline.org

Developmental Trajectories for Subjects
With Two or More Scans

For these analyses we used only scans before age 21 in
subgroups of subjects with two or more scans (39 subjects
with childhood-onset schizophrenia, 43 healthy compari-
son subjects), since, as noted earlier, developmental
curves diverge from a linear decline around this age.

At baseline, the subset of childhood-onset schizophre-
nia patients with multiple scans had a significantly larger
lateral ventricular volume and significantly smaller frontal
and parietal gray matter volumes, compared with the
healthy subjects (Table 3). At follow-up, total, frontal, and
parietal gray matter volumes were significantly smaller for
childhood-onset schizophrenia patients, while the differ-
ence for temporal gray matter did not reach significance
(p=0.28). The percent difference between the follow-up
and baseline scans for the subjects with childhood-onset
schizophrenia (follow-up volume minus baseline volume
divided by baseline volume x100) was 19.4% for the total
gray matter volume and 41.3% for the lateral ventricular
volume.

The rate of reduction in total gray matter volume in the
childhood-onset schizophrenia group (mean=-10.4 ml/
year, SD=12.6) was significantly higher than that in the
healthy comparison group (mean=-4.2 ml/year, SD=9.9)
(t=2.49, df=80, p=0.01).

Clinical and Neuropsychological Measures

The childhood-onset schizophrenia group showed sig-
nificant clinical improvement at follow-up, as measured
by the SAPS, SANS, BPRS, and BPRS for Children, as well as
minor improvement in IQ measures (all p values <0.01)
(Table 4).

Factors Associated With Gray Matter Reduction

To investigate clinical, demographic, and developmen-
tal factors in relation to the rate of reduction of gray matter
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TABLE 4. Clinical and Neuropsychological Measures for Adolescent Patients With Childhood-Onset Schizophrenia at Base-

line and 2-6-Year Follow-Up

Baseline Follow-Up? Analysis

Clinical or Neuropsychological Measure Mean SD Mean SD t df p
1Q

Full-scale (N=24) 75.9 19.0 81.0 18.4 3.30 27 0.003

Verbal (N=25) 80.3 19.3 84.3 17.6 2.82 25 0.009

Performance (N=24) 75.1 18.9 79.8 19.1 2.76 24 0.01
Scale for the Assessment of Positive Symptoms score (N=39) 44.4 227 23.0 171 6.04 37 0.00001
Scale for the Assessment of Negative Symptoms score (N=39) 58.7 31.3 38.4 23.7 4.04 37 0.0002
Brief Psychiatric Rating Scale (BPRS) score (N=39) 52.6 15.3 373 123 5.98 37 0.0001
BPRS for Children score (N=39) 55.9 16.8 38.8 9.3 6.77 37 <0.0001

2 Mean follow-up period=3.4 years, SD=1.4. Follow-up clinical and neuropsychological measures correspond in time to the latest MRI scan

before age 21.

volume in the childhood-onset schizophrenia group (N=
39), two separate stepwise regression analyses were per-
formed: one for demographic and premorbid characteris-
tics and baseline clinical measures and another for treat-
ment and outcome measures. Medication-free baseline
severity of clinical symptoms as measured by the BPRS
and poor premorbid functioning as measured by the total
score for premorbid developmental dysfunction were as-
sociated with a faster rate of volume reduction in gray
matter (standardized beta coefficient=0.40, R?=0.186,
p<0.006; and standardized beta coefficient=0.35, R?=0.12,
p<0.02, respectively; Pearson correlations for these mea-
sures were r=—0.44, df=37, p<0.005, and r=-0.39, df=37, p=
0.01, respectively). No significant relationships were ob-
served between the rate of volume reduction and sex, eth-
nicity, familial schizotypy, age at onset, duration of illness,
baseline full-scale IQ, or any subscale score.

In the second stepwise regression analysis, percent im-
provement on the BPRS was related to the rate of gray mat-
ter volume reduction, i.e., greater improvement was asso-
ciated with greater gray matter reduction (standardized
beta coefficient=0.51, R?=0.27, p<0.001; Pearson r=-0.51,
df=37, p=0.001). No treatment measure, such as medica-
tion type, dose, or follow-up clinical rating, was signifi-
cantly associated with the rate of reduction of gray matter
volume. There was no significant difference in rate of gray
matter reduction between medication groups (F=1.99, df=
3, 35, p=0.13) and no significant association between gray
matter slopes and medication dose expressed in chlor-
promazine equivalents (r=0.25, df=37, p=0.54). Change in
full-scale IQ also was not significantly associated with rate
of gray matter reduction in childhood-onset schizophrenia
subjects (r=—0.37, df=22, p=0.08). Correlations between the
slope for reduction of total gray matter volume and base-
line clinical ratings on the SAPS, SANS, and BPRS for Chil-
dren (r=-0.07, df=37, p=0.68; r=-0.35, df=37, p=0.03; r=0.33,
df=37, p=0.04, respectively) were not significant after Bon-
ferroni correction. None of the follow-up clinical ratings
correlated significantly with the rate of gray matter volume
reduction (p=0.17-0.89). However, greater rate of total gray
matter reduction was positively associated with higher
percentages of improvement in scores on the SANS, BPRS,
and BPRS for Children (r=-0.42, df=37, p=0.007; r=-0.51,
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df=37, p=0.001; r=-0.40, df=37, p=0.01, respectively); these
correlations were significant after Bonferroni correction,
indicating that greater clinical improvement was accom-
panied by a higher rate of change in brain volume.

Discussion

This study, which included a larger number of subjects
than our previous studies (20, 22), supports our previous
findings of progressive gray matter reduction during ado-
lescence in subjects with childhood-onset schizophrenia,
compared to healthy comparison subjects. Developmental
trajectories for total and regional brain volumes showed rel-
ative decreases in subjects with childhood-onset schizo-
phrenia late in adolescence. This finding was partly con-
firmed by the fact that the slopes for gray matter volume for
subjects with childhood-onset schizophrenia who had
three or more MRI scans were steeper for earlier than for
later scans. However, this observation of a leveling off of gray
matter reduction is still preliminary and requires further val-
idation with larger numbers of subjects and a longer follow-
up period. These findings may not apply to all patients with
early-onset schizophrenia. For example, a recent study (46)
did not find progressive brain abnormalities in a group of 16
patients with adolescent-onset schizophrenia, perhaps be-
cause the subjects were older (mean age=16.7 years), had a
later age at illness onset, and had a shorter follow-up period.
If further investigation supports our findings of a leveling off
of gray matter reduction in childhood-onset schizophrenia,
this confirmation may reconcile our findings with previous
findings of relatively small change in prospective brain MRI
studies of adult patients with schizophrenia.

The percent difference in total gray matter volume
(19.4%) and lateral ventricular volume (41.3%) between
the subjects with childhood-onset schizophrenia and the
healthy comparison subjects at follow-up in our study is
comparable to that reported for adult-onset schizophre-
nia, particularly in adult-onset schizophrenia patients
with poor outcomes, high rates of premorbid deficits, and
chronic hospitalization. We did not replicate volumetric
differences for the temporal lobe that have been reported
in some adult studies (2). The lack of temporal lobe differ-
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ences in our study may reflect the small number of sub-
jects or may be a characteristic of early-onset psychosis.

While comparisons across studies are problematic, the
dramatic rate of brain volume reduction during adoles-
cence in childhood-onset schizophrenia is indicated by
the significantly greater effect size in this study, compared
to those seen in prospective adult studies (21). We are un-
able to distinguish whether this difference is due to time-
specific developmental changes or symptom severity and/
or to the early age at onset of the study subjects.

The inverse association between clinical improvement
and brain volume loss, while counterintuitive, has been
reported in two other longitudinal studies (8, 14). Al-
though measures of improvement can be confounded
with baseline symptom severity, the strong correlation of
brain volume loss with percent improvement in symptom
measures argues against this interpretation. Moreover,
when baseline, follow-up, and improvement measures
were entered into a single regression analysis, only clinical
improvement measures were significantly associated with
rate of gray matter loss.

Drug treatment status was also considered in relation to
brain volumetric changes, as some studies have found
longer treatment duration and higher antipsychotic doses
to be associated with gray matter deficits (4, 18, 47). Other
investigators have found no significant association be-
tween clozapine treatment and prospective brain change
(48; D. Mathalon, personal communication, 2002). Simi-
larly, paradoxical findings have been described in adult
patients treated with clozapine, with better treatment
responses associated with smaller prefrontal (49) and tem-
poral (50) gray matter volumes. In the present study, how-
ever, we did not detect a significant association between the
rate of gray matter reduction and medication type or dose.

Speculatively, an association of greater clinical improve-
ment with a faster rate of gray matter decline, if replicated,
might be viewed as, in part, a compensatory “pruning” of
malfunctioning neural circuits, which is consistent with
some neurodevelopmental models of schizophrenia (51).

In this study we also reported a cubic shape of the devel-
opmental curve for parietal gray matter volume in normal
comparison subjects, which had not been reported previ-
ously (38), as we extended the age of the comparison
group beyond 18 years. Thus, the results provide more
support for the idea that the pattern of gray matter volume
reduction in childhood-onset schizophrenia (“back to
front cortical wave” [22]) resembles normal brain develop-
ment during adolescence, but at an exaggerated rate.

Limitations of this study include the relatively small
number of subjects, the lack of ethnic or IQ matching for
the patient group, and a possible confounding effect of
treatment. It must also be noted that the number of sub-
jects who were able to complete an IQ test was smaller
than the number of subjects in the study, and the seeming
improvement of IQ over time in childhood-onset schizo-
phrenia may not reflect the actual process, as the subjects
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with the lowest level of functioning were untestable and
thus were not represented in this analysis.

Finally, the subjects with childhood-onset schizophre-
nia in this study may not be representative of the popula-
tions of patients with early-onset schizophrenia, as the
study subjects had severe, treatment-resistant illnesses. To
confirm the apparent plateau for brain changes, studies
with a longer follow-up period and additional subjects
reaching age 21 years will be required; prospective MRI
studies with those characteristics are under way.
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