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Objective: This study investigated the relationship between
outcome and structural brain abnormalities in schizophrenia.

Method: Intracranial volume and volumes of the cerebrum,
gray and white matter, lateral and third ventricles, frontal lobes,
thalamus, and cerebellum were measured in 20 patients with a

poor outcome, 25 with a favorable outcome, and 23 healthy
comparison subjects with magnetic resonance imaging.

Results: Thalamic volume was significantly smaller both in
poor-outcome patients and good-outcome patients. In contrast,
only poor-outcome patients displayed significantly smaller ce-
rebral gray matter, particularly prefrontal, and enlargement of
the lateral and third ventricles. No significant differences were
found for intracranial, cerebellar, or cortical CSF volumes.

Conclusions: Smaller thalamic volumes in schizophrenia may
reflect a greater susceptibility for the disorder and seem unre-
lated to outcome. In contrast, gray matter volume loss of the
cerebrum, particularly in the frontal lobes, and lateral and
third ventricular enlargement appear related to outcome in
schizophrenia.

(Am J Psychiatry 2001; 158:1140–1142)

Structural brain abnormalities, including ventricular
enlargement and decrements in gray matter volume (1, 2),
play an important role in the pathology of schizophrenia.
Smaller volumes of gray matter occur in the neocortex as
well as in subcortical structures, such as the thalamus (3),
amygdala, and hippocampus (1, 2).

If the structural brain abnormalities of schizophrenia
were related to the illness process, one would expect
schizophrenic patients with a poor outcome to display
more extensive brain abnormalities than schizophrenic
patients with a relatively good outcome. To test this hy-
pothesis, intracranial volume and volumes of the cere-
brum, gray and white matter, thalamus, frontal lobes, lat-
eral and third ventricles, and cerebellum were compared
in patients with schizophrenia at the extremes of the out-
come spectrum and healthy comparison subjects.

Method

Twenty patients with a poor outcome, 25 patients with a good
outcome, and 23 healthy comparison subjects participated after
written informed consent was obtained. A diagnosis of DSM-IV
schizophrenia was established by means of the Comprehensive
Assessment of Symptoms and History (4). Subjects with a major
medical or neurological illness, an IQ below 80, a history of hav-
ing received ECT, or a history of substance dependence were
excluded.

Poor-outcome patients had been hospitalized for more than
50% of their total duration of illness and had been continuously
hospitalized over the past 3 years. Good-outcome patients had
been hospitalized for less than 10% of their total duration of ill-
ness and were not hospitalized during the past year. All patients
needed to have a minimum duration of illness of 15 years to en-
sure a reliable outcome measure (5).

The three groups did not differ significantly in age, gender, or
handedness. The two patient groups did not differ significantly in
doses of antipsychotic medication. Symptom profile, level of
functioning, and cognitive functioning were evaluated by means
of the Positive and Negative Syndrome Scale (6), the Disability As-
sessment Schedule (7), the Global Assessment Scale (8), and the
Mini-Mental State Examination (9).

With a Philips (Eindhoven, the Netherlands) 1.5 T scanner, T1-
weighted scans with 1.2-mm contiguous coronal slices and dual
contrast turbo spin echo scans with 1.6-mm-thick contiguous
coronal slices of the whole head were acquired. Intracranial
matter, cerebral gray and white matter (whole brain, excluding
the cerebellum and brainstem), frontal lobes (10), lateral and
third ventricles, cortical CSF, and cerebellum volumes were
measured automatically (11), whereas the thalamus was mea-
sured manually (12).

The interrater reliability determined by the intraclass correla-
tion coefficient (ICC) of the intracranial volume was 0.99; for the
cerebrum, ICC=0.99; for the cerebellum, ICC=0.95; for the lateral
ventricles, ICC=0.99; for the third ventricle, ICC=0.95; for the left
thalamus, ICC=0.78; and for the right thalamus, ICC=0.74.

Volumetric differences between the three groups were ana-
lyzed for each structure with repeated measures analysis of cova-
riance (ANCOVA) by using a group-by-side (left and right) and, if
applicable, side-by-matter (gray and white) design with intracra-
nial volume as the covariant. Post hoc two-tailed t tests were used
to evaluate which group contributed most to the significant ef-
fects of the ANCOVAs.

Results

Clinical characteristics are listed in Table 1. Poor-out-
come patients displayed significantly more positive, nega-
tive, and general symptoms and were more severely im-
paired in cognitive and social functioning than good-
outcome patients. Eleven of the poor-outcome patients
were taking typical antipsychotics, and nine were taking
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atypicals. Nineteen of the good-outcome patients were re-
ceiving typical antipsychotics, and six were receiving atyp-
icals. Regional brain volumes are also listed in Table 1 and

Figure 1. No significant main effects or interactions were
found among intracranial, cortical CSF, or cerebellar vol-
umes. No significant interactions between group and side

were found for any of the volume measures.

A significant interaction of group and matter (F=6.3, df=

2, 64, p<0.01) was found, which could mainly be attributed
to a significantly smaller gray matter volume in poor-out-
come patients than in healthy comparison subjects (t=2.4,

df=41, p<0.02), whereas the gray matter volume of the

good-outcome patients did not significantly differ from
those of the other two groups.

A significant main effect of group (F=3.3, df=2, 64,
p<0.05) was found for frontal lobe volume (Figure 1),
which could mainly be attributed to a significantly smaller
frontal lobe volume in the poor-outcome patients than in
the healthy comparison subjects (t=2.5, df=41, p<0.02),
whereas the frontal lobe volume of the good-outcome pa-
tients did not significantly differ from those of the other
two groups.

A significant interaction of group and frontal lobe mat-
ter was found (F=10.9, df=2, 64, p<0.01), which was mainly

TABLE 1. Absolute Regional Brain Volumes and Clinical Characteristics of Patients With Schizophrenia With Poor Outcome,
Patients With Good Outcome, and Healthy Comparison Subjects

Structure and Clinical Characteristic

Patients With Schizophrenia Healthy Comparison 
Subjects (N=23)Poor Outcome (N=20) Good Outcome (N=25)

Mean SD Mean SD Mean SD
Brain regional volume (mm2)

Intracranium 1519.63 157.37 1515.25 125.57 1487.25 113.45
Cerebrum 1100.62 115.40 1100.94 111.07 1118.21 111.80
Cerebral gray mattera 581.31 66.80 610.47 77.36 640.33 91.63
Cerebral white matter 519.32 72.54 490.47 70.69 477.88 64.94
Frontal lobea 268.61 30.10 272.44 32.39 276.73 29.74
Frontal gray mattera 146.02 16.30 152.31 19.03 161.45 19.96
Frontal white matter 122.59 17.73 120.13 17.47 115.29 12.79
Total thalamusa 11.73 1.58 11.74 1.22 12.35 1.10
Total lateral ventriclesa 24.85 10.62 19.32 9.06 15.05 8.30
Third ventriclea 1.46 0.69 1.14 0.60 0.85 0.45
Cortical CSF 236.81 58.73 243.10 73.85 201.70 67.74
Total cerebellum 141.30 13.44 137.05 11.39 138.00 8.83

Clinical characteristics
Positive and Negative Syndrome Scale scores

Positive symptomsb 20.9 6.2 16.4 5.8
Negative symptomsb 22.2 6.0 16.0 9.8
General symptomsb 39.9 9.8 32.4 6.5

Score on Mini-Mental State Examinationb 27.3 6.5 32.7 2.1
Score on Disability Assessment Scheduleb 8.3 3.1 2.7 1.9
Score on Global Assessment Scaleb 3.8 0.9 1.8 0.6
Cumulative duration of hospitalization (years)b 17.8 6.0 1.1 1.2
Age at onset (years) 20.5 3.8 22.6 3.5
Antipsychotic dose (haloperidol units, mg/day) 10.1 7.1 7.1 6.4

a Significant difference among groups (p<0.05, ANCOVA with intracranial volume as covariate).
b Significant difference between groups (p<0.05, two-tailed t test).

FIGURE 1. Coronal Sections of the Brains of a Patient With Schizophrenia With Poor Outcome, a Patient With Good Out-
come, and a Healthy Comparison Subject

 Patient With Poor Outcome  Patient With Good Outcome Healthy Comparison Subject
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caused by a difference between poor-outcome patients
and healthy comparison subjects in the volumes of frontal
lobe gray matter (t=2.8, df=41, p<0.01), whereas the vol-
umes of frontal lobe gray matter did not differ from that of
good-outcome patients and those of the other two groups.

A significant main effect of group was found for lateral
ventricle volume (F=5.5, df=2, 64, p<0.01), which could
mainly be attributed to a larger lateral ventricle volume in
poor-outcome patients than in healthy comparison sub-
jects (t=3.4, df=41, p<0.01), whereas the lateral ventricle
volume of good-outcome patients did not significantly
differ from those of the other two groups.

A significant main effect of group was found for third
ventricle volume (F=5.4, df=2, 64, p<0.01), which could
mainly be attributed to a significantly larger third ventricle
volume in poor-outcome patients than in healthy com-
parison subjects (t=3.5, df=41, p<0.01), whereas third ven-
tricle volume in good-outcome patients did not signifi-
cantly differ from those of the other two groups.

A significant main effect for group was found for tha-
lamic volume (F=3.5, df=2, 64, p<0.05), which could be at-
tributed to smaller thalamic volumes both in poor-out-
come patients as well as in good-outcome patients than in
healthy comparison subjects (t=2.3, df=41, p<0.03, and t=
2.3, df=46, p<0.03, respectively), whereas thalamic vol-
umes did not significantly differ between poor- and good-
outcome patients.

Discussion

In this study the relationship between outcome and
structural brain abnormalities in schizophrenia was inves-
tigated by comparing patients with schizophrenia at the
extremes of the outcome spectrum with healthy compari-
son subjects.

Thalamic volumes were smaller in the patients with
schizophrenia, irrespective of their outcome. In contrast,
the poor-outcome patients displayed much smaller gray
matter volumes of the cerebrum (particularly in the fron-
tal lobes) and larger lateral and third ventricles than pa-
tients who had a favorable course of illness.

These results suggest that the smaller thalamic volumes
found in the patients with schizophrenia than in the
healthy comparison subjects may reflect a greater suscep-
tibility for the disorder that is unrelated to outcome,
whereas the smaller gray matter volumes in the cerebrum,
particularly in the frontal lobes, and the larger lateral and
third ventricles appear related to poor outcome in schizo-
phrenia.

Recently, we reported that patients with schizophrenia,
but not their healthy siblings, displayed smaller volumes
of the frontal lobe gray matter (11), which suggests that in
contrast to smaller thalamic volumes, the smaller volumes
of the prefrontal gray matter may require additional risk
factors that occur exclusively in patients with schizophre-
nia. Poor-outcome patients may possibly have a greater

number of such risk factors than good-outcome patients.
These factors may include environmental risk factors,
such as malnutrition during pregnancy (13), obstetric
complications at the time of birth (14), or genetic risk fac-
tors, such as a larger number of genes carrying risk or
genes with a stronger effect on the disease (15).
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