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TABLE 3. Correlations of Doses of Typical and Atypical Neuro­
leptics With Subcortical Volumes in Schizophrenic Patients
Who Received Only Typical Neuroleptics and Those Who Re­
ceived Atypical or Both Typical and Atypical Neurolepticsa

Correlation (r) With Dose

For Patients Taking
Typical and Atypical

Neuroleptics
(N=24)

Typical Atypical

For Patients
Receiving Typical
Neuroleptics Only

(N=44)

Across subcortical regions, with the exception of the
caudate, it appears that patients treated with neurolep­
tics show hypertrophy relative to their neuroleptic-na­
ive counterparts and to healthy comparison subjects.
The suggestion that increased subcortical volume is re­
lated to exposure to neuroleptics is further strength­
ened by the positive correlations between medication
dose and volumes. Note that for patients treated with
typical neuro]eptics only, correlations were evident
also in the caudate. Little is known from neuroimaging
research about the effects of ncuroleptics on brain vol­
ume. There are preliminary data suggesting that anti­
psychotics may be related to volume changes in both
subcortical regions (21, 37, 38) and cortical regions
(31). DeLisi et al. (38) observed larger cauda te and len­
ticular nuclei volumes in chronic patients than in first­
episode patients. In a longitlldinal stlldy, Chakos et al.
(21) reported a 5.7% increase in caudate nuclei in first­
episode patients taking typicalneuroleptics. Reversal
of caudate volume increase was seen in patients who
were switched to c10zapine in comparison with those
who continued to take typical neuroleptics (37). In a
l?ngitudinal design, we found that in first-episode pa­
tIents, a greater rate of reduction in frontal and tempo­
ral lobe volumes was associated with improvement of
delusions and thought disorder and a higher dose of
typical neuroleptics (31). It is noteworthy that in the
present study, the dose of atypical neuroleptics is asso­
ciated with bilaterally higher volumes only in the thal­
amus. This perhaps is related to differences in mode of
action.

Morphometric MRI studies that examined cortical
regions of interest have generally reported an associa­
tion between decreased parenchymal volume and
greater symptom severity (39,40). We found small but

Caudate
Left 0.38" 0.21 0.09
Right 0.34* 0.10 0.03

Putamen
Left 0.36** 0.37* 0.06
Right 0.26 0.32 0.07

Globus pallidus
Left 0.08 0.46** 0.31
Right 0.04 0.31 0.24

Thalamus
Left 0.55'* 0.75** 0.60"
Right 0.36* 0.62** 0.59"

a Four patients from the typical neuroleptics only group and three
from the combined typical and atypical neuroleptics group were
excluded because of some missing data on dose.

* p<0.05. '*p<0.01.

Regional Vol­
ume

DISCUSSION

This study may help address the origins of subcorti­
c~1 hyperrroph? repo~ted in patients with schizophre­
1~la by. companng pa.nents n~ver exposed to neurolep­
tiCS With trea~ed patients. DIfferences between groups
and correlations between subcortical volumes and
~()se.of medi.cation i~ldicate that exposure to neurolep­
tiCS IS. assocIated WIth hypertrophy. The only region
that differed between healthy comparison subjects and
neuroleptic-naive patients was the thalamus, which
was s.mall.er in the patients. While this effect was only
margll1allll the present study according to a two-tailed
test, it does replicate earlier findings of reduced tha­
lamic volume in schizophrenia (4,22,23). Thus, there
is some convergence of evidence from neuropathologi­
cal and neuroimaging studies that suggests thalamic
aonormalities in schizophrenia (1-4). This could pro­
vide neurobiological substrates for a range of behav­
ioral deficits related to gating that are associated with
thalamic and thalamocortical circuitry (35, 36).
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The correlations of subcortical volumes with severity
of global positive and negative symptoms were gener­
ally positive: higher volumes were associated with
greater severity. For the neuroleptic-naive group, sub­
cortical volumes were not correlated with severity of
negative symptoms, but higher volumes of the thala­
mus and putamen were associated with more severe
positive symptoms (1'=0.50, df=19, p=0.02, and 1'=
0.53, df=19, p=O.Ol, respectively). This association
was evident for hallucinations (caudate r=0.44, df=19,
p=0.04; putamen r=0.58, df=19, p<O.Ol; thalamus r=
0.45, df=19, p=0.04) and bizarre behavior (putamen
r=0.51, df=19, p=0.01). For previously treated pa­
tients, higher subcortical volumes were associated with
greater severity of both negative and positive symp­
roms. These correlations were small but significant for
negative symptoms with volumes of the caudate (1'=
0.29, df=73, p=0.01) and pntamen (r=0.20, db73, p=
0.05) and for positive symptoms with the putamen (r=
0.23, db73, p=0.02) and globus pallidus (r=O.22, df=
73, p=0.05). Examination of subcategories of symp­
roms did not point to more specific links. These corre­
lations were not attenuated by removing medication
dose, duration of treatment, current age, age at onset,
or duration of illness in partial correlations.

Correlations With Severity of Symptoms

treated with typical and atypical neuroleptics, a higher
dose of a typical neuroleptic was associated with bilat­
erally higher volume of the thalamus and higher vol­
ume of the left putamen and globus pallidus. Only tha­
lamic volume was correlated with dose of atypical
neuroleptics. The correlations with duration of treat­
ment were similar but lower. Partial correlations when
age, age at onset, and duration of illness w~rere­
moved, remained significant.
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consistently positive correlations between subcortical
volumes and severity of both positive and negative
symptoms. This further supports the possibility that
the hypertrophy associated with neuroleptic exposure
reflects adaptive up-regulation of the occupancy of
dopamine receptors (18, 19,21), with concomitant
persistence of symptoms. Indeed, as we see in the neu­
roleptic-naive group, before intervention with neuro­
leptics, higher subcortical volumes are quite specifi­
cally related to more severe positive symptoms, such as
hallucinations and bizarre behavior. In patients treated
with neuroleptics, this association, while attenuated, is
generalized to both positive and negative symptoms.
Thus, larger subcortical volumes portend more severe
symptoms regardless of whether these volumes reflect
endogenous processes or the effects of treatment.

Our results also suggest that the increase in volume
is more pronounced in the left globus pallid us, and the
correlations are consistently higher for left hemispheric
subcortical regions. Lateralized abnormalities have
been implicated in schizoplirenia in some structural
and functional neuroimaging studies as well as in post­
mortem studies (1,31,41). This supports hypotheses
of lateralized brain dysfunction in schizophrenia (42).

While we have observed substantial eHects of neuro­
leptic exposure and dose, we should caution against
interpreting all of the differences between the neuro­
leptic-naive and treated groups as demonstrating med­
ication effects. Although we attempted to control for
variables that could conceivably influence volume
measures, the attribution of volume differences to
medication must await longitudinal study. Such studies
could also address more powerfully the relation be­
tween volume changes and response to treatment (21,
31). However, our results can rule out an explanation
of subcortical hypertrophy as reflecting purely a lack
of neuronal pruning as part of a neurodevelopmental
aberration (15, 20). Medication type and dose also
need scrutiny (37). Similarly, further parceling of brain
regions will permit assessment of the reciprocity be­
tween cortical and subcortical anomalies.

Neuroanatomic studies have implicated multiple
brain regions and their connecting circuitry; this may
underlie the pervasive deficits evident in schizophrenia.
While there are some inconsistencies in MRI structural
studies of subcortical regions, most report either in­
creased volume of basai ganglia structures in schizo­
phrenic subjects or no difference from the structures of
healthy people. There are few studies of the thalamus,
and they suggest decreased volume in schizophrenic
subjects. The critical role of neuroleptic intervention
by modulating neurotransmitters needs to be ad­
dressed in neuroanatomic studies that use large study
groups with controlled intervention. This study was
limited by the lack of prospective therapeutic inter­
vention with specific medications. However, the re­
sults encourage further integration of anatomic and
clinical data with neurocognitive and functional
neuroimaging.
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