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Objective: Proton magnetic resonance spectroscopy (1H-MRS)
studies of medicated patients with schizophrenia suggest high

choline levels in the caudate nucleus. However, assessments of
antipsychotic-naive patients are needed.

Method: The authors studied 11 antipsychotic-naive schizo-
phrenia patients and 11 normal comparison subjects with sin-
gle-voxel 1H-MRS of the left caudate nucleus. Concentrations of
N-acetylaspartate, choline, and creatine were determined and
corrected for the proportion of cerebrospinal fluid in the voxel.

Results: The patients with schizophrenia had significantly
higher levels of choline than the comparison subjects, while the
other two metabolites did not differ between groups.

Conclusions: High caudate choline levels in schizophrenia are
not secondary to antipsychotic treatment.

(Am J Psychiatry 2002; 159:130–133)

Abnormalities of the caudate nucleus have been
identified in schizophrenia—some related to treatment
with antipsychotic medications and some presumably re-
lated to the disease itself. Low volume of the caudate nu-
clei has been observed in antipsychotic-naive patients (1–
3), and the volume increases after treatment with typical
antipsychotic medications (4). Lower than normal glucose
metabolism in the caudate nuclei has also been observed
in antipsychotic-naive (5) and antipsychotic-free (6–9) pa-
tients with schizophrenia and has been shown to increase
after treatment with typical antipsychotics (10).

Proton magnetic resonance spectroscopy (1H-MRS) al-
lows the assessment of neurometabolites, such as N-
acetylaspartate, choline, and creatine, in vivo and has
been used to study schizophrenia. N-Acetylaspartate is
considered a marker of neuronal integrity (11), choline is
involved in lipid membrane turnover and is high in in-
flammatory processes (12, 13), and creatine is involved in
energy metabolism. 1H-MRS investigations of the caudate
nucleus in schizophrenia have been few. Two studies (14,
15) have indicated high choline levels in the left caudate of
chronically ill, medicated patients with schizophrenia.

Since we knew of no 1H-MRS studies of the caudate in
antipsychotic-naive patients, we assessed a group of such
patients and compared them to healthy subjects. We hy-
pothesized that choline concentrations in the caudate nu-
cleus would be higher in the schizophrenia group.

Method

Patients were recruited from the Mental Health Center at the
University of New Mexico. The inclusion criteria were 1) a DSM-
IV diagnosis of schizophrenia made with the Structured Clinical
Interview for DSM-IV Patient Version (16) and 2) no history of
treatment with an antipsychotic medication. The exclusion crite-

ria were a diagnosis of neurological disorder, mental retardation,
a history of severe head trauma, or unremitted substance use dis-
order (in remission for less than 6 months). Comparison subjects
were excluded if they had 1) any DSM-IV axis I disorder, deter-
mined by the Structured Clinical Interview for DSM-IV Non-Pa-
tient Version (17), 2) a first-degree relative with schizophrenia or
other psychotic disorder, or 3) a history of neurological disorder.
All subjects gave written informed consent before entering the
study and were paid for their participation. The study was ap-
proved by the local institutional review board.

The studies were completed in a 1.5-T magnetic resonance im-
ager (Signa, GE Medical Systems, Waukesha, Wis.). The spectro-
scopic acquisition protocol used a spin-echo pulse sequence
(TE=40 msec, TR=2000 msec, 128 averages). Spectroscopic voxels
(6 cm3) were centered in the head of the left caudate nucleus to
maximize gray matter by using a T1-weighted axial series (1.5-mm
contiguous slices). A T2-weighted coronal series (TE=30/100
msec, TR=2800 msec, 3-mm thickness, 1-mm gap) extending
from the genu to the splenium of the corpus callosum was also
completed.

Concentrations of each metabolite were calculated by using
the internal water signal as reference and correcting for metabo-
lite and water T1 and T2 effects during the pulse sequence accord-
ing to values in the literature (18). All data were processed by us-
ing automated routines by one operator blinded to subject group
(L.M.R.). Using these procedures, we have documented good test-
retest reliability for N-acetylaspartate, creatine, and choline (18).

Caudate volumes were determined from the coronal T2 series
by using automated k-means segmentation, described previously
(19). After segmentation the caudate was identified in each slice
by a trained reader (L.M.R.), and the number of pixels was re-
corded. Interrater reliability, as indicated by the intraclass corre-
lation coefficient (ICC), for two trained readers (including L.M.R.)
who traced and measured the caudate nucleus in 10 subjects was
ICC=0.95.

The percentage of each type of tissue (CSF, gray matter, and
white matter) within each spectroscopic voxel was calculated by
creating a mask corresponding to each voxel and superimposing
this mask on the segmented images. Volumes were obtained for
each tissue type within each spectroscopic voxel. The spectro-
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scopic values were then corrected for CSF fraction within the
voxel on the basis of the assumption that CSF has N-acetylaspar-
tate, creatine, and choline concentrations of zero.

Uncorrected and CSF-corrected caudate concentrations of N-
acetylaspartate, choline, and creatine in millimoles per liter were
analyzed with Bonferroni-corrected independent t tests with al-
pha set at 0.0167, two-tailed.

Results

Thirteen patients and 12 comparison subjects com-
pleted the study. The schizophrenia subjects were mostly
outpatients with less acute illness. Two patients and one
comparison subject had poor spectra because of move-
ment and were excluded from the analyses. There were no
significant differences between the comparison and pa-
tient groups in age (mean=32.5 years, SD=8.1, versus
mean=26.0 years, SD=9.2), sex distribution (male/female:
8/3 versus 10/1), handedness (right/left: 9/2 versus 11/0),
or ethnicity (Hispanic/white/other: 2/7/0 versus 4/6/1),
respectively. According to the Hollingshead and Redlich
rating system, the comparison group had higher socioeco-
nomic status than the patient group (mean=2.6, SD=1.0,
versus mean=4.7, SD=0.5; lower rating indicates higher
status) (t=6.2, df=18, p<0.01). The patient group contained
more subjects with a history of past substance use disor-
der than the comparison group (yes/no: 5/6 versus 0/11)
(χ2=6.5, df=1, p<0.05). The patients exhibited moderate to
severe levels of psychopathology: their mean score on the
positive symptom scale of the Positive and Negative Syn-
drome Scale (20) was 17.9 (SD=5.8), and their mean score
on the negative symptom scale was 22.4 (SD=7.3).

Caudate metabolite concentrations and volumes and
statistics are presented in Table 1. The choline concentra-
tion was higher in the patient group for both uncorrected
values and CSF-corrected values. Creatine levels were also
higher in the patient group for CSF-uncorrected values, but
this difference was not statistically significant after CSF cor-
rection. N-Acetylaspartate values and caudate volumes did
not significantly differ between groups. Choline levels were
not correlated with socioeconomic status (Spearman’s r=
0.39, df=20, p>0.05), nor did they differ between the schizo-
phrenia patients with and without a history of substance
use (t=1.9, df=9, p>0.05). Demographic and clinical mea-
sures were not correlated with the neurometabolites.

Discussion

To our knowledge, this is the first 1H-MRS examination
of the caudate nucleus in antipsychotic-naive persons
with schizophrenia. We found higher concentrations of
choline in the left caudate nucleus of patients than in
comparison subjects. We corrected for CSF in the spectro-
scopic voxel because patients with schizophrenia have
larger CSF spaces (21), and CSF has a minimal contribu-
tion to the metabolite spectroscopic signal.

Our findings are consistent with results of the two 1H-
MRS studies that have evaluated the left caudate in chron-

ically ill, medicated schizophrenia patients. High choline
levels were shown in both studies by using voxel sizes and
locations comparable to those in our study. Shiori et al. (14)
and Fujimoto et al. (15) reported 15% and 9% higher than
normal levels, respectively, compared to a 33% higher cho-
line level in the present study. The four studies that evalu-
ated the putamen failed to show metabolite abnormalities
in chronically ill, medicated (22–24) or unmedicated (25)
patients with schizophrenia.

Caudate volumes of antipsychotic-naive patients with
schizophrenia have been shown to be smaller than those
in healthy subjects (1–3). Although the difference in our
study was not statistically significant, we did find smaller
caudate volumes in our patients than in normal subjects,
with an effect size (d=0.67) comparable to those in previ-
ous studies (2, 3).

This study has several limitations. The study group was
small, and the spectroscopic voxel was relatively large and
included noncaudate tissue. We minimized this latter lim-
itation by correcting for CSF proportion and by covarying
for white matter volume in the voxel—the result remained
significant (F=13.8, df=1, 19, p=0.001). However, this par-
tial volume effect most likely dilutes the potential contri-
bution of the caudate to the observed neurochemical dif-
ferences. Also, we examined only the left caudate because
of time constraints and subject tolerance. Although find-
ings from volumetric studies of antipsychotic-naive pa-
tients are consistent with mostly bilateral abnormalities
(1–3), greater metabolic differences with [18F]fluorodeoxy-
glucose (FDG) positron emission tomography (PET) have
been found in the left caudate (5). Therefore, bilateral 1H-
MRS examinations of the caudate are necessary. Finally,
the cross-sectional nature of the study allows only tenta-
tive inferences of causality.

High concentrations of choline could reflect abnormal-
ities in phospholipid membrane formation, slow glucose

TABLE 1. Concentrations and Volumes of N-Acetylaspar-
tate, Choline, and Creatine Shown by Proton Magnetic Res-
onance Spectroscopy in the Left Caudate Nucleus of Nor-
mal Subjects and Drug-Naive Patients With Schizophrenia 

Metabolite

Normal 
Subjects 
(N=11)

Patients 
(N=11) Analysis

Mean SD Mean SD t (df=20) p
Concentration 

(mmol/liter)
N-Acetylaspartate 10.1 1.1 10.2 1.2 0.1 0.91
Choline 1.1 0.2 1.6 0.4 4.0 0.001a

Creatine 5.0 0.6 6.0 1.0 3.1 0.006a

Concentration corrected 
for CSF (mmol/liter)
N-Acetylaspartate 11.4 1.0 11.3 1.3 0.2 0.83
Choline 1.2 0.2 1.8 0.5 3.9 0.001a

Creatine 5.6 0.7 6.7 1.4 2.3 0.03
Volume (cm3)

Left caudate 2.8 0.4 2.6 0.4 1.6 0.12
Total caudate 5.8 1.0 5.2 0.8 1.4 0.18

a Significant difference between groups after Bonferroni correction
with p<0.0167.
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metabolism, or greater than normal acetylcholine neu-
rotransmission. It is unlikely that our findings reflect ex-
cess acetylcholine neurotransmission, since acetylcho-
line contributes little to the choline spectroscopic peak
(26). Glucose metabolism, as detected with FDG PET, has
been shown to inversely relate to choline concentration
(27), and FDG PET studies have shown low metabolic
rates in the caudate of antipsychotic-naive patients with
schizophrenia (5). Also, postmortem findings of low mito-
chondrial density in the caudate astroglia of schizophre-
nia patients have been reported (28). Hence, we speculate
that high caudate choline levels may reflect slow metabo-
lism, predominantly in the astroglia. Finally, a dysfunc-
tion in neuronal phospholipid membrane formation, as
described by Pettegrew et al. (29) in schizophrenia, could
be manifested in high levels of choline.

In summary, these preliminary results suggest neuro-
chemical caudate abnormalities in schizophrenia inde-
pendent of medication effects.
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Objective: Atypical antipsychotics are thought not to elevate
prolactin levels. The authors examined data suggesting that
atypical antipsychotics do elevate prolactin levels but more
transiently than typical antipsychotics.

Method: Prolactin levels in 18 male patients with schizophre-
nia who were receiving atypical antipsychotics were monitored
over the 24-hour period following administration of their daily
oral dose of risperidone, olanzapine, or clozapine.

Results: The baseline prolactin levels in patients receiving ris-
peridone (mean=27 ng/ml, SD=14) were abnormally high, but
baseline prolactin levels in patients receiving olanzapine
(mean=9 ng/ml, SD=5) and clozapine (mean=9 ng/ml, SD=5)
were not high. All three atypical antipsychotics caused a dou-
bling of prolactin levels over baseline levels 6 hours after medi-
cation administration.

Conclusions: These data suggest that these atypical antipsy-
chotics raise prolactin levels, although the increases with olan-
zapine did not reach statistical significance. This suggests that
the differences in the effects on prolactin levels of atypical and
typical antipsychotics are not categorical but lie in the degree
and duration of dose-induced prolactin elevation, attributable
to the differential binding properties of each drug on pituitary
dopamine D2 receptors.

(Am J Psychiatry 2002; 159:133–135)

Clozapine, unlike typical antipsychotics, does not ele-
vate prolactin levels (1). This unique clinical feature led re-
searchers to classify hyperprolactinemia as one of the hall-
mark features of “atypicality” (2). Newer antipsychotic
medications that mirror this profile have been developed
(3, 4). Risperidone is the exception in that it does not mir-
ror the profile of clozapine (5).

A major limitation of the clinical studies of the atypical
antipsychotics is that data derive from prolactin measure-
ments at a single point in time, usually 12–24 hours after
medication administration. There is evidence that atypi-
cal antipsychotics have some effect on the prolactin sys-
tem. For example, it has been demonstrated that the acute
administration of clozapine leads to rapid, short-lived
prolactin elevation (6).

This study is an attempt to explore whether administra-
tion of three commonly prescribed atypical antipsychotics

resulted in dose-related transient elevation of prolactin
levels in patients with chronically treated schizophrenia.

Method

The study was approved by the Human Subjects Review Com-
mittee of the University of Toronto. Written informed consent was
obtained from all participants after the procedures had been fully
explained. Male patients with a diagnosis of schizophrenia were
included if they were taking either clozapine (at least 300 mg/
day), risperidone (1–6 mg/day), or olanzapine (10–20 mg/day); if
they had been receiving these medications for more than 8 weeks;
and if the prescribed dose had remained the same for at least 1
week.

Patients were excluded from participation if they had been pre-
scribed depot antipsychotics within 6 months of the study; had
any physical condition that could affect prolactin levels such as
endocrine disorders; or were receiving concomitant antidepres-
sant or antiparkinsonian medication. Other concomitant medi-
cations that are not known to affect the prolactin-secreting sys-
tem were permitted; however, the patients did not take any of


