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Reduced Concentrations of Thalamic N-Acetylaspartate 
in Male Patients With Schizophrenia
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Objective: The authors measured N-acetylaspartate (a putative neuronal marker) in the
right and left thalamus of 17 male patients with schizophrenia using in vivo proton magnetic
resonance spectroscopic imaging (1H MRSI). Method: 1H MRSI was performed on 17
medicated male patients with schizophrenia and 10 male comparison subjects. Concentra-
tions of N-acetylaspartate, creatine, and choline were determined in the thalamic regions
bilaterally. Results: The patients with schizophrenia demonstrated significantly lower con-
centrations of N-acetylaspartate than the comparison subjects in both the right and left tha-
lamic regions. Right thalamic N-acetylaspartate and left thalamic N-acetylaspartate were
significantly correlated in the patients but not in the comparison subjects. There was no as-
sociation between N-acetylaspartate and duration of illness or medication dose. No group
differences or lateralized asymmetries in choline or creatine were noted. Conclusions:
The finding of reduced concentrations of N-acetylaspartate bilaterally suggests neuronal
dysfunction and/or loss in both the right and left thalamic regions in male patients with
schizophrenia. 

(Am J Psychiatry 2000; 157:644–647)

Accumulating evidence over the years has impli-
cated the thalamus as a brain region that may have ab-
normalities in structure and function in schizophrenia.
This evidence includes 1) thalamic synaptic degenera-
tion and reductions in mediodorsal thalamic neurons,
mediodorsal nucleus volumes, and anterior thalamic
projection neurons (1–4), 2) smaller thalamic volumes
as measured by magnetic resonance imaging (MRI) (5,
6), and 3) reduced thalamic metabolic activity as mea-
sured by positron emission tomography (7, 8).

N-Acetylaspartate is the second most abundant
amino acid in the central nervous system and is reli-
ably measured by proton magnetic resonance spectro-
scopic imaging (1H MRSI). Reductions in N-acetylas-
partate are thought to represent loss of neurons and/
or axons, as well as neuronal or axonal dysfunction or
damage (9–11). There have been relatively few studies
using 1H MRSI specifically to investigate thalamic

neuronal loss or dysfunction in schizophrenia. These
preliminary investigations have reported discrepant
findings (12–14), which may be caused in part by dif-
ferences in the spectroscopy techniques used to exam-
ine the thalamus. Given the evidence for thalamic neu-
ronal and synaptic loss (1–4), volumetric reduction (5,
6), and hypometabolism (7, 8), we conducted a pilot
study using 1H MRSI to test the hypothesis that con-
centrations of thalamic N-acetylaspartate would be
lower in patients with schizophrenia than in healthy
comparison subjects.

METHOD

Seventeen male patients who met DSM-IV criteria for schizophre-
nia (mean age=35.7 years, SD=9.3) and 10 male comparison subjects
(mean age=39.5 years, SD=12.8) gave written informed consent for
participation in the study after the procedures had been fully ex-
plained. The procedures were approved by the University of Califor-
nia, San Francisco, Committee on Human Research. The diagnosis
of schizophrenia was confirmed by using the Structured Clinical In-
terview for DSM-IV Axis I Disorders, Patient Edition (15). Compar-
ison subjects were also assessed with the Structured Clinical Inter-
view for DSM-IV Axis I Disorders—Non-Patient Edition (16) to rule
out any major axis I diagnoses.

All subjects were right-handed. The patients with schizophrenia
were all receiving stabilized doses of neuroleptic medication. The
mean number of years of illness was 14.7 (SD=10.6). None of the
patients with schizophrenia had a history of head injury, organic
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mental disorder, neurological disorder, cerebrovascular disease, ma-
jor mood disorder, or anxiety disorder. None of the patients had clin-
ically significant alcohol or substance abuse in the 12 months before
the study. None of the comparison subjects had any history of sub-
stantial medical illness, head injury, neurological disorder, psychiat-
ric disorder, or clinically significant alcohol or substance abuse.
There were no significant group differences between patients and
comparison subjects in age or education.

All MRSI studies were performed at the San Francisco Depart-
ment of Veterans Affairs Medical Center on a Siemens 1.5-T Magne-
tom VISION MRI/MRS system. A standard circularly polarized
head coil was used. Each subject was numerically coded for blind
measurement and data processing. MRI sequences included T1-
weighted scout views along with coronal magnetization-prepared
rapid gradient echo and axial MRI double spin-echo images. The
MRI scans from both comparison subjects and patients were evalu-
ated by a neuroradiologist to determine if any abnormalities were
present. Multislice 1H MRSI was performed according to a three-
slice method (17) with the following acquisition parameters: TR/
TE=1960/135 msec; 36 phase-encoding steps in each direction with
circular k space sampling; 280×280-mm2 field of vision providing
8×8-mm2 in-plane resolution. MRSI data volumes were recon-
structed, and the effective voxel size was 1.5 ml.

By using spectroscopic imaging display software (18), a reference
image of the total 1H signal was generated together with higher res-
olution, spatially coregistered MRI axial double spin-echo images. A
single operator blind to subject diagnosis adjusted the coregistered
MRI axial image intensity and contrast to optimize visualization of
the thalamus and then selected one voxel in the right and one voxel
in the left mediodorsal region of the thalamus for each subject. Each
voxel was located entirely within the thalamus to minimize any me-
tabolite contamination from adjacent CSF or gray and white matter
outside of the thalamus.

The voxel selections for each subject were verified by a neurorad-
iologist as being primarily in the mediodorsal region of the thalamus
on the spatially MRI coregistered image. This voxel selection
method was performed on two separate occasions by a single opera-
tor on 10 subjects studied twice to obtain intraoperator reliabilities
of 0.99 for both the right and left mediodorsal thalamic voxels, with
test-retest reliabilities of 0.93 and 0.94 for the right and left me-
diodorsal thalamic voxels, respectively. 1H spectra from these voxels
were fit by an automated curve-fitting software program developed
in our laboratory (19). Absolute integrals were corrected for differ-
ential head coil loading by using the transmitter reference amplitude
for each subject to obtain concentration estimates of N-acetylaspar-
tate, choline, and creatine in institutional units.

Repeated measures analysis of variance (ANOVA) was used for
data analysis. The dependent variable was the concentration estimate
for each metabolite (N-acetylaspartate, choline, or creatine); group
was the between-subjects factor; and side (left versus right) was the
within-subjects repeated measures factor. Regression analysis was
used to examine the association between N-acetylaspartate and dura-
tion of illness and neuroleptic dose. To correct for multiple compari-
sons, the criterion of significance for ANOVA was set at p<0.02.

RESULTS

No abnormalities were noted on the MRI images of
the patients or the healthy comparison subjects. The
patients with schizophrenia demonstrated significantly
lower concentrations of N-acetylaspartate than the
comparison subjects in both the right thalamus (mean=
4.44, SD=0.83, in patients with schizophrenia versus
mean=5.29, SD=0.66, in comparison subjects) and the
left thalamus (mean=4.71, SD=0.71, in patients with
schizophrenia versus mean=5.44, SD=0.77, in compar-
ison subjects) (F=8.7, df=1, 25, p=0.007).

Figure 1 presents a scatterplot of the individual N-
acetylaspartate values for each subject. Because N-
acetylaspartate ratios are often reported in MRS stud-
ies, N-acetylaspartate/creatine was also examined and
found to be lower in the patients with schizophrenia
than the comparison subjects in both the right thalamus
(mean=2.20, SD=0.27, in patients with schizophrenia
versus mean=2.86, SD=0.97, in comparison subjects)
and the left thalamus (mean=2.34, SD=0.36, in patients
with schizophrenia versus mean=2.85, SD=1.26, in
comparison subjects) (F=4.6, df=1, 25, p=0.04).

Choline levels were not significantly different be-
tween groups in the right thalamus (mean=0.72, SD=
0.19, in patients with schizophrenia versus mean=
0.83, SD=0.14, in comparison subjects) or the left thal-
amus (mean=0.72, SD=0.19, in patients with schizo-
phrenia versus mean=0.76, SD=0.13, in comparison
subjects) (F=1.3, df=1, 25, p=0.27).

Creatine was also not significantly different between
groups in the right thalamus (mean=2.03, SD=0.40, in
patients with schizophrenia versus mean=1.98, SD=
0.47, in comparison subjects) or the left thalamus
(mean=2.04, SD=0.33, in patients with schizophrenia
versus mean=2.07, SD=0.51, in comparison subjects)
(F=0.004, df=1, 25, p=0.95).

There was no lateralized asymmetry for either N-
acetylaspartate, choline, or creatine in either the pa-
tients with schizophrenia or the comparison subjects.
There was a significant positive correlation between
left and right N-acetylaspartate concentrations in the
patients with schizophrenia (F=15.11, df=1, 15, r=
0.71, p=0.002) but not in the comparison subjects (F=
1.61, df=1, 8, r=0.41, p=0.24). There were no signifi-
cant correlations between N-acetylaspartate and either
duration of illness or neuroleptic dose in chlorprom-
azine equivalents.

FIGURE 1. Thalamus N-Acetylaspartate Concentrations in 17
Patients With Schizophrenia and 10 Healthy Comparison
Subjectsa

a Horizontal lines indicate mean N-acetylaspartate values. Data
points may overlap. Two subjects in each group had identical
values.

Right Thalamus

N
-A

ce
ty

la
sp

ar
ta

te
(i

n
st

it
u

ti
o

n
al

 u
n

it
s)

2

3

4

5

6

7

Left Thalamus

Schizophrenic
Patients

Schizophrenic
Patients

Comparison
Subjects

Comparison
Subjects



646 Am J Psychiatry 157:4, April 2000

BRIEF REPORTS

DISCUSSION

The primary findings of this study are significantly
lower concentrations of N-acetylaspartate in both the
right and left thalamus in medicated male patients with
schizophrenia than in healthy comparison subjects.
These results suggest bilateral thalamic neuronal/ax-
onal dysfunction or loss in schizophrenia and are con-
sistent with previous neuropathological and neuroim-
aging studies demonstrating reductions in thalamic
neurons (1, 3), thalamic volumes (5, 6), and thalamic
metabolic activity (7, 8). The N-acetylaspartate find-
ings are also consistent with a previous single-voxel 1H
MRS study that reported a strong trend toward lower
N-acetylaspartate concentrations in the left thalamus
(12) and a postmortem MRS study that reported a ten-
dency toward lower N-acetylaspartate concentrations
in the left thalamus (20).

Our N-acetylaspartate findings are particularly note-
worthy given that the mediodorsal and anterior tha-
lamic nuclei have important connections to the pre-
frontal cortex, cingulate cortex, and hippocampus, all
of which have been implicated in the pathophysiology
of schizophrenia (21).

The discrepancy between the findings of the present
study and those of previous proton MRSI studies that
did not demonstrate any decrease in thalamic N-acetyl-
aspartate (13, 14) may be the results of differences in
voxel selection. The present study obtained N-acetyl-
aspartate measures from a single voxel in each of the
right and left thalami, whereas the previous proton
MRSI studies (13, 14) averaged N-acetylaspartate
measures from multiple voxels containing thalamic tis-
sue to obtain a single N-acetylaspartate measure for
each of the right and left thalami. A similar discrepancy
in N-acetylaspartate findings has been noted in the an-
terior cingulate region: selection of a single voxel on
each side yielded lower concentrations of N-acetyl-
aspartate in patients with schizophrenia than in healthy
comparison subjects (22), whereas selection of numer-
ous voxels to obtain averaged N-acetylaspartate mea-
sures for each side did not yield any group differences
(13, 14). It is conceivable that obtaining an averaged
N-acetylaspartate measure from numerous thalamic
voxels may fail to detect a more localized abnormality
in neuronal integrity and, consequently, N-acetylaspar-
tate, within the thalamus. In support of such a notion
for the thalamus are several MRI studies of thalamic
area or volumes that have noted significantly lower
values for specific thalamic regions but not in total tha-
lamic area or volume for patients with schizophrenia
than for control subjects (5, 7, 8, 23).

The second finding of this study is the significant
positive correlation between the right and left thalamic
N-acetylaspartate measures in the group with schizo-
phrenia but not in the comparison group. This suggests
a strong association between neuronal dysfunction or
loss in the right and left thalamic regions. One inter-
pretation of this finding is that whatever neuropatho-
logical or neurodevelopmental process results in tha-

lamic neuronal dysfunction or loss appears to affect
both right and left sides to the same extent in a given
individual with schizophrenia.

Although the effects of neuroleptic medication on
thalamic N-acetylaspartate have not been thoroughly
investigated, 1H MRSI studies of both medicated (14)
and unmedicated (13) patients with schizophrenia re-
vealed no significant differences in thalamic N-acety-
laspartate measures between medicated and unmedi-
cated subjects. Another postmortem study (24) failed
to find significant differences in regional measures of
N-acetylaspartate in normal control subjects com-
pared with neuroleptic-treated control subjects, which
also argues against a significant neuroleptic effect on
regional N-acetylaspartate measures in the brain.
Thus, it appears unlikely that neuroleptic medication
was responsible for the lower concentrations of N-
acetylaspartate.

In addition, spectroscopic voxels typically contain
varying mixtures of gray matter, white matter, and CSF
(partial volume effect), which often complicates the in-
terpretation of any observed changes in the metabolite
concentrations. The selected voxels in this study were
situated entirely within the thalamus, thus minimizing
any CSF contribution to the concentration estimates.
Furthermore, current MRI tissue segmentation tech-
niques used to derive estimates of N-acetylaspartate
from pure gray matter, white matter, and CSF com-
partments within each MRSI voxel (25) are unable re-
liably to differentiate between more subtle gray and
white matter compartments within structures such as
the thalamus. Therefore, the N-acetylaspartate con-
centration estimates reflect N-acetylaspartate from
both the gray and white matter of the thalamus.
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