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Objective: Few neuroimaging studies of generalized anxiety
disorder have been conducted. The present study used proton
magnetic resonance spectroscopy to assess concentrations of N-
acetylaspartate, often considered a marker of neuronal viabil-
ity, in generalized anxiety disorder patients.

Method: N-Acetylaspartate/creatine resonance ratios were
measured in the left and right dorsolateral prefrontal cortex and

hippocampus of 15 medication-free generalized anxiety disorder
patients and 15 age- and sex-matched healthy volunteers.

Results: Generalized anxiety disorder patients had a 16.5%
higher N-acetylaspartate/creatine ratio in the right dorsolateral
prefrontal cortex compared with healthy participants; 13 of 15
matched patient-comparison subject pairs displayed a differ-
ence in this direction. In addition, generalized anxiety disorder
patients reporting childhood abuse had lower N-acetylaspar-
tate/creatine ratios in the right dorsolateral prefrontal cortex
than did nonabused patients. Metabolite differences were not
detected in other regions.

Conclusions: Generalized anxiety disorder is associated with
asymmetric increases in the N-acetylaspartate/creatine ratio, a
suggested marker of neuronal viability, in the prefrontal cortex.
The findings also support prior research linking childhood abuse
to reduced neuronal viability.

(Am J Psychiatry 2004; 161:1119–1121)

The neurobiological bases of generalized anxiety disor-
der are poorly characterized. Hypermetabolism in pre-
frontal cortical regions (1) and neuronal hypertrophy in
limbic structures (2) have been observed. Proton magnetic
resonance spectroscopy (1H-MRS) studies in related dis-
orders have found topographic reductions (or no change)
in prefrontal cortical or hippocampal measures of N-
acetylaspartate, an amino acid considered a marker of
neuronal viability (for review, see reference 3). Similarly,
we recently found decreases in N-acetylaspartate/creatine
ratios in prefrontal cortical regions of adult nonhuman
primates who had undergone adverse rearing conditions
as infants approximately 10 years earlier, suggesting possi-
ble trauma-related neurotoxicity (4).

However, to our knowledge no 1H-MRS study of general-
ized anxiety disorder has been reported. The current study
examined neuronal viability in the dorsolateral prefrontal
cortex and hippocampus of patients with generalized anx-
iety disorder, hypothesizing reductions in the N-acetyl-
aspartate/creatine ratio. We also determined whether a
history of childhood trauma identified a subgroup of adult
generalized anxiety disorder patients with more pronounced
deficits in the N-acetylaspartate/creatine ratio.

Method

Fifteen adult patients with DSM-IV generalized anxiety disor-
der (seven men and eight women; mean age=39.3 years, SD=13.3)
and 15 healthy volunteers (mean age=39.1, SD=13.5) recruited
through advertisements and clinic/physician referrals were pro-

spectively pair-matched with respect to age and sex. As deter-
mined with the Structured Clinical Interview for DSM-IV Axis I
Disorders (5), comorbid disorders in the generalized anxiety dis-
order group were dysthymia (N=5), social anxiety disorder (N=2),
and concurrent social anxiety disorder and dysthymia (N=1). In-
clusion criteria required that generalized anxiety disorder pre-
cede onset of comorbid axis I disorders. Exclusion criteria were a
major depressive episode or substance abuse within 6 months of
study entry; a lifetime history of psychotic, bipolar, obsessive-
compulsive, posttraumatic stress, or eating disorder; substance
dependence (other than nicotine); mental retardation or learning
disability; autism; or significant medical or neurological condi-
tions. Of the generalized anxiety disorder patients, six were medi-
cation-naive, and no subject had psychotropic exposure at least 4
weeks before scanning. Healthy participants had no history of
axis I disorder, either personally or in first-degree relatives. All
participants had unremarkable urine toxicology, urinalysis, CBC,
blood chemistry, and ECG results. Timing of scans in female par-
ticipants was matched relative to their menstrual phase. Groups
did not differ in ethnic composition, educational level, IQ, height,
weight, or use of hormonal contraception. Patients had screening
and day-of-scan scores of at least 18 on the Hamilton Anxiety Rat-
ing Scale (mean=22.6, SD=3.5) and at least 45 on the Penn State
Worry Questionnaire (mean=63.3, SD=8.1). Scores of healthy par-
ticipants were substantially lower, and did not overlap those of
patients (Hamilton anxiety scale mean=0.2 [SD=0.4]; Penn State
Worry Questionnaire mean=29.1 [SD=8.6]). Participants were
classified as having experienced early trauma (six generalized
anxiety disorder patients, no comparison subjects) if they re-
ported recurrent and severe prepubertal physical or sexual abuse,
as determined with a modified Early Trauma Inventory (6, 7). The
current study was approved by the Columbia University Institu-
tional Review Board; all subjects provided written informed con-
sent before participation.
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1H-MRS Procedure

Scans were carried out on a 1.5-T GE Signa scanner, using the
multislice 1H-MRS imaging sequence of Duyn et al. (8). Following
sagittal scout images, a four-section T1-weighted axial/oblique
localizer image, angulated parallel to the Sylvian fissure, was ac-
quired with a slice thickness of 15 mm and an interslice gap of 3.5
mm matching the subsequent 1H-MRS scan. Spectroscopy was
conducted with TE/TR 280/2300 msec, field of view 24 mm, 32×32
phase-encoding steps with circular k-space sampling, and 256
points along the signal acquisition domain, using nominal voxel
sizes of 1.5×0.75×0.75 cm. Metabolite resonance area ratios (N-
acetylaspartate/creatine, choline-containing compounds/creat-
ine) were computed for the bilateral hippocampus and dorsolat-
eral prefrontal cortex, with two investigators, masked to diagno-
sis, conducting the curve-fitting.

Results

Generalized anxiety disorder patients had a 16.5% higher

N-acetylaspartate/creatine ratio in the right dorsolateral

prefrontal cortex than did their matched comparison sub-

jects (mean=3.46 [SD=0.69] versus mean=2.97 [SD=0.36],

respectively; t=2.58, df=14, p<0.03). Furthermore, the N-

acetylaspartate/creatine ratio in the right dorsolateral pre-

frontal cortex was higher in 13 of 15 generalized anxiety

disorder patients than in their matched comparison sub-

jects (Figure 1). However, the six generalized anxiety disor-

der patients reporting childhood abuse had a lower mean
N-acetylaspartate/creatine ratio (mean=2.95, SD=0.67) in
the right dorsolateral prefrontal cortex than did the nine
nonabused generalized anxiety disorder patients (mean=
3.80, SD=0.67) (t=2.89, df=13, p<0.006); the ratio of the
abused generalized anxiety disorder patients did not differ
significantly from the mean N-acetylaspartate/creatine ra-
tio of comparison subjects. The N-acetylaspartate/creatine
ratio in the right dorsolateral prefrontal cortex was not sig-
nificantly associated with clinical ratings. Patients and
healthy subjects did not differ in right dorsolateral prefron-
tal cortex choline/creatine ratio (t=0.67, df=14, p=0.52).
Among generalized anxiety disorder patients, N-acetylas-
partate/choline in the right dorsolateral prefrontal cortex
correlated with N-acetylaspartate/creatine (r=0.65 in the
right dorsolateral prefrontal cortex, p=0.009), although ele-
vations in N-acetylaspartate/choline did not reach signifi-
cance (t=1.53, df=14, p=0.15). Between-group metabolite
ratio differences were not found in the left dorsolateral pre-
frontal cortex or in either the right or left hippocampus.
Within the healthy subjects, N-acetylaspartate/creatine ra-
tios did not differ between the right and left dorsolateral
prefrontal cortex.

Discussion

Contrary to our initial hypotheses, the N-acetylaspar-
tate/creatine ratio, a measure of neuronal viability, was in-
creased in the right dorsolateral prefrontal cortex in gener-
alized anxiety disorder patients versus healthy comparison
subjects. However, generalized anxiety disorder patients
with self-reported childhood abuse had significantly lower
N-acetylaspartate/creatine in this region than nonabused
patients. These data suggest a potential biological subtype
in generalized anxiety disorder, which is consonant with
reports in major depressive disorder identifying biological
subgroups based on history of early trauma (7). The di-
rection of N-acetylaspartate/creatine abnormality in gen-
eralized anxiety disorder contrasts with that reported in
posttraumatic stress disorder and mood disorders but is
potentially consistent with findings suggesting prefrontal
cortical hypermetabolism in generalized anxiety disorder
(1) and increased cerebral blood flow in the right dorsolat-
eral prefrontal cortex in persons with social phobia antici-
pating public speaking (9).

Methodological limitations of the study constrain inter-
pretation. Ratio analyses of the N-acetylaspartate/creat-
ine ratio may reflect changes in creatine, which is typically
higher in gray matter than in white matter. Confounding
effects of partial volume averaging cannot be ruled out,
since tissue segmentation was not performed. Research
using tissue segmentation techniques and absolute me-
tabolite quantitation in larger samples will clarify these
findings.

FIGURE 1. N-Acetylaspartate/Creatine Ratios in the Right
Dorsolateral Prefrontal Cortex of Healthy Subjects and
Age- and Sex-Matched Patients With Generalized Anxiety
Disorder, by Childhood Abuse Historya

a Data points off to either side represent means and standard devia-
tions for the respective groups. N-Acetylaspartate/creatine ratios in
the right dorsolateral prefrontal cortex were higher in patients with
generalized anxiety disorder than in healthy comparison subjects
matched for age and sex (t=2.58, df=14, p<0.03). The ratio also was
lower in patients who experienced childhood abuse-related trauma
than in patients reporting no trauma (t=2.89, df=13, p<0.02).
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Objective: The superior temporal gyrus, a heteromodal audi-
tory and language association cortex, has been found to be
smaller in patients with schizophrenia than in normal subjects.
However, genetic and/or neurodevelopmental underpinnings
of superior temporal gyrus alterations are unknown. Nonpsy-
chotic children with greater genetic risk for schizophrenia ex-
hibit language deficits. The authors studied the superior tempo-
ral gyrus in nonpsychotic children at risk for schizophrenia.

Method: Magnetic resonance imaging was used to measure
the right and left superior temporal gyrus of 29 young nonpsy-

chotic subjects who had a parent with schizophrenia and 27
age- and sex-matched comparison subjects who had no family
psychiatric history.

Results: After controlling for age and intracranial volume, the
authors found that the volumes of the right and left superior
temporal gyrus of the subjects at risk for schizophrenia were sig-
nificantly smaller than those of the comparison subjects. Com-
parison subjects, but not at-risk subjects, showed an inverse cor-
relation between age and left superior temporal gyrus volume.

Conclusions: These findings provide new evidence that supe-
rior temporal gyrus abnormalities may result from genetically
mediated developmental deviance reflecting greater suscepti-
bility to schizophrenia. Further studies and follow-up will lead
to greater understanding of the role of the superior temporal
gyrus in the premorbid vulnerability to schizophrenia.

(Am J Psychiatry 2004; 161:1121–1124)

Neuroanatomical changes in schizophrenia are well
established (1), but their genetic and neurodevelopmental

origins are not well understood. Genetically at-risk chil-
dren present an excellent research opportunity to study


