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Background: Several lines of emerging evidence sug-
gest that dysfunction of g-aminobutyric acid (GABA)
systems is associated with major depression. However,
investigation of this hypothesis is limited by difficulty
obtaining noninvasive in vivo measures of brain GABA
levels. In this study we used in vivo proton magnetic
resonance spectroscopy to investigate the hypothesis
that abnormalities in the GABA neurotransmitter system
are associated with the neurobiologic processes of
depression.

Methods: The GABA levels were measured in the
occipital cortex of medication-free depressed patients
meeting DSM-IV criteria (n = 14) and healthy control
subjects with no history of mental illness (n = 18) using
a localized difference editing proton magnetic reso-

nance spectroscopy protocol. An analysis of covariance
was employed to examine the effects of depression, sex,
and age.

Results: The depressed patients demonstrated a highly
significant (52%) reduction in occipital cortex GABA lev-
els compared with the group of healthy subjects. While
there were significant age and sex effects, there was no
interaction of diagnosis with either age or sex.

Conclusion: This study provides the first evidence of ab-
normally low cortical GABA concentrations in the brains
of depressed patients.
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D ESPITE PREVALENCE rates
as high as 17%,1 signifi-
cant gaps remain in our
understanding of the
pathophysiological pro-

cesses associated with major depressive
disorder. The last 3 decades of research have
highlighted the role of the biogenic amines
and the hypothalamic-pituitary-adrenal axis
in the neurobiological processes of this
disorder. However, emerging evidence sug-
gests the g-aminobutyric acid (GABA) sys-
tem may also contribute to the pathophysi-
ological characteristics and pharmacological
treatment of depression.2

Several lines of preclinical and clini-
cal investigation provide this evidence.
Rodent studies describe decreased GABA
concentrations and receptor function in
several brain regions in response to both
acute and chronic stress.3-5 In addition,
the administration of GABA agonists pre-
vents and reverses rodent behavioral
models of depression,6 whereas adminis-
tration of GABA antagonists produces
behaviors that mimic these models.7 In
humans, supportive evidence of a GABA-

ergic contribution to the pathophysi-
ological processes and the treatment of
mood disorders comes from clinical tri-
als demonstrating potent antidepressant
and mood-stabilizing properties of sev-
eral compounds with GABA-mimetic
activity.8-12 Reports of abnormal findings
in plasma and cerebrospinal fluid (CSF)
GABA levels in depressed patients com-
pared with healthy control subjects fur-
ther suggest the disorder is associated
with a GABAergic dysfunction. Most of
these studies demonstrated decreased
GABA levels in the depressed pa-
tients.13-17 However, interpretation of
these studies is limited by the existence
of a CSF GABA concentration gradient18

and the inability to localize the origin of
the measured GABA.

Recently developed proton mag-
netic resonance spectroscopy techniques
enable the direct measurement of brain
GABA levels in vivo through a noninva-
sive procedure.19,20 This technique was
previously used to show altered occipital
cortex GABA levels in association with
seizure disorder21 and alcoholism.22 The
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objective of our current study was to determine if
GABA levels are abnormal in the brains of depressed
patients compared with healthy control subjects. The
occipital cortex was chosen in this study based on tech-
nical limitations and previous findings of reduced
occipital cortex GABA levels in alcohol-dependent22

and seizure disorder patients,21 2 conditions that are
frequently associated with elevated rates of depres-
sion.23,24

RESULTS

Medication-free depressed patients (n = 14) had mark-
edly lower occipital cortex GABA(total) concentrations
(mean ± SD, 0.71 ± 0.27 mmol/kg) than healthy control
subjects (n = 18) (mean ± SD, 1.48 ± 0.39 mmol/kg), as
illustrated in 2 representative spectra in Figure 1. The
difference was significant by 1-way ANCOVA covarying

Demographic Data and Patient Clinical History*

Characteristic

Patient No.

1 2 3 4 5 6 7

Sex/age, y M/51 M/50 M/50 M/48 M/47 M/47 M/45
Additional clinical

features†
. . . Psychotic Psychotic,

catatonic
. . . Psychotic . . . Comorbid OCD

Previous psychiatric
history†

. . . . . . 1 Previous MDE,
.20 y ago

3 MDEs, alcohol
abuse, complete
remission, 1 y

3 MDE Dysthymia,
nondiscrete MDE

Nondiscrete MDE

Episode duration, mo 19 5 11 .60 12 3 .60
No. of suicide attempts 0 0 0 0 1 0 0
Medication history Treatment

resistant
,1 wk treatment

1 mo prior to
study

Treatment
resistant

Treatment resistant Treatment
resistant

Multiple treatments,
no medications
.1 mo

Treatment resistant

*OCD indicates obsessive-compulsive disorder; BPD, borderline personality disorder; SP, social phobia; MDE, major depressive episode;
treatment resistant, a history of 3 or more antidepressant medication trials without significant improvements; TCA, tricyclic antidepressant medication; and ellipses, none.

†Defined by DSM-IV criteria.

SUBJECTS, MATERIALS,
AND METHODS

SUBJECTS

Fourteen depressed patients (8 men, 6 women) were studied
afterobtainingwritten informedconsentusingformsandpro-
ceduresapprovedbytheYaleUniversityHumanInvestigations
Committee, New Haven, Conn. Depressed patients were re-
cruited through local advertisements andreferrals fromcom-
munitypsychiatrists.AlldepressedpatientsmetDSM-IV25 cri-
teria formajordepressivedisorderon thebasisof a structured
clinicaldiagnostic interview.26 Asummaryofthesubjects’clini-
calhistories isprovidedintheTable.Noneof thesubjectshad
current substance abuse disorders or histories of substance
dependence disorders. All subjects reported minimal alcohol
intake over the last several weeks prior to the magnetic reso-
nancespectroscopysession.Themeanage ± SDofthedepressed
patients was 42.9 ± 9.2 years (men, 47.6 ± 5.5 years; women,
36.5 ± 9.7 years). Patients were at least moderately depressed
as reflected by the 25-item Hamilton Depression Rating Scale
scores (mean ± SD, 34.0 ± 7.0; score range, 24-47). Subjects
completed a minimum 2-week medication washout prior to
spectroscopy. One patient required a low dose of lorazepam
(0.5mg,3 timesdaily) forclinicalmanagement in the2weeks
prior to spectroscopy. Another patient required thioridazine
hydrochloride (50mg)on5occasions for severeanxietydur-
ing the2-weekwashout.Onecontrol subject and1depressed

patient were postmenopausal, and both women were un-
dergoing hormone replacement therapy at the time of the
study.

Eighteen healthy control subjects (11 men; 7 wom-
en) with no history of major depression or other DSM-IV
diagnoses were studied. The control subjects were re-
cruited through local advertisements and from the Yale re-
search staff. The mean ± SD age of the control subjects was
38.4 ± 10.2 years, (men, 41.1 ± 8.6 years; women, 34.1 ± 11.7
years). Minimum alcohol intake was reported by all of the
control subjects participating in this study.

MAGNETIC RESONANCE SPECTROSCOPY
PROTOCOL

The GABA measurements were obtained according to the
method described by Rothman et al.20 Briefly, studies were
performed at the Yale University School of Medicine with
a 2.1T Oxford Magnet (Oxford Magnetic Technology,
Oxford, England) with a 1-m bore, equipped with a Bruker
Biospec Avance I spectrometer (Bruker Instruments, Bil-
lerica, Mass). Subjects lay supine with the occipital cortex
apposed to an 8-cm radiofrequency surface coil tuned to
the proton nuclear magnetic resonance frequency of 89.43
MHz. Prior to the magnetic resonance spectroscopy mea-
surement, gradient echo-scout images of the subject’s
brain were obtained. A 1.5 3 3 3 3-cm volume of interest
centered on the midline of the occipital cortex, 2 cm deep
from the dura, was chosen for spectroscopic measurement.
An automated first- and second-order shimming routine
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for age and sex (F1,28= 83.0, P,.001). In this analysis both
sex (F1,28= 19.4, P,.001) and age (F1,28= 4.6, P = .04) ef-
fects were significant. However, no significant diagno-
sis by sex or age interaction effect was found. Figure 2
shows the complete separation of the control subject and
depressed patient groups by occipital cortex GABA(total)

levels. Removing 2 patients who clinically required oc-
casional doses of lorazepam or thioridazine from the analy-
sis does not change the results (F1,26= 72.38, P,.001).

Post hoc analysis of the sex effect on cortical
GABA(total) levelsby1-wayANCOVAcovaryingforageshows
thatbothcontrolanddepressedfemalesubjectshavehigher
cortical GABA(total) levels than their male counterparts,
(F1,15= 11.4,P = .01)and(F1,11= 11.06,P = .01), respectively.

Asnotedabove, theANCOVArevealedsignificantage
effects on cortical GABA(total) levels in the total sample, yet
nosignificant correlationof ageandcorticalGABA(total) was
seen within the 4 individual groups when split by diagno-

8 9 10 11 12 13 14

M/41 F/48 F/45 F/38 F/29 F/28 F/23
. . . . . . Comorbid BPD . . . Anorexia nervosa Atypical features,

comorbid SP
. . .

1 MDE .20 y ago,
antidepressant-induced
mania, amphetamine abuse

Dysthymia,
nondiscrete
MDE

Multiple nondiscrete
MDEs

1 MDE Multiple nondiscrete
MDEs

3 MDEs . . .

36 36 21 24 18 6 10
1 0 3 0 1 1 0

Treatment resistant . . . Treatment resistant Treatment response,
discontinued .3 y
prior to study

Treatment resistant 1 Trial of a TCA . . .

was used to optimize B0 homogeneity in the volume of
interest.27,28

Homonuclear editing of the 3.0 ppm (chemical shift
scale; ppm) GABA C4 resonance was performed using the
J-editing pulse sequence described previously.20 Spectral ed-
iting detects signals from hydrogen atoms that are J-
coupled to hydrogen atoms on adjacent carbon atoms in
the same molecule. In this case the spin-spin J editing se-
lected the GABA C4 triplet resonance at 3.0 ppm, which is
coupled to the GABA C3 multiplet resonance at 1.9 ppm.
Two subspectra of 128 scans each were subtracted to ob-
tain a difference spectrum that isolates GABA(total) (com-
bined measure of GABA and the GABA-containing dipep-
tide homocarnosine). The localization techniques included
3-dimensional, image-selected, in vivo spectroscopy with
outer volume suppression, selective excitation, and use of
a surface spoiler coil. The spectral acquisition parameters
were as follows: repetition time, 3.39 seconds; echo time,
68 milliseconds; sweep width, 1500 Hz; and acquisition time,
510 milliseconds. A chemical shift–selective 80-
millisecond hyperbolic secant pulse followed by an inver-
sion recovery delay and a 2-2 refocusing pulse were used
for water suppression. Spectral editing of the GABA C4 reso-
nance at 3.0 ppm was achieved by applying a delays alter-
nating with nutations for tailored excitations (DANTE) pulse
to invert selectively the 1.9 ppm C3 resonance.20 The 26.5-
millisecond DANTE editing pulse was applied symmetri-
cally in time about the center of the refocusing pulse se-
quence. The free induction decay was zero-filled to 32 K,
and a 3-Hz exponential filter was applied before Fourier

analysis. The GABA signal was integrated over a 0.30-ppm
bandwidth at 3.00 ppm. The creatine signal was integrated
over a 0.20-ppm bandwidth at 3.00 ppm in the GABA-
inverted spectrum. The following equation was used to
calculate the GABA concentration: [GABA] = ([G*/Cr*] −
[M/Cr*]) (ICF) (EE) (3/2) ([Cr]), where G* is the inte-
gral in the edited spectrum; Cr*, the integral of the cre-
atine resonance; M, the contribution to the edited GABA
spectrum from edited macromolecule resonances20,29,30; ICF,
the correction for the limited integral bandwidths deter-
mined from localized edited spectra of solutions of GABA
and line-broadened creatine to match the in vivo processed
line widths; EE, the correction for loss of intensity due to
imperfect editing efficiency; 3:2, the creatine/GABA(total)

proton ratio; and [Cr], 9 mmol/kg wet weight—the cre-
atine concentration in the human occipital cortex.31

STATISTICAL ANALYSIS

Analysis of covariance (ANCOVA) was employed to de-
termine group differences, controlling for age and sex ef-
fects in the sample populations. Similar ANCOVAs using
Bonferroni adjustments were employed for post hoc group
comparisons. To evaluate the covariance of age and corti-
cal GABA levels by group, post hoc simple regression analy-
ses were performed with significance adjusted for mul-
tiple comparisons using Bonferroni adjustments. Effects of
depression severity on cortical GABA levels were assessed
using ANCOVA controlling for age and sex. An a level of
.05 was used to determine significance.
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sis andsex(healthycontrol subjects:men[n = 11,r = −0.4],
women [n = 7, r = −0.5]; depressed patients: men [n = 8,
r = −0.1], women [n = 6, r = −0.4]). The ANCOVA covary-
ing for sex and age also did not reveal significant severity
effects,asmeasuredbytheHamiltonDepressionRatingScale,
oncorticalGABA(total) levels.Only thesexeffect remainssig-
nificant (F1,10= 7.0, P = .02) in this analysis. However, the
power of both of these analyses is considerably limited by
the small sample sizes.

COMMENT

This study provides, to our knowledge, the first direct evi-
denceofdecreasedcorticalGABAconcentrationsindepressed
patients. No overlap was observed between cortical GABA
levels of depressed patients and sex-matched healthy con-
trol subjects. The finding of lower cortical GABA concen-
trations is consistent with previous studies reporting lower
GABA levels in the plasma and CSF of depressed indiv-
iduals.14-17,32 However, to date the investigation remains
limitedto theregionof theoccipital cortex,a regionnotpre-
viouslythoughttobedirectlyrelatedtothepathophysiologi-

cal processes associated with major depression. Future
research is needed to determine if the decreased occipital
cortex GABA levels are an integral component of the patho-
physiological processes responsible for the depressive symp-
toms or whether decreased levels reflect secondary conse-
quences of other processes underlying depression.

Although limited by a small sample size, this study
did not find a significant relationship between severity
of depression and cortical GABA levels, consistent with
several previous CSF studies.14,15,17 In contrast to these
reports, Gerner et al16 did report a significant negative
correlation between CSF GABA levels and severity of de-
pression using a sample of 29 unipolar patients.

The mechanisms contributing to reduced cortical
GABA levels in depressed patients are currently un-
known. Decreased total GABA levels could reflect reduc-
tions in GABA synthesis arising from decreased glutama-
tergic stimulation of metabolic activity and reduced
concentrations of substrate for GABA synthesis.33-35 The de-
creased synthesis could also reflect changes in glutamic acid
decarboxylase activity. Several environmental, genetic, and
immunological factors may contribute to the altered regu-
lation of glutamic acid decarboxylase activity in these de-
pressed patients.35-37 Alternatively, reduced GABA levels
might reflect a relative deficit in glutamic acid decarbox-
ylase activity due to increased GABA degradation.

Altered levels of homocarnosine could also contrib-
ute to the observed differences in the level of GABA(total).
Homocarnosine is a GABA-containing dipeptide
(GABA + histidine) with putative physiological func-
tions.38 The GABA(total) concentrations reported in our cur-
rent study contain both GABA and homocarnosine lev-
els. Thus, the lower levels measured in depressed patients
could be due in part to reductions in homocarnosine. New
proton magnetic resonance spectroscopy protocols39 ca-
pable of isolating homocarnosine from the GABA peak
will provide more information on the contributions of
cortical homocarnosine levels to these findings.
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Healthy Subject

Creatine

3.0 2.7
Parts per Million

3.6 3.9

GABA × 4
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Depressed Subject

Creatine
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3.6 3.3

Figure 1. Representative spectra from a healthy control subject (left) and that of a depressed subject (right). The top spectrum for each subject depicts an
unedited proton magnetic resonance spectroscopy spectrum. The lower spectrum illustrates a difference spectrum obtained using the delays alternating with
nutations for tailored excitations editing pulse.
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Figure 2. Individual subjects’ proton magnetic resonance spectroscopy
determined cortical g-aminobutyric acid levels in brain tissue with means
and 95% confidence intervals displayed.
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Cortical GABA levels were higher in women than men,
and they tended to decrease with advancing age. Studies
of CSF GABA levels have inconsistently reported sex and
age differences.16,18,40 Additional studies will be needed to
replicate the preliminary findings of age and sex effects. Fur-
thermore, it will be important to evaluate and control for
potentially confounding variables such as cortical atro-
phy, altered gray-white matter ratios, altered creatine, me-
tabolite, and homocarnosine levels in future analyses.

Insummary, for the first timewehaveshownthatcor-
ticalGABAlevelsaresignificantlylowerindepressedpatients
relative tohealthycontrol subjects.This findingwashighly
consistent among depressed subjects and was not signifi-
cantlyalteredby the interactionofageorsex.Additional re-
searchisrequiredtounderstandthepathophysiologicaland
therapeutic significance of the altered cortical GABA levels
in association with major depressive disorder.
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