Prefrontal GABA Abnormalities Associated With Reduced Hippocampal Volume In Major Depressive Disorder
Chadi G. Abdallah 1,2, Andrea Jackowski 3, João R. Sato 3,4, Xiangling Mao 5, Guoxin Kang 5, Raminder Cheema 1,2, Jeremy D. Coplan 6, Sanjay J. Mathew 7,8, Dikoma C. Shungu 5
1

Department of Psychiatry, Yale University School of Medicine, New Haven, CT, USA . 2 Clinical Neuroscience Division, National Center for PTSD, Veterans Affairs Connecticut Healthcare System, West Haven, CT, USA. 3 LiNC, Departamento de Psiquiatria, Universidade
Federal de São Paulo, SP, Brazil . 4 Center of Mathematics, Computation and Cognition. Universidade Federal do ABC, Santo Andre, Brazil. 5 Departments of Radiology, Psychiatry and Biophysics, Weill Medical College of Cornell University, New York, NY, USA . 6 Division of
Neuropsychopharmacology, Department of Psychiatry, SUNY Downstate Medical Center, Brooklyn, NY, USA, 7 Michael E. Debakey VA Medical Center, Houston, TX, 8 Menninger Department of Psychiatry and Behavioral Sciences, Baylor College of Medicine, Houston, TX, USA.

ABSTRACT

BACKGROUND

RESULTS

Background: Hippocampal volume reduction has been

 Fewer than 50% of MDD patients respond to 3-month treatment with
a monoaminergic reuptake inhibitor.
 Hippocampal volume reduction has been found in some, but not all,
MDD studies; consistent with the presence of a subgroup of MDD
patients with more prominent hippocampal deficits.
 Convergent evidence has demonstrated aberrant amino acids
neurotransmission (i.e. GABA and glutamate) in mood and anxiety
disorders. These GABAergic and glutamatergic abnormalities are
believed to precipitate excitotoxicity and structural changes leading to
hippocampal volume reduction.
 Thus we hypothesized that MDD individuals with impaired amino acid
neurotransmission are more likely to have hippocampal deficits and
to be resistant to non-glutamate-based antidepressants.

 In the MDD group, ACC GABA was positively correlated with
standardized hippocampal volume (hippocampal/intracranial x 10000)
[rs = 0.42, n = 26, p = 0.03] (Fig. 2). There was no correlation between
these two measures in the healthy control group (p = 0.24).
 Conducting general linear model (GLM) with repeated measures
to examine right and left hippocampal volumetric differences among the
three groups (healthy, Low GABA MDD, and High GABA MDD), while
controlling for intracranial volume (ICV) and handedness (Fig. 3),
showed a significant group effect (F(2,45) = 9.0, n = 52, p < 0.001).
 Post hoc analysis with Bonferroni correction revealed a reduction in
hippocampal volume in Low GABA MDD group compared to High
GABA MDD group (p < 0.001) and Healthy controls (p = 0.01). No
hemispheric effect (p = 0.50) or hemispheric-by-group interactions (p =
0.80) were present.

reported in major depressive disorder (MDD) and is
believed to reflect impaired amino-acid neurotransmission
leading to increased extracellular glutamate and
excitotoxicity. In line with this preclinical-based
hypothesis, small hippocampal volumes in human have
been repeatedly associated with poor treatment outcome
in depressed patients treated with monoaminergic
antidepressants. To better understand the role of aminoacid neurotransmission in hippocampal deficits and
subsequent resistance to monoaminergic drugs, the
current study investigated the relationship between
hippocampal volumes and abnormally low GABA levels in
the anterior cingulate cortex (ACC) of MDD subjects, a
neurochemical indicator previously associated with
treatment-resistant depression.

Methods: Twenty-six medication-free MDD (mean age
±SEM, 39.0 ±2.0) and 26 healthy (mean age ±SEM, 37.4
±2.6) subjects were studied. Participants underwent highresolution magnetic resonance imaging (MRI) to estimate
hippocampal volume using the fully automated FreeSurfer
processing. Proton MR spectroscopy (1H MRS) was
acquired to measure GABA levels in a single voxel placed
in the ACC region. Using the median split cutoff point of
the ACC GABA level, MDD patients were divided into two
groups: Low GABA MDD (n = 13) and High GABA MDD
(n = 13).

Results: Conducting general linear model (GLM) with
repeated measures to examine right and left hippocampal
volumetric differences among the three groups (healthy,
Low GABA MDD, and High GABA MDD), while controlling
for intracranial volume (ICV) and handedness, showed a
significant group effect (F(2,45) = 9.0, n = 52, p < 0.001).
Post hoc analysis with Bonferroni correction revealed a
reduction in hippocampal volume in Low GABA MDD
group compared to High GABA MDD group (p < 0.001)
and Healthy controls (p = 0.01). No hemispheric effect (p
= 0.50) or hemispheric-by-group interactions (p = 0.80)
were present. Age, gender, weight, education, IQ, age of
onset, duration of illness, treatment resistance and
psychotropics-naïve status, PSQI, PSWQ, HAM-A,
HDRS24, and ACC voxel tissue composition were
individually considered as covariates in the model.
However, they had no significant (p > 0.05) effect on the
model and they did not impact the significance of the
group effect. In the total MDD group, ACC GABA was
positively correlated with standardized hippocampal
volume (hippocampal/intracranial x 10000) [rs = 0.42, n =
26, p = 0.03]. There was no correlation between these
two measures in the healthy controls group (p = 0.24).

METHODS
Table 1. Demographic and Clinical Characteristics.

 Eligible participants were psychotropic medication-free for at least 2
weeks prior to scan; were free of substance abuse/dependence for at
least 6 months; had no lifetime history of psychotic disorder, mania,
or hypomania; had no pervasive developmental disorder or mental
retardation; had no current eating disorder; and had no clinically
unstable medical or neurologic conditions.
 Scan-day clinical assessments included 17-item Hamilton
Depression Rating Scale (HDRS17), Hamilton Rating Scale for
Anxiety (HAM-A), Penn State Worry Questionnaire (PSWQ), and
Pittsburgh Sleep Quality Index (PSQI).
 MRI and 1H MRS scans were acquired during the same session on a
3.0T GE EXCITE magnetic resonance (MR) system.
 MRI images were acquired using an Axial 3D T1 sequence and
single anterior cingulate cortex (ACC) voxel for 1H MRS (Fig. 1).
 Using the median split cutoff point of the anterior cingulate GABA
level, MDD subjects were divided into two groups: Low GABA (n =
13) and High GABA (n = 13).

Age (y)
Male (N; %)
Weight (lbs)
Education (y)
IQ
PSQI
PSWQ
HAM-A
HDRS17
Age of Onset (y)
Duration of Illness (y)
TRD (N; %)
Psychotropic-Naïve

MDD Low
GABA
(n=13)

MDD High
GABA
(n=13)

Healthy
(n=26)

Mean ± SEM

Mean ± SEM

Mean ± SEM

39.0 ± 2.7
9 (69%)
175 ± 8.1
14.9 ± 0.7
113 ± 4.1
8.9 ± 1.3
52 ± 4.7
22.1 ± 2.9
19.2 ± 2.1
15.1 ± 1.7
23.9 ± 3.6
7 (54%)

39.2 ± 3.1
8 (62%)
155 ± 8.6
15.4 ± 0.8
116 ± 4.4
9.4 ± 1.0
60 ± 3.4
22.0 ± 2.3
19.2 ± 1.4
14.5 ± 2.6
23.8 ± 4.2
3 (23%)

37.4 ± 2.6
12 (46%)
172 ± 7.1
15.1 ± 0.5
114 ± 2.4

3 (23%)

5 (39%)

df.
2-49
2
2-49
2-49
2-45
22
24
24
24
24
24
1

Sig. a
0.88
0.35
0.23
0.19
0.76
0.79
0.18
0.98
1.00
0.86
0.98
0.11

1

0.39

(N; %)
a. ANOVA, Independent t-test or Chi square test (significance set at p ≤ .05); Abbreviations: MDD:

CONCLUSION
 Riluzole - a glutamate and GABA modulating agent - produces

greater clinical improvements in patients with smaller hippocampi.
 Conversely, smaller hippocampal volume is associated with
treatment resistance to monoaminergic antidepressants.
 Together these findings suggest that novel GABA- and
glutamate-based antidepressants may particularly target MDD
subjects with pretreatment GABAergic, glutamatergic and
structural brain deficits.

Major Depressive Disorder; BMI: Body Mass Index; y: years; IQ: was determined with the Wechsler
Abbreviated Scale of Intelligence; PSQI: Pittsburgh Sleep Quality Index; PSWQ: Penn State Worry
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Conclusion: Consistent with preclinical suggestive
evidence, we found a robust association between
abnormally low ACC GABA and small hippocampus in
MDD individuals; independent of the treatment resistance
status or other clinical and demographic characteristics.
The data support the presence of a subpopulation of
MDD patients with more profound amino-acid
neurotransmission abnormalities leading to neuronal
remodeling deficits and resistance to Aminergic-based
antidepressants.

Figure 3. Comparison among study groups, showed a significant reduction in
hippocampal volume in the Low GABA MDD group as compared to other
groups. Hippocampal Volume is the estimated marginal mean of right and left
hippocampal volumes, controlling for intracranial volume and handedness.
Bars represent the standard error of means. * p < 0.05 and *** p < 0.001
compared to Low GABA MDD group. No significant difference between High
GABA MDD group and Healthy control (p = 1.0) was found.
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Figure 1. Anterior cingulate cortex (ACC) voxel size and location are shown
on axial (A) and sagittal (B) images. Spectra acquired in 13 minutes for the
ACC voxel, as well as their model fit and residual, are shown (C).

Figure 2. Anterior cingulate cortex (ACC) GABA positively correlated with
standardized hippocampal volume (hippocampal (Hip)/intracranial volume
(ICV) x 10000) in the MDD group.
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