
Perisylvian GABA levels in schizophrenia and bipolar disorder

Murat İlhan ATAGÜN1,2,*, Elif Muazzez ŞIKOĞLU3, Çağlar SOYKAN1,2, Serdar Süleyman 
CAN1,2, Semra ULUSOY-KAYMAK2, Ali ÇAYKÖYLÜ1,2, Oktay ALGIN4,5, Mary Louise 
PHILLIPS6, Dost ÖNGÜR7,8, and Constance Mary MOORE3,9

1Department of Psychiatry, Ankara Yıldırım Beyazıt University Medical School, Ankara, Turkey

2Department of Psychiatry, Ankara Ataturk Training and Education Hospital, Ankara, Turkey

3Department of Psychiatry, University of Massachusetts Memorial Medical School, Memorial 
Campus 119 Belmont Street, Worcester, MA 01605, USA

4Department of Radiology, Ankara Atatürk Training and Education Hospital, Ankara, Turkey

5National Magnetic Resonance Imaging Research Center, Bilkent University, Ankara, Turkey

6Department of Psychiatry, Pittsburgh University Medical School, Pittsburgh, PA, USA

7Psychotic Disorders Division, McLean Hospital, Belmont, MA, USA

8Department of Psychiatry, Harvard Medical School, Boston, MA, USA

9Department of Radiology, University of Massachusetts Medical School, Worcester, MA, USA

Abstract

The aim of this study is to measure GABA levels of perisylvian cortices in schizophrenia and 

bipolar disorder patients, using proton magnetic resonance spectroscopy (1H-MRS). Patients with 

schizophrenia (n=25), bipolar I disorder (BD-I; n=28) and bipolar II disorder (BD-II; n=20) were 

compared with healthy controls (n=30). 1H-MRS data was acquired using a Siemens 3 Tesla 

whole body scanner to quantify right and left perisylvian structures’ (including superior temporal 

lobes) GABA levels. Right perisylvian GABA values differed significantly between groups 

[χ2=9.62, df: 3, p = 0.022]. GABA levels were significantly higher in the schizophrenia group 

compared with the healthy control group (p=0.002). Furthermore, Chlorpromazine equivalent 

doses of antipsychotics correlated with right hemisphere GABA levels (r2=0.68, p=0.006, n=33). 

GABA levels are elevated in the right hemisphere in patients with schizophrenia in comparison to 

bipolar disorder and healthy controls. The balance between excitatory and inhibitory controls over 

the cortical circuits may have direct relationship with GABAergic functions in auditory cortices. In 

addition, GABA levels may be altered by brain regions of interest, psychotropic medications, and 

clinical stage in schizophrenia and bipolar disorder.
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1. Introduction

Several lines of evidence have converged that as an inhibitory neurotransmitter, Gamma-

Amino Butyric Acid (GABA) neurotransmission serves for network integrity by facilitating 

neural synchronization in the brain [1]. Postmortem studies have shown abnormalities in 

GABAergic cells [2-4] and these findings suggested that disturbances in the early phases of 

brain development may lead to abnormalities of GABAergic neurotransmission possibly 

causing dysregulation in the inhibitory and excitatory neurotransmission in cortical 

circuitries [2]. Disturbed GABAergic neurotransmission may lead to abnormalities in 

integrative brain functions and cognitive dysfunction [5].

Irregularities in GABA neurotransmission have critical roles in the pathophysiology of 

schizophrenia and bipolar disorder [2]. Altered RNA, protein and neurochemical markers of 

interneurons [6], decreased number [7] and disturbed maturation of GABAergic cells [8] 

have indicated GABAergic dysfunction in schizophrenia and bipolar disorder. Measurements 

of GABA levels using proton magnetic resonance spectroscopy (1H-MRS) have reported 

altered GABA levels in schizophrenia [9,10] and bipolar disorder [11-13]. However, the 

findings are inconsistent possibly due to a number of reasons including different MRS 

methods, variability between brain regions of interest, medication effects and clinical course 

[10]. Most studies have focused on frontal, prefrontal, parietal or occipital cortices, 

medicated patients and clinically remitted patients, and all of these factors, including brain 

regions of interest, psychotropic medications, and clinical stage, may have significant effects 

on GABA levels.

The auditory cortices have a long and delicate developmental trajectory [14], which is 

vulnerable to the pathophysiology of schizophrenia and bipolar disorder [15]. Since auditory 

hallucinations are one of the most frequent symptoms of schizophrenia and abnormalities of 

the auditory cortices are associated with hallucinations [15], auditory cortices are among the 

most relevant brain regions in schizophrenia. In a recent 1H-MRS study, we have detected 

metabolic abnormalities within the left hemisphere superior temporal lobe in both 

schizophrenia and bipolar disorder [16]. Neural synchronization deficits with auditory tasks 

may indicate GABAergic abnormalities in auditory cortices in bipolar disorder and 

schizophrenia [17]. In addition, a recent 1H-MRS study report decreased GABA levels in the 

left perisylvian cortices in autism, this is consistent with the theory of excitatory-inhibitory 

balance dysregulation in autism spectrum disorders [18].

In this study, we aimed to investigate GABA levels within the auditory belt and parabelt 

regions located around the Sylvian (Lateral) Fissure, which host primary and association 

auditory cortices. To our knowledge, this is the first study that measure GABA levels at the 

perisylvian structures in schizophrenia and bipolar disorder. Since there are abnormalities in 

excitatory neurotransmission and GABAergic cells [2-13], we hypothesized that GABA 

levels might be altered in schizophrenia and bipolar disorder.
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2. Materials and methods

2.1. Participants

The local Ethical Committee of Ankara Yıldırım Beyazıt University Medical School has 

approved the study. All participants provided written consent after the study procedures were 

fully explained. Remitted patients with schizophrenia (n=25), bipolar I disorder (BD-I) 

(n=28), bipolar II disorder (BD-II) (n=20) and a healthy control group (HC) (n=30) were 

enrolled. Socio-demographic features are presented in Table 1. Exclusion criteria were 

history of brain damage or surgery, MR incompatible metallic implants or prosthesis, 

systemic diseases, hearing disability, lifetime history of psychiatric comorbidity and/or 

substance abuse. All medications were allowed except benzodiazepines. The following 

clinical evaluations were administered by MIA: Structured Clinical Interview according for 

the DSM-IV (SCID-I) [19], Young Mania Rating Scale (YMRS) [20], Hamilton Depression 

Rating Scale (HDRS) [21], Scale for the Assessment of Positive Symptoms (SAPS) [22], 

Scale for the Assessment of Negative Symptoms (SANS) [23] and Brief Psychiatric Rating 

Scale (BPRS) [24]. All subjects completed an MR data acquisition session immediately 

following the clinical evaluations.

2.2. Magnetic Resonance Imaging Data acquisition

Data were acquired on a 3.0 Tesla Siemens MAGNETOM TIM Trio whole-body MR system 

(Siemens, Erlangen, Germany) with a thirty two-channel phased-array head coil at the 

UMRAM National Magnetic Resonance Research Center, Ankara, Turkey.

T1-weighted anatomical MRI (MPRAGE sequence, 256 X 256 voxels, TR: 2000 msec, TE: 

3.02 msec, FOV read: 215, FOV phase: 100, slice thickness: 0.84, 192 slices) were collected 

for diagnostic and localization purposes. Proton Magnetic Resonance Spectroscopy (1H 

MRS) data was acquired using the single voxel Point REsolved Spectroscopy Sequence 

(PRESS) (TE = 30 msec, TR = 2000 msec) to quantify brain creatine (Cr) levels and 

MEscher-GArwood Point-REsolved Spectroscopy Sequence (MEGAPRESS) [25,26] (TE = 

68 msec, TR = 2000 msec) to quantify brain GABA levels. Voxels (PRESS: 20 mm X 20 

mm X 20 mm; MEGAPRESS: 30 mm X 30 mm X 20 mm) were placed in the structures 

around Sylvian Fissure including superior temporal lobe and inferior parietal lobe.

2.3. Magnetic Resonance Imaging Data analysis

The proton spectra were fit using LCModel (Version 6.3.0) to quantify the creatine levels 

[27,28] and GANNET software to quantify the GABA-to-creatine ratio (GABA/Cr) [29-34].

The structural T1-weighted images were segmented using SPM8 [Statistical Parameter 

Mapping– Welcome Department of Imaging Neuroscience, London, UK; (http://

www.fil.ion.ucl.ac.uk/spm/software/spm8/)] to determine the gray matter, white matter and 

CSF contributions to the voxel of interest. Absolute Cr values [16] were corrected for voxel 

tissue content and then multiplied with the GABA-to-Cr to determine the absolute GABA 

levels [35].
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2.4. Statistical Analysis

Statistical analyses were performed using SPSS 22.0 software (Chicago, Illinois, USA). 

Outlier analysis was conducted and GABA values two standard deviations away from the 

mean of the corresponding groups were eliminated from further analysis. Chi-square test 

was used for the comparison of categorical variables. Shapiro-Wilk's tests for normality 

were performed for continuous variables. Two tailed independent samples t-test or Mann-

Whitney U test were used for comparisons between independent groups. Group comparisons 

including more than two groups were performed by Univariate ANOVA or Kruskal-Wallis 

tests. Mann-Whitney U tests were performed for post-hoc comparisons after Kruskal-Wallis 

test. Since we had 4 groups and performed 6 Mann-Whitney U tests for posthoc 

comparisons between groups, we determined significance level as 0.0083 (0.05 / 6 = 0.0083) 

according to Bonferroni correction. In addition, Pearson's correlation analysis was 

performed to determine the relationship between GABA levels and clinical assessments.

3. Results

The demographic and clinical characteristics of the sample are listed in Table 1. There were 

no significant demographic differences in sociodemographic variables. All patients were 

clinically stable. However, schizophrenia patients scored significantly higher than the 

bipolar disorder groups on BPRS (F(2,63)=21.76, p<0.0001).

GABA levels at the right hemisphere significantly differed between the groups [χ2=9.62, df: 

3, p=0.022] (Table 2). Posthoc comparisons revealed that GABA levels in the schizophrenia 

group were significantly higher than the BD-I (p=0.02), BD-II (p=0.02) and HC (p=0.002, 

Z=−3.08) groups (Figure 1). Difference between the groups was significant only between 

schizophrenia and HC after Bonferroni correction (p=0.002). There were no significant 

differences in the left hemisphere GABA levels between the groups [χ2=1.63, df: 3, 

p=0.652] (Table 2). GABA levels did not differ between the hemispheres within each group 

(p>0.05).

Patients with schizophrenia were on significantly more atypical anti-psychotics than the BD-

I or BD-II groups (χ2(2,73)=8.874, p<0.012) (Table 3). Chlorpromazine equivalents of 

antipsychotic doses were correlated positively with right hemisphere GABA levels (r2=0.68, 

p=0.006, n=33: schizophrenia, BD-I and BD-II groups). Serum valproate levels correlated 

positively with left hemisphere GABA levels (r2 =0.8, p=0.016, n=14: BD-I and BD-II 

groups).

There was a correlation between left hemisphere GABA levels and the alogia subscale of the 

SANS (r2=0.8, p<0.05, n=10). There was no significant correlation between GABA levels 

and YMRS (r 2=0.48, p=0.158, n=39) however, there was a trend for a negative correlation 

with HDRS (r2=0.53, p=0.08, n=39) in the bipolar disorder groups.

4. Discussion

GABA levels in the right perisylvian structures were higher in schizophrenia patients in 

comparison to bipolar disorder and healthy control groups. There was positive correlation 
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between antipsychotic medications and GABA levels at right hemisphere. Previous 1H-MRS 

studies have reported inconsistent results regarding GABA levels in schizophrenia. In first 

episode psychosis patients, GABA levels were lower within left basal ganglia [38] and 

bilateral calcarine sulci [37] and approximately the same within frontal and parieto-occipital 

lobes [35] in comparison to healthy controls. Moreover, a study comparing young 

schizophrenia patients and healthy controls reported that GABA levels were lower within 

anterior cingulate region for the schizophrenia patients and same within centrum semiovale 

[38]. Whereas in chronic schizophrenia patients, GABA levels were higher within anterior 

cingulate and parieto-occipital cortices [9], and normal within anterior cingulate cortex and 

left basal ganglia regions [39]. Variations of the GABA levels might be due to differences in 

brain regions, psychotropic medications, and clinical states in the previous 1H-MRS studies 

[10,12,40].

The balance of the excitatory and inhibitory impulses may determine the GABAergic cell 

activity [18,41]. Correlation between GABA and glutamate layers in prefrontal cortices [41] 

might be an indicator of the relationship between excitatory and inhibitory 

neurotransmission. Since the excitatory neurotransmission is degraded in 

neurodevelopmental disorders, activity of the GABAergic cells and GABA levels might be 

altered in order to protect the balance between excitatory and inhibitory neurotransmission 

[41-43].

In addition, GABA receptors are highly susceptible to rapid neuroplastic changes and 

various mechanisms such as phosphorylation of synaptic proteins [44]. These findings are 

suggestive of dynamic modulation of GABAergic neurotransmission according to the 

dynamics of the synapse or the network. Taken together, these findings may also explain the 

variability of GABA levels reported in previous studies using 1H-MRS, as GABA 

neurotransmission is modulated by several clinical factors prone to rapid changes. On the 

other hand, GABA receptors are often not saturated [45] and therefore the determinant of 

GABAergic signaling is synthesis of GABA from glutamate [46]. Therefore, activity level of 

the enzyme glutamic-acid decarboxylase (GAD) 65 and 67 isoenzymes, which catalyze the 

rate limiting step of GABA synthesis, determine the level of GABAergic activity. Although 

postmortem studies have reported decreased expression of GAD67 [47], several long term 

modulations may also alter GABAergic signaling as well as short term changes [48] and 

deficiency of GAD67 might be compensated upon long term modulations [46].

Abnormalities in the left hemispheric auditory cortices are associated with linguistic 

functions and specific symptoms of psychotic spectrum disorders [15,16] and developmental 

disorders [18]. However, GABA levels were higher in right hemisphere in schizophrenia and 

were positively correlated with antipsychotic doses in this study. This finding might be 

suggesting that antipsychotics could have enhanced GABA levels only at right hemisphere 

and could not enhanced left hemisphere GABA levels due to a stronger neuropathology in 

left hemisphere. In addition, valproate serum levels were correlated with GABA levels at 

right hemisphere in bipolar disorder. This is in line with a previous study [8], which has 

reported that mood stabilizer anticonvulsants adjunctive to antipsychotics have increased 

GABA levels at parieto-occipital lobe in schizophrenia. On the other hand, studies 

investigating the relationship between antipsychotics and GABA levels have been indicated 
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both decrease [39,49] and no effect [9,36] in schizophrenia, as a result of the medication. 

Further controlled studies with specific designs to investigate the effects of medications on 

GABA levels are needed to obtain more consistent and reliable results using 1H-MRS. A 

current concept suggests that antipsychotics may restore the disturbances (disrupted 

myelination, reverse the loss of dendritic spines, enhance synaptic connections) of the 

excitatory neurotransmission that projects to GABAergic cells and stimulate 

oligodendrocyte maturation and increase the efficiency of GABAergic cells [43,49]. To this 

end, antipsychotics may ameliorate the pathology of the GABAergic cells in schizophrenia 

and bipolar disorder. However, it is not possible to predict the ultimate effects of 

antipsychotics on GABAergic functions currently, as there are several other determinants for 

GABAergic functions (such as excitatory/inhibitory balance, receptor phosphorylation, ion 

channel physiology), but yet GABA level is currently the only measurable in vivo response 

of the cell.

Although cortical GABA content as quantified by 1H-MRS has been found to predict the 

functional status of GABA-mediated processes in previous neurophysiology and 

pharmacological studies [40], normal GABA levels do not imply regulated GABAergic 

function. Determinants of GABA levels and mechanisms of compensatory changes in 

GABAergic activity are future directions for further clarification of GABAergic 

abnormalities in schizophrenia and bipolar disorder. While 1H-MRS utilizing edited pulse 

sequences such as MEGAPRESS is considered a reliable and reproducible method for 

measuring brain GABA [50], 1H-MRS cannot discriminate between intra and extracellular 

GABA levels. Therefore, these results should be viewed cautiously.

To conclude, higher GABA levels observed in the right auditory cortex of schizophrenia 

patients could be a compensatory mechanism to obtain the balance between excitatory and 

inhibitory impulses in the cerebral cortex. Due to pharmacological and physiopathological 

influences on this balance, in this investigation, we may be capturing a certain phase of 

GABA metabolism that could be modulated in a dynamic process. Dynamic modulation of 

the GABAergic activity might be the underlying reason of the variable results of the 1H-

MRS studies measuring GABA levels.
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Highlights

• GABAergic neurotransmission is disturbed in histopathological 

examinations and neuroimaging studies schizophrenia and bipolar 

disorder.

• Auditory cortices are one of the most relevant brain regions in 

schizophrenia and bipolar disorder.

• Right hemisphere GABA concentrations were higher in schizophrenia 

in comparison to the healthy control group.

• GABA concentrations might be altered by several clinical and 

pharmacological mechanisms in psychiatric disorders.

• GABAergic neurotransmission is prone to rapid changes stimulated by 

certain dynamics of the receptor, synapse or network.
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Figure 1. 
GABA levels in groups. There was significant difference between groups at right 

hemisphere. Schizophrenia group had significantly higher GABA levels in comparison to 

healthy controls. There was no significant difference between groups at left hemisphere. 

BD-I: Bipolar I Disorder, BD-II: Bipolar II Disorder, SZ: Schizophrenia, HC: Healthy 

Controls. GABA levels are in international units (IU).
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Table 1

Clinical characteristics of the participants.

SZ (n = 25) BD-I (n = 28) BD-II (n = 20) HCs (n = 30) F/χ2/t P

Age (Years) 38.4 ± 13.25 35.32 ± 9.13 38.85 ± 14.03 32.77 ± 10.65 1.58 0.207

Sex (M) 13 13 9 13 0.44 0.931

Education 9.16 ± 3.85 10.89 ± 4.85 12.40 ± 3.95 12.20 ± 3.36 2.67 0.052

Age at Onset of Disorder (years) 22.58 ± 6.89 23.57 ± 8.66 24.85 ± 9.86 0.389 0.679

Duration of Disorder (months) 142.54 ± 130.37 95.21 ± 107.69 156.85 ± 127.86 1.95 0.151

Number of Hospitalizations 1.36 ± 1.77 1.36 ± 1.76 0.40 ± 0.68 2.20 1.18

Number of Episodes

Total 7.82 ± 5.64 8.68 ± 7.00 −0.474 0.638

Manic
* 2.77 ± 2.18 3.63 ± 3.56 −1.006 0.320

Depressive 4.22 ± 3.42 4.95 ± 4.26 −0.639 0.526

BPRS 8.00 ± 4.41 2.43 ± 2.86 2.25 ± 1.77 24.51 < 0.001

YMRS 1.07 ± 1.61 1.55 ± 1.50 −1.044 0.302

HDRS 3.46 ± 3.51 3.35 ± 3.28 0.114 0.910

SAPS Total 11.52 ± 6.90

SANS Total 13.28 ± 9.04

SZ: Schizophrenia, BD-I: Bipolar I Disorder, BD-II: Bipolar II Disorder, HCs: Healthy Controls, BPRS: Brief Psychiatric Rating Scale, HDRS: 
Hamilton Depression Rating Scale, SANS: Schedule for the Assessment of Negative Symptoms, SAPS: Schedule for the Assessment of Positive 
Symptoms, YMRS: Young Mania Rating Scale.

*
Hypomania for the Bipolar II Disorder.
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Table 2

GABA levels.

SZ BD-I BD-II HCs χ2 (df) P

Left GABA 0.12 (0.11 - 0.17) 0.11 (0.09 - 0.14) 0.13 (0.11 - 0.16) 0.12 (0.10 - 0.14) 1.63 (3) 0.652

Right GABA 0.23 (0.20 - 0.27) 0.18 (0.16 - 0.22) 0.18 (0.15 - 0.21) 0.18 (0.15 - 0.20) 9.62 (3) 0.022

Kruskal-Wallis Test. Median (25-75 percentiles) values are reported. SZ: Schizophrenia, BD-I: Bipolar I Disorder, BD-II: Bipolar II Disorder, HCs: 
Healthy Controls.
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Table 3

Medication statuses of the patient groups.

SZ (n = 25) BD-I (n = 28) BD-II (n = 20) χ2/Z P

Atypical Antipsychotics (n) 22 14 12 8.87 0.012

Chlorpromazine Equivalent (mg) 225 (145.75 - 400) 267 (133 - 400) 150 (50 - 267) 6.39 (2) 0.041

Lithium (n) 0 11 10 0.54 0.461

Serum Lithium Levels (mEq/L) 0.70 (0.45 - 0.85) 0.70 (0.45 - 0.85) −0.47 0.658

Valproate (n) 0 11 7 −0.86 0.650

Serum Valproate Levels (▪g/ml) 72.2 (56 - 99.35) 57.3 (44.8 - 83.6) 0.91 0.386

Kruskal-Wallis test, Chi-square test and Mann-Whitney U test. Median (25-75 percentiles) values are reported. In the post-hoc comparisons of the 
chlorpromazine equivalent doses of antipsychotics, there were no significant differences between the groups.
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