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Dysfunction of GABAergic systems has been implicated in schizophrenia and other 

psychosis spectrum disorders (Taylor and Tso, 2015). Using a benzodiazepine challenge 

in combination with fMRI, our group has demonstrated GABAergic dysfunction in 

schizophrenia both while patients passively viewed emotionally salient images (Taylor et 

al., 2014) and while performing a face processing task (Tso et al., 2015). Further, the altered 

blood oxygen level-dependent (BOLD) response to the benzodiazepine in schizophrenia was 

positively correlated with increased negative affect (NA). These emerging links between 

GABAergic systems, affect and emotion processing indicate an important line of inquiry.

Here, we aimed to build upon these findings by exploring these links using Magnetic 

Resonance Spectroscopy (MRS). Thus far, studies of GABA concentrations in schizophrenia 

using MRS have reported mixed findings (Egerton et al., 2017; Nakahara et al., 2021; 

Simmonite et al., 2022), likely reflecting the influence of multiple factors upon GABAergic 

systems, such as illness stage and heterogeneous symptom presentations. To address this 

issue, we compared GABA+ concentrations in the rostral MFC and midline occipital cortex 

in patients with first episode psychosis (FEP) and individuals meeting criteria for attenuated 

psychosis syndrome (APS), with healthy control participants, testing the hypothesis that 

negative affect (NA), measured by the Psychological Stress Index (PSI9: Tso et al., 2012), 

would be associated with reduced GABA+ signal in the rostral MFC. Based on prior reports 

of increased rostral MFC GABA in early schizophrenia (Chen et al., 2017; de la Fuente-
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Sandoval et al., 2018; Kegeles et al., 2012), we hypothesized that GABA+ concentrations in 

this voxel would be increased relative to control participants, but a second process, related 

to affective dysregulation in the face of minor stress, would drive GABA+ levels in the 

opposite direction.

Study participants were 14 patients with FEP (9 men, 5 women, age = 21.64 ±2.56), 

7 individuals meeting criteria for APS (5 men, 2 women, age = 19.86 ±3.63), and 15 

demographically matched controls (10 males, 5 women, age = 21.60 ±3.56) who were 

free from personal histories of psychiatric disorders or first-degree relatives with psychotic 

illnesses. Exclusion criteria included contraindications to MRI and history of head injury 

or concussions with unconsciousness lasting > 5 minutes. Participants completed the 9-item 

PSI9, a validated self-report scale which measures stress sensitivity and the tendency to 

experience NA as a trait characteristic (Tso et al., 2012). The study and all its procedures 

were approved by the University of Michigan Medical School IRB.

MRS data from rostral MFC and midline occipital cortex voxels (Figure 1A and 1B) 

were obtained using a MEGA-PRESS (Mescher et al., 1998) sequence on a 3T Phillips 

Ingenia system with a 32-channel head coil. Preprocessing and quantification of the edited 

MRS spectrum were performed using standard Gannet 3.1 processing steps (Edden et al., 

2014). As the GABA signal detected at 3.00 ppm using our experimental parameters is 

expected to contain contributions from macromolecules and homocarnosine, we refer to it 

as GABA+. GABA+ concentrations were evaluated relative to the unsuppressed water signal 

and corrected for voxel tissue composition.

Groups differed significantly on PSI9 scores (HCmean = 9.87 ±4.09; APSmean = 15.14 

±6.07; FEPmean = 19.29 ±5.70; F2,33 = 12.14, p<.001). Post-hoc Tukey tests revealed PSI9 

scores were significantly higher in FEP compared with HC (p <.0001), but there were no 

differences between the APS and HC groups (p = .08), or the FEP and APS groups (p 
= .21). ANOVAs conducted to examine GABA+ concentrations revealed a trend toward a 

significant group effect in the rostral MFC (Figure 1C; HCmean = 2.16 ±0.42; APSmean = 

2.04 ±0.14; FEPmean = 2.50 ±0.53; F2,28 = 3.04, p = .06). but no group differences in the 

midline occipital cortex (Figure 1D; HCmean = 3.24 ±0.40; APSmean = 3.43 ±0.51; FEPmean 

= 3.24 ±0.41; F2,32 = 0.49, p = .62). When PSI9 was included in the model to adjust 

for group differences in negative affect, we found a significant effect of group on rostral 

MFC GABA+ concentrations (F2,28 = 4.26, p = .02). Planned comparisons revealed elevated 

rostral MFC GABA+ in the FEP group in comparison with the HC and APS groups (t27= 

2.90, p = .01). There was a trend towards elevated rostral MFC GABA+ in the APS group 

when compared with healthy controls (t27= 2.00, p = .0548). We did not find significant 

group effects on occipital GABA+ (F2,31 = 0.48, p = .62) when PSI9 was included in the 

model.

While limited by a modest sample size and the confound of medication, we found evidence 

of significantly elevated rostral MFC GABA+ in psychosis when controlling for levels 

of NA. When considered alongside previously published demonstrations of altered BOLD 

signal in response to a benzodiazepine challenge which correlate with levels of NA, we 

suggest the presence of at least two pathological processes involving GABA in psychosis. 
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The first is distinguished by an increase in rostral MFC GABA which occurs early in the 

illness and may be driven down by treatment or other factors, which has led to contradictory 

findings in the literature. This process may reflect a primary pathophysiological process 

or a compensatory response – for example, to environmental stressors. In addition, we 

propose a second process reflected by reduced GABA which is associated with increased 

negative affect and an altered BOLD response to benzodiazepine. As we note, the edited 

GABA signal – which we refer to as GABA+ - includes significant contributions from 

macromolecules and homocarnosine, a limitation which means the effect we observed could 

potentially be unrelated to GABA, and instead driven by other components of the signal. 

While more data is required to untangle these processes, and clarify GABAergic dysfunction 

in the psychosis spectrum, NA is a strong, transdiagnostic predictor of functional outcome, 

and these findings establish potential therapeutic leverage points linking GABAergic 

treatments, with NA as the clinical outcome.
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Figure 1. 
Heat maps describing the spatial overlap of MRS voxels in (A) rostral MFC and (B) midline 

occipital cortex across all participants. Boxplots demonstrating GABA+ concentrations in 

(C) rostral MFC and (D) midline occipital cortex in each of the three participant groups. 

HC: healthy control participants, APS: attenuated psychosis syndrome; FEP: first episode 

psychosis. These values are uncorrected for PSI9.
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