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Abstract

BACKGROUND—Abnormally elevated levels of γ-aminobutyric acid (GABA) in the medial 

prefrontal cortex (MPFC) have been reported in antipsychotic-free patients with schizophrenia. 

Whether such GABA elevations are also present in other brain regions and persist after 

antipsychotic treatment has not been previously investigated.
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METHODS—Twenty-eight antipsychotic-naive first-episode psychosis (FEP) patients and 18 

healthy control subjects completed the study. Following baseline proton magnetic resonance 

spectroscopy scans targeting the MPFC and a second region, the dorsal caudate, FEP patients were 

treated with oral risperidone for 4 weeks, at an initial dose of 1mg/day that was titrated as 

necessary based on clinical judgment. After the 4-week treatment period, both groups were 

brought back to undergo outcome MRS scans, which were identical to the scans conducted at 

baseline.

RESULTS—At baseline, higher GABA levels were found both in the MPFC and in the dorsal 

caudate of FEP patients than in healthy control subjects. Following 4 weeks of antipsychotic 

treatment, GABA levels in FEP patients decreased relative to baseline in the MPFC, while 

decreasing only at the trend-level relative to baseline in the dorsal caudate. For either brain region, 

GABA levels at 4 weeks or post-treatment did not differ between FEP patients and healthy control 

subjects.

CONCLUSIONS—The results of the present study have documented elevations of GABA levels 

in both the MPFC and, for the first time, in the dorsal caudate of antipsychotic-naive FEP patients, 

which normalized in both regions following 4 weeks of antipsychotic treatment.
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Introduction

Dysregulations of γ-aminobutyric acid (GABA), the major inhibitory amino acid 

neurotransmitter, have been described in schizophrenia (1–4). GABAergic 

neurotransmission plays a critical role in the coordination of pyramidal cell activity, and its 

abnormalities have been linked to neurocognitive deficits in schizophrenia (5). 

Neuroimaging studies using proton magnetic resonance spectroscopy (1H MRS) to measure 

GABA levels in vivo in schizophrenia have yielded variable results, with most studies in 

antipsychotic-treated, stable schizophrenia patients showing lower or normal GABA levels 

in the anterior cingulate cortex (6), the medial prefrontal cortex (MPFC) (7–11), the 

dorsolateral prefrontal cortex (8), the dorsal anterior cingulate cortex (9, 12), parieto-

occipital cortices (7, 11, 13, 14), and the basal ganglia (7, 14) compared to healthy subjects, 

while studies in antipsychotic-free patients found lower GABA levels in the occipital cortex 

(15), normal levels in the dorsal anterior cingulate (12), or elevations in the ventromedial 

prefrontal cortex (16) and in the MPFC (8). Moreover, in the first study that measured 

GABA levels in both the MPFC and the dorsolateral prefrontal cortex of the same 

antipsychotic-free and antipsychotic-treated patients (8), GABA elevations were found in the 

MPFC of antipsychotic-free patients compared to both the medicated patients and control 

subjects, while no differences were found among the three groups in the dorsolateral 

prefrontal cortex. In addition, we recently reported elevated GABA levels in the MPFC and 

dorsal caudate of antipsychotic-naive individuals at ultra-high risk (UHR) for psychosis 

(17). These findings suggest that the discrepancies in the in vivo 1H MRS measures of 
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GABA in schizophrenia or psychotic illness reported to date may reflect differences in the 

targeted brain regions, as well as in the medication status of the cohorts.

The objective of the present study was to assess the effects of antipsychotic medication and 

brain region on 1H MRS measures of GABA levels using a study design that minimized 

within-subjects or cohort variability as a potential confound to enhance methodological 

rigor. A within-subjects study design and 1H MRS were used to measure prefrontal and 

striatal GABA levels in antipsychotic-naïve first-episode psychosis (FEP) patients, before 

and then again after 4 weeks of antipsychotic treatment, in comparison with a group of 

healthy control subjects at the same time points. Based on our prior studies in medicated and 

unmedicated patients with schizophrenia (8) and in UHR subjects (17), we hypothesized that 

GABA levels in antipsychotic-naïve FEP patients will be higher than in control subjects at 

baseline in both the prefrontal and striatal regions, and that the effect of 4 weeks of 

antipsychotic treatment will be to decrease or normalize GABA levels in both brain regions. 

Our overall expectation was that the results of the present within-subjects study would offer 

the opportunity to clarify the nature of the discrepancy in the in vivo 1H MRS measures of 

GABA levels reported to date because two different brain regions will be targeted in the 

same subjects, and only the medication status of the patient cohort will differ between the 

baseline and 4-week assessments.

Methods and Materials

Participants

Twenty-eight right-handed patients were recruited during their first non-affective psychosis 

episode, through the inpatient or outpatient services of the Instituto Nacional de Neurología 

y Neurocirugía (INNN) in Mexico City. For inclusion in the study, which was approved by 

the Ethics and Scientific Committees of the INNN, participants were assessed using the 

Structured Clinical Interview for DSM-IV and, if found eligible, they were enrolled into the 

study after providing informed written consent, which was obtained from both parents for 

participants under 18 years of age. FEP participants were required to be antipsychotic-naive. 

Exclusion criteria consisted of concomitant medical or neurological illness, history of head 

trauma with loss of consciousness, current substance abuse or history of substance 

dependence (excluding nicotine), comorbidity with any other Axis I disorder, active suicidal 

risk, and psychomotor agitation. Eighteen right-handed healthy subjects were recruited to 

serve as the normal control group. Participants in this group were assessed in the same 

manner as the patients, and those with a history of psychiatric illness or family history of 

schizophrenia were excluded. All participants were screened for drugs of abuse (cannabis, 

cocaine, heroin, opioids, and benzodiazepines) using Instant-View 5 Panel urine toxicology 

test, (American Screening Corporation, Shreveport, LA) at inclusion and at 1 hour prior to 

the 1H MRS scans.

After the baseline 1H MRS scan, patients were treated with oral risperidone for 4 weeks, 

with an open titration schedule based on clinical judgment, starting with 1mg/daily. 

Concomitant medications, including benzodiazepines, mood stabilizers and antidepressants, 

were not allowed for the duration of the study. Treatment response was defined clinically as 

a reduction of at least 25% in the total Positive and Negative Syndrome Scale (PANSS) 
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score after 4 weeks of treatment. This reduction is above the 20% that can be clinically 

detected (18) and in accordance with the current consensus of treatment response (19).

Magnetic Resonance Neuroimaging Data Acquisition Procedures

All the neuroimaging studies were conducted at the INNN on a 3.0-T whole-body MRI 

system (Signa Excite HDxt; GE Healthcare) using an 8-channel phased-array receive-only 

head coil and a body-transmit coil. To ensure reproducible prescription of the voxels of 

interest and minimize head motion, each participant’s head was positioned along the cantho-

meatal line and then immobilized with a forehead strap. Standardized high-resolution T1-

weighted spoiled gradient-recalled (SPGR) echo imaging series (echo time, 5 milliseconds; 

repetition time, 12 milliseconds; inversion time, 450 milliseconds; flip angle, 20°; field of 

view, 25.6 cm; 256 × 256 matrix; 186 slices; slice thickness,1 mm), oriented above and 

parallel to the anterior-posterior commissures line, was acquired, and then reformatted to 

sagittal and coronal views to use for optimal 1H MRS voxel placement. The same volumetric 

SPGR images were used for brain tissue segmentation.

To obtain the brain GABA data, the standard J-edited spin echo difference method (20) was 

implemented as fully described recently (21) to target a 3.0×2.5×2.5-cm3 MPFC voxel 

(including portions of Brodmann areas 24, 32 and 10, and the pregenual anterior cingulate 

cortex), and a 4.5×2.5×2.0-cm3 voxel prescribed to include primarily the dorsal caudate 

bilaterally, with the inferior edge of the voxel positioned 3 mm dorsal to the anterior 

commissure (Figure 1). Each spectrum was recorded in 13.4 minutes using 256 interleaved 

excitations (512 total), with the editing pulse on or off (echo time, 68 milliseconds; 

repetition time, 1500 milliseconds). The static magnetic field homogeneity was optimized to 

an unsuppressed water resonance full-width at half maximum (FWHM) of 12 Hz or less. 

Reproducible positioning of the 1H MRS voxels following treatment to minimize variability 

between the duplicate scans was based on images that captured each subject’s voxel 

positioning at baseline.

1H MRS Data Analysis

Details of the 1H MRS data quality assessment criteria to retain or reject spectra for 

inclusion in group analyses can be found in supplementary online material provided recently 

(21). To obtain GABA levels, spectra that met those quality assessment criteria were 

modeled as a linear combination of pseudo-Voigt lineshape functions and then fitted in the 

frequency domain (Figure 1C) by one of the investigators (X.M.), blinded to diagnosis and 

clinical status, using a highly optimized public-domain Levenberg–Marquardt nonlinear 

least squares minimization routine in a data analysis package, XsOSNMR, written in 

Interactive Data Language (IDL, Exelis Visual, Boulder, Co) at Weill Cornell Medicine (21). 

The resulting peak areas were then expressed semi-quantitatively as ratios relative to the 

area of synchronously acquired and similarly fitted unsuppressed voxel water signal. Peak 

areas of the other metabolites, including the combined resonance of glutamate and glutamine 

in the edited spectra (Glx), N-acetylaspartate (NAA), total choline (tCho), and total creatine 

(tCr) in subspectra acquired with the editing pulse turned off, were similarly obtained by 

spectral fitting (Figure 1C). In-house software developed in MATLAB (MathWorks, Natick, 

MA) was then used to create a segmentation mask for each voxel, from which the 
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proportions of grey matter, white matter, and cerebrospinal fluid content were determined. In 

case of significant differences in the proportions of tissue types between groups, these would 

be included in the statistical model as covariates.

Statistical analysis

Demographic and clinical characteristics were compared between the FEP and control 

groups using independent-sample t tests. Frequency data were analyzed using χ2 or Fisher’s 

exact tests. Levels of GABA, the metabolite of primary interest, were analyzed using 

repeated-measures analyses of variance (RMA), with time (2 levels: baseline and 4 weeks 

after) as within-subject factors, and group (2 levels: FEP and healthy controls) as the 

between-subject factor. Additionally, we carried out similar RMA tests using GABA peak 

area relative to tCr for comparison with prior studies that used tCr rather than the 

unsuppressed voxel tissue water signal as the intensity reference. Greenhouse-Geisser 

corrections were applied whenever Mauchly's tests of sphericity were significant for any 

factor, and for the RMA, we explored the influence of age, gender, and tobacco use as 

covariates. Independent-samples t tests and paired-samples t tests were used for within-

groups post-hoc comparisons, for the rest of the metabolites, tissue composition, and 

spectral quality measures. The level of significance of all tests was set at p<0.05.

Pearson’s product-moment correlations were used to examine potential associations between 

clinical scores (PANSS subscales - Positive, Negative, and General psychopathology) and 

GABA levels in each region in the FEP group, using a statistical threshold of p<.016 (p<.

05/3). Lastly, potential relationships between GABA levels, time point (baseline and at 4 

weeks) and regions (MPFC and dorsal caudate) were explored. The statistical threshold for 

these exploratory correlations was set at p<.012 (p<.05/4).

Results

Demographic and Clinical Characteristics of the Study Participants

The level of education was higher in the control group than in the FEP group (t(44)=2.68, 

p=.01). Also, the FEP group had a higher frequency of tobacco use (χ2=6.23, p=.01). DSM-

IV diagnoses of the FEP patients were as follows: schizophrenia, n=14, schizophreniform 

disorder, n=10, and brief psychotic disorder, n=4. The FEP group had a mean (SD) duration 

of untreated psychosis of 52 (71) weeks (range, 1–312 weeks). In the aggregate, all but 2 

FEP patients had experienced psychotic symptoms for less than 2 years. The FEP and 

control groups were similar on age, gender, handedness, and cannabis use. The mean (SD) 

PANSS total scores for the FEP group were 104.4 (15.0) at baseline and 66.6 (17.0) after 4 

weeks of antipsychotic treatment (t(27)=11.72, p<.001; mean [SD] decrease, 36% [14%]). 

The mean (SD) daily dose of risperidone used during the study was 2.89 (1.62) mg (Table 

1). After 4 weeks of treatment, 23 patients (82%) showed a clinical response to treatment, 

while 5 (18%) were classified as non-responders.

Voxel Tissue Composition and spectral quality

The proportions of gray matter, white matter, or cerebrospinal fluid in the MPFC or the 

caudate voxels did not differ between groups. Moreover, no group differences in the 
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unsuppressed reference tissue water signal (W), FWHM or signal-to-noise ratio values were 

found in either voxel, at baseline or at 4 weeks. Therefore, all metabolite ratios relative to 

tissue W will be referred to henceforth without the W in the denominator (e.g. GABA/W as 

simply GABA) unless otherwise specified. The voxel tissue composition and spectral quality 

control data are summarized in Table 2.

GABA Levels
1H MRS data for 6 participants (MPFC data for 2 FEP and 1 healthy control at baseline, 

MPFC data for 1 FEP at 4 weeks, and dorsal caudate data for 1 FEP and 1 healthy control at 

baseline) were rejected from all analyses due to poor quality per our established quality 

assessment criteria (21).

There were significant GABA level decreases between the baseline and 4-week 1H MRS 

scans (F(1,38)=5.9, p=.02), with a significant interaction of group by time (F(1,38)=5.96, p=.

02). Post hoc pairwise comparisons revealed higher GABA levels in both the MPFC and the 

dorsal caudate in patients than in control subjects at the baseline scan (t(41)=2.9, p=.006; 

t(42)=2.66, p=.01, respectively). Following 4 weeks of antipsychotic treatment, MPFC 

GABA levels in the FEP group decreased relative to baseline (t(24)=2.14, p=.04), while 

there was a trend-level decrease in the dorsal caudate GABA, also relative to baseline 

(t(26)=1.89, p=.07). After the 4-week treatment period, GABA levels in FEP patients did not 

differ from those in control subjects either in the MPFC (t(43)=.36, p=.71) or in the dorsal 

caudate (t(44)=.69, p=.49) (Figure 2). On the other hand, analysis of GABA levels relative to 

tCr revealed a trend-level interaction of group by time (p=.08).

Lastly, we explored the influence of age, gender, and tobacco use as covariates in all 

analyses. Since no main effects were observed for any of the variables (p>0.1 in all cases), 

none were included in analyses as covariates.

Since 5 FEP patients did not respond to the 4-week antipsychotic treatment (Total PANSS 

score decrease <25% after 4 weeks), it was of interest to explore differences in GABA levels 

between these non-responders and subjects who responded. At baseline, GABA levels were 

significantly higher in the MPFC of the non-responders than the responders (U=17, p=.02). 

By contrast, no group differences were found in the dorsal caudate at baseline (U=44, p=.

52), or in either region at 4 weeks (MPFC: U=35, p=.23; dorsal caudate: U=53, p=.81, 

respectively).

Other metabolites

At baseline, Glx levels were higher in FEP patients than in control subjects in both the 

MPFC (t(41)=2.62, p=.012) and the dorsal caudate (t(42)=2.67, p=.011). After 4 weeks of 

antipsychotic treatment, the group differences in Glx vanished in both regions compared to 

controls (MPFC, t(43)=.03, p=.98; dorsal caudate, t(44)=1.12, p=.26). Trend-level higher tCr 

were found in both the MPFC (t(41)=1.74, p=.09) and the dorsal caudate (t(41)=1.75, p=.08) 

in the FEP group compared to control subjects at baseline. At 4 weeks, the trend-level higher 

tCr levels relative to control subjects seen at baseline remained in the MPFC (t(43)=1.73, p=.

09), but vanished in the dorsal caudate (t(44)=1.53, p=.13).
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No differences in NAA or tCho levels were observed between the FEP and control groups in 

any region or under any condition (Table 2).

Relationships with Clinical Measures

Within the FEP group, there was a negative correlation between baseline MPFC GABA 

levels and the PANSS General Psychopathology subscale scores (r(26)=−.44, p=.02), and 

positive correlations between baseline dorsal caudate GABA levels and both General 

Psychopathology subscale scores (r(27)=.43, p=.03) and the Negative subscale scores 

(r(27)=.46, p=.02) (Figure 3). However, these correlations did not survive correction for 

multiple comparisons, although they retained a strong trend toward statistical significance 

(p=.02 and .03 compared to a statistical threshold p<0.016 for multiple comparisons). 

Exploratory correlations between changes in GABA levels and changes in clinical measures 

(PANSS Total score and Positive, Negative, and General Psychopathology subscales) 

revealed no significant association for either region.

Discussion

The present study is, to the best of our knowledge, the first to investigate the effects of 

antipsychotic medication on GABA levels in two brain regions simultaneously, in 

antipsychotic-naive FEP patients using a pre-/post-treatment study design that minimized 

within-subjects temporal variability and cohort effects. The derived results support 

elevations of GABA levels at baseline in FEP patients in both the MPFC and the dorsal 

caudate, which normalized in both brain regions following 4 weeks of treatment. In addition, 

exploratory analyses revealed higher baseline GABA in non-responders compared to 

responders, and significant associations between GABA levels and clinical symptoms.

Effects of Antipsychotic Treatment on GABA Levels

The present finding of elevated baseline GABA levels in antipsychotic-naive patients agrees 

with our two prior cross-sectional studies (8, 17). In one study, we measured GABA levels in 

the MPFC and the dorsolateral prefrontal cortex of unmedicated patients with schizophrenia 

(8) and found elevations in the MPFC compared to both control subjects and medicated 

patients with schizophrenia, while no differences between the latter two groups were found 

in the MPFC or between any of the groups in the dorsolateral prefrontal cortex. Not only did 

those results support elevations of GABA in unmedicated patients and decreased or normal 

levels in medicated patients, they also suggested regional selectivity, since within the same 

patient group differences were found only in the MPFC and not in the dorsolateral prefrontal 

cortex. In the second study, which was conducted in drug-naive subjects at UHR for 

psychosis (17) and measured GABA levels in the MPFC and dorsal caudate, significant 

elevations compared to control subjects were found in both regions. However, there appears 

to be a regional specificity to the GABA elevations in unmedicated patients, since prior 

studies found no group differences in the dorsolateral prefrontal cortex (8), in the dorsal 

anterior cingulate cortex (12), or in the occipital cortex (15) despite having studied 

unmedicated patients. In addition, although at baseline in the present study we found 

elevated MPFC GABA levels in five non-responders compared to responders, suggesting 

that the elevations observed in unmedicated patients at baseline may be driven by the non-
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responders, this interpretation must be viewed as preliminary since it is based on a small 

sample size. With the exception of one study that found elevated GABA levels in treated 

patients (22) (likely confounded by to the effects of anticonvulsants), the normalization of 

GABA levels after 4 weeks of antipsychotic treatment in both the MPFC and dorsal caudate 

found in the present study is in agreement with and likely explains the results of previous 1H 

MRS studies that reported no differences between medicated patients with schizophrenia 

and heathy control subjects (6–14, 23).

The accumulating evidence of elevated GABA in drug-naive and drug-free patients with 

schizophrenia in vivo appears to be inconsistent with postmortem studies (24), which have 

generally suggested a prefrontal GABA deficit in schizophrenia relative to control subjects, 

based on the finding of decreased density of the GABA-synthesizing enzyme, glutamic acid 

decarboxylase 67 kD isoform (GAD67). Potential sources of this apparent discrepancy 

between in vivo 1H MRS and postmortem data could be that: a) GABA elevations may be 

present only in the early stages of the disease, since it has been suggested that GABA levels 

decline more with age in schizophrenia patients than in healthy subjects (10), although such 

an “age effect” on GABA levels would not be intrinsically inconsistent with a “medication 

effect”, shown here to decrease GABA levels, since older patients would generally have had 

many years of antipsychotic medication exposure; b) the detection of GAD67 protein 

concentration and GAD67 mRNA expression in postmortem brain are confounded by long 

periods of exposure to antipsychotic medication treatment; c) postmortem deficits in the 

expression of GAD67 mRNA (25) may be compensated for in vivo by other unimpaired 

classes of GABA interneurons (8); d) postmortem and in vivo 1H MRS studies may measure 

different pools of GABA; and e) the need to maintain homeostatic balance between the 

inhibitory and excitatory neurotransmitter systems stimulates GABA release to match in 
vivo glutamate elevations (26).

Abnormalities in other metabolites

The Glx elevations found in this study in both the MPFC and dorsal caudate of drug-naive 

FEP patients are in agreement with previous 1H MRS studies in antipsychotic-free patients 

with schizophrenia (27), minimally treated patients with schizophrenia (28), antipsychotic-

naïve subjects at UHR who later transitioned to psychosis (29), as well as major finding of a 

recent meta-analysis (30) that found glutamatergic compounds to be generally elevated in 

unmedicated cohorts. Moreover, the present results replicate those in our previous reports, 

obtained using a different 1H MRS technique, of increased glutamatergic compounds in the 

dorsal caudate (31, 32) and in the MPFC of unmedicated schizophrenia patients (8, 33, 34), 

with the decrease of these initially elevated levels after antipsychotic treatment (35, 36).

In the present study, tCr showed trend-level elevations in both the MPFC and dorsal caudate 

at baseline and in the MPFC at 4 weeks in the FEP group. These findings, which are in 

agreement with previous studies that have reported creatine abnormalities in schizophrenia 

(37–40), lend support to the emerging cautionary tale (40, 41) about the potential pitfall of 

using tCr as a reference signal for normalizing metabolite levels across groups, especially in 

cases of relatively small or trend-level changes in absolute metabolite levels that are opposite 

to those of tCr (41). Such small but opposite changes can be artificially magnified as ratios 
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to tCr to reach statistical significance even when individual absolute metabolite changes are 

too small to detect and, thus, can confound interpretation (41).

Associations with clinical measures

Our exploratory assessments of potential associations between GABA and PANSS subscale 

scores as measures of clinical symptoms in FEP patients revealed only three significant 

correlations for both regions at baseline (Figure 3), which did not survive corrections for 

multiple comparisons. This is analogous to our prior study in patients with schizophrenia 

(8), which also found a correlation between MPFC GABA and PANSS Positive Symptoms 

that did not survive Bonferroni correction. That these correlations vanished when corrected 

for multiple comparisons is common when assessing correlations involving clinical 

symptoms that consist of a multitude of subscale scores, like the PANSS. Sample sizes are 

generally too small for most such correlations to survive corrections for multiple 

comparisons. Nevertheless, the present limited data (Figure 3) provide preliminary evidence 

of potential correlations between GABA levels and clinical symptoms that we postulate 

would survive multiple comparison corrections in larger studies.

Study limitations

This study has several limitations. First, 1H MRS is unable to differentiate neurotransmitter 

or vesicular and metabolic pools of GABA, which limits interpretation. Second, because 

antipsychotic serum levels were not measured to confirm treatment compliance, it is 

uncertain whether the lack of a clinical response in 5 patients was not due to non-compliance 

with the treatment protocol. Third, we did not include cognitive evaluations, limiting the 

ability to assess the effect of GABA levels on cognition. Fourth, MRS data acquisition 

techniques, including the J-edited spin echo difference method used in the present study, 

require relatively large voxels for reliable quantification of the metabolites. Although we did 

not find differences in tissue composition of both voxels between groups, the tissue 

heterogeneity of the dorsal caudate voxel (with large white matter and cerebrospinal fluid 

proportions) could confound the interpretation of the results. Finally, the reported GABA 

levels were not corrected for the contribution of the macromolecule signal that is known to 

co-edit with GABA (42) and is thus a potential confound (21).

Conclusions

The results of the present study have documented baseline elevations of GABA levels in the 

MPFC and the dorsal caudate of antipsychotic-naive FEP patients, which decreased or 

normalized following four weeks of antipsychotic treatment in both regions. This finding 

further supports our prior view (8, 17) that the effect of antipsychotic treatment is to 

decrease or normalize GABA levels. If replicated in larger cohort studies, this finding could 

establish 1H MRS measures of GABA levels as noninvasive biomarkers of therapeutic 

response, not only to antagonists or partial agonists of the dopamine D2 receptors, but also 

to novel glutamate or GABA-modulating treatments.
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Figure 1. 
Voxel placement in two regions of interest: (A) the medial prefrontal cortex and (C) the 

bilateral dorsal caudate. (B) Representative J-editing spectra obtained from the medial 

prefrontal cortex using volume-selective point-resolved spectroscopy with the editing 

radiofrequency pulse (a) on and (b) off. The difference of the spectra in (a) and (b), showing 

(c) the edited γ-aminobutyric acid (GABA) and combined resonance of glutamate and 

glutamine (Glx) peaks, with (d) best-fit model spectrum of (c), and (e) the residuals of the 

difference between the edited (c) and best-fit (d) spectra. NAA, N-acetyl-aspartate; tCho, 

total choline; tCr, total creatine.
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Figure 2. 
Scattergrams depicting γ-aminobutyric acid (GABA) levels in the medial prefrontal cortex 

(left) and bilateral dorsal caudate (right) for individual first episode-psychosis (FEP) patients 

and healthy control (HC) subjects at baseline and at 4 weeks. Within- and between-group 

comparisons are depicted as follows: downward-facing dashed-line brackets represent 

comparisons between the FEP and HC groups [A] at baseline and [B] at 4 weeks for the two 

brain regions, whereas upward-facing solid-line brackets represent baseline vs. 4-week 

comparisons [C] within the FEP group and [D] within the HC group for the two brain 

regions.
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Figure 3. 
The relationship between A) γ-aminobutyric acid (GABA) levels in the medial prefrontal 

cortex and the PANSS General Psychopathology subscale at baseline; B) GABA levels in 

the dorsal caudate and the PANSS General Psychopathology subscale at baseline; C) GABA 

levels in the dorsal caudate and the PANSS Negative subscale.
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Table 1

Demographic and Clinical Characteristics of the Sample at Baseline

FEP Healthy Controls

Age (±SD) years 23 ± 6.1 (range 14–43) 23. ± 3.8 (range 19–34)

Education (±SD) years 11. ± 2.3 14.2 ± 4.0*

Gender (male/female) 20/8 9/9

Handedness (right/left) 28/0 18/0

Tobacco (Ever Used) 7 out of 28 0 out of 18*

Cannabis (Ever Used) 1 out of 28 0

Duration of untreated psychosis (±SD) weeks 51. ± 71.0 (range 1–312) NA

PANSS Positive Symptoms 26.9 ± 5.1 NA

PANSS Negative Symptoms 25.5 ± 5.7 NA

PANSS General Symptoms 52.0 ± 7.1 NA

Abbreviations: FEP, First-episode psychosis patients; NA, not applicable.

*
p < 0.05
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