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Background and hypothesis: Following the first episode 
of psychosis, some patients develop poor social and occu-
pational outcomes, while others display a pattern of pre-
served functioning. Evidence from preclinical, genetic, and 
biochemical studies suggest a role for high oxidative stress 
in poor functional outcomes among patients. The measure-
ment of intracortical glutathione (GSH) using magnetic 
resonance spectroscopy (MRS) enables investigating the 
relationship between central antioxidant tone and func-
tional outcomes at the time of first-episode psychosis 
(FEP). We hypothesized that patients with higher cen-
tral antioxidant tone at first presentation will have better 
functional outcomes in early stages of illness.  Study de-
sign: We scanned 57 patients with FEP and 30 matched 
healthy controls and estimated GSH resonance using 
7-Tesla MRS. We minimized the confounding effects of 
illness chronicity, long-term treatment exposure, and meta-
bolic complications by recruiting patients with <2 weeks of 
lifetime antipsychotic exposure on average and followed up 
this cohort for the next 1 year to determine functional out-
comes. Study results: Patients who achieved employment/
education or training status (EET) in the first year, had 
higher GSH at the baseline than healthy controls. Social 
and occupational functioning assessment scale (SOFAS) 
scores were also significantly higher in patients with higher 
GSH levels at the outset, after adjusting for various con-
founds including baseline SOFAS. Patients who were not 
in EET did not differ from healthy subjects in their GSH 
levels. Conclusion: Our observations support a key role for 
the central antioxidant tone in the functional outcomes of 
early psychosis.

Key words:  antioxidant/employment/schizophrenia/func
tioning/anterior cingulate

Introduction

For patients with schizophrenia, the probability of func-
tional recovery is highest at the early stages of the illness, 
around the time of the first psychotic episode; 1–3 when a 
chronic pattern of the illness gets established, the chances 
of functional recovery greatly diminish, with only a small 
subgroup (~13%) recovering at this stage.4,5 Currently, we 
do not know what mechanistic processes underlie these 
diminishing returns in recovery rates over time. Several 
clinical characteristics (e.g., the presence of negative, dis-
organized symptoms, cognitive deficits6) have been ob-
served in association with poor functional outcomes; in 
particular, the degree of functioning at first presentation 
(baseline or premorbid) explains a significant amount of 
variance in long-term functional outcomes.7–9 Despite 
their explanatory power, these clinical associations do not 
offer an actionable mechanistic marker that can be har-
nessed for therapeutic purposes. There is an urgent need 
to understand the neurobiological factors that contribute 
to differences in functional outcomes in early stages of 
illness.

One promising approach to study variable outcomes in 
psychosis is quantifying the relative burden of oxidative 
stress experienced by patients during the first psychotic 
episode.10 Fournier and colleagues utilized a data-driven 
stratification procedure on a cohort of patients with early 
psychosis and identified a subgroup with superior func-
tional outcomes; this subgroup was characterized by 
lower levels of oxidative stress markers (especially gluta-
thione peroxidase) in the blood.11 Lower baseline blood 
levels of glutathione (GSH), a major antioxidant, predict 
later cognitive deficits12 as well as brain volume loss in 
early psychosis.13 While peripheral markers of oxida-
tive stress correlate with concentration of the primary 
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intracortical antioxidant glutathione,14 a direct link be-
tween central glutathione levels and functional outcome 
in first-episode psychosis (FEP) is yet to be demonstrated. 
Wood et al.15 reported a 22% increase in medial temporal 
GSH levels in first-episode psychosis; in a sub-sample 
from this study, treatment-related increase in GSH was 
associated with a gain in global functioning scores.16 In 
a small group of individuals with various mental health 
difficulties indicating a high-risk state for psychosis, we 
recently demonstrated higher GSH levels measured using 
magnetic resonance spectroscopy (MRS) from the dorsal 
anterior cingulate cortex (ACC) in those with better so-
cial and occupational functioning.17 Given the prior re-
ports relating higher ACC GSH levels in high-risk state 
with baseline functioning,17 and in early stages of psy-
chosis with later treatment response18 and resistance,19 
we hypothesized that ACC GSH levels measured at the 
onset of first-episode psychosis, before treatment initia-
tion, predicts later functional outcomes in the first year 
of early intervention.

Early functional outcome status is a well-established 
indicator of long-term course of schizophrenia.20,21 An 
exciting translational possibility of linking GSH levels 
with functional outcomes in psychosis, is the availability 
of targeted treatments that can improve intracortical 
GSH in patients. Several clinical trials have reported 
on the safety and efficacy of the glutathione precursor 
N-acetylcysteine (NAC) in patients with psychosis.22 
These trials (6 RCTs)22 indicate that NAC produces a 
modest, but significant improvement in cognitive deficits 
and negative symptoms (critical determinants of poor 
functional outcomes), when used as an adjunct to anti-
psychotics. Thus, in patients with psychosis, a deficit in 
intracortical GSH is likely to be a potentially modifiable 
pathway of poor outcomes.

Methods

Participants

The sample for the present analysis consisted of 72 new 
referrals to the PEPP (Prevention and Early Intervention 
for Psychosis Program) at London Health Sciences 
Center. After exclusions were made due to missing/poor 
quality scan data (n = 15; n = 11 withdrew from scan, n = 4 
incorrect voxel placement due to movement in scanner), 
our final sample consisted of 57 patients (48 males/9 fe-
males) (table  1). All participants provided written, in-
formed consent prior to participation as per approval 
provided by the Western University Health Sciences 
Research Ethics Board, London, Ontario. Inclusion cri-
teria for study participation were as follows: individuals 
experiencing first-episode psychosis, with not more than 
14  days of cumulative lifetime antipsychotic exposure, 
no major head injuries (leading to a significant period of 
unconsciousness or seizures), or known neurological dis-
orders, and no concurrent substance use disorder. There 

were no explicit instructions to abstain from substances 
to participate in the study. Patients on non-antipsychotic 
prescription medication were not excluded (see supple-
mentary table 1 for medication class by group).

The mean lifetime total defined daily dose days 
(DDD × days on medication) for antipsychotic use was 
1.80 days with 27 patients (47.4%) being completely an-
tipsychotic naive at the time of scanning. Of those who 
had started antipsychotic treatment, (N = 30; 52.6%), the 
median total defined daily dose days was 2.81 days (range 
of 0.4–14 DDD days). Patient consensus diagnosis was 
established using the best estimate procedure described 
by Leckman et  al.23 following 6  months of treatment. 
Diagnoses were made based on the Structured Clinical 
Interview for DSM-5.

Healthy control subjects (n  =  30) were recruited 
through posters and word-of-mouth advertising. Healthy 
control subjects had no personal history of mental illness, 
no current use of medications, and no first-degree rela-
tives with a history of psychotic disorders. Healthy con-
trols were group matched to the FEP cohort for age and 
parental socio-economic status (the National Statistics 
Socioeconomic Classification: five-class version).24 
Similar to their FEP counterparts, those with a history 
of substance use disorders in the past 12 months, signifi-
cant head injury, or neurological disorders were excluded.

Clinical Measures

A clinical examination was conducted during the base-
line assessment (the same day imaging was performed) 
by a research psychiatrist for patients or a trained rater 
for healthy controls. The clinical battery was used to 
assess patient symptom severity, substance use and to 
ensure that control subjects were free from current psy-
chiatric disorders and history of either psychotic illness 
or neurologic disorder. To address substance use in the 
6 months prior to our initial scan, the 6-item Likert-type 
Cannabis Abuse Screening Test (CAST)25 was used, in 
addition to self-reports of alcohol consumption using the 
Alcohol Use Disorders Identification Test—3 Item ver-
sion (AUDIT)26 and regular nicotine use (yes or no).

To assess symptoms of psychosis the Positive and 
Negative Syndrome Scale—8 Item (PANSS-8) was used.27 
The PANSS-8 is an abbreviated version of the 30 Item 
PANSS clinical assessment of symptomology in schizo-
phrenia and psychosis with acceptable internal consist-
ency and highly correlated with the full PANSS.27 Items 
are scored on a 1 (absent) to 7 (extreme) Likert-type scale, 
assessing both positive (P1–delusions, P2–Conceptual 
disorganization, & P3–hallucinations), and negative do-
mains (N1–Blunted or flat affect, N4–passive social with-
drawal, and N6–impoverishment of speech).

Additionally, the Social and Occupational Functioning 
Assessment Scale (SOFAS) was administered at base-
line and follow-up. The SOFAS is a single-item measure 
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of functioning scored between 1 (persistent inability to 
maintain minimum functioning without external sup-
port) and 100 (superior functioning in a wide range of 
activities). The SOFAS ratings of social and occupational 
functioning were made independent of symptom severity. 
In our study, SOFAS was taken with consideration for 
current functioning (rather than highest level of func-
tioning over the past year).

We obtained baseline SOFAS on the same day MRI 
data were acquired. The patients enrolled in the PEPP 
clinic were followed up over the next 12 months, and we 
ascertained their NEET status and follow-up SOFAS 
scores between 6 to 12 months. The functional assess-
ment was based on multiple sources of  information: 
patient interviews, information from the psychiatrist 
providing the clinical care, PEPP case managers, and 
where required, information from family members 
documented in clinical charts. Due to the need for mul-
tiple information sources, not all patients were assessed 
at the same time point after their illness onset, but the 
vocational (NEET) status of  the cohort between the 
window of  6 to 12  months was captured, in addition 
to baseline and follow-up assessment of  cross-sectional 
functioning using SOFAS. Patients were classified as 
NEET (vocationally inactive) if  they were unemployed 
and not in any form of  schooling/education for more 
than half  of  the time since the onset of  treatment for 
psychosis. Individuals who were engaged in work or 
school for more than half  of  the duration of  treatment 
were classified as EET (vocationally active). This defi-
nition considers a longer time frame (up to 6 months) 
than the 1-week period used by the Organisation for 
Economic Co-Operation and Development (OECD),28 
in line with its use in early intervention services for psy-
chosis.29,30 A consensus was reached within the research 
study team when discrepancies noted in reported func-
tioning between patient’s accounts and those of  care 
providers.

MRS Assessment

The complete MRS protocol for this study has been de-
scribed in overlapping sample (37/72 patients overlap) pre-
viously published from this research project by Dempster 
and colleagues.18 Metabolite concentrations were esti-
mated using single-voxel 1H-MRS data acquired with a 
Siemens MAGNETOM 7.0T head-only MRI scanner 
(Siemens, Erlangen, Germany) using an 8-channel 
transmit/32-channel receive head coil at the Center 
for Functional and Metabolic Mapping of Western 
University in London, Ontario. A  2.0  ×  2.0  ×  2.0  cm 
(8  cm3) voxel was placed on the bilateral dorsal ACC 
using a two-dimensional anatomical images acquired 
in the sagittal direction (37 slices, TR  =  8000  ms, 
TE = 70 ms, flip-angle (α) = 120°, thickness = 3.5 mm, 
field of view  =  240  ×  191  mm). The posterior end of 

the voxel was set to coincide with the precentral gyrus 
and the caudal face of the voxel coincided with the most 
caudal location not part of the corpus callosum. The an-
gulation of the voxel was determined to be tangential 
to the corpus callosum (figure  1). A  total of 32 water-
suppressed spectra were acquired using a semi-LASER 
1H-MRS pulse sequence (TR = 7500 ms, TE = 100 ms) 
during each scan session, while participants were at rest. 
A  long echo time was used during this study as it was 
demonstrated by Wong and colleagues that optimal GSH 
quantification alongside a higher spectral quality of glu-
tamate signal is obtained when using long echo time for 
the semi-LASER sequence at 7-Tesla field31 (also see32). 
An additional benefit of a long echo time is the removal 
of any macromolecular contribution, increasing the preci-
sion of our spectral fitting and quantification procedures.

Phase and frequency corrections were applied to our 
MRS data using MATLAB tools developed by Near 
et al.33 after which they were averaged into a single rep-
resentative spectrum. The spectrum then underwent 
QUALITY Deconvolution and Eddy Current Correction 
(QUECC)34 and Hankel Singular Value Decomposition 
(HSVD)35 post-processing for line shape deconvolu-
tion and residual water signal removal. The software 
fitMAN36 was used for spectral fitting, which included 17 
brain metabolites in its echo time-specific prior knowl-
edge fitting template. Barstool37 was used for quantifica-
tion and included corrections for T1 and T2 relaxations 
of gray matter, white matter, and CSF via partial volume 
segmentation calculations. MRS quality was assess using 
Cramer-Rao lower bounds (CRLB) for each metabolite 
fit. No significant differences were observed in spectral 
linewidth or SNRNAA was seen among the three groups 
of interest (healthy controls, FEP-NEET, and FEP-EET) 
(see supplementary table  2). Cramer-Rao lower bound 
(CRLB) thresholds for study inclusion was <10% for glu-
tamate and <25% for glutathione, though the majority of 
CRLB values were much closer to half  of that threshold 
(supplementary table 3).

Statistical Analyses

We used IBM SPSS Statistics version 24 for all analyses. 
First, the primary hypothesis of a relationship between 
NEET status in the first year and glutathione was tested 
using a one-way ANOVA, with healthy controls, NEET 
and EET patients as 3 groups of interest. Second, within 
the patient group, a bivariate correlation between fol-
low-up SOFAS scores and GSH measurement was con-
ducted, with bootstrapping for generating p-values and 
confidence intervals. We also tested if  GSH levels retain 
their ability to predict follow-up SOFAS, after adjusting 
for the variance explained by baseline functioning 
(SOFAS at the time of MRS scanning), age, and sex as 
covariates. Finally, we excluded patients without a clear 
diagnosis of schizophrenia by 6-12  months assessment 

http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbac012#supplementary-data
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and tested the relationship between GSH and SOFAS 
and NEET.

Results

When comparing healthy controls to FEPs, no statis-
tically significant differences existed for age, parental 
socioeconomic status or alcohol use, although males 
(χ 2 = 4.83, P =  .028), and smokers (χ 2 = 6.62, P =  .01) 
were over-represented and self-identified cannabis use 
frequency (CAST scores: t = 5.72, P < .01) was higher 
in the patient sample (table 1). No significant differences 
in baseline demographic, medication, cannabis or al-
cohol use, or clinical differences were identified between 
EET and NEET patients, apart from baseline SOFAS 
scores, which were higher among EET patients (t = 2.23, 
P = .031). Alcohol, tobacco, and cannabis use were not 
associated with GSH, baseline SOFAS, or follow-up 
SOFAS scores (see supplementary table  4). Both EET 
and NEET groups showed a mean gain in SOFAS scores 
over the follow-up period, but the gain was higher in the 
EET group (EET  =  21.66 (14.49), and NEET  =  12.00 
(14.99)) t = 2.07, P = .045). Including demographic data 
of subjects without useable MRS data (n=15) did not af-
fect this profile (supplementary table 5).

Group Differences in GSH Levels

Patients (as a whole group) showed significantly higher 
glutathione levels versus controls (FEP= 1.68 (0.36), 
HC = 1.49(0.32); t (85) = 2.46, P = .016). As sex was dif-
ferently distributed between patients and controls, we in-
cluded sex as a covariate along with diagnosis but noted 
no significant effect of sex [F(1,84) = 0.62, P = .43], but 
patient status continued to predict higher GSH levels 
[F(1,84) = 6.61, P = .012], after adjusting for sex. When 
comparing the 2 subgroups of patients (NEET/EET) and 
controls in a one-way ANOVA, glutathione levels were 
significantly different among the 3 groups (FEP-NEET, 
FEP-EET and HC) at the P < .05 level [F(2,84) = 4.55, 
P = .01]. Post hoc comparisons using the Sidak test indi-
cated that the mean GSH levels for FEP-EET subjects was 
significantly higher than healthy controls [[Mean(SD) of 
GSH: FEP-EET = 1.76(0.37), HC = 1.49(0.32); P = .01]. 
However, FEP-NEET subjects [M (SD) = 1.60 (0.34)] did 
not significantly differ from the healthy controls (P = .25) 
or FEP-EET (P = .57) (figure 2).

Analyses restricted to the FEP group revealed GSH 
measured at baseline predicted the follow-up SOFAS 
scores (R2  =  0.17, F(1,42)  =  8.45, P  =  .006). When 
covariates age, sex and baseline SOFAS scores were 

Fig. 1. Illustrative example of the voxel placement on the dorsal ACC. A) Dorsal Brain View, B) Posterior view, C) Sagittal view, and D) 
A representative spectrum.

http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbac012#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbac012#supplementary-data
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added, the regression model continued to be significant 
and GSH was the only variable that predicted follow-up 
SOFAS (R2 = 0.29, F(4,36) = 3.67, P = .013; note n = 41 
for this analysis as 3 subjects lacked baseline SOFAS 
scores). GSH levels (β  =  0.36, P  =  .016) showed the 
strongest association out of all independent predictors 
for follow-up SOFAS, after adjusting for the variance ex-
plained by baseline functioning (β = 0.19, P = .22), age 
(β  =  –0.21, P  =  .15) and sex (β  =  0.17, P  =  .27). The 
correlation between adjusted GSH levels and follow-up 

SOFAS is displayed, stratified by NEET status, in figure 3. 
(See supplementary table 6 for further regression models 
demonstrating specificity of GSH - follow-up SOFAS re-
lationship and table 7 for expanded list of available me-
tabolites and associations with SOFAS scores)

Analysis Restricted to First Episode Schizophrenia Only

Finally, we repeated the above analysis in a subset of 
patients with a consensus diagnosis of schizophrenia/
schizoaffective disorder by 6–12 months, after excluding 5 
subjects with major depressive disorder, schizophreniform 
or bipolar disorder (FES n  =  39). Glutathione levels 
continued to differ significantly among the 3 groups 
(FES-NEET, FES-EET and HC) at the P < .05 level 
[F(2,79) = 4.16, P = .02]. Post hoc comparisons using the 
Sidak test indicated that the mean GSH levels for FES-
EET subjects was still significantly higher than healthy 
controls [[Mean(SD) of GSH in FES-EET = 1.75(0.36), 
HC = 1.49(0.32); P = .016]. As in the fuller FEP sample, 
FES-NEET subjects [M(SD) = 1.59(0.35)] did not signif-
icantly differ from the healthy controls (P = .26) or FES-
EET (P = .67).

Within the FES group, GSH measure at baseline 
was positively correlated with follow-up SOFAS scores 
r(39)  =  0.38 [bootstrap 95% CI: 0.15–0.61], P  =  .017. 
GSH levels, in combination with age, sex and baseline 
SOFAS scores, continued to predict follow-up SOFAS in 
the FES group at a trend level, (R2 = 0.24, F(4,32) = 2.47, 

Fig. 3. Association between anterior cingulate cortex (ACC) glutathione concentrations and 6-12 months follow-up Social and 
Occupational Functioning Assessment Scale (SOFAS), adjusted for age, sex, and baseline SOFAS. Total sample size = 41 (3 subjects 
lacked baseline SOFAS scores).

Fig. 2. Relationship between Glutathione concentrations (GSH) 
levels among healthy controls, patients involved in vocational 
activity (EET) and patients not involved in employment, 
education, or training (NEET).

http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbac012#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbac012#supplementary-data
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P  =  .06; note that the total n  =  37 for this analysis as 
2 subjects lacked baseline SOFAS). GSH level (β = 0.32, 
P = .05) continued to be the most prominent independent 
predictor of the follow-up SOFAS, after adjusting for the 
variance explained by baseline functioning, age and sex 
(β = 0.10–0.23, all P > .16).
Prognostic Relevance Based on Binarized GSH Levels

To provide clinically relevant information to a patient 
with FEP whose GSH values have been quantified as de-
scribed in this study, we performed a median split anal-
ysis of the patient group based on ACC GSH values of 
the entire sample (median = 1.586 mM). We then com-
pared the low-GSH and high-GSH FEP groups on the 
clinically relevant variables of NEET status and SOFAS 
at follow-up. The proportion of patients with FEP who 
were vocationally active (i.e., EET) significantly differed 
based on their baseline GSH status, with high-GSH FEP 
reporting 68% (23 of 34)  in EET, while low-GSH FEP 
reporting 35% (8 of 23) in EET (Fisher’s exact P = .018) 
(figure  4a). This translated to an odds ratio of 3.92 
(95%CI: 1.34–11.2), and a relative risk of 1.95 (95%CI: 
1.13–3.7) in favor of being in employment, education, or 
training if  an individual with FEP belonged to the high, 
instead of low-GSH group at the outset. The mean fol-
low-up SOFAS scores for high-GSH FEP was also sig-
nificantly higher than low-GSH FEP [Mean(SD) of 
SOFAS: high-GSH = 62.7(12.9), low-GSH = 53.5 (13.4); 
t (42) = 2.24; P = .03] (figure 4b).

Discussion

Using 7T MRS to measure GSH concentration from 
ACC in untreated FEP subjects followed up over 1 year 
period, we report 2 major findings: (1) GSH levels are 

higher in patients in an education, employment, or 
training status than healthy controls; and (2) the baseline 
GSH levels predict later socio-occupational functioning 
over and above what can be predicted from baseline func-
tioning, indicating a specific mechanistic role for the cen-
tral antioxidant in the outcome trajectories following first 
psychotic episode. Patients with GSH levels that were 
lower than the median values in the sample were at ap-
proximately two times higher risk of being vocationally 
inactive, with approximately 10 points lower scores in 
SOFAS. This relationship was specific to GSH, as other 
metabolites did not relate to vocational functioning (sup-
plementary table 3)

Our observed relationship between lower GSH levels 
and lower SOFAS scores and NEET status is consistent 
with several prior reports. In an overlapping sample, we 
previously reported a predictive relationship between low 
GSH and delayed response to antipsychotics.18 Lack of 
early response is a critical indicator of long-term poor 
outcomes in schizophrenia.38–40 In line with studies linking 
lower GSH to higher residual symptom burden,41 nega-
tive symptoms42 and cognitive deficits43 in schizophrenia, 
our observation highlights a prominent “pathoplastic” 
role for antioxidant status in shaping the outcomes of 
this illness. In fact, a recent 7T-MRS study of the ACC 
reported that patients who fail first-line antipsychotic 
treatments are more likely to have an intracortical GSH-
deficit.44 In our study, the presence of higher ACC GSH 
in FEP may indicate the overall superior treatment re-
sponsiveness in this cohort, given their untreated status. 
Such higher GSH levels have been previously reported 
in other brain regions in FEP.15,16 Our observations also 
establish that the predictive value of GSH relates to 
“stable” functioning that emerges 6–12 months later; not 

Fig. 4. A) Visualization of vocational NEET/EET distribution of First Episode Psychosis patients, based on high versus low GSH 
grouping B) Comparison of mean SOFAS score among high vs low GSH grouping.

http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbac012#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbac012#supplementary-data


928

M. MacKinley et al

the SOFAS scores during acute illness which may be de-
termined predominantly by the florid nature of the pre-
senting psychotic symptoms.

The small to medium effect size difference in patients 
vs. healthy controls comparison underscores the consid-
erable heterogeneity in intracortical GSH levels in psy-
chosis, in line with several 3T MRS studies that did not 
report a notable group difference in the ACC45 as well as 
other regions.46,47 This indicates that a more nuanced in-
terpretation is required with respect to GSH levels in this 
illness.48 A  meta-analysis of variance that includes the 
current sample, indicates that inter-individual variability 
in ACC GSH is increased in patients with psychosis.49 
The observed heterogeneity may relate to individual dif-
ferences (i.e., subgroups of patients with high or low GSH 
levels) or stage-specific differences (acute excess, followed 
by later deficit) .48 While several exogenous factors may 
also affect antioxidant levels, there is no evidence for a 
major role for these confounders in explaining aberra-
tions in glutathione pathway in psychosis.50

An important strength of our study is its longitudinal 
nature; with the temporal information we can establish 
that higher GSH levels at the outset predict superior 
socio-occupational functioning seen over the next 1 year 
among patients. But a major limitation is the availability 
of a single time point of GSH levels and lack of data 
on adherence to treatment throughout the observation 
period. To establish a more conclusive causal inference, 
we need longitudinal follow-up studies that capture mul-
tiple time points from untreated early stages of psychosis 
to a stable phase when functional outcome trajectories 
become more established. Long-term follow-up of exper-
imental studies with patients in early stages of psychosis 
that receive adjunctive NAC will also be illuminating in 
this regard. We also lacked peripheral and genotyping 
measures of antioxidant capacity in this cohort; while 
these measures are more accessible than 7T-MRS, they 
do not consistently reflect intracortical GSH.19,51,52 
Finally, our inferences are limited to illness-related vo-
cational functioning and not generalizable to vocational 
functioning in healthy subjects, which may not depend on 
one’s GSH levels.

It is important to note that both schizophrenia and 
antipsychotics can affect T2 of neurometabolite signal 
amplitudes,53 but this effect may not affect all metabol-
ites54 and may be age, region, and tissue-dependent.55 In 
our study, we estimated metabolite concentrations based 
on the ratio of metabolite signal amplitude and water 
amplitude for all reported metabolites. For our reported 
GSH specific results to be ascribed to a T2-related effect 
at long-TE, a specific T2 related GSH-water differential 
must have occurred. Nevertheless, we recommend study-
specific measurement of metabolite T2 relaxation times 
in future studies.

We conclude that in patients with first-episode psy-
chosis in whom intracortical GSH levels are higher during 

the acute phase of psychosis, functional outcomes are 
superior to those with lower levels, over the next 1 year. 
Thus, ACC GSH measure may be a useful indicator of 
resilience to oxidative stress and functional recovery after 
first episode of psychosis. Taken together with prior MRS 
studies from established cases of schizophrenia, many of 
which indicate a profile of treatment failures and residual 
symptoms in patients with intracortical GSH-deficit, our 
observation makes a compelling case to investigate the 
role of pre-emptive antioxidant interventions in early 
stages of psychosis.

Supplementary Material

Supplementary material is available at Schizophrenia 
Bulletin online.
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