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A subgroup of patients with schizophrenia is believed to have aberrant excess of glutamate in the frontal cortex; this subgroup is
thought to show poor response to first-line antipsychotic treatments that focus on dopamine blockade. If we can identify this
subgroup early in the course of illness, we can reduce the repeated use of first-line antipsychotics and potentially stratify first-
episode patients to intervene early with second-line treatments such as clozapine. The use of proton magnetic resonance
spectroscopy (1H-MRS) to measure glutamate and Glx (glutamate plus glutamine) may provide a means for such a stratification. We
must first establish if there is robust evidence linking elevations in anterior cingulate cortex (ACC) glutamate metabolites to poor
response, and determine if the use of antipsychotics worsens the glutamatergic excess in eventual nonresponders. In this study, we
estimated glutamate levels at baseline in 42 drug-naive patients with schizophrenia. We then treated them all with risperidone at a
standard dose range of 2-6 mg/day and followed them up for 3 months to categorize their response status. We expected to see
baseline “hyperglutamatergia” in nonresponders, and expected this to worsen over time at the follow-up. In line with our
predictions, nonresponders had higher glutamate than responders, but patients as a group did not differ in glutamate and GIx from
the healthy control (HC) group before treatment-onset (F; 7o = 3.20, p = 0.046, partial n2 = 0.075). Glutamatergic metabolites did
not change significantly over time in both nonresponders and responders over the 3 months of antipsychotic exposure
(F137=1.26, p=0.270, partial n2 = 0.039). We conclude that the use of antipsychotics without prior knowledge of later response
delays symptom relief in a subgroup of first-episode patients, but does not worsen the glutamatergic excess seen at the baseline.

Given the current practice of nonstratified use of antipsychotics, longer-time follow-up MRS studies are required to see if
improvement in symptoms accompanies a dynamic shift in glutamate profile.

Neuropsychopharmacology (2024) 49:845-853; https://doi.org/10.1038/s41386-023-01741-x

INTRODUCTION
Stratification of patients with psychosis based on distinct
mechanisms of the underlying pathophysiology will allow us to
develop treatments that are effective for a particular subgroup.
This also addresses the problem of trial-and-error pharmacological
practice whereby all patients, irrespective of the strata that they
may belong to, are given the same treatment first, and only after
enduring repeated treatment failures, get singled out for
clozapine treatment. Stratification is a worthy goal to aim for in
the treatment of a heterogeneous condition such as psychosis,
where the introduction of clozapine occurs only after an
unacceptably long delay [1], despite a substantial number of
patients (25-33%) being the clozapine-deserving subgroup from
the outset [2]. Nevertheless, the basis on which this stratification
can be done successfully at the illness onset before treatment
trials are set in motion remains elusive.

The measurement of glutamate using magnetic resonance
spectroscopy (MRS) is a promising approach, as this neurochem-
ical quantification approach does not involve injectable tracers,

and is a relatively short imaging procedure that is tolerated even
by antipsychotic naive subjects [3]. Numerous prior studies have
indicated glutamatergic alterations in schizophrenia [4, 5], with
higher levels of ACC (in a pregenual, ventral voxel) but not
caudate glutamate indicating poor short term response [6-8].
Nevertheless, studies examining antipsychotic naive participants
report absent [9, 10] or unexpectedly opposite [11] association
with subsequent response. These discrepancies may relate to
differences in voxel placement, as prior studies have chosen only a
single voxel either in perigenual ACC or dorsal ACC. These two
ACC regions belong to functionally distinct networks (pACC has
“default-mode network” affiliation while dACC has “salience
network” affiliation). An increase in glutamate levels may have
different physiological effects. This needs to be resolved as
glutamate is a “prescriptive predictor” that is highly suited for
stratification approaches [12] with the second-line treatment
clozapine strongly suspected to have a glutamate-mediated
mechanism of action [13, 14]. Further, glutamate-based novel
treatments are being tested in a number of clinical trials, wherein
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in vivo glutamate-based stratification may be of notable value
[15, 16].

The eventual goal of stratification is to improve effectiveness
and tolerability of treatments that we offer. While some studies
have suggested that such stratification may not be needed
[17, 18], others [19] indicate that patients who do not show a
positive response to antipsychotics may indeed worsen with
exposure to antipsychotics. Some observations have suggested
that antipsychotic treatment introduces variability in glutamate
levels [20], while such an effect was not observed in a larger
mega-analysis [21]. While cross-sectional studies cannot provide
conclusive proof in this regard, it is critical to test whether a
putative maker of nonresponse worsens with the exposure to a
treatment that is offered as a one-size fits all intervention. In the
current study, we address these issues by (1) investigating if early
nonresponders have a glutamatergic excess compared to
responders and HC at 2 different voxels in ACG; (2) testing the
assumption that antipsychotic treatment worsens the pathophy-
siology of glutamate excess in the subgroup of later nonrespon-
ders. Furthermore, we recruited a treatment-naive sample, despite
the limits these places on overall sample size and generalizability,
as this is the target population for which the eventual application
of glutamate-based pragmatic precision psychiatry is intended.

METHODS

Participants

We identified 70 drug-naive patients with first-episode schizophrenia (FES)
who were about to begin treatment with risperidone from the Second
Xiangya Hospital, and 41 healthy controls (HC) matched with age,
education level and gender in Changsha, Hunan, China between 2017
and 2022. During this period, from hospital records we estimate
approximately 3800 patients were seen at the respective clinics; of these
only those who satisfied our inclusion criteria (drug naive at baseline, no
substance use, no major medical illnesses or head injury, prescribed
risperidone monotherapy by the treating clinician, able to give informed
consent) were referred to the research team (n = 150); of this, n=70
provided informed consent and completed baseline scanning. Notably, the
treatment was not assigned by the research team; but a convenience
sample of those who were about to start risperidone were recruited for the
study. Diagnostic assessments for FES patients were completed by two
experienced senior psychiatrists, based on the DSM-IV criteria [22]. 14 were
noncompliant with the treatment plan (8 FES stopped taking antipsycho-
tics against medical advice, 6 received other interventions within the 12-
week period) and another 14 dropped out due to unwillingness to
continue participating in this study for undisclosed reasons. In the end, 42
FES completed 12 weeks of risperidone at 2-6 mg/day (titrated as per
clinical tolerance) and then were followed up. Psychotic symptoms were
assessed using the Positive and Negative Syndrome Scale [23] at baseline
and 12-week follow-up. All HC had no current or past history of DSM-IV
Axis | disorder themselves or a family history of mental disorder. All
subjects are right-handed, and no contaminant medications were used.
87.14% of subjects are of the ethnic Han background. Participants were
excluded if they satisfied substance abuse or dependence criteria, had any
known major physical illness, a history of prior antipsychotic exposure, or
head trauma resulting in a sustained loss of consciousness for over
5 minutes or more, any contraindications for MRI.

All participants provided written informed consent to this study, which
was approved by the Ethics Committee of the Second Xiangya Hospital
(No. S008, 2012) and carried out in accordance with the Declaration of
Helsinki. As there was no active treatment assignment, the study was
deemed observational and not an interventional trial. The study
procedures were registered in the Chinese Trial Registry
(ChiCTR1800014844).

1H-magnetic resonance spectroscopy

MRS was acquired within 2 days after enrollment and before starting the
first dose of risperidone for FES (baseline scan), and 12 weeks later (follow-
up scan) to assess metabolites levels at two different voxels of the ACC. HC
were scanned only at a single time point. As described in our previous
study [11, 24], we measured metabolites before antipsychotic treatment
using a 3T MRI scanner (Siemens, Skyra, Germany) with 16 channel head
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coils at the Magnetic Imaging Centre of Hunan Children’s Hospital. A
10x20x20mm voxel of interest (VOI) was placed in anterior cingulate cortex
(pACC) at a ventral and perigenual site (i.e., likely Default Mode Network -
DMN site) and 20x20x20mm VOI was placed in at a dorsal ACC (dACC) site
(Salience Network - SN site) (Fig. S1). The perigenual ACC site was
identified on the anatomical MRI as the cortex directly rostral to the genu
of the corpus callosum. We placed the MRS voxel here such that the
posterior wall was directly adjacent and did not include the principal
medial sulcus. This placement captures a central DMN node, as shown by a
detailed anatomical analysis of the functional organization of the cingulate
cortex [25]. The second voxel was placed on the dorsal ACC (anterior mid-
cingulate) region identified as the cortex immediately above the cingulate
sulcus, with anterior wall of the MRS voxel lying on an axis that cuts
through the posterior border of genu of the corpus callosum perpendicular
to AC-PC orientation (as in Dou et al. study [26]). A positional query of
these voxels on neurosynth.org confirmed Default Mode and Salience
Network associations on the meta-analytical maps for the perigenual and
dorsal ACC voxels respectively. Every scan was examined post-acquisition
and repeated if spectral linewidth was unsatisfactory or changed notably
during the acquisition. 1H-MRS spectra used standard point-resolved
spectroscopy sequence (PRESS) (svs_se; NEX 80; TR = 3000 ms; TE =30 ms;
spectral bandwidth = 1200 Hz), and pre-saturation pulses of variable
power radiofrequency pulses with optimized relaxation delays were used
for suppression of the water signal. Water unsuppressed spectra were
acquired in the same voxel locations and used the sequence with NEX =8.
T1-weighted anatomical images were acquired using 3-dimensional
magnetization-prepared fast gradient echo sequences for voxel tissue
segmentation (TR = 2530 ms; TE = 2.33 ms; gap = 0.5 mm; flip angle = 70;
FOV = 256x 256 mm; number of excitations (NEX) = 1; slice thickness =
1.0 mm; and and number of slices = 192).

SPM 12 segment tool (FIL Wellcome Department of Imaging
Neuroscience, London, UK) was used to segment T1 to extract the gray
matter (GM), white matter (WM), and cerebrospinal fluid (CSF) fraction of
VOIs. All spectra were analyzed by LCModel version 6.3-1B (http://
www.lcmodel.com/Icmodel.shtml), using the standard LCModel basis set,
acquired using gamma PRESS at 3 Tesla and 30 ms, and containing below
metabolites: L-alanine, aspartate, creatine, phosphocholine, y-aminobutyric
acid, glucose, glutamate, glutamine, glycerophosphocholine, guanidinoa-
cetate, phosphocreatine, L-lactate,myo-inositol, N-acetylaspartate, N-acet-
ylaspartylglutamate, scyllo-inositol, taurine, -CrCH2, lipids (Lip: (Lip09,
Lip13a, Lip13b, Lip20), macromolecules (MM: MM09, MM12, MM14, MM17
and MM20). The metabolite concentrations were corrected for tissue
fraction and were estimated with internal reference to water for absolute
metabolite quantification (measured in mM unit). The primary metabolites
of interest were glutamate (Glu) and glutamate + glutamine (Glx). Data
were excluded if the Cramer-Rao lower bounds (CRLB) exceeded 20% for
either of these metabolites, as this is conventionally considered as an
indicator of higher uncertainty in spectral quantification and used in prior
studies (STRATA collaboration) investigating glutamtergic basis of treat-
ment response [6].

Statistical analysis

All statistical analysis was completed using SPSS 26 (IBM Corp. IBM SPSS
Statistics for Windows, Version 26.0). Patients were divided into responders
and nonresponders based on whether the percent PANSS total score
reduction was above or below 50% from the baseline [27]. The percent
PANSS total score reduction was calculated after subtraction of minimum
possible scores [28]:

(PANSSBaseIine - PANSSfoIIowup) «

APANSS% =
% PANSSBaseIine —30

100

Thus, higher (and positive) change scores indicate higher improvement,
while negative scores indicate worsening over time. Demographic
variables, MRS quality metric and tissue volume were compared across
groups with the use of General Linear Model and Chi-squared tests for
continuous and dichotomous variables, respectively. Binary logistic
regression assessed if baseline Glu and Glx level predicted later treatment
response. The accuracy of prediction was evaluated by estimating the area
under the receiver-operating curve (ROC). Linear regression determined
continuous relationships between baseline Glu and Glx and the change in
PANSS total score and subscales over 12 weeks. A mixed-measures
ANOVAs were conducted with group (HC, responders, nonresponders) as
the between-subject variable, voxel (pACC, dACC) and glutamate
metabolites (Glu, GIx) as a within-subject variable to assessed the effect
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Table 1. Demographic and clinical characteristics of participants.
Responders N = 27 Nonresponders N =15 Health control N =41 F/x2/t P
Age, years 21.19+£5.53 20.27+£5.13 18.95+2.82 2.25 0.112
Sex(male/female) 10/17 7/8 26/15 4.73 0.094
Education level, years 12.63+2.80 10.93+2.92 12.37+2.53 2.09 0.131
“Duration of psychosis, months 9.63+12.04 15.87 £20.48 —1.25 0.219
Dose of Risperidone at 12 weeks(mg/d) 4.04+1.77 3.61+0.79 _ 0.87 0.392
Symptom Severity at Baseline
PANSS Total 87.74+17.92 84.60 + 18.36 . 0.54 0.592
PANSS Positive 22.74+6.48 21.20+5.65 _ 0.77 0.445
PANSS Negative 21.96 +£8.52 22.60+9.83 _ —0.22 0.827
PANSS General 43.04 +7.99 40.80 + 8.09 _ 0.87 0.392
Percent of symptom improvement over 12 weeks (%)
PANSS Total 44.10+8.73 17.01£11.32 _ 8.65 <0.001
PANSS Positive 54.93+16.74 29.00 £+ 20.15 _ 447 <0.001
PANSS Negative 26.62 + 27.55 —9.52 + 54.60 _ 2.86 0.003
PANSS General 44.13 +£8.37 18.53+£11.13 8.43 <0.001

Data are presented as mean + standard deviation unless otherwise specified.
@ Duration of psychosis is defined as the number of months between the onset of the first psychotic symptom and the date of diagnosis and treatment
initiation (same day in all cases).

of group and applied post-hoc tests with Bonferroni correction for group
effect tests. A repeated measures ANOVA assessed the treatment effect
with group (responders, nonresponders) as the between-subject variable,
voxel (dACC, pACQ), time (baseline, 12 weeks) and glutamate metabolites

Table 2. 1H-MRS metabolite estimates at baseline and 12 weeks for
the three groups.

(Glu, GIx) as a within-subject variable. Responders Nonresponders e
pACC
Baseline
AT 12 weeks, 27 patient lassified ders and 15 omPesEe ¥ — —
weeks, atients were classified as responders an

were classified aspnonresponders, approximatels 64% response Cltiamate 15.54£3.71 19.15:£5.80 16.56:£4.15
rate in keeping with the STRATA study data [6]. One nonresponder Glx 19.84+4.35 23.73+843 21.40£6.13
was excluded as CRLB exceeded 20% for glutamate at pACC voxel. 12 weeks
As shown in Table 1, the three groups were matched in Sample size 23 10 L
demographic characteristics in the final dataset. Responders and
Nonregspopnders did not differ in symptom burdenpat baseline, Glutamate 15.54£2.53 16.25£3.59 —
duration of psychosis, or risperidone dosage at 12 weeks. While Glx 18.81+3.23 21.64£3.58 —
both Responders and Nonresponders showed an improvement in dACC
symptom burden over 12 weeks, nonresponders had significantly Baseline
higher symptom'burden thap Responders at 12 weeks across all e — = pe
symptom domains. In particular, nonresponders showed no
notable improvement in negative symptoms between the time Glutamate 12.82+£2.81 14.45+£242 13.53£1.85
points (t=-0.41, p =0.688). Glx 15.61+3.27 17.88 +2.96 16.54 +2.36

As shown in Table S1, dropouts and included FES in the study 12 weeks
have not significantly difference in age, education, gender, and Sample i 23 1
symptom burden. The results of group effects for MRS quality dili2ickol e —
metric and tissue volume are shown Table S2 in the supplement Glutamate 12.31£1.33 12.81+£1.91 _—
material, and we have also reported information about the Glx 15.03 +1.87 15.39+2.68 .

concentrations of common metabolites (See Table S3). Data are presented as mean # standard deviation. pACC: anterior cingulate

cortex at ventral and perigenual voxel; dACC: dorsal anterior cingulate
cortex; GIx: glutamate + glutamine. The unit of neurometabolite
measurements is mM.

Baseline glutamate metabolites and prediction of response

As shown in Table 2 and Fig. 1, a repeated measure ANOVA
showed the main effect of group (F;,9=3.20, p =0.046, partial
n2 = 0.075), voxel (F; ;0 =78.68, p < 0.001, partial n2 = 0.499) and
for glutamate metabolites (F,;9=422.83, p<0.001, partial
n2 = 0.843). Nonresponders had higher glutamate metabolites

analysis shown that both higher Glu in pACC (B=-0.18; SEE. =
0.08; Wald = 4.59; df = 1, P=0.032; Exp(B)=10.84; 95%Cl

levels compared to responders, there are no significant differences
in glutamate and GIx between HC group and the two patient
groups, and pACC voxel had higher levels compared to dACC
voxel. There were no group by voxel (F,79=0.82, p=0.446,
partial n2 = 0.020) or group by glutamate metabolite (F,,9 = 0.49,
p=0.613, partial n2=0.012) interactions. Logistic regression

Neuropsychopharmacology (2024) 49:845 - 853

(0.71,0.99)) and higher GIx in dACC (B=-0.24; S.E. = 0.11; Wald
= 4.30; df = 1; P=0.038; Exp(B)=0.79; 95%Cl (0.64,0.99) at
baseline significantly predicted nonresponder status at 12 weeks.
Higher GIx in pACC (B=-0.11; S.E. = 0.06; Wald = 3.28; df = 1;
P =0.070; Exp(B) = 0.90; 95%ClI (0.80,1.00)) and higher Glu in dACC
(B=-0.26; S.E. = 0.13; Wald = 3.82; df = 1; P=0.051; Exp(B) =
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Glutamate metabolite levels in the perigenual and dorsal Anterior Cingulate Cortex voxels at baseline in patients classified as

Responders or Nonresponders at 12 weeks. Glu: glutamate, Glx: glutamate + glutamine; pACC: anterior cingulate cortex at ventral and
perigenual voxel; dACC: dorsal anterior cingulate cortex; The graphs present the individual values, green lines are first and third quartile, and

blue line is median. The numbers are group mean.

0.77; 95%Cl (0.62,1.02) had associations with nonresponder status
in the same direction but these relationships were not statistically
significant.

As shown in Fig. S2, ROC analysis returned comparable area
under curve for both Glu and Glx at both voxels (0.71 for pACC
Glu; 0.68 for PACC Glx; 0.70 for dACC Glu; 0.72 for dACC GIx) for
nonresponders. Glu in pACC was associated with an overall
accuracy of 68.3% (proportion of correct predictions), sensitivity of
71.4 % (proportion of nonresponders correctly predicted based on
baseline Glu), specificity 77.8% (proportion of responders correctly
predicted to respond). Glx in dACC was associated with an overall
accuracy of 61.9%, sensitivity of 85.7%, specificity 63%.

Baseline glutamate metabolites and continuous measures of
response

Glu and GIx in dACC and pACC at baseline were not significantly
associated with the continuous measure of change in total PANSS

SPRINGER NATURE

scores over 12 weeks (P=0.617 to 0.792). There was a significant
relationship between baseline dACC Glu (Beta=-0.38; t =-2.61;
P=0.013) and GIx (Beta=-0.43; t =-3.03; P =0.004) and change
in PANSS negative subscale (Fig. 2), while other PANSS subscale
changes were not significantly associated with Glu and GIx at
baseline in dACC (P =0.386 to 0.723). In the pACC, Glu and Glx at
baseline were not significantly associated with the change PANSS
subscale over 12 weeks (P=0.061 to 0.565). Thus, only the dACC
metabolite levels, when higher, indicated poor improvement
(even worsening burden), but this association was restricted to the
negative symptoms domain.

Longitudinal changes in glutamate metabolites over 12 weeks
A repeated measure ANOVA showed that there were no
significant changes in glutamate metabolite concentrations over
time (F; 37 =1.26, p =0.270, partial n2 =0.039), and the effect of
time on glutamate metabolites also did not differ according to

Neuropsychopharmacology (2024) 49:845 - 853
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Fig. 2 Association between MRS glutamate metabolite signal in the dACC voxel, a node in the Salience Network at baseline and
the degree of improvement in PANSS symptom domains from baseline to 12 weeks when taking risperidone. Degree of improvement was
measured by subtracting follow-up PANSS scores from baseline scores. Larger positive values indicate a greater improvement in symptoms,
while negative values along y axis indicate a worsening over time. Glu: glutamate; GIx: glutamate + glutamine; PANSS: PANSS positive and
negative syndrome scale for schizophrenia. The relationships between both dACC Glu and GIx at baseline and degree of improvement in

PANSS negative symptoms over 12 weeks were significant, P < 0.05.

response status over 12 weeks (F;3;=0.60, p=0.444, partial
n2=0.019), (Table 2, Fig. 3). The main effects of the voxel
(F131=>50.68, p<0.001, partial n2=0.620; pACC>dACC) and
group (Fy 37 =5.92, p=0.021, partial n2 =0.160; Nonresponder>-
Responder) were still seen after including this longitudinal MRS
data, indicating that the pattern of a high glutamatergic
metabolite level in nonresponders compared to responders
continued during the course of the 12 weeks of treatment, driven
largely by the baseline difference.

DISCUSSION

In this longitudinal study, we examined glutamate metabolites in
the pACC and dACC in a cohort of patients with FEP undergoing
risperidone treatment for 12 weeks. The main findings are (1)
higher levels of MRS-based glutamatergic metabolite signal at the
baseline in both pACC and dACC indicate later nonresponse,
supporting our primary hypothesis (2) higher glutamatergic signal
at treatment onset in the dACC relate to lack of improvement in
the negative symptom burden. There is no significant change in
glutamatergic metabolites signal over time, with nonresponders
having a high glutamatergic metabolite level compared to
responders over the 3-month treatment with risperidone. Our results
confirm prior findings from the STRATA study [6] on the association
of prefrontal glutamatergic excess of lack of treatment response, and
extend them to indicate the specific link between hyperglutama-
tergia in the Salience Network (dACC voxel) and the subsequent lack
of improvement or worsening of negative symptoms during the
early treatment phase. In addition, we also demonstrate high
glutamatergic signals in nonresponders irrespective of the MRS voxel

Neuropsychopharmacology (2024) 49:845 - 853

chosen in the medial prefrontal cortex. Taken together, our results
support the glutamatergic theory of early nonresponse and the
potential for MRS glutamate measurement to guide decisions
regarding length of antipsychotic treatment trials before considering
second-line therapies (e.g., clozapine).

The association between elevated ACC glutamate metabolites
and poor antipsychotic response is now well established with the
constructs of treatment-resistance [7, 8, 29, 30] and nonresponse
[6, 31-33] in early-stage illness. Our results support the view that
MRS glutamate (dACC preferably) could be a potential treatment
response predictor. Nevertheless, the classification accuracy
achieved by the MRS measurements alone appears to be
insufficient, as reflected by the within-sample accuracy values
that we report (62-68%), with low predictive values especially in
the first episode samples where there is a class imbalance, with
most subjects being responders. Prior reports suggest that short
courses of treatment (4-6 weeks) with different nonclozapine
medications do not alleviate or worsen the glutamatergic excess
in the nonresponding group in the ACC [6, 34] and striatum [35].
Our results concur with this interpretation over a longer period of
12 weeks; thus, a Bayesian approach that “stacks” clinical ratings of
nonresponse as the first set of observations with the prefrontal
glutamatergic signal from MRS as the second test, may enhance
the predictive accuracy of nonresponse, reducing the lead time
before second-line support is offered. A sufficiently powered
diagnostic trial could demonstrate this clinical utility and
demonstrate the feasibility of early intervention for Treatment-
Resistant Schizophrenia.

In our study, patients with higher dACC glutamatergic MRS
signal at baseline had a notable lack of improvement of negative

SPRINGER NATURE

849



L. Fan et al.

850

25

Glu in pACC

20—

15+

10

weeks

18

16

Glu in dACC

124

10

8 T T
0 12

weeks

Glx in pACC

Glx in dACC

351
...... non-responders
responders

30

25—

20

weeks

22

20

10 : :
0 12

weeks

Fig. 3 Glutamate metabolite levels in the dACC and pACC at baseline and 12 weeks in patients classified as Responders or
nonresponders at 12 weeks. Glu: glutamate; GIx: glutamate + glutamine. The graphs present the mean and standard deviations. The main
effects of time, and response-by-time interactions were nonsignificant for the metabolites in the 2 voxels of interest, nonresponders had

higher metabolite levels compared to responders.

symptoms, with even worsening of these symptoms over
treatment seen in those with the highest baseline levels. While a
specific relationship between prefrontal MRS glutamate signal and
negative symptoms was not observed in a recent meta-analysis
[36], our observation is consistent with the putative mechanistic
relationship between hyperglutamatergia and negative symptoms
proposed by Goff & Coyle [37], and pursued by several
pharmacological studies on glutamate modulation to date
[32, 38]. Further, in a study that modeled regional excitation/
inhibition balance, Limongi et al. [39]. observed a relationship
between higher dACC 7-Tesla glutamate signal and a disinhibition
effect within the Salience Network, especially in patients with a
higher burden of social withdrawal, a prominent negative
symptom in early psychosis. Salience Network is seen as a bridge
that integrates glutamatergic cognitive control models with
dopaminergic prediction error signals [40]. More recent work in
treatment-resistant subjects indicate that ACC glutamate could
influence subcortical substrates of reward learning, thus providing
further mechanistic link to negative symptoms [41]. This is also
consistent with several other observations based on genetic [42]
and structural imaging data [43] linking glutamate aberrations to
the broader construct of negative symptoms.

In our FES sample, nonresponse was largely driven by lack of
improvement in negative symptom burden. In contrast to
established schizophrenia, patients with FES show more robust
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reduction in negative symptoms with available treatments [44].
While it is likely that some of this improvement may arise from
secondary negative symptoms (i.e., due to improved extrapyr-
amidal side effects, reduced substance use, diminishing positive
symptoms), in our sample this pseudo specificity is unlikely. We
excluded patients who were using substances, in particular
cannabis, which is a major contributor to expressive deficits in
FES [45]. Higher glutamate levels does not relate to improvement
in positive symptoms; thus, the observed glutamate-negative
symptom improvement cannot be explained by the secondary
effects of that positive symptoms may have on negative
symptoms. Finally, drug-naive patients later received the anti-
psychotic risperidone in increasing doses over 3 months; any
dose-related extrapyramidal effect is likely to have resulted in a
trajectory of increasing burden of secondary negative symptoms.
This was not the case in our sample (there was an overall
reduction in negative symptoms, especially in responders).
Nevertheless, as we did not use a specific scale that identifies
primary negative symptoms alone [46], we cannot fully rule out
the influence of higher dACC glutamate on the secondary
negative symptom burden.

In our study, we observed that pACC had higher glutamatergic
level than dACC. This observation is supported by Dou et al. (2013)
who assessed the local Glu concentrations for four architectoni-
cally different cingulate subregions (pregenual ACC, dorsal

Neuropsychopharmacology (2024) 49:845 - 853



anterior/ mid-CC, rostral posterior CC, caudal posterior CC) using
7T MRS. They found that the pregenual ACC had significantly
higher Glu concentration than all other regions [26]. This is likely
linked to an antero-posterior gradient of AMPA receptor distribu-
tion, which affects glutamate turnover, with highest levels in pACC
compared to other cingulate regions [47, 48]. Such a region-
specific metabolic heterogeneity with higher pACC glutamate
values have been replicated using 3T MRS more recently [49],
further supporting our findings.

We do not see a significant change in glutamatergic signal over
3 months of treatment, in keeping with our prior report of a lack of
notable changes over 6 months period [50]. Systematic reviews
and meta-analyses suggest that antipsychotic treatment may
decrease glutamatergic metabolite levels [4, 36, 51, 52], while
Egerton et al. [51], noted an almost equal split between studies
that reported significant glutamate decrease in at least one brain
region and studies reported no glutamate reduction, some studies
showing no longitudinal glutamate reduction in the ACC after
4 weeks [53], 6 weeks [54-57], 4 months [54], 6 months [50, 58],
9 months [56], 12 months [59] and 80 months [60]. Our findings
are more consistent with these recent studies as well as the lack of
progressive ACC glutamate change reported by Egerton et al. [6],
Badari et al. [54], and suggested that antipsychotic medications
may have limited effects on metabolite levels in these regions.
However, we cannot rule out such a change occurring over longer
follow-up periods in first-episode samples. In a recent 4 years
follow-up of medicated patients with early-phase schizophrenia (2
years of treatment exposure at the baseline), Wang et al. noted a
reduction in 7-Tesla MRS glutamate in dACC but this reduction
also occurred in matched healthy controls followed up over the
same duration, albeit at a somewhat slower rate in the absence of
schizophrenia. Concurrent PET/MRS studies also indicate the
possibility that antipsychotics may affect the relationship between
dopamine and ACC glutamate without altering the glutamate
concentrations per se [61]. Further longitudinal studies that begin
at the treatment-naive stage of psychosis, will be required to
clarify the effect of long-term antipsychotic exposure on
glutamate trajectory.

Our study has several strengths, including the recruitment of a
fully antipsychotic-naive sample, 12-week follow-up, dual voxel
acquisition and a single antipsychotic exposure. Several limitations
are also worth considering when interpreting these results. The
separation of glutamate from other related metabolites is said to
be less precise at 3 T compared to ultra-high field MRS at 7 T [62].
As the study was naturalistic, patients might have received over
the counter remedies for sleep, anxiety which we could not
account for. While we had sufficient power to demonstrate group
effect and time effect, we were underpowered to estimate the
interactions between time and group, so caution is warranted
when interpreting the lack of differences between Responders
and Nonresponders in the trajectory of glutamate changes.
Further, we only acquired 2 time points of MRS data, given the
untreated nature of our sample. We cannot exclude the possibility
of progressive glutamate changes in different brain regions (as
shown by Théberge et al. [63], Kraguljac et al. [34] and Goto et al.
[58] in thalamus, hippocampus and basal ganglia) or in ACC over a
longer time treatment or multiple time points. Glutamate
measurements obtained from TH-MRS reflect the total concentra-
tion of glutamate in relatively large voxels, and it is not possible to
specifically attribute the results to glutamate neurotransmission or
to glutamatergic level in specific cell types [64]. Finally, the use of
clinician-based dose change introduces variability that might have
influenced the ultimate treatment response; nevertheless, this
ensured continued treatment compliance, and tracked the real-
world titration practice that is likely to happen when MRS
glutamate measures are available.

In summary, this longitudinal MRS study of glutamatergic
metabolites found that first-episode schizophrenia with poor
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treatment response has a higher glutamatergic level that does not
progressively worsen over 12 weeks risperidone treatment. While
this supports the call for a stratified use of antipsychotics, longer
time follow-up is required to see if improvement in symptoms
accompanies a reduction in glutamate. We need larger, prospec-
tive studies on highly resolved glutamate measurements to study
the effects of dopamine D2 receptor blockers. Such studies will
help us advance empirically-informed drug development for
treatment resistant schizophrenia by parsing therapeutically
meaningful subtypes at the outset of early intervention.
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