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Abstract

Objective: Occurrences of early-life stress (ELS) are associated with the severity of
psychotic symptoms and working memory (WM) deficits in patients with psychosis
(PSY). This study investigated potential mediation roles of WM behavioral perfor-
mance and glutamate concentrations in prefrontal brain regions on the association
between ELS and psychotic symptom severity in PSY.

Method: Forty-seven patients with PSY (established schizophrenia, n = 30; bipolar
disorder, n = 17) completed measures of psychotic symptom severity. In addition,
data on ELS and WM performance were collected in both patients with PSY and
healthy controls (HC; n = 41). Resting-state glutamate concentrations in the bilateral
dorsolateral prefrontal cortex (DLPFC) and anterior cingulate cortex (ACC) were also
assessed with proton magnetic resonance spectroscopy for both PSY and HC groups.
t tests, analyses of variance, and regression analyses were utilized.

Results: Participants with PSY reported significantly more ELS occurrences and
showed poorer WM performance than HC. Furthermore, individuals with PSY dis-
played lower glutamate concentrations in the left DLPFC than HC. Neither ELS nor
WM performance were predictive of severity of psychotic symptoms in participants
with PSY. However, we found a significant negative correlation between glutamate
concentrations in the left DLPFC and ELS occurrence in HC only.

Conclusion: In individuals with PSY, the current study found no evidence that the as-
sociation between ELS and psychotic symptoms is mediated by WM performance or
prefrontal glutamate concentrations. In HC, the association between ELS experience
and glutamate concentrations may indicate a neurometabolite effect of ELS that is

independent of an illness effect in psychosis.
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SIGNIFICANT OUTCOMES

Our findings of reduced glutamate concentrations in the left dorso-
lateral prefrontal cortex and poorer working memory performance
in patients with psychosis (including both schizophrenia and bipolar
disorder) provide evidence for illness-related changes.

The significant relationship between early-life stress experience
and glutamate concentrations in the left dorsolateral prefrontal cor-
tex in healthy controls indicates preliminary evidence for general

neurobiological effect of ELS.

LIMITATIONS

The early-life stress measure used in this study does not directly ask
participants about abusive and neglectful experiences during child-
hood although it is known that such experiences are highly prevalent
in individuals with a psychotic disorder. This may account for the
lack of a relationship between early-life stress occurrences and psy-
chotic symptom severity in our findings. However, it is also known
that other environmental risk factors are implicated in the onset and
severity of psychosis.

Due to the relatively small sample, our analyses were not sen-
sitive to weaker associations among early-life stress occurrences,
working memory performance, glutamate concentrations, and psy-

chotic symptom severity.

1 | INTRODUCTION

Psychotic disorders are debilitating conditions that are primarily
characterized by positive symptoms (including delusions, halluci-
nations, and disorganized thoughts), negative symptoms (such as
avolition, alogia, or apathy), and cognitive deficits (such as social
cognition and working memory impairments). The latter can occur
prior to the diagnosis of a psychotic disorder and can worsen with
illness progression (Fusar-Poli et al., 2010; MacDonald & Schulz,
2009). Cognitive deficits are widely considered to be core symp-
toms of schizophrenia (SZ; Gold, 2004) and bipolar disorder (BD;
Bortolato, Miskowiak, Kdéhler, Vieta, & Carvalho, 2015; Martinez-
Aran & Vieta, 2015) and are also associated with reductions in
working memory performance. Working memory deficits are one
of the main neurocognitive impairments found in subjects with
first-episode psychosis (Kim et al., 2011; Seidman, 2010) and in
patients at the established stage (Genevsky, Garrett, Alexander,
& Vinogradov, 2010). Deficits in working memory are important
given the role of working memory in information retention and
manipulation in order to perform abilities such as speech and
multitasking (Vohringer et al., 2013) and involve the recruitment
of the dorsolateral prefrontal cortex (DLPFC; Glahn et al., 2005;
Jalbrzikowski et al., 2018; Roberts, Libby, Inhoff, & Ranganath,

2018). Furthermore, working memory deficits are associated with

impaired daily functioning in patients with a psychotic disorder
(Vesterager et al., 2012).

Epidemiological and clinical studies have also consistently re-
ported the impact of stress-related environmental risk factors on
the severity of psychotic symptoms in patients with SZ and BD,
such as early-life stress (ELS) which includes physical abuse, phys-
ical neglect, emotional abuse, emotional neglect, sexual abuse and
household dysfunction (Bechdolf et al., 2010; Day et al., 1987,
Gershon, Johnson, & Miller, 2013; Holtzman et al., 2013; Lataster,
Myin-Germeys, Lieb, Wittchen, & Os, 2012; Mayo et al., 2017;
Os, Kenis, & Rutten, 2010; Shannon et al., 2011; Thompson et al.,
2009; Ucok et al., 2015; Varese et al., 2012; Walder, Faraone,
Glatt, Tsuang, & Seidman, 2014) among cannabis use (Murray et al.,
2017) and urbanicity (McGrath et al., 2004; Newbury et al., 2018).
In addition, recent evidence suggests that the occurrence of ELS
also impacts on neurocognitive function, such as working memory
performance in both individuals with PSY and HC (Dauvermann &
Donohoe, 2019a; Goodman, Freeman, & Chalmers, 2019; Vargas
et al., 2019) as well as brain activation and connectivity in HC
(Philip et al., 2016; Philip et al., 2013). However, little is known
about the underlying mechanism between the environmental risk
factor of ELS and working memory function in individuals with
PSY.

The glutamate hypothesis of schizophrenia (Coyle, 2012)
and the N-methyl-D-aspartate receptor (NMDA-R) hypofunction
model (Coyle, 1996) posit that aberrant glutamate systems (Krystal
et al., 1994) may be implicated in the pathophysiology of schizo-
phrenia and psychosis. Proton magnetic resonance spectroscopy
(*H-MRS) studies examined both the glutamate hypothesis of
schizophrenia and the NMDA-r hypofunction model by measuring
resting-state glutamate levels in prefrontal brain regions in individ-
uals with SZ and BP. Such studies reported inconsistent findings
of glutamate levels in the dorsolateral prefrontal cortex (DLPFC)
in patients with SZ (Poels et al., 2014) with studies reporting (a) in-
creased glutamate levels (Olbrich et al., 2008; Risch et al., 2008),
(b) decreased glutamate levels, (Cur¢i¢-Blake et al., 2017) or (c) no
difference in glutamate levels (Yoo et al., 2009) in the DLPFC com-
pared to healthy controls (HC). For glutamate levels in the ACC
in patients with SZ, there are further inconsistent findings with
the majority of studies demonstrating no difference in concentra-
tions of glutamate or glutamate-related metabolites, such as glu-
tamine or glutamate and glutamine combined (GIx) concentrations
between chronic patients with SZ and HC (Bustillo et al., 2011;
Kraguljac, Reid, White, Hollander, & Lahti, 2012; Reid et al., 2010;
Rowland et al., 2013; Shirayama et al., 2010). However, a small
number of studies also reported decreased concentrations of glu-
tamate between patients with SZ and HC (Tayoshi et al., 2009;
Théberge et al., 2003, 2004). The pattern of findings in patients
with BD differs from patients with SZ, where individuals with BD
consistently showed higher Glx levels in the DLPFC and ACC when
compared to HC (Onglir et al., 2008; Soeiro-de-Souza et al., 2016).

Focusing on working memory deficits, it has been proposed that
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altered glutamate regulation is one of the main neurobiological
pathways underlying working memory impairments in psychosis
based on both preclinical and clinical evidence (Dauvermann, Lee,
& Dawson, 2017; Dauvermann et al., 2014; Javitt, 2007). Further
support for the role of glutamate during working memory in indi-
viduals with PSY comes from a recent study using functional H-
MRS (Jelen et al., 2019).

In the last few years, emerging evidence proposes a role of
stress, in particular social stress, in aberrant glutamatergic trans-
mission in the PFC in rodents (Schiavone et al., 2020; Zhang,
Hernandez, Vazquez-Juarez, Chay, & Barrio, 2016), which has also
been in shown in HC who have experienced ELS (Duncan et al.,
2015). Importantly, it has been shown that stress, in particular
chronic social stress, resulted in both deficits in working memory
and glutamatergic dysregulation in the PFC in rodents (Onaolapo
et al., 2019; Shao et al., 2015; Yuen et al., 2011). However, to date
no study has examined the association between ELS experience
and severity of psychotic symptoms in individuals with PSY when
considering glutamate concentrations as a potential neurobiological
mechanism, including working memory function (Aas et al., 2012;
Janssen et al., 2004).

1.1 | Aims of the study

In this study, we investigated whether there is a relationship be-
tween the experience of ELS and severity of psychotic symptoms
in PSY. In addition, we examined whether working memory perfor-
mance and glutamate concentrations during resting state in the bi-
lateral DLPFC and the ACC as measured with H-MRS mediate this
relationship between the ELS experience and severity of psychotic
symptoms.

2 | MATERIAL AND METHODS
2.1 | Participants

Forty-seven participants with psychosis (SZ = 30, BD = 17) and 41
HC were recruited for the study. PSY and HC were recruited from
the Royal Edinburgh Hospital, associated hospitals, and the Scottish
Mental Health Research Register (http://www.smhrn.org.uk/).
Diagnosis of SZ and BD was based on interview using the Structured
Clinical Interview for DSM-IV (First, Spitzer, Gibbon & Williams,
2002). Inclusion criteria included (a) diagnosis of established SZ or
BD, and (b) no acute psychotic symptoms at the time of the scan.
Exclusion criteria included (a) history of any major psychiatric illness
other than SZ or BD, (b) history of severe brain injury, (c) history of a
neurological disorder, and (d) dependency or harmful use of alcohol
or drugs during the last 12 months. Also, HC were excluded if they
had a family history of SZ or BD. All participants provided written
informed consent. The study was approved by the local Research
Ethics Committee (09/MRE00/81).
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2.2 | Measures
2.2.1 | Demographic measures

Participants provided information regarding their age, sex, and ed-
ucation status. Participants were also asked regarding medication
use (antipsychotic medication, mood stabilizers, and antidepressant
medication).

Smoking status has not been recorded.

2.2.2 | Clinical measures

The Positive and Negative Syndrome Scale (PANSS; Kay, Fiszbein, &
Opler, 1987) is a 30-item standardized clinical interview to rate the
presence and severity of positive and negative symptoms in PSY.
The measure consists of the following scales: positive symptoms,
negative symptoms, general symptoms, and total score. Items were
rescored to O (“Absent”) to 6 (“Extreme”) for symptoms during the
past week with higher scores indicating greater severity. Internal
reliability for the three subscales of positive symptoms, negative
symptoms, and general symptoms has been reported as adequate
(Cronbach's a .73-.83; Kay et al., 1987). Previous studies have indi-
cated adequate validity of the PANSS (Kay et al., 1987). Symptom
rating took place within 1 week of the IH-MRS acquisition.

2.2.3 | Environmental questionnaires

The Childhood Life Events Questionnaire (CLEQ; http://bdrn.org/)
is a 13-item verbally administered measure of ELS shared by the
Bipolar Disorder Research Network (BDRN [Upthegrove et al.,
2015]). All participants were asked whether they had experienced
any or all of alist of 12 adverse events prior to the age of 16 years as
previously reported (Barker et al., 2016; Neilson et al., 2017). This
list includes death of a parent, death of a sibling, death of a friend,
parental separation, parental divorce, admission to hospital, hospi-
talization of parent, visible deformity, teenage pregnancy or father-
hood, imprisoned parent and suspension from school. Responses
ranged from 0 (“No”) to 1 (“Yes”). While no questions regarding
childhood abuse or neglect were asked, participants were given the
opportunity to provide this information by the final item which is an
open-ended question: “Are there any other significant life events
you experienced as a child that are not mentioned above?”

2.3 | Working memory data

All participants performed the verbal “2-back” task. They were pre-
sented with a sequence of single capital letters. The experimental
block design consisted of (a) the baseline or “O-back” condition; (b)
the “1-back” condition; and (c) the “2-back” condition. Full experi-

mental details are presented in the Appendix S1.
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2.4 | Brain acquisition and analysis
2.4.1 | Structural MRI acquisition and analysis

Brainscanswerecollectedusinga 3T Siemens Verio MRIscannerusing
a manufacturer-supplied 12-element matrix head coil at the Clinical
Research Imaging Centre (CRIC), the Queen's Medical Research
Institute, Edinburgh, UK. After a sagittal localizer, T1-weighted
magnetization-prepared rapid-acquisition gradient echo (MPRAGE)
MR images were obtained using TR = 2,300 ms, TE = 2.98 ms, and
Tl = 900 ms, (flip angle = 9, FOV = 256 mm x 256 mm) with an iso-
tropic voxel resolution of 1 mm, parallel to AC-PC plane.

2.4.2 | Proton magnetic resonance spectroscopy
data acquisition and analysis

Magnetic resonance spectroscopy data acquisition

We acquired MRS point-resolved selective spectroscopy (PRESS) spec-
trawith voxel placements in the ACC, right DLPFC, and left DLPFC. The
voxels were shimmed using the Siemens advance mode. We acquired a
water unsuppressed spectra with 16 averages and a water suppressed
spectra with 128 averages. The TE was set to 80ms and the TR was set
to 3,000 ms. The phase cycling was set to the Siemens 16 EXOR-cycle
mode and the bandwidth was 2,500 Hz with oversampling enabled.
The voxels in the DLPFC measure 20 x 20 x 20 mm (8 cm®) and in the
ACC measures 30 x 20 x 15 mm (9 cm?®).

This followed a standardized protocol, with navigation steps to
determine the coronal slice for placement. Cortical feature identifi-
cation was used to designate the voxel center, followed by rotations
of the voxel in the transverse and sagittal views to obtain the final
placement. The location of the ACC voxel is shown in Figure 1a and
the placement of the left DLPFC voxel is shown in Figure 1b. Details
for the voxel placement are presented in the Appendix S1 and in a
previous paper (Thomson et al., 2016). An example of a spectrum
acquired in the dACC in a HC (Figure 1c).

Metabolite measurement
Spectral metabolite quantification was performed in LCModel ver-
sion 6.2 (http://www.s-provencher.com/pages/lcmodel.shtml) using a
gamma_press_te80_123mhz basis set provided at http://s-provencher
-com for use with the Siemens 3T Verio scanner. LCModel obtains
maximum-likelihood estimates of metabolite concentrations and their
uncertainties (Cramer-Rao lower bounds; CRLB). The quality of the
spectra obtained and the specificity of the measurement of a given
metabolite were evaluated using the CRLB measure of uncertainty.
This is a measure of the specificity of the peak in the spectrum as-
sociated with a given metabolite. Only metabolite measurements that
were associated with a fitting error (CRLB) of <15% were included in
the analysis.

The raw spectra were read into the graphical user interface for
LCModel and processed through LC Model with eddy current cor-

rection enabled and internal water reference was used to give the

metabolite in institutional units. For each voxel the metabolite val-
ues derived from LCModel were corrected for voxel cerebrospinal
fluid (CSF) content as per the equation:

MetC|=Met|><(1 1F ) (1)
—Fesk

where Met, is the metabolite in institutional units and corrected for
partial volume effects, Met, is the internal water scaled metabolite
value given by LC model, and F; is the fractional CSF occupancy of
the voxel. The fractional CSF volume was determined from the seg-
mentation of the T,-weighted scan and the voxel placement and ro-
tation noted at scan time. The T1-weighted images were segmented
into gray matter, white matter, and CSF maps using SPM8 (Statistical
Parametric Mapping; http://fil.ion.ucl.ac.uk/spm/). The CSF volume in
each voxel was extracted using a c-script that sampled the SPM seg-
mentation maps at the native space location noted for each voxel at

time of scan.

2.5 | Statistical analysis
2.5.1 | Demographic data

Frequencies, means, and standard deviations were calculated for sex,
age, and level of education in Statistical Package for Social Sciences
version 25 (SPSS; IBM, 2017). Smoking status was not recorded.

2.5.2 | Clinical and environmental data

A series of t tests were conducted to examine differences between
groups on measures, such as PANSS total scores, PANSS positive
symptoms, PANSS negative symptoms, PANSS general scores, ELS
data, and glutamate concentrations (separately in the right DLPFC,
left DLPFC, and ACC). In following analyses, a multivariate ANOVA
(MANOVA) was conducted to examine group differences in glutamate
concentrations in the bilateral DLPFC and ACC. Multiple linear regres-
sions assessed whether ELS occurrences, WM performance, or glu-
tamate metabolite concentrations (separately in the bilateral DLPFC
and ACC) predicted psychotic symptom severity by introducing these
predictors systematically across blocks. Statistical significance was set
at a p value below .05. Pearson's product-moment correlations were
computed to examine the relationships between ELS occurrence, WM
behavioral performance, glutamate metabolite concentrations, and
psychotic symptom severity. p values were adjusted for multiple com-
parison using the Hochberg method in R Studio (RStudio Team, 2018).

2.5.3 | Working memory data

Behavioral performance was calculated using the sensitivity index

(d") (Equation 1; Macmillan, Creelman, & Creelman, 2004). Behavioral
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FIGURE 1 Voxel placement and example of magnetic resonance spectroscopy spectrum. (a) Voxel placement for the anterior cingulate
cortex. (b) Voxel placement for the dorsolateral prefrontal cortex. (c) Example for glutamate spectrum

performance on the 0-back, 1-back, and 2-back conditions between the
groups was compared in SPSS using independent t tests and ANOVAs.

d’ =z (Hits) —z (False Alarms) )

z=statistical Zvalue
2.5.4 | Glutamate concentrations

Analysis of covariance (ANCOVA) was performed to examine the

hypothesized differences in glutamate concentrations in each region

between the PSY and HC groups. Age and sex were entered in as

covariates for all comparisons.

3 | RESULTS
3.1 | Demographic, clinical, and working memory data

Demographic and clinical data are presented in Table 1. Ages ranged
from 18 to 67 years (M = 39.5, SD = 12.99) with an average of
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90 months of illness duration. Most participants (55%) completed
postsecondary education. The majority of participants who took
part in the study were male (66.3%). Demographic and clinical data
for SZ and BD subgroups are presented in the Appendix S1 (Table S1).

3.1.1 | Clinical data

Psychotic symptom severity

Positive and Negative Syndrome Scale severity in PSY was assessed
with comparable severity (Table 1). In addition, independent t tests
revealed a significant subgroup difference in PANSS positive symp-
toms (t s = 2.36, p = .046, d = 0.76), with the SZ group scoring higher
than the BD group. There were no significant group differences in
PANSS total scores (t(45) =0.945,p =.220,d = 0.29), PANSS negative
symptoms (t,s) = 1.26, p =160, d = 0.42), or PANSS general symp-
toms (t(45) =-0.38,p =.543,d = 0.66; Table S1).

3.1.2 | Early-life stress

The following reported experiencing no (n; HC = 15; PSY = 8), one
(HC = 11; PSY = 6), two (HC = 8; PSY = ), three (HC = 2; PSY = 10), or
four or more (HC = 3, PSY = 11) occurrences of ELS. Regarding child-
hood trauma (i.e., abuse and/or neglect), 2.4% of HC reported such
experiences, compared to 12.2% of PSY participants (SZ = 13.3%,
BD = 11.7%). An independent t test (PSY vs. HC) revealed a signifi-
cant group difference in ELS scores (t(78) =3.29,p =.001, d = 0.74)
with PSY reporting greater occurrence (M = 2.49, SD = 1.90) than HC
(M=1.23,5D = 1.48). A one-way ANOVA (SZ vs. BD vs. HC) revealed
a significant subgroup difference in ELS scores (F, ;4 = 6.729,
p =.002, '12 =.149). Post hoc analyses revealed a significant group

HC PSY
N 41 47
Age Mean (SD) 38.29 (14.44) 40.62 (11.63)
Sex (M:F) 23:18 33:14
Education (1:2:3)? 10:2:24 8:7:24
PANSS total” Mean (SD) - 23.28 (17.87)
PANSS positive® Mean - 5.30(5.00)
(SD)
PANSS negativeb Mean - 6.38 (7.11)
(SD)
PANSS general® Mean - 11.60 (8.60)
(SD)
CLEQ® Mean (SD) 1.23(1.48) 2.49 (1.90)

difference between the HC and the SZ groups (p = .001) in ELS
scores, with the SZ group scoring higher (see Table S1). There was
no significant group difference between the BD and HC groups
(p =.267) and the BD and SZ groups (p = .272) on ELS scores.

3.1.3 | Working memory performance

To examine group differences in behavioral performance on the
N-backtask, aseries of t tests were conducted (HC vs. PSY). There was
no significant difference on the 0-back performance (t(74) = 1.622,
p =.109, d = 0.372). For both the 1-back and 2-back conditions, PSY
performed less accurately than HC. Regarding 1-back performance,
there was a significant group difference (t(74) = 3.212, p = .002,
d = 0.734), with the PSY group (M = -0.60, SD = 1.87) scoring lower
than the HC group (M = 0.57, SD = 1.26). Regarding 2-back perfor-
mance, a significant group difference was also observed (t(74) =2.60,
p =.011, d = 0.594) with the PSY group (M = -0.47, SD = 1.70) per-
forming worse than the HC group (M = 0.45, SD = 1.38).

To examine any differences in N-back performance between
subgroups, a series of one-way ANOVAs (HC vs. SZ vs. BD) were
conducted. Regarding behavioral performance on the 0-back task,
we did not find any significant differences between the three groups
(F(2’76) =1.31,p = .277, ;72 = .035). Regarding the 1-back task, a sig-
nificant difference was observed (F, 5, = 5.121, p = .008, i =.123).
Post hoc analyses revealed that the SZ group performed signifi-
cantly poorer (p = .012) than the HC group. There was no signifi-
cant difference between the SZ and BD groups (p = .970) or the BD
and HC groups (p = .092). On the 2-back task, a significant group
difference was also found (F(Né) = 3.357, p = .040, ;12 = .084). Post
hoc analyses revealed that the SZ group scored significantly lower
(p = .049) than the HC group. There were no significant differences

TABLE 1 Demographic and clinical
Test p

details
t 406
7 170
7 112
t .001*

Abbreviations: CLEQ, Childhood Life Events Questionnaire; HC, healthy controls; PANSS, Positive

and Negative Symptom Scale.

20, compulsory; 1, more than compulsory; 2, postsecondary.
PRescaled total PANSS scores.

‘Rescaled CLEQ scores.

*p <.001.
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between the SZ and BD groups (p = .961) or between the BD and HC
groups (p =.228).

3.2 | Glutamate concentrations

The number of participants who met the criterion of data quality is
presented in Table 2. A series of one-way ANCOVAs (PSY vs. HC)
were conducted to examine whether glutamate concentrations in
the three brain areas varied according to group, while controlling
for age and sex. The results of the testing found a significant differ-
ence in glutamate concentration in the left DLPFC between groups
(F(l, 63) = 5.742, p = .020, partial r]2 =.084), with the PSY group re-
porting lower concentrations of glutamate than the HC group (see
Table 2). There were no significant differences between the PSY
and HC groups with regards to glutamate concentration in the right
DLPFC (p = .324) or ACC (p = .971). Extension of the inclusion cri-
teria (glutamate standard deviation <30%) resulted in no significant
difference in glutamate concentrations in the bilateral DLPFC or
ACC between the PSY and HC groups (p > .05). These analyses
were repeated for subgroups (SZ vs. BD vs. HC). No significant dif-
ference was found for the right or left DLPFC or ACC (see Appendix
S1; Table S2).

3.3 | Correlational analyses

Pearson's bivariate correlations were used to identify associations
between severity of clinical symptoms, ELS occurrences, glutamate
concentrations (right DLPFC, left DLPFC and ACC), and WM per-
formance in a series of analyses. First, severity of clinical symptoms
and occurrence of ELS in PSY only were tested (Table 3). Second,
correlations between ELS and glutamate concentrations in both HC
and PSY were run separately of each of the three brain regions (right
DLPFC, left DLPFC and ACC; Table 4). Finally, relationships between
ELS experience and WM performance were examined for both

TABLE 2 Glutamate concentrations in institutional units (1U)*"

HC PSY Test p

R DLPFC 8.64 (2.11) 8.04 (1.46) F .324
n=233 n=29

L DLPFC 8.20 (1.36) 7.41(1.37) F .020*
n=234 n=33

ACC 7.79 (1.71) 7.17 (1.87) F 971
n=28 n=235

Abbreviations: ACC, anterior cingulate cortex; HC, healthy controls;
L DLPFC, left dorsolateral prefrontal cortex; PSY, individuals with
psychosis; R DLPFC, right dorsolateral prefrontal cortex.

?Age and sex were entered as covariates.

PParticipants with glutamate concentration standard deviation
exceeding 15% were excluded from this table.

*p < .05.
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groups (Table 5). p values were adjusted for multiple comparisons
using the Hochberg method. The a level was set at .05.

There were no significant correlations between the occurrence
of ELS and severity of psychotic symptoms in the PSY group (all
p > .05; Table 3). Regarding glutamate levels, a significant negative
correlation between the occurrence of ELS and glutamate concen-
tration in the left DLPFC (r = -.449, p = .029; Table 4) was observed
in the HC group only. In the PSY group, there were no significant
correlations between the occurrence of ELS and concentrations of
glutamate in the right DLPFC, left DLPFC, or ACC (all p > .05). We
also did not observe any significant correlations between the occur-
rence of ELS and working memory performance in the HC or PSY
group (all p > .05; Table 5).

3.4 | Predictors of severity of psychotic symptoms

For the PSY group, occurrences of ELS, working memory perfor-
mance and glutamate concentrations were systematically added
across blocks in four multiple linear regressions predicting severity
of psychotic symptoms (PANSS total score, PANSS positive symp-
toms, PANSS negative symptoms and PANSS general score). This
process was repeated for glutamate concentrations in each of the
three brain regions (right DLPFC, left DLPFC, and ACC). No model
was predictive of psychotic symptoms (all p > .05).

In addition, we repeated these analyses to predict the relation-
ship between ELS, working memory, and psychotic symptoms for
the BD and SZ groups separately. No model significantly predicted
symptoms in the SZ group (all p > .05). In patients with BD, how-
ever, the model that included 2-back working memory performance
(p=-0.722) significantly predicted negative symptoms (F(1,7) =6.531,
p = .043), explaining 44% of the variance of negative symptom se-
verity scores. The same model (working memory g = -0.718) sig-
nificantly predicted PANSS general scores (F, ;, = 6.370, p = .045),
explaining 43% of the variance. No other model was predictive of

psychotic symptoms (all p > .05).

3.5 | Multivariate analyses for psychotic symptom
severity differences between clinical group and early-
life stress occurrences

To examine differences in psychotic symptom severity between
both clinical groups (SZ and BD) and ELS experience, reported ELS
experience was dichotomized into absent levels (e.g., individuals
who reported no ELS experience; SZ = 4, BD = 4) and present levels
(e.g., individuals who reported at least one event of ELS, SZ = 20,
BD = 13). A 2 x 2 design (SZ vs. BD and absent ELS vs. present
ELS) MANOVA revealed no interaction effect between the clinical
groups and the occurrence of ELS (Wilks' 4 = .911, F(4y 30) = 1.145,
p = .344, partial nz =.089). While a significant main effect for clini-
cal group was found (Wilks' 1 =.794, Fia,35 = 3.021, p = .043, partial

;12 = .206), there was no significant group difference in severity of
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TABLE 3 Pearson's correlation coefficients for severity of
clinical symptoms and occurrence of early-life stress for individuals
with psychosis

PSY
N 41
CLEQ scale

PANSS scale r p

Total .009 996

Positive symptoms .011 996

Negative symptoms .052 .996

General symptoms -.030 .996

Abbreviations: PANSS, Positive and Negative Symptom Scale; PSY,
individuals with psychosis.
*denotes significant at p < .05.

TABLE 4 Pearson's correlation coefficients for glutamate
concentrations and occurrence of early-life stress for healthy
controls and individuals with psychosis

Brain region HC PSY
R DLPFC
r -.088 -.045
p .703 .827
n 30 26
L DLPFC
r -.449 163
p 029’ 577
n 31 31
ACC
r 131 .306
[4 514 .089
n 27 32

Abbreviations: ACC, anterior cingulate cortex; HC, healthy controls;
L DLPFC, left dorsolateral prefrontal cortex; PSY, individuals with
psychosis; R DLPFC, right dorsolateral prefrontal cortex.

*denotes significant atp < .05.

clinical symptoms for PANSS total scores, PANSS positive symp-
toms, PANSS negative symptoms, or PANSS general symptoms (all
p > .05). There was also no main effect found for ELS experience
(absent vs. present levels; Wilks' 1 = .970, F(3’ 35 = 0.355, p = .786,
partial % = .030).

4 | DISCUSSION

The main aims of this study were to examine the association be-
tween the occurrence of ELS and severity of psychotic symptoms
in PSY. Furthermore, we studied whether glutamate concentrations
in prefrontal brain regions would mediate this relationship between

ELS experience and psychotic symptom severity.

TABLE 5 Pearson's correlation coefficients for behavioral
performance during working memory and occurrence of early-life
stress for healthy controls and individuals with psychosis

HC PSY
N 37 32
N-back r p r p
0-back -.343 114 .025 .891
1-back -.050 .888 -.052 .888
2-back -.052 921 122 921

Abbreviations: HC, healthy controls; PSY, individuals with psychosis.

One of the main findings was that patients with PSY experienced
significantly higher occurrences of ELS than HC, which is consistent
with previous research (Bailey et al., 2018; Varese et al., 2012). This
finding of greater prevalence of occurrences of ELS in PSY compared
to the general population is at the basis of gaining a better understand-
ing of the etiology of psychotic symptoms following the experience
of ELS (Barker, Gumley, Schwannauer, & Lawrie, 2015; Chase et al.,
2019; Read, Fosse, Moskowitz, & Perry, 2014). The elucidation of this
potential relationship has significant clinical and research implications
for improving treatment avenues, such as pharmacological treatment
(based on altered glutamate concentrations) or cognitive remediation
trainings (based on altered working memory function). In our addi-
tional analyses focusing on both SZ and BP, we found that SZ reported
higher ELS exposure when compared to HC, whereas BD showed
comparable levels to HC. This latter finding contrasts previous me-
ta-analyses, which suggested that ELS occurrences were significantly
higher among BD compared to HC (Etain et al., 2010; Macmillan et al.,
2004). A possible reason for this discrepancy is the choice of ELS
measure of the CLEQ in this study when compared to the Childhood
Trauma Questionnaire (CTQ) among others (Dauvermann et al., 2017).

Contrary to our hypothesis, the occurrence of ELS was not sig-
nificantly associated with the severity of psychotic symptoms in
patients with PSY. This contrasts previous studies in which positive
correlations between these two measures were revealed (Janssen
et al., 2004; Kay et al., 1987; Ongiir et al., 2008). One reason for
this discrepancy could be the choice of ELS measure of the CLEQ
this study. Unlike commonly used measures of childhood trauma or
early-life adversity, such as the CTQ (Dauvermann et al., 2017) or the
Adverse Childhood Experiences (The ACE Score, 2003), the CLEQ
does not directly ask participants whether they have experienced
abuse (e.g., physical abuse) or neglect (e.g., emotional neglect) but
provides an open-ended question for such experiences to be re-
ported (“Are there are any other significant life events you experi-
enced as a child that are not mentioned above?”). This open question
may have resulted in an under-reporting of abusive and neglectful
experiences in this study. Support for this interpretation comes from
a previous meta-analysis which reported that, dependent on adver-
sity type, between 26% and 39% of participants with PSY reported
experiencing trauma as a child (Bonoldi et al., 2013). However, this
figure was just 12.2% for individuals with PSY in this study. Despite

the established association between childhood trauma and severity
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of psychotic symptoms (Agnew-Blais & Danese, 2016; Bailey et al.,
2018; Bechdolf et al., 2010; Day et al., 1987; Gershon et al., 2013;
Holtzman et al., 2013; Lataster et al., 2012; Mayo et al., 2017; Os
et al., 2010; Shannon et al., 2011; Thompson et al., 2009; Ucok et al.,
2015; Varese et al., 2012; Walder et al., 2014), it is also known that
other environmental risk factors, such as cannabis use, migration and
urbanicity are highly correlated with psychosis (Murray et al., 2017,
Neilson et al., 2017; Newbury et al., 2018). Recently, it has been sug-
gested that several measurements for the assessment of ELS should
be used to cover different aspects of ELS (Vargas et al., 2019).

In the current study, ELS experiences were not significantly as-
sociated with working memory performance despite finding that in-
dividuals with PSY had significantly increased ELS experience and
reduced working memory performance relative to HC. These group
differences for both the low and high difficulty levels during working
memory are consistent with meta-analyses and systematic reviews
repeatedly confirming this (Forbes, Carrick, Mclntosh, & Lawrie,
2009; Frydecka et al., 2014; Hamilton et al., 2009). We speculate
that the lack of a significant relationship between ELS and working
memory in our study may be due to the working memory data uti-
lized. In other words, it is possible that a neurobiological measure
of working memory function in the form of blood-oxygen-level-de-
pendent (BOLD) response of brain activity as measured with func-
tional magnetic resonance imaging (fMRI) may be required to reveal
a potential mediation role of reduced working memory function on
the relationship between ELS and severity of psychotic symptoms.
Support for this interpretation comes from inconsistently reported
relationships between ELS experience and working memory func-
tion across studies (Dauvermann & Donohoe, 2019a; Goodman
et al.,, 2019; Vargas et al., 2019) when behavioral performance is
considered. In contrast, widely established findings of altered BOLD
responses of the DLPFC in individuals with PSY when compared to
HC during working memory (Glahn et al., 2005; Owen, McMillan,
Laird, & Bullmore, 2005) emphasize the greater reliability to study
the role of working memory on the severity of symptoms, while the
laterality of the DLPFC underlying working memory function seems
to be variable across studies. In addition, a recent study linking glu-
tamate concentrations as well as glutamate + glutamine (Glx) levels
during a working memory task adds further support to the potential
relevance of using brain function during working memory in indi-
viduals with psychosis (Jelen et al., 2019). Emerging evidence for
utilizing brain activation data during working memory to study this
association between ELS exposure and working memory also em-
phasizes the recruitment of brain activation of the DLPFC in HC with
the experience of childhood trauma (Philip et al., 2013, 2016; Teicher
& Samson, 2016; Teicher, Samson, Anderson, & Ohashi, 2016) and
rodents following chronic stress exposure (Onaolapo et al., 2019;
Shao et al., 2015; Yuen et al., 2011).

Focusing on the 'H-MRS data, individuals with PSY demonstrated
significantly reduced glutamate concentrations in the left DLPFC
compared to HC. Previous research on differences in glutamatergic
neurotransmission (e.g., glutamate, Glx and GIn concentrations) in

BD, SZ, and HC has produced mixed findings. Studies have reported
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increased GIx concentrations in the left DLPFC in BD relative to HC
(Frey et al., 2007; Michael et al., 2003; Michael, Erfurth, & Pfleiderer,
2009; Taylor, 2014), but significant differences in Glx between indi-
viduals with SZ (regardless of medication status) and HC have not
been observed (Kaminski et al., 2020). Meta-analytical research has
reported inconsistent findings between studies regarding glutamate
concentrations in the DLPFC (both right and left) in patients with
SZ and HC. Furthermore, there were no significant differences in
glutamate concentration in the right DLPFC or ACC in individuals
with PSY compared to HC. Findings from previous studies in these
areas are also inconsistent (Marsman et al., 2013; Merritt, Egerton,
Kempton, Taylor, & McGuire, 2016; Poels et al., 2014). However, a
number of studies have found no evidence of group differences in
glutamate, glutamine, or GIx concentrations between chronic medi-
cated patients with SZ and HC (Bustillo et al., 2011; Kraguljac et al.,
2012; Reid et al., 2010; Rowland et al., 2013; Shirayama et al., 2010).
A limitation of the previous research is that many studies interpret
glutamate, GIn, and GIx concentrations interchangeably, so BD- and
SZ-related increases (Gigante et al., 2012; Théberge et al., 2003) that
are specific to one of these indicators (e.g., GIn or Glx) but not others
may complicate the picture. Further research is required to better
understand the roles of each of the glutamate-related metabolites in
the DLPFC and ACC in PSY.

Finally, our novel findings of this study are that ELS occurrences
were inversely associated with glutamate concentrations in the left
DLPFC for the HC group only. Previous studies on HC focused on
the effect of acute stress on the PFC, with reports of both elevated
GlIx concentrations (Zwanzger et al., 2013) and no change in gluta-
mate levels (Houtepen et al., 2017). To our knowledge, this is the first
study providing preliminary evidence of a link between ELS expo-
sure and altered glutamate concentrations in the DLPFC in humans,
which is supporting impairments of glutamatergic neurotransmission
previously reported in rodents after chronic social stress (Aas et al.,
2012; Janssen et al., 2004). However, we did not observe a signifi-
cant relationship between ELS experience and glutamate concentra-
tions in individuals with PSY. This observed association in HC only is
comparable to a stronger relationship between the experience of ELS
and deficits in neurocognitive function (including working memory)
in HC than in individuals with PSY (Malarbi, Abu-Rayya, Muscara, &
Stargatt, 2017; Philip et al., 2016; Vargas et al., 2019). It has been sug-
gested that such a finding could be due to the fact that the effect of
ELS cannot be isolated from other known implicated factors on cog-
nitive function and severity of psychotic symptoms in PSY, such as
genetic risk factors, current and acute stress levels (Dauvermann &
Donohoe, 2019b), and medication effects (Dauvermann & Donohoe,
2019a; Vargas et al., 2019). However, given the strong link between
ELS and increased likelihood of developing PSY and the support of
aberrant glutamatergic transmission in the DLPFC in PSY is it also
possible that the lack of significant findings in individuals with PSY
was limited by methodological shortcomings, including sample size.

Future research studying relationships between ELS, cognitive
function, and neurobiological markers in PSY and other stress-sensi-

tive psychiatric disorders should focus on overcoming limitations of a
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variety of neurocognitive batteries and ELS measures (Dauvermann
& Donohoe, 2019a; Vargas et al., 2019) that are challenging to in-
terpret. Emerging evidence on combining ELS, cognitive, endocrine,
cytokine, and neuroimaging data will lead to greater insight into the

interrelationships and therefore etiology of PSY.

ACKNOWLEDGMENTS

We acknowledge Douglas Blackwood, Barbara Duff, Andrew
Watson, Neil Roberts, Nicholas J Brandon, and John Dunlop for
their assistance with study design, recruitment, and data collec-
tion. We also acknowledge the Scottish Mental Health Research
Network (http://www.smhrn.org.uk) for providing further assis-
tance with participant recruitment and cognitive assessments. We
would like to thank both the participants who took part in the study
and the radiographers who acquired the MRI scans. Scans were col-
lected at the Clinical Research Imaging Centre (http://cric.ed.ac.uk).
This work was funded by an award from the Translational Medicine
Research Collaboration (NS EU 166)—a consortium consisting of
the Universities of Edinburgh, Aberdeen, Dundee, and Glasgow, the
four associated NHS Health Boards (Grampian, Tayside, Lothian,
and Greater Glasgow and Clyde), Scottish Enterprise, and Pfizer.
However, the funder had no role in study design, data collection,
analysis, or interpretation or the writing of the report. The Dr
Mortimer and Theresa Sackler Foundation also offered financial
support for imaging aspects of this study.

CONFLICT OF INTEREST

The author SML has received financial support for research, in the past
3 years, from Janssen, in relation to research. He has also received fees
for advisory panels and/or educational meetings from Janssen and
Sunovion. HCW is supported by a JMAS SIM Fellowship from the Royal
College of Physicians of Edinburgh and by an ESAT College Fellowship
from the University of Edinburgh. SML and HCW have also previously
received support from Pfizer (formerly Wyeth). These received funds

do not present a conflict of interest with the present study.

AUTHOR CONTRIBUTIONS

D.O.H. and M.R.D. conceived the idea of the presented work. M.C.
and E.L.H. analyzed the data. M.C. wrote the manuscript with sup-
port from D.O.H. and M.R.D. H.C.W,, J.H., and S.M.L. conceived the
idea of the original work. All authors discussed the results and con-

tributed to the final manuscript.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available from

the corresponding author upon reasonable request.

ORCID
Maria R. Dauvermann https://orcid.org/0000-0002-2873-8512
REFERENCES

Aas, M., Navari, S., Gibbs, A., Mondelli, V., Fisher, H. L., Morgan, C.,
... Dazzan, P. (2012). Is there a link between childhood trauma,

cognition, and amygdala and hippocampus volume in first-episode
psychosis? Schizophrenia Research, 137(1-3), 73-79. https://doi.
org/10.1016/j.schres.2012.01.035

Agnew-Blais, J., & Danese, A. (2016). Childhood maltreatment and unfa-
vourable clinical outcomes in bipolar disorder: A systematic review
and meta-analysis. The Lancet Psychiatry, 3(4), 342-349. https://doi.
org/10.1016/52215-0366(15)00544-1

Bailey, T., Alvarez-Jimenez, M., Garcia-Sanchez, A. M., Hulbert, C,,
Barlow, E., & Bendall, S. (2018). Childhood trauma is associated with
severity of hallucinations and delusions in psychotic disorders: A
systematic review and meta-analysis. Schizophrenia Bulletin, 44(5),
1111-1122. https://doi.org/10.1093/schbul/sbx161

Barker, V., Bois, C., Neilson, E., Johnstone, E. C., Owens, D., Whalley,
H. C,, ... Lawrie, S. M. (2016). Childhood adversity and hippocam-
pal and amygdala volumes in a population at familial high risk of
schizophrenia. Schizophrenia Research, 175(1-3), 42-47. https://doi.
org/10.1016/j.schres.2016.04.028

Barker, V., Gumley, A., Schwannauer, M., & Lawrie, S. M. (2015). An in-
tegrated biopsychosocial model of childhood maltreatment and psy-
chosis. British Journal of Psychiatry, 206(03), 177-180. https://doi.
org/10.1192/bjp.bp.113.143578

Bechdolf, A., Thompson, A., Nelson, B., Cotton, S., Simmons, M. B,
Amminger, G. P, ... Yung, A. R. (2010). Experience of trauma
and conversion to psychosis in an ultra-high-risk (prodromal)
group. Acta Psychiatrica Scand, 121(5), 377-384. https://doi.
org/10.1111/j.1600-0447.2010.01542.x

Bonoldi, I., Simeone, E., Rocchetti, M., Codjoe, L., Rossi, G., Gambi, F,, ...
Fusar-Poli, P. (2013). Prevalence of self-reported childhood abuse in
psychosis: Ameta-analysis of retrospective studies. Psychiatry Research,
210(1), 8-15. https://doi.org/10.1016/j.psychres.2013.05.003

Bortolato, B., Miskowiak, K. W., Kéhler, C. A., Vieta, E., & Carvalho, A. F.
(2015). Cognitive dysfunction in bipolar disorder and schizophrenia:
A systematic review of meta-analyses. Neuropsychiatric Disease and
Treatment, 11, 3111-3125. https://doi.org/10.2147/NDT.S76700

Bustillo, J. R., Chen, H., Gasparovic, C., Mullins, P., Caprihan, A., Qualls,
C., ... Posse, S. (2011). Glutamate as a marker of cognitive function
in schizophrenia: A proton spectroscopic imaging study at 4 tesla.
Biological Psychiatry, 69(1), 19-27. https://doi.org/10.1016/j.biops
ych.2010.08.024

Chase, K. A, Melbourne, J. K., Rosen, C., McCarthy-Jones, S., Jones, N.,
Feiner, B. M., & Sharma, R. P. (2019). Traumagenics: At the intersect
of childhood trauma, immunity and psychosis. Psychiatry Research,
273, 369-377. https://doi.org/10.1016/j.psychres.2018.12.097

Coyle, J. T. (1996). The glutamatergic dysfunction hypothesis for schizo-
phrenia. Harvard Review of Psychiatry, 3(5), 241-253. https://doi.
org/10.3109/10673229609017192

Coyle, J. T. (2012). NMDA receptor and schizophrenia: A brief history.
Schizophrenia Bulletin, 38(5), 920-926. https://doi.org/10.1093/
schbul/sbs076

Cur¢ic-Blake, B., Bais, L., Sibeijn-Kuiper, A., Pijnenborg, H. M.,
Knegtering, H., Liemburg, E., & Aleman, A. (2017). Glutamate in
dorsolateral prefrontal cortex and auditory verbal hallucinations
in patients with schizophrenia: A 1H MRS study. Progress in Neuro-
Psychopharmacology and Biological Psychiatry, 78, 132-139. https://
doi.org/10.1016/J.PNPBP.2017.05.020

Dauvermann, M. R., & Donohoe, G. (2019a). The role of childhood
trauma in cognitive performance in schizophrenia and bipolar dis-
order - A systematic review. Schizophrenia Research: Cognition, 16,
1-11. https://doi.org/10.1016/j.scog.2018.11.001

Dauvermann, M. R., & Donohoe, G. (2019b). Cortisol stress response in
psychosis from the high-risk to the chronic stage: A systematic re-
view. Irish Journal of Psychological Medicine, 36(4), 305-315. https://
doi.org/10.1017/ipm.2019.27

Dauvermann, M. R, Lee, G., & Dawson, N. (2017). Glutamatergic regu-
lation of cognition and functional brain connectivity: Insights from


http://www.smhrn.org.uk
http://cric.ed.ac.uk
https://orcid.org/0000-0002-2873-8512
https://orcid.org/0000-0002-2873-8512
https://doi.org/10.1016/j.schres.2012.01.035
https://doi.org/10.1016/j.schres.2012.01.035
https://doi.org/10.1016/S2215-0366(15)00544-1
https://doi.org/10.1016/S2215-0366(15)00544-1
https://doi.org/10.1093/schbul/sbx161
https://doi.org/10.1016/j.schres.2016.04.028
https://doi.org/10.1016/j.schres.2016.04.028
https://doi.org/10.1192/bjp.bp.113.143578
https://doi.org/10.1192/bjp.bp.113.143578
https://doi.org/10.1111/j.1600-0447.2010.01542.x
https://doi.org/10.1111/j.1600-0447.2010.01542.x
https://doi.org/10.1016/j.psychres.2013.05.003
https://doi.org/10.2147/NDT.S76700
https://doi.org/10.1016/j.biopsych.2010.08.024
https://doi.org/10.1016/j.biopsych.2010.08.024
https://doi.org/10.1016/j.psychres.2018.12.097
https://doi.org/10.3109/10673229609017192
https://doi.org/10.3109/10673229609017192
https://doi.org/10.1093/schbul/sbs076
https://doi.org/10.1093/schbul/sbs076
https://doi.org/10.1016/J.PNPBP.2017.05.020
https://doi.org/10.1016/J.PNPBP.2017.05.020
https://doi.org/10.1016/j.scog.2018.11.001
https://doi.org/10.1017/ipm.2019.27
https://doi.org/10.1017/ipm.2019.27

CORCORAN ET AL.

pharmacological, genetic and translational schizophrenia research.
British Journal of Pharmacology, 174(19), 3136-3160. https://doi.
org/10.1111/bph.13919

Dauvermann, M. R., Whalley, H. C., Schmidt, A., Lee, G. L., Romaniuk,
L., Roberts, N., ... Moorhead, T. W. (2014). Computational neu-
ropsychiatry - Schizophrenia as a cognitive brain network dis-
order. Frontiers in Psychiatry, 5, 30. https://doi.org/10.3389/
fpsyt.2014.00030

Day, R., Nielsen, J. A., Korten, A., Ernberg, G., Dube, K. C., Gebhart, J, ...
Wynne, L. C. (1987). Stressful life events preceding the acute onset
of schizophrenia: A cross-national study from the World Health
Organization. Culture, Medicine and Psychiatry, 11(2), 123-205.
https://doi.org/10.1007/BF00122563

Duncan, N. W.,, Hayes, D. J., Wiebking, C., Tiret, B., Pietruska, K., Chen,
D. Q, ... Northoff, G. (2015). Negative childhood experiences alter a
prefrontal-insular-motor cortical network in healthy adults: A pre-
liminary multimodal rsfMRI-fMRI-MRS-dMRI study. Human Brain
Mapping, 36(11), 4622-4637. https://doi.org/10.1002/hbm.22941

Etain, B., Mathieu, F., Henry, C., Raust, A., Roy, I., Germain, A., ... Bellivier,
F. (2010). Preferential association between childhood emotional
abuse and bipolar disorder. Journal of Traumatic Stress, 23, 376-383.
https://doi.org/10.1002/jts.20532

First, M. B., Spitzer, R. L., Gibbon, M., & Williams, J. (2002). Structured
clinical interview for DSM-IV-TR Axis | disorders, research version. New
York: Biometrics Research, New York State Psychiatric Institute.

Forbes, N. F., Carrick, L. A., McIntosh, A. M., & Lawrie, S. M. (2009). Working
memory in schizophrenia: A meta-analysis. Psychological Medicine,
39(6), 889-905. https://doi.org/10.1017/S0033291708004558

Frey, B. N., Stanley, J. A., Nery, F. G., Monkul, E. S., Nicoletti, M. A,,
Chen, H. H,, ... Soares, J. C. (2007). Abnormal cellular energy and
phospholipid metabolism in the left dorsolateral prefrontal cor-
tex of medication-free individuals with bipolar disorder: An in
vivo 'H MRS study. Bipolar Disorders, 9(s1), 119-127. https://doi.
org/10.1111/j.1399-5618.2007.00454 .x

Frydecka, D., Eissa, A. M., Hewedi, D. H., Ali, M., Drapata, J., Misiak,
B., ... Moustafa, A. A. (2014). Impairments of working memory in
schizophrenia and bipolar disorder: The effect of history of psy-
chotic symptoms and different aspects of cognitive task demands.
Frontiers in Behavioral Neuroscience, 8, 416. https://doi.org/10.3389/
fnbeh.2014.00416

Fusar-Poli, P, Howes, O. D, Allen, P., Broome, M., Valli, |., Asselin, M.-
C., ... McGuire, P. K. (2010). Abnormal frontostriatal interactions
in people with prodromal signs of psychosis. Archives of General
Psychiatry, 67(7), 683. https://doi.org/10.1001/archgenpsychiat
ry.2010.77

Genevsky, A., Garrett, C. T., Alexander, P. P., & Vinogradov, S. (2010).
Cognitive training in schizophrenia: A neuroscience-based approach.
Dialogues in Clinical Neuroscience, 12(3), 416-421.

Gershon, A., Johnson, S. L., & Miller, I. (2013). Chronic stressors and
trauma: Prospective influences on the course of bipolar disorder.
Psychological Medicine, 43(12), 2583-2592. https://doi.org/10.1017/
S0033291713000147

Gigante, A. D., Bond, D. J., Lafer, B., Lam, R. W,, Young, L. T., &
Yatham, L. N. (2012). Brain glutamate levels measured by mag-
netic resonance spectroscopy in patients with bipolar disorder:
A meta-analysis. Bipolar Disorders, 14(5), 478-487. https://doi.
org/10.1111/j.1399-5618.2012.01033.x

Glahn, D. C., Ragland, J. D., Abramoff, A., Barrett, J., Laird, A. R., Bearden,
C. E., & Velligan, D. I. (2005). Beyond hypofrontality: A quantitative
meta-analysis of functional neuroimaging studies of working mem-
ory in schizophrenia. Human Brain Mapping, 25(1), 60-69. https://doi.
org/10.1002/hbm.20138

Gold, J. M. (2004). Cognitive deficits as treatment targets in schizophre-
nia. Schizophrenia Research, 72(1), 21-28. https://doi.org/10.1016/j.
schres.2004.09.008

B H dB h . 0 110f 13
rain an enavior Wl LEYJ—

Open Access,

Goodman, J. B, Freeman, E. E., & Chalmers, K. A. (2019). The relationship
between early life stress and working memory in adulthood: A sys-
tematic review and meta-analysis. Memory, 27(6), 868-880. https://
doi.org/10.1080/09658211.2018.1561897

Hamilton, L. S., Altshuler, L. L., Townsend, J., Bookheimer, S. Y., Phillips,
O. R, Fischer, J., ... Narr, K. L. (2009). Alterations in functional activa-
tion in euthymic bipolar disorder and schizophrenia during a working
memory task. Human Brain Mapping, 30(12), 3958-3969. https://doi.
org/10.1002/hbm.20820

Holtzman, C. W., Trotman, H. D., Goulding, S. M., Ryan, A. T., MacDonald,
A. N., Shapiro, D. ., ... Walker, E. F. (2013). Stress and neurodevelop-
mental processes in the emergence of psychosis. Neuroscience, 249,
172-191. https://doi.org/10.1016/j.neuroscience.2012.12.017

Houtepen, L. C., Schir, R. R., Wijnen, J. P,, Boer, V. O., Boks, M., Kahn,
R.S., ... Vinkers, C. H. (2017). Acute stress effects on GABA and glu-
tamate levels in the prefrontal cortex: A 7T 1H magnetic resonance
spectroscopy study. Neurolmage Clinical, 14, 195-200. https://doi.
org/10.1016/j.nicl.2017.01.001

IBM (2017). IBM SPSS Statistics for Windows. Version 25.0. Armonk, NY:
IBM Corp.

Jalbrzikowski, M., Murty, V. P., Stan, P. L., Saifullan, J., Simmonds, D.,
Foran, W., & Luna, B. (2018). Differentiating between clinical and be-
havioral phenotypes in first-episode psychosis during maintenance
of visuospatial working memory. Schizophrenia Research, 197, 357-
364. https://doi.org/10.1016/j.schres.2017.11.012

Janssen, ., Krabbendam, L., Bak, M., Hanssen, M., Vollebergh, W., de
Graaf, R., & van Os, J. (2004). Childhood abuse as a risk factor for
psychotic experiences. Acta Psychiatrica Scand, 109(1), 38-45.

Javitt, D. C. (2007). Glutamate and schizophrenia: Phencyclidine,
N-methyl-d-aspartate receptors, and dopamine-glutamate interac-
tions. International Review of Neurobiology, 78, 69-108. https://doi.
org/10.1016/50074-7742(06)78003-5

Jelen, L. A., King, S., Horne, C. M., Lythgoe, D. J., Young, A. H., & Stone, J.
M. (2019). Functional magnetic resonance spectroscopy in patients
with schizophrenia and bipolar affective disorder: Glutamate dynam-
ics in the anterior cingulate cortex during a working memory task.
European Neuropsychopharmacology, 29(2), 222-234. https://doi.
org/10.1016/j.euroneuro.2018.12.005

Kaminski, J., Gleich, T., Fukuda, Y., Katthagen, T., Gallinat, J., Heinz, A,,
& Schlagenhauf, F. (2020). Association of cortical glutamate and
working memory activation in patients with schizophrenia: A multi-
modal proton magnetic resonance spectroscopy and functional mag-
netic resonance imaging study. Biological Psychiatry, 87(3), 225-233.
https://doi.org/10.1016/j.biopsych.2019.07.011

Kay, S. R., Fiszbein, A., & Opler, L. A. (1987). The positive and negative
syndrome scale (PANSS) for schizophrenia. Schizophrenia Bulletin,
13(2), 261-276. https://doi.org/10.1093/schbul/13.2.261

Kim, H.S., Shin, N. Y., Jang, J. H., Kim, E., Shim, G., Park, H. Y., ... Kwon, J. S.
(2011). Social cognition and neurocognition as predictors of conversion
to psychosis in individuals at ultra-high risk. Schizophrenia Research,
130(1-3), 170-175. https://doi.org/10.1016/j.schres.2011.04.023

Kraguljac, N. V., Reid, M. A, White, D. M., den Hollander, J., & Lahti, A.
C. (2012). Regional decoupling of N-acetyl-aspartate and glutamate
in schizophrenia. Neuropsychopharmacology, 37(12), 2635-2642.
https://doi.org/10.1038/npp.2012.126

Krystal, J. H., Karper, L. P, Seibyl, J. P, Freeman, G. K., Delaney, R,
Bremner, J. D, ... Charney, D. S. Subanesthetic effects of the noncom-
petitive NMDA antagonist, ketamine, in humans. Psychotomimetic,
perceptual, cognitive, and neuroendocrine responses. Archives of
General Psychiatry, 1994, 51(3), 199-214.

Lataster, J., Myin-Germeys, |., Lieb, R., Wittchen, H.-U., & van Os,
J. (2012). Adversity and psychosis: A 10-year prospective study
investigating synergism between early and recent adversity in
psychosis. Acta Psychiatrica Scand, 125(5), 388-399. https://doi.
org/10.1111/j.1600-0447.2011.01805.x


https://doi.org/10.1111/bph.13919
https://doi.org/10.1111/bph.13919
https://doi.org/10.3389/fpsyt.2014.00030
https://doi.org/10.3389/fpsyt.2014.00030
https://doi.org/10.1007/BF00122563
https://doi.org/10.1002/hbm.22941
https://doi.org/10.1002/jts.20532
https://doi.org/10.1017/S0033291708004558
https://doi.org/10.1111/j.1399-5618.2007.00454.x
https://doi.org/10.1111/j.1399-5618.2007.00454.x
https://doi.org/10.3389/fnbeh.2014.00416
https://doi.org/10.3389/fnbeh.2014.00416
https://doi.org/10.1001/archgenpsychiatry.2010.77
https://doi.org/10.1001/archgenpsychiatry.2010.77
https://doi.org/10.1017/S0033291713000147
https://doi.org/10.1017/S0033291713000147
https://doi.org/10.1111/j.1399-5618.2012.01033.x
https://doi.org/10.1111/j.1399-5618.2012.01033.x
https://doi.org/10.1002/hbm.20138
https://doi.org/10.1002/hbm.20138
https://doi.org/10.1016/j.schres.2004.09.008
https://doi.org/10.1016/j.schres.2004.09.008
https://doi.org/10.1080/09658211.2018.1561897
https://doi.org/10.1080/09658211.2018.1561897
https://doi.org/10.1002/hbm.20820
https://doi.org/10.1002/hbm.20820
https://doi.org/10.1016/j.neuroscience.2012.12.017
https://doi.org/10.1016/j.nicl.2017.01.001
https://doi.org/10.1016/j.nicl.2017.01.001
https://doi.org/10.1016/j.schres.2017.11.012
https://doi.org/10.1016/S0074-7742(06)78003-5
https://doi.org/10.1016/S0074-7742(06)78003-5
https://doi.org/10.1016/j.euroneuro.2018.12.005
https://doi.org/10.1016/j.euroneuro.2018.12.005
https://doi.org/10.1016/j.biopsych.2019.07.011
https://doi.org/10.1093/schbul/13.2.261
https://doi.org/10.1016/j.schres.2011.04.023
https://doi.org/10.1038/npp.2012.126
https://doi.org/10.1111/j.1600-0447.2011.01805.x
https://doi.org/10.1111/j.1600-0447.2011.01805.x

CORCORAN ET AL.

12 0f 13 WI LEy_Brain and Behavior

Open Access,

MacDonald, A. W., & Schulz, S. C. (2009). What we know: Findings that
every theory of schizophrenia should explain. Schizophrenia Bulletin,
35(3), 493-508. https://doi.org/10.1093/schbul/sbp017

Macmillan, N. A., Creelman, C. D., & Creelman, C. D. (2004). Detection
theory: A user's guide. Mahwah, NJ: Lawrence Erlbaum Associates.

Malarbi, S., Abu-Rayya, H. M., Muscara, F., & Stargatt, R. (2017).
Neuropsychological functioning of childhood trauma and
post-traumatic stress disorder: A meta-analysis. Neuroscience and
Biobehavioral Reviews, 72, 68-86. https://doi.org/10.1016/j.neubi
orev.2016.11.004

Marsman, A., Van Den Heuvel, M. P., Klomp, D. W. J., Kahn, R. S,
Luijten, P. R., & Hulshoff Pol, H. E. (2013). Glutamate in schizo-
phrenia: A focused review and meta-analysis ofIH-MRS studies.
Schizophrenia Bulletin, 39(1), 120-129. https://doi.org/10.1093/
schbul/sbr069

Martinez-Aran,A., & Vieta,E.(2015). Cognitionasatargetinschizophrenia,
bipolar disorder and depression. European Neuropsychopharmacology,
25(2), 151-157. https://doi.org/10.1016/j.euroneuro.2015.01.007

Mayo, D., Corey, S., Kelly, L. H., Yohannes, S., Youngquist, A. L., Stuart, B.
K., ... Loewy, R. L. (2017). The role of trauma and stressful life events
among individuals at clinical high risk for psychosis: A review. Frontiers
in Psychiatry, 8, 55. https://doi.org/10.3389/fpsyt.2017.00055

McGrath, J., Saha, S., Welham, J., El Saadi, O., MacCauley, C., & Chant,
D. (2004). A systematic review of the incidence of schizophrenia:
The distribution of rates and the influence of sex, urbanicity, mi-
grant status and methodology. BMC Medicine, 2(1), 13. https://doi.
org/10.1186/1741-7015-2-13

Merritt, K., Egerton, A., Kempton, M. J,, Taylor, M. J., & McGuire, P. K.
(2016). Nature of glutamate alterations in schizophrenia a meta-anal-
ysis of proton magnetic resonance spectroscopy studies. JAMA
Psychiatry, 73(7), 665-674. https://doi.org/10.1001/jamapsychi
atry.2016.0442

Michael, N., Erfurth, A., Ohrmann, P., Géssling, M., Arolt, V., Heindel, W.,
& Pfleiderer, B. (2003). Acute mania is accompanied by elevated glu-
tamate/glutamine levels within the left dorsolateral prefrontal cor-
tex. Psychopharmacology, 168(3), 344-346. https://doi.org/10.1007/
s00213-003-1440-z

Michael, N., Erfurth, A., & Pfleiderer, B. (2009). Elevated metabolites
within dorsolateral prefrontal cortex in rapid cycling bipolar disor-
der. Psychiatry Research: Neuroimaging, 172(1), 78-81. https://doi.
org/10.1016/j.pscychresns.2009.01.002

Murray, R. M., Englund, A., Abi-Dargham, A., Lewis, D. A., Di Forti, M.,
Davies, C., ... D'Souza, D. C. (2017). Cannabis-associated psychosis:
Neural substrate and clinical impact. Neuropharmacology, 124, 89-
104. https://doi.org/10.1016/j.neuropharm.2017.06.018

Neilson, E., Bois, C., Gibson, J., Duff, B., Watson, A., Roberts, N., ... Lawrie,
S. M. (2017). Effects of environmental risks and polygenic loading
for schizophrenia on cortical thickness. Schizophrenia Research, 184,
128-136. https://doi.org/10.1016/j.schres.2016.12.011

Newbury, J., Arseneault, L., Caspi, A., Moffitt, T. E., Odgers, C. L., &
Fisher, H. L. (2018). Cumulative effects of neighborhood social ad-
versity and personal crime victimization on adolescent psychotic
experiences. Schizophrenia Bulletin, 44(2), 348-358. https://doi.
org/10.1093/schbul/sbx060

Olbrich, H. M., Valerius, G., Risch, N., Biichert, M., Thiel, T., Hennig, J., ...
Tebartz Van Elst, L. (2008). Frontolimbic glutamate alterations in first
episode schizophrenia: Evidence from a magnetic resonance spec-
troscopy study. The World Journal of Biological Psychiatry, 9(1), 59-63.
https://doi.org/10.1080/15622970701227811

Onaolapo, A. Y., Ayeni, O. J., Ogundeji, M. O., Ajao, A., Onaolapo, O. J.,
& Owolabi, A. R. (2019). Subchronic ketamine alters behaviour, met-
abolic indices and brain morphology in adolescent rats: Involvement
of oxidative stress, glutamate toxicity and caspase-3-mediated
apoptosis. Journal of Chemical Neuroanatomy, 96, 22-33. https://doi.
org/10.1016/j.jchemneu.2018.12.002

Ongijr, D., Jensen, J. E., Prescot, A. P, Stork, C., Lundy, M., Cohen,
B. M., & Renshaw, P. F. (2008). Abnormal glutamatergic neu-
rotransmission and neuronal-glial interactions in acute mania.
Biological Psychiatry, 64(8), 718-726. https://doi.org/10.1016/j.
biopsych.2008.05.014

Owen, A. M., McMiillan, K. M,, Laird, A. R., & Bullmore, E. (2005). N-back
working memory paradigm: A meta-analysis of normative functional
neuroimaging studies. Human Brain Mapping, 25(1), 46-59. https://
doi.org/10.1002/hbm.20131

Philip, N. S., Sweet, L. H., Tyrka, A. R., Carpenter, S. L., Albright, S. E.,
Price, L. H., & Carpenter, L. L. (2016). Exposure to childhood traumais
associated with altered n-back activation and performance in healthy
adults: Implications for a commonly used working memory task.
Brain Imaging and Behavior, 10(1), 124-135. https://doi.org/10.1007/
s11682-015-9373-9

Philip, N. S., Sweet, L. H., Tyrka, A. R., Price, L. H., Carpenter, L. L., Kuras,
Y. 1., ... Niaura, R. S. (2013). Early life stress is associated with greater
default network deactivation during working memory in healthy con-
trols: A preliminary report. Brain Imaging and Behavior, 7(2), 204-212.
https://doi.org/10.1007/s11682-012-9216-x

Poels, E. M. P,, Kegeles, L. S., Kantrowitz, J. T., Javitt, D. C., Lieberman, J.
A., Abi-Dargham, A., & Girgis, R. R. (2014). Glutamatergic abnormali-
ties in schizophrenia: A review of proton MRS findings. Schizophrenia
Research, 152(2-3), 325-332. https://doi.org/10.1016/J.
SCHRES.2013.12.013

Read, J., Fosse, R., Moskowitz, A., & Perry, B. (2014). The traumagenic
neurodevelopmental model of psychosis revisited. Neuropsychiatry,
4(1), 65-79. https://doi.org/10.2217/npy.13.89

Reid, M. A, Stoeckel, L. E., White, D. M., Avsar, K. B., Bolding, M. S.,
Akella, N. S., ... Lahti, A. C. (2010). Assessments of function and
biochemistry of the anterior cingulate cortex in schizophrenia.
Biological Psychiatry, 68(7), 625-633. https://doi.org/10.1016/j.biops
ych.2010.04.013

Roberts, B. M., Libby, L. A., Inhoff, M. C., & Ranganath, C. (2018). Brain
activity related to working memory for temporal order and object
information. Behavioral Brain Research, 354, 55-63. https://doi.
org/10.1016/j.bbr.2017.05.068

Rowland, L. M., Kontson, K., West, J., Edden, R. A, Zhu, H. E., Wijtenburg,
S. A., ... Barker, P. B. (2013). In vivo measurements of glutamate,
GABA, and NAAG in schizophrenia. Schizophrenia Bulletin, 39(5),
1096-1104. https://doi.org/10.1093/schbul/sbs092

RStudio Team. (2018). RStudio: Integrated development environment for R
(Version 0.99.486). Retrieved from http://www.rstudio.com/

Risch, N., Tebartz van Elst, L., Valerius, G., Blichert, M., Thiel, T.,
Ebert, D., ... Olbrich, H.-M. (2008). Neurochemical and structural
correlates of executive dysfunction in schizophrenia. Schizophrenia
Research, 99(1-3), 155-163. https://doi.org/10.1016/j.
schres.2007.05.024

Schiavone, S., Morgese, M. G., Bove, M., Colia, A. L., Maffione, A.
B., Tucci, P., ... Cuomo, V. (2020). Ketamine administration in-
duces early and persistent neurochemical imbalance and altered
NADPH oxidase in mice. Progress in Neuro-Psychopharmacology
and Biological Psychiatry, 96, 109750. https://doi.org/10.1016/j.
pnpbp.2019.109750

Seidman, L. J. (2010). Neuropsychology of the prodrome to psychosis in
the NAPLS consortium: Relationship to family history and conver-
sion to psychosis. Archives of General Psychiatry, 67(6), 578. https://
doi.org/10.1001/archgenpsychiatry.2010.66

Shannon, C., Douse, K., McCusker, C., Feeney, L., Barrett, S., &
Mulholland, C. (2011). The association between childhood trauma
and memory functioning in schizophrenia. Schizophrenia Bulletin,
37(3), 531-537. https://doi.org/10.1093/schbul/sbp096

Shao, Y., Yan, G., Xuan, Y., Peng, H., Huang, Q.-J., Wu, R., & Xu, H.
(2015). Chronic social isolation decreases glutamate and gluta-
mine levels and induces oxidative stress in the rat hippocampus.


https://doi.org/10.1093/schbul/sbp017
https://doi.org/10.1016/j.neubiorev.2016.11.004
https://doi.org/10.1016/j.neubiorev.2016.11.004
https://doi.org/10.1093/schbul/sbr069
https://doi.org/10.1093/schbul/sbr069
https://doi.org/10.1016/j.euroneuro.2015.01.007
https://doi.org/10.3389/fpsyt.2017.00055
https://doi.org/10.1186/1741-7015-2-13
https://doi.org/10.1186/1741-7015-2-13
https://doi.org/10.1001/jamapsychiatry.2016.0442
https://doi.org/10.1001/jamapsychiatry.2016.0442
https://doi.org/10.1007/s00213-003-1440-z
https://doi.org/10.1007/s00213-003-1440-z
https://doi.org/10.1016/j.pscychresns.2009.01.002
https://doi.org/10.1016/j.pscychresns.2009.01.002
https://doi.org/10.1016/j.neuropharm.2017.06.018
https://doi.org/10.1016/j.schres.2016.12.011
https://doi.org/10.1093/schbul/sbx060
https://doi.org/10.1093/schbul/sbx060
https://doi.org/10.1080/15622970701227811
https://doi.org/10.1016/j.jchemneu.2018.12.002
https://doi.org/10.1016/j.jchemneu.2018.12.002
https://doi.org/10.1016/j.biopsych.2008.05.014
https://doi.org/10.1016/j.biopsych.2008.05.014
https://doi.org/10.1002/hbm.20131
https://doi.org/10.1002/hbm.20131
https://doi.org/10.1007/s11682-015-9373-9
https://doi.org/10.1007/s11682-015-9373-9
https://doi.org/10.1007/s11682-012-9216-x
https://doi.org/10.1016/J.SCHRES.2013.12.013
https://doi.org/10.1016/J.SCHRES.2013.12.013
https://doi.org/10.2217/npy.13.89
https://doi.org/10.1016/j.biopsych.2010.04.013
https://doi.org/10.1016/j.biopsych.2010.04.013
https://doi.org/10.1016/j.bbr.2017.05.068
https://doi.org/10.1016/j.bbr.2017.05.068
https://doi.org/10.1093/schbul/sbs092
http://www.rstudio.com/
https://doi.org/10.1016/j.schres.2007.05.024
https://doi.org/10.1016/j.schres.2007.05.024
https://doi.org/10.1016/j.pnpbp.2019.109750
https://doi.org/10.1016/j.pnpbp.2019.109750
https://doi.org/10.1001/archgenpsychiatry.2010.66
https://doi.org/10.1001/archgenpsychiatry.2010.66
https://doi.org/10.1093/schbul/sbp096

CORCORAN ET AL.

Behavioral Brain Research, 282, 201-208. https://doi.org/10.1016/j.
bbr.2015.01.005

Shirayama, Y., Obata, T., Matsuzawa, D., Nonaka, H., Kanazawa, V.,
Yoshitome, E., ... lyo, M. (2010). Specific metabolites in the medial
prefrontal cortex are associated with the neurocognitive deficits in
schizophrenia: A preliminary study. Neurolmage, 49(3), 2783-2790.
https://doi.org/10.1016/j.neuroimage.2009.10.031

Soeiro-de-Souza, M. G., Pastorello, B. F., Leite Cda, C., Henning, A.,
Moreno, R. A., & Garcia Otaduy, M. C. (2016). Dorsal anterior cingu-
late lactate and glutathione levels in euthymic bipolar | disorder: 1H-
MRS study. International Journal of Neuropsychopharmacology, 19(8),
pyw032. https://doi.org/10.1093/ijnp/pyw032

Taylor, M. J. (2014). Could glutamate spectroscopy differentiate bipolar
depression from unipolar? Journal of Affective Disorders, 167, 80-84.
https://doi.org/10.1016/j.jad.2014.05.019

Tayoshi, S., Sumitani, S., Taniguchi, K., Shibuya-Tayoshi, S., Numata, S.,
Iga, J.-1., ... Ohmori, T. (2009). Metabolite changes and gender dif-
ferences in schizophrenia using 3-Tesla proton magnetic resonance
spectroscopy (1H-MRS). Schizophrenia Research, 108(1-3), 69-77.
https://doi.org/10.1016/j.schres.2008.11.014

Teicher, M. H., & Samson, J. A. (2016). Annual research review: Enduring
neurobiological effects of childhood abuse and neglect. Journal
of Child Psychology and Psychiatry, 57(3), 241-266. https://doi.
org/10.1111/jcpp.12507.Annual

Teicher, M. H., Samson, J. A., Anderson, C. M., & Ohashi, K. (2016). The
effects of childhood maltreatment on brain structure, function and
connectivity. Nature Reviews Neuroscience, 17(10), 652-666. https://
doi.org/10.1038/nrn.2016.111

The ACE Score (2003). The ACE study website. Retrieved from http://
www.acestudy.org/ace_score

Théberge, J., Al-Semaan, Y., Jensen, J. E., Williamson, P. C., Neufeld, R. W.
J., Menon, R. S., ... Drost, D. J. (2004). Comparative study of proton
and phosphorus magnetic resonance spectroscopy in schizophrenia
at 4 Tesla. Psychiatry Research: Neuroimaging, 132(1), 33-39. https://
doi.org/10.1016/j.pscychresns.2004.08.001

Théberge, J., Al-Semaan, Y., Williamson, P. C., Menon, R. S., Neufeld,
R. W. J,, Rajakumar, N, ... Drost, D. J. (2003). Glutamate and gluta-
mine in the anterior cingulate and thalamus of medicated patients
with chronic schizophrenia and healthy comparison subjects mea-
sured with 4.0-T proton MRS. American Journal of Psychiatry, 160(12),
2231-2233. https://doi.org/10.1176/appi.ajp.160.12.2231

Thompson, J. L., Kelly, M., Kimhy, D., Harkavy-Friedman, J. M., Khan,
S., Messinger, J. W., ... Corcoran, C. (2009). Childhood trauma and
prodromal symptoms among individuals at clinical high risk for
psychosis. Schizophrenia Research, 108(1-3), 176-181. https://doi.
org/10.1016/j.schres.2008.12.005

Thomson, P. A., Duff, B., Blackwood, D. H. R., Romaniuk, L., Watson, A.,
Whalley, H.C., ... Lawrie, S. M. (2016). Balanced translocation linked to
psychiatric disorder, glutamate, and cortical structure/function. NPJ
Schizophrenia, 2, 16024. https://doi.org/10.1038/npjschz.2016.24

Ucok, A., Kaya, H., Ugurpala, C., Cikrikcih, U., Ergiil, C., Yokusoglu, C.,
... Direk, N. (2015). History of childhood physical trauma is related
to cognitive decline in individuals with ultra-high risk for psychosis.
Schizophrenia Research, 169(1-3), 199-203. https://doi.org/10.1016/j.
schres.2015.08.038

Upthegrove, R., Chard, C., Jones, L., Gordon-Smith, K., Forty, L., Jones,
l., & Craddock, N. (2015). Adverse childhood events and psychosis in
bipolar affective disorder. British Journal of Psychiatry, 206(3), 191-
197. https://doi.org/10.1192/bjp.bp.114.152611

van Os, J., Kenis, G., & Rutten, B. P. F.(2010). The environment and schizo-
phrenia. Nature, 468(7321), 203-212. https://doi.org/10.1038/natur
e09563

B H dB h . 0 13 0f 13
rain an enavior Wl LEYJ—

Open Access,

Varese, F., Smeets, F., Drukker, M., Lieverse, R., Lataster, T., Viechtbauer,
W., ... Bentall, R. P. (2012). Childhood adversities increase the risk
of psychosis: A meta-analysis of patient-control, prospective-and
cross-sectional cohort studies. Schizophrenia Bulletin, 38(4), 661-671.
https://doi.org/10.1093/schbul/sbs050

Vargas, T., Lam, P. H., Azis, M., Osborne, K. J., Lieberman, A., & Mittal,
V. A. (2019). Childhood trauma and neurocognition in adults with
psychotic disorders: A systematic review and meta-analysis.
Schizophrenia Bulletin, 45(6), 1195-1208. https://doi.org/10.1093/
schbul/sby150

Vesterager, L., Christensen, T. T., Olsen, B. B., Krarup, G., Melau, M.,
Forchhammer, H. B., & Nordentoft, M. (2012). Cognitive and clin-
ical predictors of functional capacity in patients with first episode
schizophrenia. Schizophrenia Research, 141(2-3), 251-256. https://
doi.org/10.1016/j.schres.2012.08.023

Vohringer, P. A, Barroilhet, S. A., Amerio, A., Reale, M. L., Alvear, K.,
Vergne, D., & Ghaemi, S. N. (2013). Cognitive impairment in bipo-
lar disorder and schizophrenia: A systematic review. Frontiers in
Psychiatry, 4, 87. https://doi.org/10.3389/fpsyt.2013.00087

Walder, D. J., Faraone, S. V., Glatt, S. J.,, Tsuang, M. T., & Seidman, L. J.
(2014). Genetic liability, prenatal health, stress and family environ-
ment: Risk factors in the Harvard Adolescent Family High Risk for
Schizophrenia Study. Schizophrenia Research, 157(1-3), 142-148.
https://doi.org/10.1016/j.schres.2014.04.015

Yoo, S. Y., Yeon, S., Choi, C. H,, Kang, D.-H., Lee, J.-M., Shin, N. Y., ...
Kwon, J. S. (2009). Proton magnetic resonance spectroscopy in
subjects with high genetic risk of schizophrenia: Investigation of
anterior cingulate, dorsolateral prefrontal cortex and thalamus.
Schizophrenia Research, 111(1-3), 86-93. https://doi.org/10.1016/j.
schres.2009.03.036

Yuen, E. Y., Liu, W., Karatsoreos, I. N., Ren, Y., Feng, J., McEwen, B. S.,
& Yan, Z. (2011). Mechanisms for acute stress-induced enhance-
ment of glutamatergic transmission and working memory. Molecular
Psychiatry, 16(2), 156-170. https://doi.org/10.1038/mp.2010.50

Zhang, L., Hernandez, V. S., Vazquez-Juarez, E., Chay, F. K., & Barrio, R.
A. (2016). Thirst is associated with suppression of habenula output
and active stress coping: Is there a role for a non-canonical vaso-
pressin-glutamate pathway? Frontiers in Neural Circuits, 10. https://
doi.org/10.3389/fncir.2016.00013

Zwanzger, P., Zavorotnyy, M., Gencheva, E., Diemer, J., Kugel, H.,
Heindel, W., ... Pfleiderer, B. (2013). Acute shift in glutamate
concentrations following experimentally induced panic with
cholecystokinin tetrapeptide-A 3T-MRS study in healthy sub-
jects. Neuropsychopharmacology, 38(9), 1648-1654. https://doi.
org/10.1038/npp.2013.61

SUPPORTING INFORMATION
Additional supporting information may be found online in the

Supporting Information section.

How to cite this article: Corcoran M, Hawkins EL, O'Hora D,
et al. Are working memory and glutamate concentrations
involved in early-life stress and severity of psychosis? Brain
Behav. 2020;10:€01616. https://doi.org/10.1002/brb3.1616



https://doi.org/10.1016/j.bbr.2015.01.005
https://doi.org/10.1016/j.bbr.2015.01.005
https://doi.org/10.1016/j.neuroimage.2009.10.031
https://doi.org/10.1093/ijnp/pyw032
https://doi.org/10.1016/j.jad.2014.05.019
https://doi.org/10.1016/j.schres.2008.11.014
https://doi.org/10.1111/jcpp.12507.Annual
https://doi.org/10.1111/jcpp.12507.Annual
https://doi.org/10.1038/nrn.2016.111
https://doi.org/10.1038/nrn.2016.111
http://www.acestudy.org/ace_score
http://www.acestudy.org/ace_score
https://doi.org/10.1016/j.pscychresns.2004.08.001
https://doi.org/10.1016/j.pscychresns.2004.08.001
https://doi.org/10.1176/appi.ajp.160.12.2231
https://doi.org/10.1016/j.schres.2008.12.005
https://doi.org/10.1016/j.schres.2008.12.005
https://doi.org/10.1038/npjschz.2016.24
https://doi.org/10.1016/j.schres.2015.08.038
https://doi.org/10.1016/j.schres.2015.08.038
https://doi.org/10.1192/bjp.bp.114.152611
https://doi.org/10.1038/nature09563
https://doi.org/10.1038/nature09563
https://doi.org/10.1093/schbul/sbs050
https://doi.org/10.1093/schbul/sby150
https://doi.org/10.1093/schbul/sby150
https://doi.org/10.1016/j.schres.2012.08.023
https://doi.org/10.1016/j.schres.2012.08.023
https://doi.org/10.3389/fpsyt.2013.00087
https://doi.org/10.1016/j.schres.2014.04.015
https://doi.org/10.1016/j.schres.2009.03.036
https://doi.org/10.1016/j.schres.2009.03.036
https://doi.org/10.1038/mp.2010.50
https://doi.org/10.3389/fncir.2016.00013
https://doi.org/10.3389/fncir.2016.00013
https://doi.org/10.1038/npp.2013.61
https://doi.org/10.1038/npp.2013.61
https://doi.org/10.1002/brb3.1616

