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Abstract

Background: Obstetric complications (OCs) are key contributors to psychosis

risk. However, it is unclear whether they increase psychosis vulnerability inde-

pendently of genetic risk, in interaction with it, or are a manifestation of psy-

chosis proneness. We examined the role of distinct types of OCs in terms of

psychosis risk and tested whether they interact differently with genetic vulner-

ability, whilst accounting for other known environmental risk factors.

Study Design: 405 participants (219 first episode psychosis patients and

186 healthy volunteers) underwent a comprehensive assessment of OCs, mea-

sured using the Lewis-Murray scale and divided into complications of preg-

nancy, abnormalities of foetal growth and development, and complications of

delivery. Participants were compared in terms of history of OCs, polygenic risk

score for schizophrenia (PRS-SZ) and interactions between these.

Results: Both complications of pregnancy and abnormalities of foetal growth

were significantly associated with case–control status (p = 0.02 and 0.03,

respectively), whereas complications of delivery were not. PRS-SZ showed a

significant association with psychosis (p = 0.04), but there were no significant

interactions between genetic risk for schizophrenia and OCs, either when

these were considered globally or separated based on their timeframe.

Conclusions: We observed no significant interaction between genetic and

obstetric vulnerability, yet distinct types of OCs may have a different impact

* These two authors contributed equally to this work.

For affiliations refer to page 88

Received: 9 December 2022 Revised: 9 February 2023 Accepted: 27 February 2023

DOI: 10.1111/acps.13546

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided

the original work is properly cited.

© 2023 The Authors. Acta Psychiatrica Scandinavica published by John Wiley & Sons Ltd.

Acta Psychiatr Scand. 2023;148:81–90. wileyonlinelibrary.com/journal/acps 81

https://orcid.org/0000-0003-3052-7383
https://orcid.org/0000-0002-9398-2183
https://orcid.org/0000-0002-4855-1608
https://orcid.org/0000-0002-6080-2203
https://orcid.org/0000-0003-1960-6443
https://orcid.org/0000-0003-3336-6298
https://orcid.org/0000-0002-0548-0053
mailto:isabel.valli@kcl.ac.uk
mailto:cgarcia3@clinic.cat
http://creativecommons.org/licenses/by/4.0/
http://wileyonlinelibrary.com/journal/acps
http://crossmark.crossref.org/dialog/?doi=10.1111%2Facps.13546&domain=pdf&date_stamp=2023-05-04


on psychosis risk, based on their nature and timeframe. Examining their differ-

ential role might clarify their relative contributions to this risk.
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1 | INTRODUCTION

Environmental hazards are key contributors to psychosis
risk, with a timing that extends over the prenatal and
perinatal period, childhood, teenage years and early
adulthood.1 Their importance has been systematised in
the Developmental Risk Factor Model of psychosis,
which expands the neurodevelopmental perspective
beyond the perinatal period to incorporate the impact of
adverse childhood and teenage environmental exposures
on brain development.2 Notwithstanding, the prenatal
and perinatal period are considered windows of particu-
larly heightened vulnerability to environmental insults
due to the brain maturational events ongoing at this
stage.3 Obstetric complications (OCs) have thus been
identified among the most robust environmental risk fac-
tors1,4,5 and adverse events during pregnancy, labour,
delivery and the early neonatal period have been associ-
ated with the onset of psychosis in later life.6 A recent
meta-analysis sought to summarise the evidence added in
the last 20 years since the literature on the role of OCs in
psychosis risk was last meta-analysed.7 The authors
examined the magnitude of the association for different
types of insults and identified several complications of
pregnancy as significant risk factors for the development
of psychosis. They also identified several significant asso-
ciations for abnormalities in foetal growth and develop-
ment. Yet, when examining labour and delivery
complications, none was identified as a significant risk
factor, with the exception of asphyxia, for which the
authors, however, reported potential publication bias.

Despite the significant association between OCs and
psychosis risk,6,7 several population-based studies did not
identify excess exposure to OCs in individuals subse-
quently developing schizophrenia (SZ) compared to
healthy controls.8–10 This discrepancy was considered to
result from the combination of several potential contrib-
uting factors, including different sample sizes, severity
thresholds and rating methods, but to ultimately reflect
the role of heterogeneous genetic risk for SZ.11 Consistent
with this perspective, several population-based studies
specifically assessing the incidence of OCs and the char-
acteristics of infants born to mothers with SZ, reported a
significant excess of adverse reproductive events.12,13

Despite the evidence associating OCs and increased
psychosis risk, little is known about the underlying

mechanisms. It is still unclear whether OCs can increase
psychosis vulnerability independently of genetic risk, in
interaction with it, or whether obstetric hazards are a
manifestation of psychosis proneness.14 Ursini et al.15

specifically examined the potential interaction between
genetic risk for SZ and history of OCs in determining
case–control status. The authors observed that the poly-
genic risk score for SZ (PRS-SZ) was significantly higher
in patients with a history of OCs compared to those with-
out, a relationship not observed in healthy control
(HC) participants. The effect of genetic liability was thus
significantly higher in the presence of OCs than in their
absence. The intra-uterine milieu was hence proposed as
a point of intersection between genetic and environmen-
tal adversity. The placenta, in particular, was indicated as
a key mediator in the interaction between genetic risk
and early environment on brain development.15 How-
ever, Vassos et al. reported no significant effect of PRS-SZ
on the presence of OCs in cases, and no association with
case control-status when stratifying participants based
on OCs history.16 Discrepancies were considered to
reflect methodological differences,17,18 particularly in

Significant outcomes

• Complications of pregnancy and abnormalities
of fetal growth were associated with psychosis,
whereas complications of delivery were not.

• There were no significant interactions between
genetic and obstetric vulnerability, both for
OCs considered globally or separated based on
their timeframe.

Limitations

• The Lewis-Murray scale that we employed is
less detailed compared to the McNeil-Sjöström
scale, and each of its subscales includes a fairly
heterogeneous set of insults.

• We examined individuals with a first episode
of psychosis rather than established schizo-
phrenia, thus clinically more heterogeneous.

• The size of our sample did not allow for a sepa-
rate examination of specific noxae.

82 VALLI ET AL.

 16000447, 2023, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/acps.13546 by U

niversidad D
e Z

aragoza, W
iley O

nline L
ibrary on [22/06/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



the assessment instrument used, with the McNeil-Sjös-
tröm scale19 used by Ursini et al. considered more
detailed than the Lewis-Murray scale20 employed by
Vassos et al. In addition, Vassos et al. employed birth
weight below 2.5 kg as a proxy for the presence of OCs
in the absence of more detailed information. A potential
contributor to these inconsistencies might be the hetero-
geneous nature of OCs and the specific mechanisms
conferring psychosis risk. Ursini et al.15 observed that
genes showing the strongest association with SZ and
interacting with OCs history were overexpressed in pla-
centae of individuals with paradigmatic ischaemic dis-
eases, such as preeclampsia and intra uterine growth
restriction (IUGR). Hence, based on their nature and
timeframe, different types of OCs might play a different
role in the pathophysiology of psychosis and not invari-
ably share genomic-based mechanisms.

In this study we sought to disentangle some of the
potential contributors to the aforementioned discrepan-
cies. Our aim was to specifically assess the role of differ-
ent types of OCs in determining case–control status, and
then examine their relationship with PRS-SZ. We
grouped OCs based on the timing of their occurrence,
dividing them into complications of pregnancy, abnor-
malities of foetal growth and development, and complica-
tions of delivery. We also sought to take into account the
potential confounding effect of other known environ-
mental risk factors. For this purpose we employed vari-
ables identified in the Maudsley Environmental Risk
score,21 which aggregates several measures of environ-
mental risk for psychosis.

Consistent with the central role proposed for the
placenta,15 we hypothesised that both abnormalities of
pregnancy and abnormalities of foetal growth and
development would be associated with psychosis risk.
Whereas, considering the lack of evidence for a signifi-
cant association with psychosis for complications of
labour and delivery as a group,7 and due to their more
heterogeneous nature, we hypothesised that we would
observe no significant association between complica-
tions of delivery and psychosis risk. We also hypothe-
sised that the former two types of abnormalities, more
directly reflective of placental pathology, would be
associated with PRS-SZ, while complications of deliv-
ery would not.

2 | METHODS

2.1 | Participants

A total of 335 patients with a first episode of psychosis
(FEP) and 253 HC participants were recruited between
2009 and 2011 as part of the PEPs Project,22 a

longitudinal multicentre study conducted across
16 Spanish hospitals, members of a national network for
research in mental health (CIBERSAM).23 Patients were
included if aged 7–35 years and if they had experienced
psychotic symptoms for less than 12 months. HC partici-
pants were matched with patients based on age (±10%)
and socioeconomic status of their parents (±1 level).
Exclusion criteria for the whole sample were intelligent
quotient (IQ) lower than 70, history of head trauma
with loss of consciousness, and presence of an organic
illness with mental repercussions. HC participants had
past or present psychotic disorder or major depressive
disorder diagnoses as additional exclusion criteria. For
the present study participants were included based on
OCs data records, Caucasian ethnic background and
availability of blood or saliva for the extraction of
genetic information, provided that genetic data met
quality control procedures described in the relevant
analysis section. Based on these further inclusion cri-
teria the subsample examined in the current study con-
sisted of 405 participants, 219 FEP patients (diagnostic
information in the supplementary material) and 186 HC
subjects. All participants had to be fluent in Spanish
and give written informed consent, which was obtained
by parents or legal guardians for participants aged below
18 years. The study was approved by the ethics commit-
tees of all participating centres and conducted in accor-
dance with the ethical principles of the Declaration of
Helsinki of 1975, as revised in 2013.24

2.2 | Clinical assessment

All participants underwent a comprehensive clinical
assessment as described in detail before.25 Diagnoses
were established using the Structured Clinical Interview
for DSM-IV Axis I Disorders (SCID-I).26

2.3 | Environmental risk measures

For this study, we considered the six environmental risk
factors used to generate the Maudsley environmental risk
score,21 which includes obstetric complications, ethnic
minority status, urbanicity, high paternal age, cannabis
use, and childhood adversity. Information for each risk
factor was obtained using data collected during the clini-
cal assessment as described before.27 For simplicity, and
due to low number of cases and controls in some of the
categories proposed by Vassos et al.,21 we adapted the
original categories of risk to dichotomous variables as
described below. We also excluded ethnicity from the fac-
tors under consideration due to PRS-SZ being valid only
for participants of Caucasian origin.

VALLI ET AL. 83
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2.3.1 | Obstetric complications

The Maudsley environmental risk score employed
birth weight below 2.5 kg as a proxy measure of OCs.
We employed the Lewis-Murray scale,20 which groups
OCs into different categories: complications of preg-
nancy (Lewis A), abnormal foetal growth and develop-
ment (Lewis B), and difficulties in delivery (Lewis C).
We also considered a measure combining antepartum
complications (Lewis AB) and a measure comprehen-
sive of all complications regardless of their timeframe
(Lewis T), all categorised as dichotomous variables
(yes/no).

Studies employing a different scale, the McNeil-Sjös-
tröm scale,19 include measures of severity. In the Lewis-
Murray scale, severity is not assessed and scoring is
rather given on the quality of the recall, classified as
either dubious or certain.20 We defined a positive OCs
history based on the presence of at least one certain
complication.

2.3.2 | Urbanicity

For this item the place of birth was categorised into
‘rural’ (including rural areas and towns up to 10,000
habitants) and ‘urban’ (for towns and cities with more
than 10,000 habitants).21,27

2.3.3 | Paternal age

Paternal age was divided in 2 categories: less than
40 years, and equal or more than 40 years.21,27

2.3.4 | Cannabis use

Cannabis use was assessed using the European Adapta-
tion of a Multidimensional Assessment Instrument for
Drug and Alcohol Dependence (EuropAsi)28 and cate-
gorised into ‘no exposure’ and ‘any exposure’.

2.3.5 | Childhood adversity

Traumatic experiences were assessed using the Traumatic
Experiences in Psychiatric Outpatients Questionnaire
(TQ),29 an 18-item self-report questionnaire. Data were
coded as ‘no exposure’ (no traumatic experiences during
childhood) and ‘any exposure’ (1 or more traumatic
experiences during childhood).

2.4 | Biological samples collection and
storage

Blood samples were collected using BD Vacutainer®

tubes, with K2 EDTA (Becton Dickinson, Franklin Lakes,
New Jersey). Genomic DNA was extracted with the
MagNA Pure LC DNA isolation Kit using an LC MagNA
Pure system (Roche Diagnostics GmbH, Mannheim,
Germany). Saliva samples were collected using the Ora-
gene DNA Sample collection Kit (OG-500, DNA Self-
Collection Kit, Genotek, Ottawa, Ontario, Canada) and
DNA was extracted according to the manufacturer's proto-
col. Both samples were stored at �80�C. DNA concentra-
tion and quality were measured spectrophotometrically
using a NanoDrop® 2000 (Thermo Fisher Scientific,
Epsom, Surrey, UK). For each participant, 2.5 μg of geno-
mic DNA were sent for genotyping at the Spanish
National Genotyping Centre (CeGen) using the Axiom
Spain Biobank Array (developed at the University of Santi-
ago de Compostela, Spain).

2.5 | Genetic data processing

Genotyping data were submitted to the Michigan Imputa-
tion Server30 employing the standard Minimac4 software
pipeline and setting a European Population reference from
build GRCh37/hg19 and Eagle v2.4 phasing. For the PRS-
SZ calculation, we employed as reference GWAS summary
results derived from 76,755 cases and 243,649 controls.31

Duplicated and unknown strand GWAS summary SNPs
were excluded. Quality control was performed with PLINK
v1.07.32 Inclusion criteria for SNPs were minor allele fre-
quency (MAF) > 0.01, Hardy–Weinberg equilibrium
p > 10�6, marker missingness <0.01 and imputation INFO
>0.8. Pruning was done using a window/step size of
200/50 kb and r2 > 0.25. Sample quality control included
individuals with heterozygosity values within three stan-
dard deviations (SD) from the mean, a missingness
rate <0.01, matching chromosomal and database-labelled
sex and self-reported European ancestry. PRS were con-
structed using the PRSice-2 v2.3.3 software.33 Clumping
for the SNPs in the reference data was set at 250 kb and
r2 > 0.1 and the effect values of the SNP's risk alleles were
added to create the individual score. For the analyses we
employed 2 normalised PRS-SZ, constructed from SNPs
with P < 5 � 10�8 (PRS-SZ 10�8) and P < 1 � 10�6 (PRS-
SZ 10�6) in the reference GWAS, which in the work of
Ursini et al. were the only ones interacting with OCs on
case–control status.15 However, both Ursini et al.15 and
Vassos et al.16 employed reference data from the study of
Ripke et al.34 to construct the PRS-SZ, while we employed
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data from the most recent GWAS study,31 as the reference
sample included was larger and thus the statistical power
increased.

2.6 | Statistical Analyses

We first assessed the difference between cases and con-
trols in terms of demographic variables and environmen-
tal risk exposures21 using binary logistic regression
models.

Binary logistic regression models were then fitted
with case–control status as dependent variable, assessing
the role of OCs, for each of the Lewis-Murray subscales,
for antepartum complications (Lewis AB) and for the
total score (Lewis T), covarying for the environmental
exposures found to be significantly different between
cases and controls in the previous analysis. Similarly we
assessed the association of PRS-SZ at the 10�6 and 10�8

thresholds15 with case–control status. A genetic principal
component analysis (PCA) was performed to control
for population stratification by means of the SNPRelate
package, and the first 10 principal components (PC) were
used as covariates in all statistical analyses examining
PRS-SZ.

We then examined the potential interaction between
OCs and PRS-SZ on case–control status, covarying ini-
tially only for the first 10 genetic PC, using PRS-SZ as a
continuous and also as a dichotomous variable (5th quin-
tile vs. the other quintiles).15 We then performed a

sensitivity analysis with the 10 principal components as
well as age, sex and significant environmental risk
exposures.

Analyses were performed using the IBM SPSS Statis-
tics version 26 and R v4.1.2 (R Core Team 2017). All tests
were two-tailed and statistical significance considered for
p-values <0.05.

3 | RESULTS

Patients and HC participants did not differ in terms of age
or sex. When examining the exposure to environmental
risk factors only cannabis use appeared as significantly
associated with case–control status (Table 1).

Further analyses were therefore covaried only for this
environmental factor.

When examining all OCs taken together (Lewis T) we
observed that they significantly differed between cases
and controls (Table 2, Figure 1). When examining sepa-
rately each of the Lewis-Murray subscales we found sig-
nificant associations with psychosis for complications of
pregnancy (Lewis A), for abnormalities of foetal growth
and development (Lewis B), and for both antepartum
abnormalities combined (Lewis AB), while we found no
significant association with complications of delivery
(Lewis C) (Table 2, Figure 1).

We then tested whether the PRS-SZ was associated
with case–control status in this sample, and found that
PRS-SZ was significantly higher in patients relative to

TABLE 1 Demographic and

environmental exposure information.
HC (n = 186) FEP (n = 219) OR (95% C.I.) p-value

Age mean (SD) 23.88 (6.37) 23.38 (5.87) 0.99 (0.95–1.02) 0.41

Sex

Male 66.1% 67.6%

Female 33.9% 32.4% 1.07 (0.71–1.62) 0.76

Urbanicity

Rural 9.7% 8.7%

Urban 90.3% 91.3% 1.28 (0.57–2.22) 0.73

Paternal age

<40 92.9% 88.1%

≥ 40 7.1% 11.9% 1.77 (0.85–3.69) 0.13

Cannabis

No 87.1% 55.3%

Yes 12.9% 44.7% 5.47 (3.30–9.06) <0.001

Childhood adversity

No 55.4% 49.8%

Yes 44.6% 50.2% 1.25 (0.84–1.87) 0.27
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controls when employing PRS-SZ 10�6 [OR 1.24 (95% CI
1.01 to 1.52), p = 0.041] (Figure 2), but not when employ-
ing PRS-SZ 10�8 [OR 1.14 (95% CI 0.93–1.40), p = 0.20].

We also analysed the relationship between PRS-SZ
and case control-status separately for participants with
and without OCs history and found that the association
did not reach significance at either threshold for both the
former [PRS-SZ 10�6: OR 1.5 (95% CI 0.76–2.96,
p = 0.25), PRS-SZ 10�8: OR 1.04 (95% CI 0.75–1.43,
p = 0.83)] or the latter subsample [PRS-SZ 10�6: OR 1.1
(95% CI 0.81–1.5, p = 0.53), PRS-SZ 10�8: OR 1.06 (95%
CI 0.52–2.15, p = 0.88)].

We then employed multiple logistic regressions to
examine the interaction between genetic risk for
schizophrenia and OCs history in determining case–
control status, adjusted by the first 10 genetic PC. We
observed no significant interaction between Lewis T
and PRS-SZ as a continuous variable at either the 10�6

(Figure 3) or 10�8 threshold. Equally we observed no

significant interaction when repeating the analysis for
each of the Lewis-Murray subscales and for Lewis
AB. We also employed multiple logistic regressions to
examine the interaction between OCs and PRS on
determining case–control status using PRS-SZ for both
thresholds as a dichotomous variable (5th quintile
vs. the other quintiles) adjusted by the first 10 genetic
PC. Again we found no significant interaction between
genetic risk for SZ and OCs history in the likelihood
that a subject is a patient or a control (Tables S1 and
S2, supplementary material).

TABLE 2 Odds ratio estimation for case control status adjusted

by cannabis use for Lewis Murray subscales and total score.

OC OR (95% C.I) p-value

Lewis A 5.85 (1.26–17.08) 0.02

Lewis B 2.51 (1.07–5.86) 0.03

Lewis C 1.51 (0.78–2.93) 0.22

Lewis AB 2.97 (1.40–6.31) 0.005

Lewis Total 2.12 (1.21–3.73) 0.01

Lewis A

Lewis AB

Lewis B

Lewis T

Lewis C

0.4 0.6 0.8 1.0

Case status probability prediction

Case
Control

FIGURE 1 Association of different types of OCs with case

controls status: for complications of pregnancy (Lewis A),

complications of foetal growth and development (Lewis B),

antenatal complications (Lewis AB), complications of delivery

(Lewis C) and all OCs regardless of their timeframe (Lewis T).

P−value for main effect = 0.040.2
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FIGURE 2 Association between polygenic risk for

schizophrenia and case control status.

P−value for interaction = 0.64
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schizophrenia and OCs on case control status: OC considered

together regardless of their timeframe (Lewis T).
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We also observed no significant difference in the risk
of experiencing OCs, either for total scores or any of the
subscales, based on PRS-SZ, in the whole sample
(Table S3, supplementary material) or when HC and
patients with FEP were examined separately (Tables S4
and S5, supplementary material).

Finally we performed sensitivity analyses including
sex, age and cannabis use as covariates and identified no
significant difference in terms of any of the results.

4 | DISCUSSION

In this study we examined whether different types of OCs
are differentially associated with psychosis risk. We
grouped OCs based on the timing of their occurrence
according to the Lewis-Murray scale,20 which subdivides
them into complications of pregnancy (group A), abnor-
malities of foetal growth and development (group B) and
difficulties in delivery (group C). We also examined
whether grouping OCs based on the timeframe of expo-
sure could contribute to clarify their relationship with
genetic risk for SZ. In addition we took into account the
potential role of other known environmental risk factors
for psychosis, examining the impact of variables included
in the Maudsley Environmental Risk Score.21 Among
these variables, in our multicentre FEP sample, we
observed a significant association with case–control sta-
tus only for cannabis use, while we found no significant
associations with measures of urbanicity and childhood
adversity, nor with paternal age. We hence took into
account the potential confounding effect of cannabis use
in subsequent analyses.

Consistent with our first hypothesis, we observed a
significant association between OCs and case–control sta-
tus, with a differential role based on the timeframe of
exposure (Figure 1). We observed a significant effect for
the total score (Lewis T) and for both complications of
pregnancy (Lewis A) and for abnormalities of foetal
growth and development (Lewis B). The finding was fur-
ther strengthened when combining the two subcategories
of antenatal complications (Lewis AB), whilst we
observed no significant relationship between abnormali-
ties of delivery and psychosis risk (Lewis C). Our results
are consistent with those of the latest meta-analysis on
the role of OCs,7 which identified significant associations
with psychosis for several antenatal complications and
only weaker evidence for asphyxia at birth but no other
complications of delivery. Taken together these findings
might further emphasise the potential important impact
of intrauterine vascular deficits on brain development
compared to more heterogeneous perinatal events, with
the exception of acute hypoxia with ischaemic damage

during birth. The former can be the result of several
noxae, including preeclampsia, placental inflammatory
changes secondary to maternal infection, placentation
abnormalities or haemorrhages during pregnancy, and
can manifest in terms of IUGR, which can reflect differ-
ent placental difficulties in supporting foetal growth. We
hence hypothesised that these antenatal complications
would be interacting with genetic risk for schizophrenia
in determining case control status.

When examining the role of PRS-SZ we considered
the two thresholds that had been identified by Ursini
et al. to interact with OCs history.15 We identified a sig-
nificant positive association with psychosis risk for the
10�6 threshold (Figure 2) but not for the 10�8 threshold.
However, when examining the relationship between
genetic risk for SZ and OCs history, we identified no sig-
nificant interaction between PRS-SZ at both thresholds
and OCs, either when considering the total score or any
of the Lewis-Murray subscales. In particular, contrary to
our hypothesis, we did not identify a significant interac-
tion between antepartum abnormalities (Lewis A, Lewis
B or Lewis AB) and PRS-SZ, both when considering it as
a continuous or a dichotomous variable for either thresh-
old. We also found no significant interaction with com-
plications of delivery (Lewis C). Ursini et al. also
examined the relationship between PRS-SZ and case–
control status within two subgroups of participants, those
with and those without a history of OCs, and found that
the role of PRS-SZ was highly significant in the former
group but not in the absence of OCs15. We examined the
same relationship and observed no significant association
in either subgroup. We also examined whether a higher
PRS-SZ was associated with a higher likelihood of
experiencing OCs for each of the subscales and found no
significant association in the whole sample, or separately
within patients and controls. Our results are therefore con-
sistent with those of Vassos et al., who identified no signif-
icant interaction between PRS-SZ and OCs16, though
equally limited by employing the same rating scale. Com-
pared to Vassos et al., we used a more stringent threshold
to define a positive OCs history, including only partici-
pants with definite rather than dubious exposure.17 How-
ever, the Lewis-Murray scale20 is less detailed in recording
pre- and perinatal hazards compared to the McNeil-Sjös-
tröm scale19 used by Ursini et al.,15 and the difference in
the assessment instrument employed has been considered
a key contributor to discrepant findings.17

Yet, not all OCs are sustained by insults that could be
hypothesised to have a genetic basis and their heteroge-
neous nature might be an important factor underlying
inconsistent results. Jablensky et al.11 identified excess of
two specific pregnancy complications in mothers with SZ
and BP compared to mothers with major depression and
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HC mothers: placentation abnormalities and antepartum
haemorrhages. Hence, based on the reported differential
expression of SZ risk genes in placentae from compli-
cated pregnancies,15 genetic mechanisms might be most
relevant for noxae directly reflective of placental pathol-
ogy. However, the relationship with genetic risk for SZ is
considered to go beyond just paradigmatic placental dis-
orders. It is rather suggested that genetic risk for SZ
might confer increased susceptibility to a wider array of
OCs14, with variable genetic loadings translating into dif-
ferent thresholds of vulnerability for the developing
brain.11 Maternal infections, for instance, are considered
to injure neurons and neural progenitor cells either
directly or through the activation of astrocytes and
microglia with release of inflammatory cytokines.35 They
normally operate via inflammatory pathways activa-
ting oxidative stress, but it is suggested that higher
genetic risk for SZ can upregulate placental tran-
scriptional programs involved in oxidative stress
responses,15,35 rendering the foetal brain more suscepti-
ble to neurodevelopmental abnormalities if an infection
occurs. Jablensky et al.11 also observed that, among
labour and delivery complications, only foetal distress
occurred more frequently in women with SZ or affective
disorders compared to healthy control mothers. Resil-
ience mechanisms to hypoxia and ischaemic damage,
such as oxytocin driven changes in GABAergic neuro-
transmission, are physiologically activated during child-
birth.36 However it has been suggested that they might be
impaired in those with a more pronounced genetic pre-
disposition to SZ, increasing the vulnerability to asphyxia
of the neonatal brain.3

To clarify the relationship between OCs and genetic
risk for SZ it might thus be necessary to focus on the spe-
cific subset of complications that have been significantly
associated with case–control status,7 or to select OCs
based on the underlying pathophysiological mecha-
nisms. Our attempt in this direction was limited by the
assessment instrument employed, the Lewis-Murray
scale, and by our inability to select specific noxae due to
the size of the sample. The latter was larger compared to
one of the samples in which Ursini et al.15 had replicated
their original finding, thus theoretically sufficiently pow-
ered. However participants to our study had a first epi-
sode of psychosis rather than a SZ diagnosis and were
therefore more heterogeneous. In addition, Ursini
et al.15 examined OCs globally, whereas we also sought
to test the possible interaction of PRS-SZ with different
OC subcategories. The size of our sample might have
hampered our ability to answer this further question.
Finally, each of the Lewis-Murray subscales that we
employed includes a fairly diverse set of insults, sus-
tained by different pathophysiological mechanisms.

Hence, future efforts in this direction might need to
examine specific noxae to further clarify how pre and
perinatal risk factors interact with genetic liability for
psychosis and pave the way for antenatal and post-natal
risk reduction interventions.
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