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Abstract
Purpose  Maternal schizophrenia is associated with adverse birth outcomes, but the reasons for this remain unclear. In a 
population-based cohort of infants born to women with schizophrenia, we determined the occurrence of key perinatal out-
comes and explored whether factors identifiable in our datasets explained any elevated risk.
Methods  Using population-level health administrative data linked to clinical birth-registry data in Ontario, Canada (2006–
2011), we examined the relative risk (RR) of preterm birth (< 37 weeks), small for gestational age (SGA), and Apgar 
scores < 8 in infants of women with schizophrenia (n = 4279) versus infants of unaffected women (n = 286,147). General-
ized estimating equations determined whether reproductive history, maternal health conditions, pregnancy exposures, and 
complications explained elevated RRs.
Results  Among infants of women with schizophrenia, risk was higher for prematurity (11.4% vs. 6.9%, aRR 1.64, 95% CI 
1.51–1.79), SGA (3.5% vs. 2.5%, aRR 1.40, 95% CI 1.20–1.64), and Apgar score < 8 at 1 (19.0% vs. 12.8%, aRR 1.49, 95% 
CI 1.40–1.59) and 5 min (5.6% vs. 3.0%, aRR 1.90, 95% CI 1.68–2.16). Smoking, fourfold more common among women 
with schizophrenia, was the variable that explained the greatest proportion of the elevated aRR for prematurity (9.9%), 
SGA (28.7%), and Apgar < 8 at 1 and 5 min (9.8%, 5.6%). Illicit substance use, certain reproductive history variables, and 
pregnancy complications also contributed to the elevated aRR for preterm birth.
Conclusions  Elevated risks of preterm birth, SGA, and low Apgar scores in infants of women with schizophrenia are partly 
explained by potentially modifiable factors such as smoking and illicit drug use, suggesting opportunities for targeted 
intervention.
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Introduction

Infants born to women with schizophrenia are at high risk 
of several adverse perinatal outcomes, including preterm, 
small for gestational age, and other serious neonatal mor-
bidities implicated as markers for chronic diseases across 
the lifespan [1–3]. Schizophrenia has a population preva-
lence of about 1%, and many women with the illness become 
new mothers, signalling that this issue has both clinical and 
public health implications [4, 5]. Unfortunately, the mecha-
nisms driving the relation between maternal schizophrenia 
and these adverse perinatal outcomes are not well under-
stood. So, targeted interventions to improve outcomes have 
not been developed.
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Risk factors for poor perinatal outcomes in schizophre-
nia include maternal poverty, smoking, and substance use; 
women with schizophrenia may also be less likely to receive 
optimal antenatal care, especially when untreated [1–3, 6–8]. 
Maternal psychiatric symptoms may impact foetal develop-
ment, as can medications used to treat the illness [9–11]. 
Most epidemiological research focused on pregnant women 
with schizophrenia has lacked detailed information on fac-
tors such as smoking, substance use, and other potentially 
modifiable risk factors that could be mediating risk of 
adverse perinatal outcomes. More knowledge in this area 
would inform the development of targeted interventions for 
this high-risk group.

In Ontario, Canada, health administrative data where 
women with schizophrenia can be accurately identified have 
recently been linked to data from a clinical perinatal health 
registry that records data on both potentially modifiable risk 
factors for adverse perinatal outcomes and detailed data on 
the outcomes themselves. This has created a key opportunity 
to advance knowledge around maternal schizophrenia and 
pregnancy outcomes in a way that could drive the develop-
ment of key interventions to improve perinatal outcomes in 
this vulnerable population.

Herein, the primary aim was to examine the occurrence of 
specific perinatal outcomes (preterm birth, small for gesta-
tional age, and abnormal Apgar scores) among all pregnant 
women with schizophrenia in Ontario, Canada, over a 6-year 
period, compared to those without a psychiatric disorder, 
and use statistical mediation analysis to determine whether 
any of a large set of specific identifiable risk factors con-
tained in the clinical health registry explains any observed 
increased risk of the outcomes in the maternal schizophrenia 
group.

Methods

Study design and data sources

This population-based cohort study used multiple linked 
population-based health administrative databases housed 
at ICES in Toronto, Ontario. ICES is an independent, 
non-profit research organization that evaluates universally 
available healthcare services in Ontario using a variety 
of administrative health databases (www.ices.on.ca). The 
databases, which date back to 1988, contain patient-level 
records that are de-identified and linked to every Ontario 
resident through a unique coded identifier. These datasets 
were linked using unique encoded identifiers and ana-
lysed at ICES. The following ICES databases were used 
in the current study: (1) the Registered Persons Database 
(RPDB) captures the sex, age, postal code, dates of birth 
and death (when applicable) for all Ontario residents with 

a provincial health card number (approximately 13 million 
individuals); (2) the Canadian Institute of Health Informa-
tion (CIHI) Discharge Abstract Database (DAD) and (3) 
the Ontario Mental Health Reporting System Database 
(OMHRS) capture hospital-related data; (4) the National 
Ambulatory Care Reporting System Database (NACRS) 
holds emergency department data, and (5) the Ontario 
Health Insurance Plan Database (OHIP) contains outpa-
tient physician service use data. The data quality in these 
administrative databases is accurate and complete regard-
ing demographic information, primary diagnoses for inpa-
tient services, and billing claims for physician services 
[12].

A major advantage to the current study was the recent 
linkage of the ICES health administrative data with Ontar-
io’s Better Outcomes Registry and Network (BORN), a 
prescribed registry where clinical data are entered into a 
standardized system by hospital and midwifery staff dur-
ing several healthcare encounters during and up to 6 weeks 
after pregnancy. The system has automated algorithms and 
discrepancy reports during data entry to enhance validity 
[13]. Data relevant to the behavioural context of perinatal 
outcomes that are not routinely collected in administra-
tive data, including smoking and substance use (based on 
sensitive maternal inquiry during the clinical encounter), 
are available. BORN data are securely transferred to ICES 
under a Data Sharing Agreement. The first set of BORN 
data transferred into ICES comprised births from 2006 to 
2011, so these are the years of data analysed for the cur-
rent study.

Participants

The cohort included all Ontario women aged 15–49 years 
who gave birth to a live or stillborn singleton infant between 
1 January 2006 and 31 December 2011. Non-Ontario resi-
dents, and those with an invalid health card number or 
mother–infant matching, were excluded due to an inability 
to link across databases. When women had more than one 
obstetrical delivery during the study period, one pregnancy 
was selected at random for the current analysis.

Maternal schizophrenia was defined as > 1 maternal 
hospitalization or > 3 outpatient contacts for schizophre-
nia within 3 years of each other since database inception 
and prior to conception of the index pregnancy [14] (ICD-9 
codes: 295, 297-8; ICD-10 codes: F20, 22-25, 28-29; sensi-
tivity [Sn] 90.1%, specificity [Sp] 68.0%, positive predictive 
value [PPV] 77.1%, negative predictive value [NPV] 88.7% 
in our data). From the remaining pregnancies, we selected 
an unexposed comparison group of pregnancies where no 
psychiatric disorder of any type was documented at any time 
in the 5 years preceding conception of the index pregnancy.

http://www.ices.on.ca
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Study variables

Study outcomes were, as recorded in the BORN dataset: (1) 
preterm birth at less than 37 weeks of gestation; (2) small 
for gestational age (SGA; defined as a same-sex, same-
gestational age birthweight below the third percentile); (3) 
Apgar score of less than 8 at 1 min post-birth; and (4) Apgar 
score of less than 8 at 5 min post-birth. The outcomes were 
selected as they are standard perinatal health indicators in 
our jurisdiction, and are often considered markers of short-
term and longer-term child health outcomes across the lifes-
pan [13, 15–17].

Covariates measured included maternal sociodemo-
graphic characteristics at the time of the index birth (age and 
parity; neighbourhood income quintile; urban vs. rural resi-
dence, according to each woman’s residential postal code at 
the time of delivery [18]); maternal chronic medical condi-
tions (diabetes mellitus, chronic hypertensive disorders, thy-
roid disease, renal disease, HIV, most using validated ICES 
disease registries) [19, 20]; maternal reproductive history 

(prior preterm birth, Caesarean section, surgical abortion; 
assisted reproduction); pregnancy exposures (smoking, alco-
hol, substance use comprising opiates, cocaine and ampheta-
mine as recorded at any time during the pregnancy); and 
pregnancy complications (e.g. preeclampsia, placental disor-
ders, premature rupture of membranes, labour induction and 
delivery type). In the current study [21], sociodemographic 
characteristics were considered confounders, as they are fac-
tors distal to the outcomes of interest. Factors selected as 
potential mediators were measurable covariates considered 
to be well-known risk factors for outcomes under study and 
included maternal chronic medical conditions, reproductive 
history, pregnancy exposures, and pregnancy complications 
[22–33] (see Table 1 and Fig. 1).

Statistical analysis

Modified Poisson regression was used to estimate unadjusted 
relative risks (RR) and 95% confidence intervals (CI) for 
each outcome, comparing women with schizophrenia to 

Table 1   Prepregnancy and 
pregnancy related conditions 
and exposures considered as 
potential explanatory factors for 
the relation between maternal 
schizophrenia and the outcomes 
under study

Potential mediator Preterm birth Small for gesta-
tional age

APGAR score

Chronic maternal health conditions
 Diabetes mellitus ✓ ✓ ✓
 Hypertension ✓ ✓ ✓
 Thyroid diseases ✓ ✓ ✓
 Renal disease ✓ ✓ ✓
 Human immunodeficiency virus (HIV) ✓ ✓ ✓
 Thromboembolic disease ✓ ✓

Reproductive history variables
 Prior history of preterm birth ✓ ✓ ✓
 Prior surgical abortion ✓ ✓ ✓
 Prior Caesarean section ✓ ✓
 Assisted reproduction (current pregnancy) ✓ ✓ ✓

Pregnancy exposures
 Low or high body mass index (BMI) ✓ ✓ ✓
 Smoking ✓ ✓ ✓
 Alcohol dependence ✓ ✓ ✓
 Illicit substance use (e.g. opiates, cocaine, 

amphetamine)
✓ ✓ ✓

Pregnancy complications
 Venous thromboembolism ✓ ✓
 Preeclampsia/eclampsia ✓ ✓ ✓
 Premature rupture of membranes ✓ ✓
 Placenta previa ✓ ✓ ✓
 Placental abruption ✓ ✓ ✓
 Labour induction ✓
 Vaginal breech delivery ✓
 Caesarean section ✓
 Large for gestational age (> 97th percentile) ✓ ✓
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those without a psychiatric disorder for each outcome [34]. 
Adjusted relative risks (aRR) and 95% CI were then gener-
ated, controlling for confounders (i.e. maternal age, parity, 
neighbourhood income quintile, rural/urban residence, infant 
sex, and year of birth).

Mediation analyses were conducted to understand poten-
tial explanatory factors for elevated aRRs observed among 
women with schizophrenia, compared to women with no 
psychiatric disorder. Specifically, we used mediation analy-
ses to determine whether certain variables might explain a 
portion of any increased risk that was observed for a given 
outcome in pregnancies affected by schizophrenia compared 
to unaffected pregnancies. In mediation analysis, the effect 
of a given exposure (in this case maternal schizophrenia) 
can be partitioned into “direct” effects (an effect related to 
something inherent to the exposure itself) and “indirect” 
effects, where the effect works through a mediator of inter-
est that may be causally related to the outcome. The direct 
and indirect effects are summed to equal the “total” effect of 
the exposure, and the percentage of the total effect explained 
by a specific mediator is calculated by dividing the indirect 
effect by the total effect. In the current study, generalized 
estimating equations were used to test the statistical sig-
nificance of the difference between coefficients from a full 
model that included the mediator and a reduced model that 
excluded the mediator [35]. This difference represents the 
indirect effect of the exposure, acting through the mediator, 
on the outcome. One of the prerequisites for mediation is 
that there is a statistically significant association between 
the exposure and the outcome and between the exposure and 
the mediator [35]. Therefore, we only conducted mediation 
analyses for (a) perinatal outcomes that were statistically 
significant in the multivariable regression models described 
above and (b) potential mediators for which there was a sta-
tistically significant difference in occurrence between preg-
nancies exposed and unexposed to maternal schizophrenia 
in the bivariable analysis. For this latter criterion, we used 
Pearson’s χ2 tests, with Bonferroni-corrected p values to 
account for multiple comparisons. We planned to aggregate 
potential mediators into composite variables (i.e. maternal 

chronic conditions, maternal reproductive history, pregnancy 
exposures, and pregnancy complications) and enter these 
into the mediation analysis one by one, with statistically 
significant mediation analyses, followed by examining the 
individual mediators included in the composite. Mediation 
analyses adjusted for the same covariates as the multivari-
able regression models. SAS V.9.2 (SAS Institute Inc., Cary, 
North Carolina, USA) was used for statistical analyses.

The use of data in this project was authorized under sec-
tion 45 of Ontario’s Personal Health Information Protection 
Act, which does not require review by a Research Ethics 
Board. The study was therefore exempt from research eth-
ics approvals and was approved by the ICES privacy office 
(ICES logged study: 2016 0900 300 024).

Results

From 738,972 obstetrical deliveries in Ontario (2006–2011), 
6708 (0.9%) were excluded due to restrictions in the mater-
nal age criteria and due to inability to link across datasets, 
resulting in 732,264 deliveries to 574,495 unique women. 
Of these, there were 4279 obstetrical deliveries among 
unique women with schizophrenia. From the remainder, the 
65,960 pregnancies with evidence of a diagnosed maternal 
mood disorder and the 218,109 pregnancies with evidence 
of another psychiatric disorder in the 5 years prior to con-
ception were not included, leaving 286,147 pregnancies for 
the comparison group of pregnancies unexposed to maternal 
mental illness. Maternal age was similar between women 
with schizophrenia and the referent group, but women with 
schizophrenia were more likely to be multiparous than 
women without a psychiatric disorder, and to live in a low-
income neighbourhood (Table 2).

Compared to women with no psychiatric disorder, 
infants exposed to maternal schizophrenia were at ele-
vated risk of being born preterm (11.4% vs. 6.9%), small 
for gestational age at less than the third centile (3.5% vs. 
2.5%), to have an Apgar score < 8 at 1 min after birth 
(19.0% vs. 12.8%) and at 5 min after birth (5.6% vs. 3.0%) 

Fig. 1   Hypothesized relations 
between maternal schizophrenia 
and birth outcomes. Shown in 
black font are variables measur-
able in our datasets. The vari-
ables shown are, by no means, 
exhaustive, and the specific 
variables for each potential 
mediator category for each out-
come are shown in Table 1

Poten�al confounders
Maternal age, parity, calendar year of birth, 

loca�on of residence, income, infant sex

Maternal Schizophrenia Birth Outcome

Poten�al mediator categories
Maternal Chronic Health Condi�ons

Reproduc�ve History
Pregnancy exposures

Pregnancy complica�ons
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(Fig. 1). After adjusting for maternal age at delivery, par-
ity, neighbourhood income quintile, region of residence, 
infant sex, and year of childbirth, risk remained elevated 
for each of preterm birth with an aRR of 1.64 (95% CI 
1.51–1.77), small for gestational age, aRR 1.40 (95% CI 
1.20–1.64), Apgar score < 8 at 1 min, aRR 1.49 (95% CI 

1.40–1.59), and Apgar score < 8 at 5 min, aRR 1.90 (95% 
CI 1.68–2.16) (Fig. 2).

All potential maternal chronic condition mediators except 
for thyroid disease and thromboembolic disease were more 
common among women with schizophrenia than those with-
out. History of preterm birth and surgical abortion was also 

Table 2   Characteristics for 
4279 pregnancies to women 
with schizophrenia and 286,147 
pregnancies to women with no 
mental illness, presented as N 
(%) unless otherwise specified

IQR interquartile range
p values are Bonferroni-corrected
a Missing n = 3634 (84.9%) for schizophrenia and n = 240,097 (83.9%) for non-schizophrenia categories, so 
not used in mediation models

Variable Schizophrenia 
(N = 4279)

No mental illness 
(N = 286,147)

Corrected p value

Demographics
 Maternal age at delivery in years < 0.0001
 Under 20 226 (5.3) 8390 (2.9)
 20–34 3098 (72.4) 214,092 (74.8)
 35 or older 955 (22.3) 63,665 (22.2)
 Parity (primiparous) 1889 (44.1) 138,252 (48.3) < 0.0001
 Neighbourhood income quintile (Q) < 0.0001
 Q1 (lowest) 1433 (33.5) 63,359 (22.1)
 Q5 (highest) 503 (11.8) 45,408 (15.9)
 Region of residence (urban) 3864 (90.3) 259,935 (90.8) 1.00
 Infant sex (male) 2217 (51.8) 148,133 (51.8) 1.00

Chronic maternal conditions
 Diabetes mellitus 128 (3.0) 4651 (1.6) < 0.0001
 Hypertension 156 (3.6) 6282 (2.2) < 0.0001
 Thyroid diseases 108 (2.5) 6199 (2.2) 1.000
 Renal disease < 6 (~ 0.1) 41 (0.0) 0.065
 Human immunodeficiency virus (HIV) 17 (0.4) 127 (0.0) < 0.0001
 Thromboembolic disease < 6 (~ 0.0) 294 (0.1) 0.760

Reproductive history
 Prior preterm birth 359 (8.4) 18,194 (6.4) < 0.0001
 Prior surgical abortion 992 (23.2) 33,425 (11.7) < 0.0001
 Prior Caesarean section 587 (13.7) 36,789 (12.9) 1.000
 Assisted reproduction (current pregnancy) 48 (1.1) 5401 (1.9) 0.012

Pregnancy exposures
 Maternal BMIa, median (IQR) 25 (22–30) 25 (22–29) –
 Smoking 1218 (28.5) 20,888 (7.3) < 0.0001
 Alcohol use 38 (0.9) 121 (0.0) < 0.0001
 Illicit substance use 114 (2.7) 160 (0.1) < 0.0001

Pregnancy complications
 Venous thromboembolism 30 (0.7) 980 (0.3) 0.002
 Preeclampsia/eclampsia 117 (2.7) 5164 (1.8) < 0.0001
 Premature rupture of membranes 131 (3.1) 9004 (3.1) 1.000
 Placenta previa 23 (0.5) 1690 (0.6) 1.000
 Placental abruption 40 (0.9) 1407 (0.5) 0.0002
 Labour induction 1027 (24.0) 65,213 (22.8) 0.975
 Vaginal breech delivery 133 (3.1) 9943 (3.5) 0.150
 Caesarean section 1310 (30.6) 80,608 (28.2) 0.011
 Large for gestational age (> 97th percentile) 141 (3.3) 8200 (2.9) 1.000
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more common, while assisted reproduction in the current 
pregnancy was less common (see Table 2). Pregnancy com-
plication rates and mode of delivery were similar between 
groups, except for the relatively uncommon complications of 
venous thromboembolism, preeclampsia/eclampsia, and pla-
cental abruption which were more common among women 
with schizophrenia. Caesarean sections were also slightly 
more common in that group. With respect to the pregnancy 
exposures category, there was a substantial amount of 
missing data for maternal body mass index (BMI) so this 

potential mediator was not examined. Other pregnancy expo-
sures were much more common in the schizophrenia group, 
especially smoking during pregnancy (28.5% vs. 7.30%, 
corrected p < 0.0001). Given the limitation of missing data 
for maternal BMI, and because of the large differences 
between women with and without schizophrenia observed 
for the other variables in the pregnancy exposure category, 
we elected to enter each of smoking, alcohol, and illicit drug 
use into the mediation analysis separately rather than as a 
composite variable.

Fig. 2   Perinatal outcomes for 4279 infants born to women with schiz-
ophrenia and 286,147 infants born to women with no evidence of 
mental illness in the 5 years preceding pregnancy, presented as N (% 
with outcome) and adjusted relative risks (RR) with 95% confidence 

intervals. *Relative risk adjusted for maternal age at delivery, parity, 
neighbourhood income quintile, region of residence, infant sex (male/
female), and year of birth
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For preterm birth, maternal chronic conditions explained 
4.9% of the excess risk associated with maternal schizophre-
nia, with hypertensive disorders prior to pregnancy being 
the most important pathway variable, explaining 2.8% of the 
aRR. Reproductive history explained 8.8% of the excess risk, 
with prior preterm birth and prior surgical abortion being the 

only significant pathway variables (3.0%, 2.4%). Smoking 
and illicit substance use explained 9.9% and 5.3% of the aRR 
respectively (Table 3). For SGA, maternal chronic condi-
tions explaining less than 1% of the elevated aRR associated 
with maternal schizophrenia, and the reproductive history 
category and pregnancy complications each explained about 

Table 3   Assessment of the partial mediation effect of maternal schizophrenia on the occurrence of preterm birth, small for gestational age, and 
Apgar scores < 8 at 1 and 5 min post-birth

Mediation models control for maternal age at delivery, parity, neighbourhood income quintile, region of residence, infant sex (male/female), and 
year of birth
– no indirect effect, aRR adjusted relative risk
a Indirect effect = total effect − direct effect, which describes the magnitude of the effect of the exposure category on the outcome, acting through 
the mediator

Mediator category Values on the logarithmic scale

Total effect aβ (95% CI) Direct effect aβ (95% 
CI)

Indirect effecta aβ (95% 
CI)

Indirect effect aRR (95% 
CI)

% of effect 
explained

Preterm birth < 37 weeks
 Chronic maternal 

health conditions
0.51 (0.43–0.56) 0.49 (0.40–0.57) 0.03 (0.02–0.03) 1.03 (1.02–1.03) 4.9

 Reproductive history 0.51 (0.43–0.56) 0.47 (0.38–0.55) 0.05 (0.04–0.05) 1.05 (1.04–1.05) 8.8
 Smoking 0.51 (0.43–0.56) 0.46 (0.38–0.55) 0.05 (0.04–0.06) 1.05 (1.04–1.06) 9.9
 Alcohol use 0.51 (0.43–0.56) 0.51 (0.42–0.595) 0.002 (0.00–0.01) 1.00 (1.00–1.01) 0.4
 Illicit substance use 0.51 (0.43–0.56) 0.49 (0.40–0.57) 0.03 (0.01–0.01) 1.03 (1.01–1.04) 5.3
 Pregnancy complica-

tions
0.51 (0.43–0.56) 0.13 (0.13–0.13) Did not converge – –

Small for gestational age < 3rd percentile
 Chronic maternal 

health conditions
0.34 (0.18–0.50) 0.34 (0.18–0.49) 0.002 (0.00–0.01) 1.00 (1.00–1.01) 0.5

 Reproductive history 0.34 (0.18–0.50) 0.33 (0.17–0.48) 0.01 (0.01–0.02) 1.01 (1.01–1.02) 3.1
 Smoking 0.32 (0.16–0.48) 0.23 (0.07–0.39) 0.09 (0.07–0.11) 1.10 (1.08–1.12) 28.7
 Alcohol use 0.32 (0.16–0.48) 0.32 (0.16–0.48) 0.002 (0.00–0.01) 1.00 (0.99–1.01) 0.6
 Illicit substance use 0.32 (0.16–0.48) 0.32 (0.15–0.40) 0.01 (− 0.01–0.03) 1.01 (0.99–1.03) 3.0
 Pregnancy complica-

tions
0.32 (0.15–0.48) 0.31 (0.14–0.47) 0.01 (0.00–0.014) 1.01 (1.00–1.01) 2.8

APGAR score < 8 at 1 min post-birth
 Chronic maternal 

health conditions
0.40 (0.34–0.46) 0.39 (0.33–0.42) 0.008 (0.01–0.01) 1.01 (1.01–1.01) 2.5

 Reproductive history 0.40 (0.34–0.46) 0.40 (0.34–0.46) 0.002 (0.00–0.00) 1.00 (1.00–1.00) 0.6
 Smoking 0.41 (0.35–0.47) 0.37 (0.30–0.43) 0.04 (0.03–0.05) 1.04 (1.03–1.05) 9.8
 Alcohol use 0.41 (0.35–0.47) 0.40 (0.34–0.47) 0.003 (0.00–0.01) 1.00 (1.00–1.01) 0.8
 Illicit substance use 0.41 (0.35–0.47) 0.39 (0.33–0.46) 0.02 (0.01–0.03) 1.02 (1.01–1.03) 3.9
 Pregnancy complica-

tions
0.41 (0.34–0.46) 0.39 (0.33–0.45) 0.01 (0.01–0.02) 1.01 (1.01–1.02) 3.3

APGAR score < 8 at 5 min post-birth
 Chronic maternal 

health conditions
0.65 (0.52–0.77) 0.63 (0.51–0.76) 0.01 (0.01–0.02) 1.01 (1.01–1.02) 1.0

 Reproductive history 0.65 (0.52–0.77) 0.64 (0.51–0.76) 0.01 (0.01–0.02) 1.01 (1.01–1.02) 1.6
 Smoking 0.65 (0.53–0.78) 0.62 (0.49–0.74) 0.04 (0.02–0.05) 1.04 (1.02–1.06) 5.6
 Alcohol use 0.65 (0.53–0.78) 0.27 (0.27–0.27) Did not converge – –
 Illicit substance use 0.65 (0.53–0.78) 0.25 (0.25–0.25) Did not converge – –
 Pregnancy complica-

tions
0.65 (0.52–0.77) 0.63 (0.50–0.75) 0.02 (0.01–0.025) 1.02 (1.01–1.03) 2.7
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3% of the risk. Smoking explained the largest proportion 
of the excess risk of SGA associated with maternal schizo-
phrenia (28.7%), with illicit substance use at 3.0% (also in 
Table 3). For Apgar scores of less than 8 at 1 min and 5 min 
post-birth, pregnancy exposures also explained the largest 
proportion of excess risk, with smoking having the great-
est contribution (9.8% and 5.6% respectively), and illicit 
substance use explaining some risk (3.9%) of Apgar < 8 at 
1 min. Other categories explained less of the risk.

Discussion

This study confirmed increased risk of the key adverse peri-
natal outcomes of preterm birth, small for gestational age, 
and low Apgar scores in a large population-based cohort of 
women with schizophrenia. Pregnancy exposures, in particu-
lar smoking but also illicit drug use, consistently emerged as 
factors that explained the greatest proportion of the excess 
risk of poor outcomes, suggesting potential modifiable tar-
gets for intervention. For preterm birth in particular, mater-
nal chronic conditions, and mostly chronic hypertension, 
were also mediating factors, supporting the argument that 
optimal management of chronic maternal conditions in the 
preconception period may also be important.

Our findings with respect to the elevated risk of adverse 
perinatal outcomes are consistent with previous studies 
conducted in Australia, Denmark, Sweden, Taiwan, and 
the USA examining perinatal health outcomes related to 
maternal schizophrenia in both magnitude and direction, 
and with previous Canadian studies [8, 36–44]. Although 
most prior studies did not investigate the specific mediating 
contribution of various factors, those that examined the spe-
cific effects of smoking had similar results to those observed 
herein for both preterm birth and low birthweight outcomes 
[3, 45, 46]. A small retrospective review of the medical his-
tory of 112 women diagnosed with schizophrenia (n = 63) 
and bipolar disorder (n = 49) between 2008 and 2012 in Aus-
tralia also found that preterm birth was predicted by illicit 
drug use [3].

The risk factors identified in this study, including mater-
nal health conditions, reproductive history variables, and 
pregnancy exposures such as smoking, are well-known risk 
factors for preterm birth, small for gestational age, and low 
Apgar scores in general (non-schizophrenia) populations. 
What the results of the analyses in the current study add to 
the current literature is whether and to what extent some of 
these risk factors are specifically responsible for the elevated 
risk of these outcomes in pregnancies exposed to maternal 
schizophrenia. Following from this, the findings strongly 
suggest that there is a need for a public health approach to 
the management of physical illness and behavioural risk fac-
tors for physical illness in pregnant and pregnancy-planning 

women with severe and persistent mental illness. Precon-
ception care initiatives are increasingly becoming focused 
on the management and control of maternal chronic condi-
tions prior to and during pregnancy [47–49]. Specific health 
improvement interventions targeting key risk factors (e.g. 
smoking cessation, substance use) during pregnancy have 
also been shown to be moderately effective [50–53]. For 
example, two studies found that pregnant smokers rand-
omized to nicotine replacement therapies vs. non-nicotine 
replacement treatment had infants born at higher birthweight 
[52, 53]. To our knowledge, however, no interventions 
have been specifically adapted for and evaluated in preg-
nant women with serious mental illness (SMI, for example, 
schizophrenia and bipolar disorder). This may be an impor-
tant gap since adaptations for this population are likely to 
be necessary due to the cognitive and other symptoms often 
associated with the illness [54, 55]. Outside of pregnancy, 
health improvement interventions have been adapted for 
SMI and have been shown to increase smoking cessation 
rates and improve weight and eating, at least in the short 
term [56–61]. Given the significant desire that many women 
with schizophrenia demonstrate for achieving healthy preg-
nancy and motherhood, the preconception and pregnancy 
period may be ideal for such types of interventions [62]. 
Even short-term improvements in chronic maternal health 
conditions such as hypertension, or reduction of cessation 
of smoking, could improve pregnancy outcomes. Successful 
smoking cessation preconception or during pregnancy might 
also increase the chances that a woman remains smoke-free 
longer term, with the resultant benefit to her health, and also 
to the health of any children living in her home. That being 
said, intervention adaptations for women with severe mental 
illness are likely to require significant collaboration and inte-
gration between physical health and mental health services 
in order to meaningfully engage this harder to reach group.

While the datasets used in this study were novel in the com-
bination of health administrative and clinical data provided on 
a population level, we were only able to explain about one-
quarter of the excess risk of any of the outcomes with the 
measured mediators. Schizophrenia itself is associated with 
low activity of plasminogen activator, and this could con-
tribute to placental insufficiency in pregnant women to drive 
increased risk of the outcomes under study [63, 64]. There 
could also be genetic risk or propensity to adverse perinatal 
outcomes associated with schizophrenia itself—individuals 
with schizophrenia are more likely to have been born small, 
early, and to have experienced perinatal complications around 
the time of birth themselves [65, 66]. However, there were 
limitations in the details that we were able to collect. The 
influence of poverty, economic stress, unsafe living condi-
tions, domestic violence, and lack of social support may all 
interact to create a suboptimal state for maternal well-being 
that was not perfectly captured by the measured variables [7]. 
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We were not able to examine the potential contribution of 
maternal BMI, or other factors such as prescription drug use 
since these were not available for the entire cohort. We were 
also unable to examine the possible impact of other comorbid 
non-psychotic disorders since these were not present in the 
referent group. For example, active comorbid mood disorders 
may have explained part of the excess risk, although likely 
not all. In prior research by members of our team and others, 
the excess outcome risk in maternal mood disorder popula-
tions is generally less than what was observed in maternal 
schizophrenia populations, including that of the current study 
[67]. The complex interplay of psychiatric comorbidity is an 
important direction for future analyses. Finally, we were not 
able to quantify the extent of smoking or the exact nature and 
extent of illicit drug use.

In conclusion, combining clinical datasets with health 
administrative data can serve to enrich population-based 
studies to provide more context and guidance about potential 
targets for intervention, especially for vulnerable populations 
where it is difficult to enrol large samples in clinical studies. 
Our methodology allowed us to confirm the contribution of 
some key risk factors for elevated risk of adverse perinatal out-
comes in pregnancies complicated by maternal schizophrenia, 
and generate ideas for supports and services that have potential 
to reduce that risk.
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