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3 Department of Epidemiology and Health Economics, Assistance Publique � Hôpitaux Marseille, Marseille, France
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A B S T R A C T

Background: Existing studies evaluating the association between schizophrenia and complications associated
with pregnancy, delivery and neonatal outcomes are based on data prior to 2014 and have reported hetero-
geneous results. The objective of our study was to determine whether pregnant women with schizophrenia
were at increased risk of pregnancy, delivery and neonatal complications compared with women without
severe mental disorders.
Methods: We performed a population-based cohort study of all singleton deliveries in France between Jan. 1,
2015, and Dec. 31, 2019. We divided this population into cases (i.e., women with schizophrenia) and controls
(i.e., women without a diagnosis of severe mental disorder). Cases and controls were matched (1:4) inside
the same hospital and the same year by age, social deprivation, parity, smoking, alcohol and substance addic-
tions, malnutrition, obesity, and comorbidities. Univariate and multivariate models with odds ratios and 95%
confidence intervals (ORs [95% CIs]) were used to estimate the association between schizophrenia and 24
pregnancy, delivery and neonatal outcomes.
Findings: Over 5 years, 3,667,461 singleton deliveries were identified, of which 3,108 occurred in women
with schizophrenia. Compared to controls, women with schizophrenia were found to be older; have more
frequent smoking, alcohol and substance addictions; suffer from obesity, diabetes and chronic obstructive
pulmonary disease; and often be hospitalized in tertiary maternity hospitals. Compared to matched controls,
women with schizophrenia had more pregnancy complications (adjusted OR=1.41[95%CI 1.31-1.51]) (i.e.,
gestational diabetes, gestational hypertension, genito-urinary infection, intrauterine growth retardation and
threatened preterm labour). They had more delivery complications (aOR=1.18[95%CI 1.09 1.29]) with more
still births/medical abortions (aOR=2.17[95%CI 1.62-2.90]) and caesarean sections (aOR=1.15[95%CI 1.05-
1.25]). Newborns of women with schizophrenia had more neonatal complications (aOR=1.38[95%CI 1.27-
1.50]) with more born preterm (aOR=1.64[95%CI1.42 -1.90]), small for gestational age (aOR=1.34[95%CI 1.19-
1.50]) and low birth weight (aOR=1.75[95%CI 1.53-2.00]).
Interpretation: Our results highlight the importance of health disparities between pregnant women with and
without schizophrenia, as well as in their newborns. Our study calls for health policy interventions during
and before pregnancy, including proportionate intensified care to the level of needs, effective case manage-
ment and preventive and social determinant approaches.
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Research in context

Evidence before this study

Previous studies have provided heterogeneous results due to
healthcare evolution, country health policies, and various
adjustment/matching factors. We searched PubMed for studies
published in English between database inception and Oct 1,
2020, using the MeSH terms “pregnancy”, AND “schizophrenia”
OR “psychotic disorder”. Most of the evidence published thus
far has targeted preeclampsia, delivery type, preterm birth and
birth weight, neglecting other pregnancy, delivery and neonatal
outcomes. The most recent available data were from 2014. Our
knowledge about pregnancy in schizophrenia is insufficient,
and updated data are needed to develop further guidelines and
early structured interventions.

Added value of this study

In this national population-based study, we collected a wide
range of sociodemographic and health factors, and we studied
24 pregnancy, delivery and neonatal outcomes in more than
3 million women who had a singleton birth between January
1st, 2015, and December 31st, 2019. Schizophrenia was associ-
ated with increased metabolic disturbances and addictions and
remained associated with still births, medical abortion, caesar-
ean section, preterm birth, small for gestational age and low
birth weight after matching and adjustment for common preg-
nancy risk factors. Less than one-third of pregnant women with
schizophrenia received regular contacts with ambulatory psy-
chiatric care.

Implications of all the available evidence

This study highlights the importance of health disparities
between pregnant women with and without schizophrenia as
well as in their newborns. Our findings suggest preliminary rec-
ommendations to pursue efforts for the prevention of metabolic
risk and genito-urinary infections; to promote early smoking
cessation, alcohol abstinence and substance misuse cessation;
and to develop specific programmes for other unmet needs
during and before pregnancy.

1. Introduction

Addressing inequalities that lead to and arise from mental disor-
ders is an essential component of a worldwide mental health strategy
[1]. Early interventions appear essential to improve the prognosis of
mental disorders [2], prevent and/or reduce the occurrence of
health-related inequalities worsened by health-risk behaviours [1]
and tackle the intergenerational transmission of these inequalities
[3]. Pregnancy is increasingly considered a unique opportunity to
identify early serious health conditions and health-risk behaviours in
young women with mental disorders and to prevent future health
problems for these mothers and their children. Pregnancy unmasks
chronic diseases, such as cardiovascular and metabolic diseases, that
may occur later in life [4�6]. Health-risk behaviours are associated
with pregnancy and neonatal complications and short- and long-
term negative impacts on child health, including behavioural prob-
lems, cognitive impairment, diabetes and cardiovascular diseases
[7�11]. Epidemiological studies have reported that approximately
20% of children live in a household with a parent with mental disor-
ders [12,13] and that they are at significantly greater risk of poor
mental and physical health than the offspring of parents without
mental illness [14,15].

Among pregnant women with mental disorders, those with
schizophrenia represent an extremely vulnerable and underserved
population that has been neglected in research [16,17]. Schizophre-
nia affects around 1% of the population and contributes to a large
worldwide burden with more than 12 million years of life lived with
disability [18,19]. The incidence peak in schizophrenia occurs twice
in women aged 20-29 and 30-39 years [20], which overlaps with the
childbearing period. This is therefore a critical period for early inter-
vention to prevent poor mental illness trajectory [2]. In recent years,
several countries (e.g., the United Kingdom, Australia) have invested
in programmes to improve maternal mental health care; however,
most of the current perinatal mental health programmes are focused
on depression and sometimes bipolar disorders but not schizophre-
nia [21�24]. The current guidelines do not address [25,26] or poorly
address [27] the therapeutic challenges for the care of pregnancy in
schizophrenia. In summary, the current recommendations are to
maintain (or initiate) antipsychotic treatment at the lowest dose pos-
sible [28] with an add-on of cognitive behavioural therapy if needed.
These recommendations are not always adapted in daily practice.
Mothers with schizophrenia may refuse antipsychotic treatments
due to poor insight into illness, delusions or fear of congenital malfor-
mations. Psychotherapy is poorly accessed by schizophrenia patients
due to financial difficulties and care offer disparities. Moreover, preg-
nant women with schizophrenia require multiple unmet needs.
Women with schizophrenia are at risk of smoking, alcohol and other
drug addictions with a negative impact on foetal development, lead-
ing to increased preterm birth and perinatal death [29�31]. Pregnant
women with schizophrenia have a lower prenatal consultation atten-
dance rate than women without schizophrenia [32]. However, these
consultations are essential to detect obesity, gestational diabetes,
hypertension and other metabolic dysfunctions that are more fre-
quent in schizophrenia [33] and independent risk factors for perinatal
complications [34,35]. Schizophrenia also has a strong impact on pro-
fessional and social functioning, leading to low social status [36],
which has been identified as an independent risk factor for perinatal
issues [37]. To date, studies on schizophrenia and pregnancy, delivery
and neonatal outcomes have reported heterogeneous results due to
healthcare evolution, country health policies, and heterogeneous
adjustment/matching factors [38]. Most of the evidence published
thus far has targeted preeclampsia, delivery type, preterm birth and
birth weight, neglecting other pregnancy, delivery and neonatal out-
comes. The most recent available data are from 2014 [39].

Updated data are thus needed to propose tailored prevention
and early intervention programmes for pregnant women with
schizophrenia. To overcome the limitations of previous works, we
carried out a population-based study exploring 24 pregnancy,
delivery and neonatal outcomes and a large rank of sociodemo-
graphic and health factors in more than 3 million women who
had a singleton delivery between January 1, 2015, and December
31, 2019. The objective of our study was to determine whether
pregnant women with schizophrenia were at increased risk of
pregnancy, delivery and neonatal complications compared with
women without severe mental disorders.
2. Methods

2.1. Study design and data sources

In this population-based cohort study, we used data from Pro-
gramme de M�edicalisation des Syst�emes d'Information (PMSI), the
French national hospital database in which administrative and medi-
cal data are systematically collected for all obstetrical, acute and
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psychiatric hospital care facilities. The PMSI database has a system of
coding with strict variable definitions which is the same for all the
hospitals in France and a subset of records audited on a regular basis
to avoid excessively high rates of coding errors. This database is based
on diagnosis-related groups, with all diagnoses coded according to
the 10th revision of the International Classification of Diseases (ICD-
10). The inclusion and exclusion criteria were as follows: all women
who had a singleton live birth, stillbirth or medical abortion between
January 1st 2015 and December 31st 2019 were included. Women
with multiple births, incorrect or missing maternal/newborn per-
sonal identification numbers and a diagnosis of severe mental disor-
der other than schizophrenia (i.e., bipolar disorders and recurrent
major depressive disorders) were excluded.

Data in the PMSI are anonymized and can be reused for research
purposes. No informed consent was necessary because all data were
anonymous. A unique anonymous identifier enables to link the differ-
ent inpatient stays of the patients. This study was declared to the
French National Data Protection Commission in accordance with the
methodological reference MR005 (declaration number: 2203797).

2.2. Procedure

For the purposes of our study, we defined two unmatched cohorts
of cases and controls and two matched cohorts of cases and controls.

Cases were women who had a diagnosis of schizophrenia accord-
ing to specific ICD-10 codes (i.e., F20* schizophrenia, F22* persistent
delusional disorder, or F25* schizoaffective disorder) in either the
obstetrical, acute or psychiatric hospital care databases in the 4 years
preceding the index date (or date of delivery). The severity of the dis-
order is not captured in this database and all cases were included
(stabilized or non-stabilized illnesses). Controls were women without
severe mental disorders (who did not have a diagnosis of schizophre-
nia, bipolar disorders (F30*, F31*) or recurrent major depressive dis-
order (F33*)). To avoid the selection of ‘super-healthy’ controls, all
other F* ICD-10 codes were kept in both groups (e.g., single major
depressive disorder, anxiety disorders, eating disorders and personal-
ity disorders).

Then, two matched cohorts were formed using exact matching
inside the same hospital and the same year. The control cohort
was matched to cases in a 1:up to 4 variable matching ratio
according to the following criteria: age (+/-3 years), social depri-
vation (more favoured, more deprived), parity (primiparous, mul-
tiparous), smoking, alcohol and substance addictions (yes, no),
poor maternal nutrition (yes, no), obesity (yes, no) and comorbid-
ities (Charlson score: 0, 1-2, �3).

2.3. Pregnancy, delivery and neonatal outcomes

Twenty-four outcomes were studied and were combined into
three composite pregnancy, delivery and neonatal outcomes. The
definitions and specific codes used for each outcome are listed in
Appendix 1.

A pregnancy complication rate was computed, defined as the
presence of at least one of the 14 complications recorded from the
beginning of pregnancy up to delivery: gestational diabetes, gesta-
tional hypertension, preeclampsia, eclampsia, HELLP syndrome, ante-
partum haemorrhage, placental abruption, placental abnormalities,
thrombosis, genito-urinary infection, chorioamnionitis, intrauterine
growth restriction, premature rupture of membranes and threatened
preterm labour.

A delivery complication rate was computed, defined as the pres-
ence of at least one of the 4 complications recorded during the index
stay: foetal death (stillbirth or medical abortion), caesarean section,
postpartum haemorrhage and maternal mortality.

A neonatal complication rate was computed, defined as the pres-
ence of at least one of the 6 complications recorded during the index
stay: preterm birth (gestational age < 37 weeks), small for gesta-
tional age (defined as birth weight < 10th percentile), large for gesta-
tional age (defined as birth weight > 90th percentile), low birth
weight (defined as birth weight < 2500 g regardless of gestational
age), major congenital malformation (based on European surveillance
network for congenital anomalies codes [40]) and neonatal mortality
(up to 28 days after birth).

2.4. Data collected

The following sociodemographic, clinical, and hospital charac-
teristics were collected during pregnancy due to their potential
impact on pregnancy, delivery and neonatal outcomes: age, social
deprivation, parity, smoking, alcohol and substance addictions,
poor maternal nutrition, obesity (body mass index �30), somatic
comorbidities, hospital category and levels of maternal care at
admission. Psychiatric care (inpatient care, day-hospital or ambu-
latory care and no care) was collected for women with schizo-
phrenia during pregnancy.

Social deprivation was assessed with the FDep09, an index that
has been previously validated with French data and that is based on
the residential code of the person's address [41]. The FDep09 index
involves four socioeconomic ecological variables: the proportion of
residents who graduated from high school, median household
income, percentage of residents who are blue-collar workers, and
unemployment rate. We classified these area data according to two
categories using median threshold: more favoured vs. more
deprived.

Comorbidities were assessed with the Charlson modified Comor-
bidity Index [42], which was computed from ICD-10 codes recorded
as primary or secondary diagnoses over the course of the last year
before delivery.

All the ICD-10 codes are listed in Appendix 1.

2.5. Statistical analysis

Analyses were performed in two steps.
Before matching, sociodemographic, clinical, and hospital charac-

teristics were compared between cases and controls using standard-
ized differences. Standardized differences (SD) use effect size
methods to identify meaningful differences between groups that,
unlike p-values, are not influenced by sample size [43].

After exact matching, we performed as many univariate and mul-
tivariate analyses as there were outcomes to analyse the association
between cases and matched controls for each outcome. We con-
ducted multivariable logistic regression models adjusted for the
matching factors to account for any residual confounding and based
on the generalized estimating equation (GEE) framework to take into
account correlations within matched clusters (SAS GLIMMIX proce-
dure). Associations were reported as adjusted odds ratios (ORs) and
associated 95% confidence intervals (95% CIs).

As complementary analyses, we described psychiatric care for
women with schizophrenia during pregnancy. We arbitrarily defined
the optimal psychiatric care by 7 contacts or more with ambulatory
psychiatric settings (consultations or day hospital) based on a
monthly follow-up during pregnancy and taking into account poten-
tial preterm births. Given that pregnancy should be associated with
intensive/reinforced/multi-intervention psychiatric care, this thresh-
old was the lowest threshold to define optimal psychiatric care. Last,
we compared pregnancy, delivery and neonatal outcomes between
women with schizophrenia, delusional disorder and schizoaffective
disorder.

P values were corrected using the false discovery rate method to
take into account multiple testing [44] due to the multiplicity of out-
comes. A significance of p<0�05 was used. All analyses were per-
formed in SAS (version 9.4).
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2.6. Role of the funding source

No funder had any role in the study design, data collection, data
analysis, interpretation, the writing of the report or decisions on
where to publish.
3. Results

Over 5 years, 3,741,016 pregnancies were identified, and
3,667,461 resulted in a singleton delivery according to the inclusion
criteria (see Fig. 1 for flowchart). Overall, 3,108 women with schizo-
phrenia were classified as cases, and 3,664,353 women without a
diagnosis of severe mental disorder were classified as controls. Then,
2,659 women with schizophrenia were matched with 10,243 con-
trols.

In the unmatched analysis (Table 1), women with schizophrenia
were found to be older (SD=0.20); have more frequent smoking
(SD=0.40), alcohol (SD=0.17) and substance (SD=0.27) addictions,
obesity (SD=0.18) and physical comorbidities (SD=0.22) (i.e., diabetes
and chronic obstructive pulmonary disease); and be hospitalized
Fig. 1. Flow
more often in academic hospitals (SD=0.35) and tertiary maternity
hospitals (SD=0.33) than controls.

In the matched analyses (Table 2), women with schizophrenia had
more pregnancy complications (adjusted OR=1.41[95% CI 1.31-1.51])
(i.e., gestational diabetes, gestational hypertension, genito-urinary
infection, intrauterine growth retardation and threatened preterm
labour) than controls. The admission rate in the high-risk pregnancy
care unit was higher in women with schizophrenia than in controls
(8.5 vs 4.6%, p <0.0001). No significant difference was found for pre-
eclampsia (p=0.32), eclampsia (p=0.90) or HELLP syndrome (p=0.50).

Women with schizophrenia also had more delivery complications
(aOR=1.18[95% CI 1.09-1.29]), with more still births/medical abor-
tions (aOR=2.17[95% CI 1.62-2.90]) and caesarean sections (aOR=1.15
[95% CI 1.05-1.25]). No significant differences were found for postpar-
tum haemorrhage (p=0.37).

Newborns of women with schizophrenia had more neonatal com-
plications (aOR=1.38[95% CI 1.27-1.50]) with more preterm births
(aOR=1.64[95% CI 1.42-1.90]), small for gestational age (aOR=1.34
[95% CI 1.19-1.50]) and low birth weight (aOR=1.75[95% CI 1.53-
2.00]) than controls. No significant differences were found for con-
genital malformations (p=0.18) or neonatal mortality rates (p=0.81).
chart.



Table 1
Characteristics of women with schizophrenia and women without severe mental disorder in the unmatched and matched cohorts.

Before matching After matching
Characteristics Women with

schizophrenia
(N=3 108) N(%)

Control group
(N=3 664 353) N (%)

Standardized
differences

Women with
schizophrenia (N=2 659)
``N (weighted %)

Control group
(N=10 243)
N (weighted %)

Standardized
differences

Socio-demographic data
Age, mean (SD) 31.4(5.9) 30.3(5.3) 0.2 31.4(5.8) 31.2(5.4) 0.04
Age classes 0.23 0.1
15-19 years 56(1.8) 75348(2.1) 40(1.5) 117(1.2)
20-24 years 355(11.4) 447400(12.2) 300(11.3) 1108(10.8)
25-29 years 758(24.4) 1117301(30.5) 658(24.8) 2739(26.6)
30-34 years 950(30.1) 1228074(33.5) 827(31.1) 3347(32.5)
� 35 years 989(31.8) 796230(21.7) 834(31.4) 2932(29.0)
Social deprivation 0.05 0
More favoured 1408(45.3) 1734689(47.3) 1317(49.5) 5134(50.0)
More deprived 1489(47.9) 1735819(47.4) 1342(50.5) 5109(50.0)
Missing 211(6.8) 193845(5.3) 0(0) 0(0)
Clinical data
Primiparous 1560(50.2) 1634234(44.6) 0.11 1353(50.9) 5179(50.9) 0
Smoking addiction 447(14.4) 119275(3.3) 0.4 292(11.0) 968(11.0) 0
Alcohol addiction 51(1.6) 1762(0.1) 0.17 2(0.1) 2(0.1) 0
Substance addiction 127(4.1) 7434(0.2) 0.27 29(1.1) 55(1.1) 0
Poor maternal nutrition 10(0.3) 3842(0.1) 0.05 1(0.0) 1(0.0) 0
Obesity 230(7.4) 123779(3.4) 0.18 159(6.0) 546(6.0) 0
Charlson score 0.22 0
0 2917(93.9) 3592406(98.0) 2561(96.3) 9956(96.3)
01-Feb 166(5.3) 65023(1.8) 88(3.3) 263(3.3)
�3 25(0.8) 6924(0.2) 10(0.4) 24(0.4)
Charlson comorbidities
Renal disease 5(0.2) 1354(0.0) 0.04 3(0.1) 6(0.1) 0.01
Liver mild disease 23(0.7) 10728(0.3) 0.06 11(0.4) 44(0.6) 0.02
Liver moderate/severe disease 0(0.0) 356(0.0) 0.01 0(0.0) 0(0.0) 0
Peptic ulcer 2(0.1) 774(0.0) 0.02 0(0.0) 4(0.1) 0.04
Chronic pulmonary disease 68(2.2) 31744(0.9) 0.11 33(1.2) 114(1.3) 0.01
Congestive heart failure 7(0.2) 1165(0.0) 0.05 2(0.1) 6(0.1) 0
Myocardial infarction 1(0.0) 203(0.0) 0.02 1(0.0) 0(0.0) 0.03
Peripheral vascular disease 3(0.1) 514(0.0) 0.04 2(0.1) 4(0.0) 0.02
Cerebrovascular disease 3(0.1) 1962(0.1) 0.02 2(0.1) 3(0.0) 0.02
Dementia 1(0.0) 37(0.0) 0.02 1(0.0) 0(0.0) 0.03
Hemi/Paraplegia 11(0.4) 1885(0.1) 0.07 6(0.2) 4(0.0) 0.05
Rheumatic disease 7(0.2) 4076(0.1) 0.03 4(0.2) 25(0.4) 0.05
Metastatic solid tumour 0(0.0) 282(0.0) 0.01 0(0.0) 1(0.0) 0.01
Malignancy 3(0.1) 2271(0.1) 0.01 1(0.0) 8(0.1) 0.02
Complicated diabetes 8(0.3) 1756(0.1) 0.05 3(0.1) 9(0.1) 0
Non complicated diabetes 55(1.8) 11872(0.3) 0.14 28(1.1) 48(0.7) 0.04
AIDS/HIV 14(0.5) 4743(0.1) 0.06 6(0.2) 21(0.3) 0.02
Hospital data
Hospital type 0.35 0
Public 1718(55.3) 2065583(56.4) 1510(56.8) 5844(56.8)
Academic 1009(32.5) 739276(20.2) 811(30.5) 3078(30.5)
Private 381(12.3) 859494(23.5) 338(12.7) 1321(12.7)
Maternity level 0.33 0
1 394(12.7) 759585(20.7) 349(13.1) 1356(13.1)
2 1376(44.3) 1831649(50.0) 1239(46.6) 4818(46.6)
3 1271(40.9) 989030(27.0) 1017(38.3) 3859(38.3)
No maternity 67(2.2) 84089(2.3) 54(2.0) 210(2.0)

N: effective; %: percentage; SD: standard deviation; standardized differences greater than 0.10 are clinically significant and are indicated in bold. After matching,
the percentages are weighted to consider 1:4 max algorithm matching.
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These findings were confirmed in the multivariate models (Fig. 2).
The repartition of pregnancy/delivery/neonatal complications

alone or in combination is presented in Appendix 2.
The psychiatric care of women with schizophrenia during

pregnancy is described in Appendices 3 and 4. Overall, 23.6% of
women with schizophrenia received inpatient care during their
pregnancy. Among those who did not receive inpatient care,
45.6% had at least one day of hospital and/or ambulatory care
contact, but only 29.8% received 7 contacts or more with psychi-
atric care during their pregnancy. Delivery and neonatal compli-
cations were higher in women with inpatient care than in
women with day hospital and/or ambulatory care. Regardless of
psychiatric care, the rate of each complication was always higher
in women with schizophrenia than in controls.
Pregnancy, delivery and neonatal complications did not differ
between women with schizophrenia, delusional disorder and schizo-
affective disorder (Appendix 5).

4. Discussion

In this population-based cohort study, we identified 3,108 singleton
deliveries in women with schizophrenia from 2015 to 2019 in France.
Women with schizophrenia were slightly older, with more frequent
smoking, alcohol and substance addictions; obesity; and diabetes than
controls. They had more pregnancy complications (i.e., gestational dia-
betes, gestational hypertension, genito-urinary infection, intrauterine
growth retardation and threatened preterm labour) and delivery com-
plications (i.e., still births, medical abortion and caesarean section) after



Table 2
Pregnancy, delivery and neonatal complications of women with schizophrenia and women without severe mental disorder in the matched cohorts.

Women with schizophrenia
(n=2 659)N(weighted %)

Control group (n=10 243) N
(weighted %)

Unadjusted odds
ratio (95% CI)

p-value Adjusted odds
ratio* (95% CI)

p-value

Pregnancy complications 1204(45.3) 3729(37.2) 1.40(1.31-1.50) <0.001 1.41(1.31-1.51) <0.001
Gestational diabetes 428(16.1) 1207(12.1) 1.39(1.26-1.53) <0.001 1.38(1.25-1.53) <0.001
Gestational hypertension 89(3.4) 232(2.4) 1.44(1.17-1.78) 0.002 1.42(1.14-1.76) 0.002
Preeclampsia 78(2.9) 247(2.6) 1.14(0.92-1.41) 0.32 - -
Eclampsia 3(0.1) 10(0.1) 1.09(0.38-3.12) 0.9 - -
HELLP syndrome 8(0.3) 23(0.2) 1.30(0.66-2.55) 0.5 - -
Antepartum haemorrhage 54(2.0) 188(1.8) 1.14(0.88-1.47) 0.39 - -
Placental abruption 18(0.7) 50(0.5) 1.39(0.88-2.20) 0.27 - -
Placental abnormalities 30(1.1) 97(0.9) 1.20(0.85-1.69) 0.38 - -
Thrombosis 7(0.3) 17(0.2) 1.65(0.76-3.58) 0.31 - -
Genito-urinary infection 211(7.9) 617(6.0) 1.35(1.18-1.55) <0.001 1.36(1.19-1.56) <0.001
Chorioamnionitis 21(0.8) 55(0.6) 1.43(0.93-2.19) 0.19 - -
Intra-uterine growth retardation 169(6.4) 455(4.8) 1.35(1.16-1.58) <0.001 1.37(1.17-1.59) <0.001
Premature rupture of membranes 344(12.9) 1252(12.4) 1.05(0.94-1.16) 0.45 - -
Threatened preterm labour 231(8.7) 592(5.9) 1.51(1.32-1.72) <0.001 1.52(1.33-1.74) <0.001
Delivery complications 731(27.5) 2423(24.2) 1.19(1.10-1.28) <0.001 1.18(1.09-1.29) <0.001
Birth
Live birth 2600(97.8) 10137(99.0) 1 1
Stillbirth or medical abortion 59(2.2) 106(1.0) 2.19(1.63-2.94) <0.001 2.17(1.62-2.90) <0.001
Caesarean section 672(25.9) 2271(23.3) 1.15(1.06-1.25) 0.002 1.15(1.05-1.25) 0.002
Postpartum haemorrhage 127(4.8) 527(5.2) 0.92(0.78-1.07) 0.37 - -
Mortality at 42 days 0(0.0) 0(0.0) - - - -
Neonatal complications 760(32.8) 2158(26.2) 1.38(1.27-1.49) <0.001 1.38(1.27-1.50) <0.001
Preterm birth 226(9.8) 496(6.2) 1.64(1.42-1.89) <0.001 1.64(1.42-1.90) <0.001
Small for gestational age 327(14.1) 880(11.0) 1.33(1.19-1.49) <0.001 1.34(1.19-1.50) <0.001
Large for gestational age 220(9.5) 743(8.8) 1.10(0.96-1.25) 0.28 - -
Low birth weight 264(11.4) 523(6.9) 1.73(1.51-0.98) <0.001 1.75(1.53-2.00) <0.001
Congenital malformations 63(2.7) 186(2.2) 1.23(0.96-1.57) 0.18 - -
Neonatal mortality 7(0.3) 23(0.3) 1.12(0.55-2.28) 0.81 - -

N: effective; %: percentage; SD: standard deviation; 95% CI: 95% confidence interval; ICU: intensive care unit; p-values< 0.05 are indicated in bold. The percentages are weighted to
consider 1:4 max algorithm matching.
* Multivariate models were adjusted on the following criteria: age, social deprivation, parity, smoking and substance addictions, obesity and comorbidities (Charlson score: 0, 1-

2, �3).

Fig. 2. Pregnancy, delivery and neonatal complications of women with schizophrenia vs. women without severe mental disorder in the matched cohorts: Multivariate analyses.
Multivariate models were performed when univariate p-values were< 0.05.
Multivariate models were adjusted on the following criteria: age, social deprivation, parity, smoking and substance addictions, obesity and comorbidities (Charlson score: 0, 1-2,�3).
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matching and adjustment for common pregnancy risk factors. Their
children also had more neonatal complications (i.e., preterm birth,
small for gestational age and low birth weight).

Our results highlight the importance of health inequalities
between pregnant women with and without schizophrenia as well as
in their newborns.

The risk of pregnancy, delivery and neonatal complications is sub-
stantial in women with schizophrenia. Our results are in line with
previous studies in other countries, suggesting that all healthcare sys-
tems experience difficulties in the clinical care of pregnant women
with schizophrenia [39,45�50]. We found that schizophrenia was
associated with an increased risk of cardiovascular and metabolic
manifestations. This risk has been poorly explored in previous studies
but consistently identified in studies exploring these outcomes (2
studies for gestational diabetes [49,51] and 2 for gestational hyper-
tension [49,52]). We also report increased risk of genito-urinary
infections in pregnant women with schizophrenia consistently with
one American study [53]. Genito-urinary infections are frequent and
associated with a wide range of adverse perinatal and maternal out-
comes [54]. Targeting these infections could specifically prevent the
risk of preterm birth. The association of schizophrenia and increased
risk of preterm birth, small for gestational age, low birth weight, cae-
sarean section and still birth has been reported repeatedly in previ-
ous studies [45�47,50] and was confirmed in our results.

These complications are all also indicative of future health
inequalities for women with schizophrenia and their children.
Women with adverse pregnancy cardiovascular and metabolic out-
comes, preterm delivery, small for gestational age and low birth
weight appear to be at increased risk of metabolic and vascular dis-
eases later in life [6]. Their children have increased behavioural prob-
lems, cognitive impairment, diabetes and cardiovascular diseases
[7�11]. In addition, preterm birth and small for gestational age are
associated with an increased risk of a wide range of long-term poor
outcomes, including slightly increased adult mortality [55], renal dys-
functions [56], lower attainment of higher education qualifications
[57], less romantic partnership, sexual intercourse, or access to par-
enthood [58]. Caesarean section is reported to be associated with an
increased risk of uterine rupture, abnormal placentation, ectopic
pregnancy, stillbirth, and preterm birth in future pregnancy. In chil-
dren, caesarean section is associated with a greater incidence of late
childhood obesity and asthma [10]. Future studies should specifically
explore the cause of caesarean section in women with schizophrenia
and determine how to reduce the occurrence of unnecessary caesar-
ean sections. Finally, perinatal risk factors for developing schizophre-
nia overlap those of perinatal complications in pregnant women with
schizophrenia, highlighting the intergenerational transmission of the
risk for schizophrenia [59,60].

These health inequalities can be explained by the existence of bar-
riers to optimal care for pregnant women with schizophrenia.

On the patient level, schizophrenia is a specific challenge in men-
tal health, as schizophrenia is characterized by a lack of insight into
illness in approximately a half of the patients [61]. especially during
the years following illness onset. This lack of insight has a strong
impact on care adherence and remains paradoxically poorly explored
in current research on schizophrenia pregnancy. A mother with delu-
sions may be unaware of her mental illness, may pursue health-risk
behaviours, such as tobacco smoking, and may experience pregnancy
denial [62]. This phenomenon may explain the high proportion of
medical abortions and still births in our results, also reported in Fin-
land [63]. Almost one-quarter of the pregnant women with schizo-
phrenia included in our study were hospitalized in inpatient
psychiatric care during their pregnancy. This is a proxy for uncon-
trolled or insufficiently controlled mental illness. This rate may be an
underestimation, as no contact with psychiatric care was recorded
for one-third of the pregnant women with schizophrenia. These
results suggest unmet needs in mental illness control, addictions and
physical comorbidities in preconceptional care that could improve
the outcomes of pregnancy. Women with schizophrenia may also use
inconsistent nonbarrier contraception, with an increased risk of
unwanted pregnancy [64,65], suggesting the need for reinforced
partnership with family planning. On the opposite, it is also possible
that women without contact with psychiatric services may be stabi-
lized in a remission phase and less than an half of patients with
schizophrenia has poor insight into illness [61,66]. Overall, this
patient-level issue is insufficiently explored in the research field and
should be specifically addressed in clinical guidelines.

On the provider/organizational level, the current French maternal
health policy is based on universal health coverage and seven manda-
tory antenatal visits [67]. Our findings suggest that this organization
is insufficient to tackle health inequalities in pregnant women with
schizophrenia. A previous work performed in a universal coverage
health system reported similar findings [49]. Proportionate universal-
ism (i.e., that the intensity of care should be proportionate to the level
of disadvantage and needs [68]) is an attractive principle to reduce
health inequalities. The first need is to identify pregnant women with
schizophrenia early and to develop highways to specialized services.
In France, the first mandatory medical consultation by general practi-
tioners (GPs), midwives or obstetricians is due before 20 weeks of
pregnancy. This is an opportunity to trigger proportionate care by
referring the mother to a specialist perinatal care service. Primary
care pregnancy health workers should thus be provided more train-
ing to the screening, management and referring of pregnant women
with schizophrenia. The next need is to reduce fragmented pathways
of care that can be overcome with comprehensive patient-centred
care interventions. First, the mother should receive a comprehensive
multidisciplinary evaluation with a unity of time and place. We found
that less than one-third of pregnant women with schizophrenia
received 7 contacts or more with ambulatory psychiatric care, which
seems insufficient in regard to all interventions that should be pro-
vided. Women with schizophrenia have multiple and complex needs
that should be addressed, including background regimen manage-
ment and information/mental illness symptom control, psychological
interventions, postpartum mental health prevention, addictions, par-
enting abilities, nutritional care, physical activity and social/rehabili-
tation interventions. This early initial evaluation could help plan and
coordinate care involving GPs, obstetricians, paediatricians, psychia-
trists, addiction specialists, psychologists, midwives, nurses, health-
care workers and the supportive social environment of the mother. A
midwife or a nurse could ensure the role of a case manager to rein-
force personalized follow-up and intervention effectiveness [69]. The
development of video conferences has been considerably accelerated
with the COVID-19 pandemic and may be an opportunity to improve
coordination and care access [70]. The question of the boundaries of
the role of each healthcare professional is complex and should be
clarified. The supportive environment (including fathers and care-
givers) should be included in these consultation meetings as often as
possible [16]. Despite limited evidence, peer support and peer sup-
port groups could also reinforce a supportive environment, which is
often defective in mothers with schizophrenia [71,72].

Last, health inequalities between pregnant women with and with-
out schizophrenia persisted after matching and adjustment for com-
mon risk factors, such as age; parity; smoking, alcohol and substance
addictions; malnutrition; obesity; and comorbidities. This finding
suggests that proportionate intensified care to the level of needs and
effective case management would not be sufficient to compensate for
these inequalities and that public health policies should consider pre-
ventive and social determinant approaches before pregnancy.
Women with schizophrenia are among the most vulnerable and
socially disadvantaged persons [73]. For example, modifiable risk fac-
tors found in our study, such as smoking, alcohol and substance
addictions, are in part determined by material deprivation, psychoso-
cial stress and discrimination [74]. Effective policies should thus
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address the underlying social conditions that make women with
schizophrenia vulnerable [75].

Strengths. This study was based on exhaustive and updated
national data. The size of our control group (more than 3 million
deliveries) allowed us to match almost each case with up to 4 con-
trols on multiple factors. We explored a more comprehensive rank of
outcomes compared to most previous studies. To ensure comparabil-
ity with the results of previous studies [76�78], multiple pregnancies
were not included in the analyses.

Limits. Illness severity, psychotropic drugs, treatment observance,
diet, physical activity, marital status, medical follow-up, social isola-
tion, ethnicity and domestic violence were not available, as in most
of the previous population-based studies published thus far. Women
with schizophrenia have been found to be more frequently single
and at risk of domestic violence victimization than those without
mental disorders [79]. Singleness is associated with increased unvo-
luntary abortion [63], and domestic violence can lead to maternal
stress and poor foetal outcomes. Ethnicity is not reported in French
national databases due to ethical issues, whereas ethnicity can influ-
ence pregnancy outcomes and social behaviours [80]. Antipsychotic
drugs are not available in the French national hospital database. The
increased metabolic risk may be explained by second-generation
antipsychotic drugs delivered to women with schizophrenia [61]. A
weakness of large hospital databases is the miscoding of diagnoses
during hospital stays that can underestimate patients’ comorbidities.
Some data is known to be insufficiently coded in medico-administra-
tive databases (e.g., tobacco smoking and obesity) [81]. Missing data
is thus assumed as no presence of disease. Last, we used matching
and adjustment based on a high number of patient characteristics
and with control for confounders at hospital level to compare the
cohorts of mother with and without schizophrenia. The risk of bias is
to omit some potential confounders that can alter the comparability
of cohorts and therefore threaten the validity of outcome measures.

5. Conclusion

This study highlights the importance of health disparities between
pregnant women with and without schizophrenia as well as in their
newborns. Our findings suggest preliminary recommendations to
pursue efforts for the prevention of metabolic risk and genito-urinary
infections; to promote early smoking cessation, alcohol abstinence
and substance misuse cessation; and to develop specific programmes
for other unmet needs during and before pregnancy.
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