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Background
Research in schizophrenia and pregnancy has traditionally been
conducted in small samples. More recently, secondary analysis
of routine healthcare data has facilitated access to data on large
numbers of women with schizophrenia.

Aims
To discuss four scientific advances using data from Canada,
Denmark and the UK from population-level health registers and
clinical data sources.

Method
Narrative review of research from these three countries to
illustrate key advances in the area of schizophrenia and
pregnancy.

Results
Health administrative and clinical data from electronic medical
records have been used to identify population-level and clinical
cohorts of women with schizophrenia, and follow them longitu-
dinally along with their children. These data have demonstrated
that fertility rates in women with schizophrenia have increased
over time and have enabled documentation of the course of
illness in relation with pregnancy, showing the early postpartum
as the time of highest risk. As a result of large sample sizes, we
have been able to understand the prevalence of and risk factors

for rare outcomes that would be difficult to study in clinical
research. Advanced pharmaco-epidemiological methods have
been used to address confounding in studies of antipsychotic
medications in pregnancy, to provide data about the benefits
and risks of treatment for women and their care providers.

Conclusions
Use of these data has advanced the field of research in schizo-
phrenia and pregnancy. Future developments in use of elec-
tronic health records include access to richer data sources and
use of modern technical advances such asmachine learning and
supporting team science.
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Background

Schizophrenia is a severe mental disorder characterised by distor-
tions in thinking, language, perception, emotions and sense of
self. It often includes psychotic experiences, such as hearing
voices or delusions and can be chronic and disabling for many
with the condition.1 Prevalence is usually estimated at between
0.5 and 1%2 although the Global Burden of Disease study 2016
gave a global age-standardised point prevalence of 0.28%.3

Schizophrenia is ranked 12 among 310 diseases and injuries
causing disability.4 Age at onset is typically in late adolescence to
early adulthood, but in women is typically about 5 years later
than in men, at the height of a woman’s reproductive years.5

Introduction to the evidence base in the field of
schizophrenia and pregnancy

Most published research in the area of schizophrenia and pregnancy
derives from case studies, qualitative work and small cohort
studies.6–13 Small studies have shown that with practical and emo-
tional supports, many women with schizophrenia are able to parent
and be confident and successful as mothers.14 However, this
research has also identified some specific needs among women
with schizophrenia in relation to pregnancy, including in prenatal
care, postpartum monitoring for early detection of psychiatric
symptoms, and support with breastfeeding and parenting.15 These
small studies have shown that mothers with schizophrenia are at

disproportionately high risk for being single parents,16 social care
involvement14,17 and custody loss.14 Further, there have been rare
reports of pregnant women with schizophrenia having delusions
around the fetus and denial of pregnancy18,19 and in rare but
tragic circumstances, suicide and infanticide.20–22

The evidence, based mainly on case reports and small observa-
tional studies, has been important for raising awareness. However,
small clinical studies are somewhat limited in their ability to gener-
ate data that fully characterises women and children in this poten-
tially vulnerable maternal–child population. These types of study
designs do not generally have the sample size or representativeness
to allow for prediction of which women with schizophrenia will be
at risk for which outcomes, and do not support accurate estimation
of true incidence and prevalence of outcomes in the population, or
whether, how and in whom some of the negative outcomes could be
prevented.12 Small studies are also underpowered to provide accur-
ate information on the risk for rare but important medical and
mental health outcomes for mothers and their children, and the
benefits and risks of antipsychotic medication – a mainstay of treat-
ment in schizophrenia – in pregnancy.23 However, recruiting
enough pregnant and postpartum women with schizophrenia to
conduct high-quality clinical studies with large, representative
samples results is time consuming and costly.

Secondary analysis of routinely collected healthcare data for
research is an attractive strategy to create generalisable information
to guide public policy and patient care in this area. Routinely
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collected healthcare data can allow research studies to be rapidly
and efficiently conducted by accessing data about large numbers
of women with and without schizophrenia, over long periods of
time, with linked data on important risk factors and outcomes. In
recent years, increased digitisation of clinical records has enabled
increasing amounts of detailed routinely collected health data to
be leveraged for use in medical research. Herein, we present exam-
ples of research conducted by our research teams using three rou-
tinely collected healthcare data sources in Canada, Denmark and
the UK, to illustrate key advances that have been made in the area
of schizophrenia and pregnancy by creating and analysing represen-
tative cohorts of women with schizophrenia around the time of
pregnancy. We also present our hopes for how to advance this
work further in the future.

Method

We undertook a narrative review of research from our own research
teams in Canada, Denmark and the UK using routinely collected
health data to illustrate key advances in the area of schizophrenia
and pregnancy.

Data sources

Population-level health registers and clinical electronic health
records represent two main types of routinely collected healthcare
data that we have leveraged for analyses in populations of women
with schizophrenia around the time of pregnancy.

Population-level health registers – sometimes called healthcare
administrative data – contain structured data including standard
demographic information (for example dates of birth and death,
sex, region of residence), dates of out-patient, emergency depart-
ment and in-patient healthcare contacts, and medical diagnoses
and procedures. In these registers, an individual’s healthcare data
can be de-identified and/or anonymised and linked across data-
sets, accessed and analysed quantitatively. These data sources
cover entire populations and have a high degree of external validity,
ideal for public health research, surveillance and policymaking.24

They are regulated by government bodies, with strict privacy
requirements to protect the integrity of the data, and to avoid the
risk for re-identification of an individual from research using the
records. For example, in all the data-sets with which we work, it is
prohibited to report on cell sizes smaller than 5–10 people, to
protect anonymity.

In Ontario, Canada’s largest province (population ∼14.6
million), multiple sources of administrative health records have
been linked to each other using a unique patient identifier
common across all health records, dating back to the late 1980s.
These data-sets, housed at ICES (formerly the ‘Institute for
Clinical Evaluative Sciences’) – the designated Provincial
repository for the secure collection and analysis of healthcare
data for research – include hospital admissions, emergency
department visits, medication and immigration records (www.
ices.on.ca). Maternal and infant records are linkable to each other
via hospital delivery records. In Denmark, a unique personal iden-
tification number ensures linkage within and between a range of
population registers, with data including information on hospital
admissions, births, spontaneous and induced abortions, fertility
treatment, social care, education and also linkage across family
members including fathers’ and children’s’ health dating back in
many cases to the mid-1960s (www.cirrau.au.dk/data-resources).

Most health administrative data-sets do not contain detailed
information about clinical signs and symptoms. This is changing,
with novel linkages of population-level clinical registers, where

clinicians are mandated to enter clinical data such as symptoms
and medical assessments for entire populations into population-
level administrative health data registers. For example, in Ontario,
there is a linked population-level mental health hospitalisation
data-set, the Ontario Mental Health Reporting System, where clin-
ical staff enter detailed data, which includes symptom-level data, for
every patient through admission and discharge.25 More recently, a
clinical maternity registry, BORN Ontario (Better Outcomes
Registry and Network), has also been linked (www.bornontario.
ca). This comprises clinical records sourced from maternity and
neonatal services across the province, which provide more detailed
data including sociodemographic data at the individual level (for
examplemarital and education status), behavioural risk factor infor-
mation (for example bodymass index, smoking, intimate partner vio-
lence), some information on fathers, and details on medical testing,
such as blood results, which are lacking in administrative data.

In the UK, advances in technology have enabled access to the
routinely collected data from clinical electronic health records
with in-depth information, including risk assessments, family his-
tories, safeguarding assessments and that include clinical notes
written as free text. These can be de-identified for use in research,
by transforming free text into structured coded data for quantitative
analysis. The South London and Maudsley (SLAM) NIHR
Biomedical Research Centre (SLAM BRC) Clinical Record
Interactive Search (CRIS) system is a source of clinical secondary
mental healthcare data covering four London boroughs that
includes all secondary mental healthcare (i.e. psychiatry) service
use for that population.26,27 CRIS was set up in 2007 to allow
researchers to access full but pseudo-anonymised data from the
SLAM clinical records. CRIS hosts a de-identified data resource
allowing searching and retrieval functionality for information
from SLAM patient records including text fields (for example
events notes, correspondence) so that bespoke research databases
can be assembled. Fully electronic (i.e. paperless) health records
have been maintained across all SLAM services since April 2006.
CRIS de-identification performance and security protocols have
been published28 and it has been approved as a source of secondary
data for research since 2008.

CRIS has also been linked to other sources of data including
local primary care data, national pupil data, mortality records and
UK hospital data by the South London and Maudsley Clinical
Data Linkage Service, transferring encrypted information via a
secure firewall.26 Using patient data in this research does not
require women to consent. Patients are given the opportunity to
‘opt out’ if they do not wish their information to be included in
research. Through various ongoing dissemination activities,
patients and public are informed about ongoing research and are
also invited to give their input on research plans.

Results

We identified four research themes from work conducted by our
teams where population health registers and electronic clinical
records have contributed to the evidence base and enabled us to
make scientific advances in our understanding of women with
schizophrenia and their reproductive health. These are:

(a) generalisable samples;
(b) longitudinal follow-up;
(c) rare outcomes;
(d) comparator groups.

For each we present the generated evidence and highlight
strengths and challenges of using these data sources in this line of
research.
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Generalisable samples

The volume of data in electronic health records and population
registries and their coverage of populations has enabled access to
representative samples of women with schizophrenia. However,
data such as physician- and hospital-based diagnoses are not col-
lected for research purposes, and can be subject to data entry
errors. To generate cohorts of women with schizophrenia who
have a pregnancy, utilising these data-sets has required substantial
data cleaning and development of algorithms to define and validate
health indicators.

In Ontario, studies have included all women in the province of
Ontario29 and researchers have developed and validated an algo-
rithm to identify individuals with schizophrenia in health adminis-
trative data30 using data from two sources – hospital admissions
data and out-patient data. Researchers used ICD diagnostic codes
for schizophrenia and schizoaffective disorder arising from a hos-
pital admission or three out-patient visits within 3 years. This def-
inition has a sensitivity of 90.1, specificity of 68.0; a positive
predictive value of 77.1 and a negative predictive value of 88.7 com-
pared to a clinical record.

Research from Denmark has included all women with past
admissions for psychiatric disorder across the whole country.
Studies have used ICD diagnoses from the Danish Psychiatric
Central Research Register to identify schizophrenia.31 Early data
used hospital admissions only but since 1995 the register has con-
tained both hospital admissions and out-patient data. Validation
of ICD-10 first time diagnoses of schizophrenia in the register of
in-patients and out-patients against clinical case notes has been
reported as having a positive predictive value of 89.7–97.5%.32

In the UK, research in women with schizophrenia and preg-
nancy initially used routinely collected primary care data, which
gave rise to fairly small samples.33,34 The secondary mental health
data from CRIS has allowed research to be carried out on represen-
tative samples of women managed in secondary care, but will miss
those few women managed solely in primary care.35 In CRIS,
natural language processing applications have been developed for
text mining, using General Architecture for Text Engineering36 to
derive structured data from free-text fields, taking into account
the textual context of words/phrases of interest (for example distin-
guishing between positive and negative statements or past and
present occurrences). These applications are developed using an
iterative process and validated against ‘gold standard’manual anno-
tations of documents by calculating precision (positive predictive
value) and recall (sensitivity).36 Research focused on pregnant
women with a history of severe mental illness has used an applica-
tion developed to extract diagnoses of severe mental illness prior to
pregnancy, reading free-text notes to resolve any ambiguities.35,37,38

Thus, schizophrenia can be validly and reliably identified in
routinely collected or ‘real-world’ health administrative and clinical
data, opening up multiple opportunities for our own teams and for
researchers around the world to rapidly study this population using
these or similar data sources.

Longitudinal follow-up

As a result of the rapid accumulationof large volumes of data occurring
over long periods of time, secondary analysis of healthcare data allows
for efficient measurement of trends over time, as well as long-term
follow-up of mothers and their children. An important application
of this in the area of schizophrenia in pregnancy is research on time
trends in fertility rates, as well as characterisation of the epidemiology
of the course of psychiatric illness in relation with pregnancy.

Using population registry data, birth rates among women with
schizophrenia have been measured by capturing records of births
recorded in hospital data39 or civil registration data.40 Early research

from the UK using primary care data showed lower birth rates in
women with psychotic disorders than who were matched popula-
tion controls.34 Research from Denmark showed that birth rates
were lower in women with schizophrenia, than the general popula-
tion and women with other mental disorders even when accounting
for higher rates of terminations in this group of women.40 Research
using the ICES data-sets in Ontario, Canada examined trends in
birth rates in women with schizophrenia over time and found
increases of 16% from 1996–1998 to 2007–2009.39 By the end of
the study period, birth rates were similar between women with
and without schizophrenia in the under 25 age group. These find-
ings have shown that over time, more women with schizophrenia
are becoming mothers, and have supported the argument for
urgent research to determine how best to support this vulnerable
group in their health and the mental and physical health of their
children.41

Our research teams have also focused on gaining a better under-
standing of the course of a woman’s psychiatric illness across preg-
nancy and postpartum. Course of illness in these large data-sets has
generally been measured by identifying psychiatric hospital admis-
sions to determine severe psychiatric relapses. Data from Canada
has reported admissions during pregnancy at 12–23%29,42 in
women with a history of schizophrenia and data from the UK has
reported admissions during pregnancy at 24% in women with a
history of non-affective psychosis who were in contact with second-
ary mental healthcare.

In the first 3 months postpartum, UK data reported 31% of
women with non-affective psychosis were admitted.38 The figures
reported for the first year postpartum were 19% and 16% in data
from Canada and Denmark, respectively,42,43 possibly reflecting
the different population in the UK – a secondary care cohort –
whereas those for Denmark and Canada are from an epidemiologi-
cally representative primary and secondary care population cohort.
Although there is some variability across data-sets, these data have
consistently documented that women with schizophrenia are at
high risk of admission in pregnancy and postpartum and that
early postpartum is the highest risk for admission across the
whole perinatal period.42,43

In Canada, Denmark and the UK, our teams have also shown
that markers of the severity of the psychiatric disorder such as
number and recency of previous admissions are predictive of admis-
sions in the perinatal period.37,43,44 Interestingly, in a Canadian
study, having a consistent mental healthcare provider in pregnancy
(either a primary care provider or a psychiatrist) was associated with
a lower likelihood of requiring psychiatric admission in the post-
partum. Other predictors of postpartum psychiatric admission
were age >34, low income, not having an ultrasound before 20
weeks’ gestation as well as psychiatric comorbidity and prior psychi-
atric hospitalizations.44

Conducting longitudinal research relying on clinical studies
prospectively collecting data across years would be very costly and
at high risk of substantial loss to follow-up across the course of preg-
nancy and postpartum. These resources of prospective routinely
collected healthcare data include more women with longer follow-
up periods, minimising attrition, and can include otherwise hard
to reach women too unwell to take part in a clinical study.
Measuring psychiatric outcomes using hospital admission data
may not be as sensitive an indicator of a woman’s mental health
as a clinical assessment. However, these findings inform clinicians
that women with schizophrenia are at risk of a severe relapse in
the perinatal period and require close monitoring during this
period to prevent relapse, particularly in the early postpartum
where admission might involve separating mother and baby, as
well as determining which women may be at particular risk and
hence require extra support.
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Carrying out life-course research, including following women
for their reproductive trajectories, and intergenerational research
(i.e. research on outcomes of mothers and outcomes of their chil-
dren) in healthy populations by recruiting mothers and babies has
proved increasingly difficult. In the UK, a new large cohort study
(the LIFE study) could not recruit to target and was stopped
(www.lifestudy.ac.uk). Conducting clinical life-course and interge-
nerational research for women with schizophrenia would be an
even greater challenge. More recently, routinely collected healthcare
data has increasingly integrated data from across generations, dif-
ferent phases of life and critical periods of development, and
research has begun to address longer-term follow-up of both
women and children. For example, Canadian data have shown
that women with schizophrenia are at higher risk of repeat preg-
nancy within 12 months of an index live birth than women
without schizophrenia.45 Danish data through linkage to social
care data and other family members, has also shown high risk of
out-of-home placement in children of women with severe mental
disorders46,47 and long-term follow-up of mental health records
have shown children of parents with severe mental disorders have
higher incidence of child and adolescent mental disorders up to
age 17 compared with children of parents without severe mental
disorders.48

Rare outcomes

Many obstetric and neonatal complications are relatively uncom-
mon in the general population. For example, the rate of stillbirths
in 2015 was 18.4 per 1000 live births globally and 3.4 in high-
income countries/developed regions49 and in 2017, globally, neo-
natal death was reported at 18 per 1000 live births and 3 per 1000
live births in high-income countries.50 Pre-eclampsia has been esti-
mated at 4.6%51 and rates of preterm birth have been reported at
8.7% in Europe and 11.2% in North America.52 Given that schizo-
phrenia is already a rare disorder, detecting such outcomes in these
women requires very large samples. Using population-level data and
including a variety of sources of linked data, research from Canada
and Denmark has shown that compared with women in the popu-
lation who do not have a history of schizophrenia, women with
schizophrenia tend to have higher risk outcomes including pre-
eclampsia, venous thromboembolism, placental complications and
haemorrhage,29 assisted deliveries such as caesarean sections,
inductions of labour and maternal intensive care admissions.29,53

Regarding neonates; data from Canada have also found
increased risk for preterm birth, small for gestational age, large
for gestational age and low birth weight and an increased risk for
other neonatal morbidities such as seizures, sepsis, and neonatal
abstinence syndrome,29 and from Denmark; poorer Apgar
scores.53 Earlier research from the UK using primary care data
has shown that women with history of psychotic disorder, com-
pared with matched controls had more caesarean sections and
higher proportion of stillbirths and neonatal deaths.33

Recent research from Canada using clinical birth registry data
(BORN) to look at mediators of elevated risk, found that smoking
in women with schizophrenia explained the greatest proportion of
elevated risks for preterm, small-for-gestational-age scores and
Apgar scores. Other relevant mediators were illicit substance use
and reproductive history including prior preterm birth, caesarean
section, surgical abortion and assisted reproduction.54

Regarding rarer psychiatric outcomes, research in Canada and
the UK has looked at self-harm in pregnancy, detecting rates of
1% using emergency department visits42 and 11.4% in women
with non-affective psychosis in secondary mental healthcare using
clinical notes.55 Research using the Danish population (1 202 294
women) identified 1554 women with a severe first-onset

postpartum mental disorder, of whom 64 had a hospital record of
self-harm following diagnosis. Of these, 6 (9.4%) women had a diag-
nosis of schizophrenia or related disorder.56 Canadian research has
also looked at suicide among women over a 15-year period in the
province of Ontario identified using death records. Of 1914 suicides
identified, 51 occurred during the perinatal period, but among
women with psychotic disorders in the previous 5 years, numbers
were too small to report,57 indicating that suicide among women
with schizophrenia in the perinatal period is very rare.

Challenges with using routinely collected healthcare data to
identify rare outcomes include the risk of false-positive findings
when making multiple comparisons, statistical differences that
may not be clinically meaningful and residual confounding.
Important covariates such as partner abuse or childhood maltreat-
ment are not usually recorded in administrative data, but some of
these are potentially extractable from comprehensive electronic
health records such as CRIS, and with linkage of clinical registry
data, such as with BORN in Ontario. Despite these limitations,
these data allow us to determine what is happening on a ‘real-
world’ level and no other method of research would provide suffi-
cient data to detect these outcomes with population-level coverage
and with such a high degree of external validity. These data give
us information at the public health level regarding adverse health
outcomes for mother and baby in women with schizophrenia enab-
ling us to develop targeted interventions to address identified health
disparities in this group of women and their babies.

Comparator groups

Another and often overlooked advantage of using population-based
data is they have allowed for novel and creative ways of identifying
multiple and varying control or comparison groups. Schizophrenia
is primarily managed with antipsychotic medication and one of the
biggest clinical concerns for patients and healthcare providers is
how to weigh the risks and benefits of medication use in pregnancy.
Applying modern statistical methods, such as propensity score
matching, to the question of the safety of antipsychotic medication
use in pregnancy has led to advances in knowledge about the risk–
benefit ratio of the use of these medications in pregnancy.

For example, research from Canada has investigated maternal
physical health and perinatal outcomes in women exposed and
unexposed to antipsychotic medication in pregnancy.58 In an
unmatched comparison, the antipsychotic-exposed women had
higher risk of gestational diabetes and hypertensive disorders, and
higher risks of adverse labour-, delivery- and neonatal-related out-
comes. These differences disappeared when the antipsychotic-
exposed group was compared to a propensity-matched unexposed
group, indicating that factors other than medication may account
for these differences.

Prescribing and exposure to psychotropic medication in preg-
nancy remains an area of contention for women and clinicians.
The rich source of clinical psychiatric records and use of natural lan-
guage processing applications to extract medication information in
UK data from CRIS has enabled us to look in detail at changes in
exposure status to medication in pregnancy in women with schizo-
phrenia, including stops and switches in medications. Changes may
reflect concerns by clinicians and women regarding effects of these
medications during pregnancy, suggesting need for more evidence
on the risks and benefits of medications in pregnancy. Around
40% of women with a history of non-affective psychosis stopped
or switched a medication in the first trimester.35 We also deter-
mined the reasons for changes and whether stops in medication
were a woman or a clinician’s decision and whether medication
was discontinued gradually or abruptly. Given there were many
complex changes in medication throughout pregnancy in some
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women we were unable to report by pregnancy whether medication
discontinuation was a woman or clinician’s decision. However,
when women stopped medications themselves, all stopped abruptly.
Reasons for stopping or switching medications were primarily as a
result of becoming pregnant. Other reasons included side-effects,
improved symptoms or ‘non-compliance’.35 We have also investi-
gated medication exposure as a predictor of psychiatric relapse in
pregnancy and postpartum. Comparing within women with a
history of psychotic disorders, these data have shown that women
on nomedication tended to have greater risk of relapse in pregnancy
than women exposed to medication.37

In Denmark, researchers are also utilising new and creative
methods for investigating psychotropic medication in pregnancy
and have attempted to account for confounding by indication
among antidepressant users for outcomes in offspring by comparing
unexposed women, women exposed in pregnancy only, women
exposed before pregnancy only, as well as before and during preg-
nancy. To account for any specific effects of intrauterine influence
of medication use on child health, fathers were also used as negative
controls.59 Note, this approach has not yet been carried out with
respect to antipsychotic medications.

There are limitations to using routinely collected healthcare
data for medication research. Adherence is largely unknown,
given that much of the data is prescription related, leading to poten-
tial misclassification of medication exposures. Use of clinical psy-
chiatric records in UK data have been able to give a clearer
picture regarding whether women in secondary care are taking
medication, although the quality of clinical notes varies, which
may depend again on women’s engagement with services and the
severity of their psychiatric illness. However, in the absence of ran-
domised controlled trial data, utilisation of population scale records
and detailed clinical data, as well as newer analytic techniques are
increasing the likely validity of these findings.

Discussion

Research in schizophrenia and pregnancy: future
directions?

New methods are consistently being developed to enrich the variety
of data sources that will give access to greater quality of information
about pregnant women and new mothers with schizophrenia, and
their children. The UK data also includes clinical outcome data,
including from theHealth of the Nation Outcome Scales,60 designed
to assess level of functioning in people with mental illness. Adding
patient reported outcome measures will also give us access to stan-
dardised measures across jurisdictions. A large new programme is
underway in the UK called ELIXIR (Early Life data Cross Linkage
in Research)61 using detailed local maternity data in South East
London, facilitating linkage of data from mothers and babies and
linkages with multiple sources of data from primary and secondary
care, and local schools, enabling detailed child follow-up. In the
Ontario data, additional linkage of social service, child welfare
and child educational assessment data, will be linked to health
data, which will enable future opportunities for research.

Further exciting opportunities are related with plans to increase
the varieties of data linked with these large population and clinical
data sources, such as imaging data, genetics data, bio-resources and
social media. This will facilitate multidisciplinary research into
biology, causes, mechanisms and medical treatments, as well as
social determinants. Work is already underway in Denmark and
the UK to incorporate biological data with these clinical and admin-
istrative data sources. In Denmark, a large-scale research effort
iPSYCH (http://iPSYCH.au.dk/) was initiated in 2012 with an out-
lined purpose of studying genetic and environmental risk factors

for mental disorders including schizophrenia and how these inter-
act.62 The genetic data stems from a national biobank and the infor-
mation is linked with a range of existing population registers
allowing for longitudinal studies of individuals across decades.

As the volume and complexity of data grows, we will have more
opportunity to employ newer methodologies of causal inference
such as propensity score matching, instrumental variables and
other epidemiological study designs such as self-controlled case
series,63,64 and we can start to simulate experimental data, support-
ing evaluation of interventions and treatment programmes, and
future research may also look at effectiveness and cost-effectiveness
of health services such as mother and baby units, community ser-
vices and social care. Further, use of data mining techniques and
more recently, techniques involving machine learning, have facili-
tated analysis of unstructured data and natural language processing
applications have now been developed to extract psychiatric symp-
tomatology in the UK data,65 giving access to more detailed infor-
mation on psychiatric illnesses and severity. Future uses of
machine learning are bringing us closer to more efficient ways of
processing and analysing huge volumes of complex data, taking
us toward a ‘big data’ model and possibilities of using predictive
modelling to assist clinical decision-making and personalised
medicine.

Implications

It is our view that team science across international boundaries pro-
vides potential to fill research gaps including researching other rare
outcomes, different interventions and populations. This involves
collaboration across investigators with diverse skills and experi-
ences, leading to greater integration of knowledge and information
than individual investigators can achieve working independently.
Integrating data across countries can further increase the external
validity cross-culturally and across different health service models.

Use of these routinely collected health data also requires knowl-
edge and expertise in different areas including medicine and health
services, medical sciences, information technology infrastructure
and data analytics, particularly as access to increased variety of
data sources is increasing. In line with this, we have already pub-
lished a multicentre meta-analysis using data from six countries
including Canada, Denmark and the UK, looking at exposure to
lithium in pregnancy,66 finding increased risk of neonatal admis-
sions within 28 days of birth and increased risk of major malforma-
tions but not cardiac malformation, which has been traditionally
associated with lithium use in pregnancy. This study has documen-
ted both feasibility and relevance of pooling these data sources
internationally.

In conclusion, producing generalisable research that advances
knowledge about how to care for women with schizophrenia
around the time of pregnancy has been a challenge because of the
prevalence of the disorder itself and challenges in engaging repre-
sentative samples in clinical research. Secondary analysis of rou-
tinely collected healthcare data has contributed to scientific
advances in four main areas of research that would otherwise be vir-
tually impossible– creation of cohorts and health indicators on a
population level, longitudinal follow-up and analysis of rare out-
comes and use of comparator groups to limit selection bias.
Future directions may enable access to richer sources of data,
support development of personalised medicine, assist with clinical
decision-making and incorporate biological resources, as well as
collaborate across countries and research disciplines, to ensure
optimal outcomes for pregnant women and new mothers with
schizophrenia, and the health and well-being of their children
across the lifespan.
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