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Abstract

Background

Asthma now affects up to 10% of pregnant women in high income countries and
international prevalence is rising. It is already one of the commonest chronic
diseases that can complicate pregnancy and previous studies have raised concern that
women with asthma have increased pregnancy risks. Precise estimates of the
magnitude of these risks and the extent to which they may differ by asthma severity

and asthma exacerbation rates, have not been determined.

Aim
The overall aim of this thesis was to investigate the impact of asthma and asthma

therapies on pregnancy and perinatal outcomes in the general female population.

Methods

The Health Improvement Network primary care database from the United Kingdom
was used to develop a dataset of women matched to their liveborn children and all
data on these pregnancies and on pregnancies ending in stillbirth, miscarriage or
therapeutic abortion, were extracted for analysis. Three separate studies were carried
out using the developed dataset. First, a cohort design was used to compare fertility
rates of women with and without asthma or other allergic disease. Secondly, a cross-
sectional design was used to compare risks of adverse pregnancy outcomes and
obstetric complications in women with and without asthma. Thirdly, a case-control
design was used to compare the risk of congenital malformation in children born to
women with and without asthma, and to assess whether asthma medications are

teratogenic.



Results

A study population of 1,059,246 women was obtained and pregnancies ending in
268,601 matched live births, 986 stillbirths, 35,272 miscarriages and 37,118
therapeutic abortions were identified. Women with asthma or other allergic disease
had similar fertility rates (live births per 1,000 person-years) to women in the general
population. Women with asthma also had a similar risk of pregnancy ending in
stillbirth (Odds Ratio (OR)=1.04, 95% confidence interval (CI) 0.86-1.24)) or
therapeutic abortion (OR=0.95, 95%CI 0.92-0.99), but had a small relative increase
in risk of pregnancy ending in miscarriage (OR=1.10, 95%CI 1.06-1.13), compared
with women without asthma. Risks of most obstetric complications were similar in
women with and without asthma, regardless of asthma severity or acute
exacerbations, with the exception of increased risks of antepartum haemorrhage
(OR=1.20, 95%CI 1.08-1.34), postpartum haemorrhage (OR=1.38, 95%CI 1.21-
1.57), depression in pregnancy (OR=1.52, 95%CI 1.36-1.69), caesarean section
delivery (OR=1.11, 95%CI 1.07-1.16), preterm delivery (OR=1.15, 95%CI 1.06-
1.24) and low birth weight (OR=1.18, 95%CI 1.05-1.32) in their offspring.
Compared with children born to mothers without asthma, children born to mothers
with asthma had a small increased risk of major congenital malformation (OR=1.10,
95%CI 1.01-1.20), however, this was not found for mothers with currently treated
asthma (OR=1.06, 95%CI 0.94-1.20). Gestational exposure to asthma medications
was safe apart from cromones which may increase the risk of musculoskeletal

malformation.

Conclusions

Our findings indicate that women with asthma do not have substantially increased
risks associated with pregnancy or with perinatal outcomes. Treatment with asthma
medications before pregnancy and during gestation also appear to be safe for the
mother and for the unborn child, providing support for the current practice of optimal

pharmacological management of asthma in women of childbearing age.
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1 Introduction

While considerable research on the aetiology of asthma is ongoing, there has been
much less exploration of the potential impacts of asthma on key life stages, such as
women’s child bearing years and pregnancies. The aim of this thesis is to estimate
the true magnitude of a number of risks associated with pregnancy in women with
asthma and determine if these are different to those of women in the general
population. This introductory section provides an overview of what is currently
known about the impact of asthma on women’s reproductive experience and what
gaps remain in the evidence. This is followed by a justification of the thesis work

and detailed objectives of the thesis.

1.1  Background

1.1.1 The current burden of asthma

The incidence and prevalence of asthma has risen considerably over the past 40 years
"2 The World Health Organisation estimated that 300 million people had asthma in
2005°. Internationally, the highest prevalence of clinically defined asthma is
currently in the United Kingdom (UK), where 15% to 18% of the population is
affected, followed by New Zealand, Australia, Republic of Ireland, Canada and
Peru®’. There are fewer available data on the differences in incidence or prevalence
by age and sex®’, but in general the incidence of asthma and related health service

utilisation for asthma is higher in boys than in girls during childhood and then
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reverses after puberty and for the rest of life, with a relative rate of new asthma in
women compared with men ranging from 1.4 to 5.9%%. The incidence of adult onset
asthma is between 4% and 11%, however the high prevalence of adult disease is
largely due to a recent decrease in the proportion of children whose asthma
symptoms resolve in adulthood (i.e. children are now less likely to grow out of their
asthma)™'’. In women of childbearing age, the United States (US) prevalence of
diagnosed asthma has increased considerably from 8% before 1990 up to 14% in
2001'"". The most recent estimates of currently treated asthma in women of

childbearing age are 6% to 8% in the UK'? and 5% to 10% in the US"".

Advances in the treatment of asthma have been successful in reducing both
morbidity and mortality from asthma'®, however, access to such treatment varies
within and between countries. Each year in the UK, more than 1 in 4 people with
asthma need acute services from hospital or medical practices while in the US, 1 in
10 need hospitalisation and 1 in 50 need emergency department treatment’. Such
health care utilisation for asthma is associated with deprivation in these countries and
internationally, largely because of under-treatment of asthma'*'">. In 2005, over
255,000 people died of asthma, accounting for 1 in every 250 deaths worldwide, and
80% of these deaths were in low and middle-income countries with the most limited
access to essential medication and emergency care™*. The increasing prevalence of
asthma will therefore have the most severe impact on countries that already have the
highest asthma mortality and morbidity rates, which include China, Russia,

Uzbekistan, Albania, South Africa, and Singapore®.
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In addition to building the body of research on the underlying physiological
mechanisms of asthma' and the potential contributing factors to the international

1,16

increase in asthma prevalence >, there is pressing need to assess the current impact

of asthma on other health outcomes, such as maternal morbidity.

1.1.2 The current burden of maternal and perinatal morbidity and
mortality in high income countries

There has been a large reduction in maternal and perinatal mortality over the 20"
century in high income countries. Maternal mortality is now extremely rare in the
UK (11 per 100,000 pregnancies)'’ and in the US (9 per 100,000 pregnancies)'®. The
three leading causes of maternal mortality and severe morbidity in the UK are
thrombosis or thromboembolism, hypertensive diseases in pregnancy, including pre-
eclampsia, and haemorrhage, and these causes are similar in other high income
countries '""***. Severe maternal morbidity may occur in only 4 per 1,000
pregnancies®’, however up to 30% of women may have pregnancy complications or
pre-existing conditions that lead to complications during pregnancy, previous

hypertension being the most common such condition®'.

Infant mortality is currently 4 per 1,000 births in the UK, while stillbirth rates are 6
per 1,000 births in the UK and in the US****. The leading cause of neonatal death in

the UK is immaturity at birth, accounting for 48% of all deaths, followed by

24,26

congenital malformation, accounting for 22% of deaths”*”". In contrast, congenital

malformations are the leading cause of infant deaths in Canada and the US, followed

18,27-29

by prematurity and low birth weight . The cause of death is unexplained for

most stillbirths, however, the known leading causes are congenital malformation and
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antepartum haemorrhage, which account for 15% and 10% of all late foetal deaths,
respectively. Pre-eclampsia, diabetes, infection during pregnancy and antepartum

hypoxia also account for a large proportion of neonatal deaths and stillbirths**".

The decline in total births in the UK may have recently reached a plateau; There
were 706,000 births in 1990, 604,000 in 2000, and 646,000 in 2004°***. Using these
estimates, even rare obstetric complications with a prevalence of less than 1%

currently affect up to 6,500 women and their babies annually.

1.1.3 Maternal asthma: Outline of potential risks to mother and child

Up to 12% of pregnant women have been diagnosed with asthma and up to 8% have
actively treated asthma in pregnancy, according to recent national estimates from the
US'!", making it one of the most common chronic medical conditions affecting
pregnant women in high income countries®*>. Current evidence suggests that
women with asthma may be at an increased risk of obstetric complications and

343745 The earliest

adverse perinatal outcomes, however findings are inconsistent
large study, conducted in 1972, compared over three hundred women with asthma
with the general female population in Norway and found that these women were
more than twice as likely to experience pre-eclampsia, and their babies were more
likely to have a low birth weight, be born preterm, and have higher mortality*'. The
management of asthma since this time has improved considerably with the
introduction of symptom-preventive asthma medications and more recent studies

have shown less severe risks. However, some studies have again shown increased

risks of pre-eclampsia, low birth weight babies and preterm babies, and additionally
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risks of haemorrhage, placenta praevia, placental abruption, gestational diabetes and

caesarean section in women with asthma compared to women without asthma**¢*,

Most recent studies have not found an increased risk of foetal mortality*”™ 2,
however, some findings have indicated a potential increase in the risk of perinatal
mortality and congenital malformations in babies born to women with asthma **°,
Most studies up to now have not been able to adjust for potential confounding factors
and, because obstetric complications and adverse perinatal outcomes are rare in the
populations studied, most analyses have not had adequate power to obtain accurate
estimates of the true risk associated with asthma. The largest study included 13,000

women with asthma®, but did not assess the risk of all potential obstetric

complications and perinatal outcomes.

1.1.4 Potential explanations for obstetric risks in women with asthma

Pathophysiological effects of asthma in pregnancy

Definitive physiological explanations for pregnancy risks associated with asthma
have not been established, however, changes in mechanical ventilation, immune

responses and hormone levels have been implicated.

The clearest obstetric risk is foetal hypoxia which could affect growth and
development or could cause foetal death. The most evident potential cause of foetal
hypoxia is maternal hypoxia during acute asthma exacerbations. During pregnancy,
women have a decreased lung capacity due to elevation of the diaphragm, a decrease
in cell-mediated immunity which increases susceptibility to infections, and increased

. 1. . . . 54.55
progesterone levels which can cause hyperventilation or triggering exacerbations™ ".
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While all of these changes may contribute directly to asthma exacerbations, they may
also have more subtle worsening effects on asthma symptoms and inflammation.
Other more prolonged causes of foetal hypoxia may be reduced utero-placental blood

flow due to hypocapnia, alkalosis, or hypertension during pregnancy.

Women with asthma are more predisposed to infections during pregnancy, and these

have been directly associated with poor pregnancy outcomes®’

including maternal
anaemia, hypertension, premature delivery, low birth weight babies and perinatal
death. Apart from infection, the raised immune function in asthma may also result in
more severe immune reactions to the presence of a foreign foetus. Murphy et al
recently proposed that inflammatory factors in pregnant women with asthma may
directly affect foetal growth®®. They found that, compared with women with asthma
who were using corticosteroids during pregnancy, untreated women had impaired

placental function and corresponding increases in inflammatory factors which were

associated with reduced birth weight in their children.

There is also increasing evidence for a link between sex hormones and asthma, but
the mechanisms are not known and their effect on asthma seems to be inconsistent in
different women”®’. Laboratory and some clinical research has provided evidence
that progesterone and other sex hormones which rise sharply in pregnancy may
contribute to worsening or improving asthma, although most studies have not found a
clear correlation between hormone levels, immune responses and active symptoms

during pregnancy®"®.
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Asthma severity and acute exacerbations

One of the main difficulties in estimating risks associated with asthma during
pregnancy is the varying severity of illness; it is not known whether risks are
associated with asthma in general, or are isolated to women with severe asthma or
poor asthma control. There have been case reports of status asthmatics (severe
asthma with little response to treatment) that have only been alleviated after delivery
of the child and some of have ended in maternal or foetal death64'70, however,
uncontrolled asthma usually responds well to acute treatment during pregnancy® "
Although there is good evidence that the risk of asthma morbidity increases in people
who are not using required medications’>"*, whether this affects pregnancy risks is
less clear. There are limited data to support the proposal that maternal hypoxia
experienced during asthma exacerbations has a direct detrimental effect on the

4,75
foetus”".

The largest study specifically investigating the incidence of asthma exacerbations in
pregnancy was in a cohort of over a thousand women from the US’®. In women with
mild asthma who were not using symptom preventive medication, 13% had asthma
exacerbations during pregnancy and 2% were prescribed oral corticosteroids for
severe exacerbations. In women with more severe asthma, 26% and 9% had
exacerbations and oral corticosteroids respectively. These results suggest that
women with more severe asthma in general also have more severe asthma during
pregnancy, but, more importantly, that even in women with mild asthma,
exacerbations are an important problem during pregnancy. What needs further
exploration, is whether these generally high risks of asthma exacerbations are

because women tend to under-treat their asthma during pregnancy, perhaps because
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of concerns about drugs harming their unborn child, and resultantly experience
worsening asthma symptoms. There is evidence that some physicians under-
prescribe asthma medication during pregnancy and that women reduce their
medication use’””’®, however, this may alternatively be reflecting an improvement of

asthma symptoms in pregnancy.

The safety of asthma medications

The specific effects of women’s asthma medication use in pregnancy on the potential
risks of congenital malformations and foetal development in their children, also need
to be addressed. Although women are advised to avoid using medications during
pregnancy in general, because of potential adverse effects on their unborn children,

this is not the case for asthma medication””*°

and they are resultantly one of the most
common medications used in pregnancy®' . A recent study in UK general practices
showed that only prescriptions for folic acid, anti-bacterial/anti-infective
medications, and antacids were more commonly used in pregnancy and asthma
bronchodilators were the most commonly prescribed medication in drug class C of

the US Food and Drug Administration, which stipulates a lack of sufficient data on

safety in human pregnancy™.

Pregnant women with asthma are currently advised to optimally manage their asthma

83-85

by continuing to use prophylactic medications and studies have generally shown

42,43,86-94

this to be safe . However, there are remarkably few such clinical studies of

the safety of asthma therapies on human pregnancy. Most trials assessing the effects
of treatment with asthma medication exclude pregnant women’> and in those that

96-99

have included pregnant women assessment has mainly focussed on drug
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tolerance and effectiveness in controlling asthma symptoms rather on potential
obstetric risks. There has also not been research on what doses of asthma medication
should be given during pregnancy and although there are changes in drug distribution
levels during pregnancy, medications are usually given at similar doses in pregnant

and non-pregnant periods'®.

In a 2000 systematic review, Jadad et al* identified only three studies assessing the
teratogenic risks of asthma medication use during the first trimester of pregnancy, all
of which were underpowered to the extent that they could not exclude a twofold
increase in the risk of complications associated with a specific asthma therapy. This
review concluded that there is a pressing need for much larger studies in this area. A
more recent report re-emphasised the lack of adequate safety information on long
acting B,-agonists and newer asthma therapies such as leukotriene receptor

. . . . . 101.102
antagonists in the current clinical guidelines’"*#%101:102,

Inhaled medications, which act more locally, should potentially by safer than oral
medications, which have direct systemic effects. However, short acting B,-agonists
and inhaled corticosteroids both enter the systemic circulation and cross the placenta
to enter the foetal circulation and body tissues”'*'**. Other asthma treatments
which are given orally, such as oral corticosteroids, methylxanthines, and leukotriene
receptor antagonists, are used less commonly, but also enter the systemic circulation

105,1
and cross the placenta’™'*>'%,

The results of animal experiments suggest that high doses of systemic corticosteroids

cause reduced foetal growth, cleft palate or skeletal malformations in mice, rats and
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rabbits, and that high doses of inhaled corticosteroids lead to decreased foetal

survival in monkeys’>'*7!!!

. Short acting ,-agonists are safe in many animal
models when given by inhalation''?, but high doses may cause foetal death in
rabbits”. Animal toxicology studies of theophylline have generally shown that the
drug is safe, although adverse effects have been found in specific body tissues
including the reproductive organs''>''*. When given to pregnant mice and rats,
theophylline has been associated with increased foetal death, low birth weight, cleft
palate and digit defects in mice, but these effects do not appear in rats”>'">''%,
Leukotriene receptor antagonists may lead to increased foetal loss without evidence
of teratogenicity in rabbits’>'°°. Most animal research studies have used much
higher doses of drug than are used clinically and although many drugs with
teratogenic effects in animals have proved to have no such effects in humans'",

these studies do raise concern that asthma therapies may adversely affect the

development of the human foetus.

1.1.5 Weighing the benefit of asthma treatment with a potential for harm

The clear effectiveness of regular asthma medication use and acute therapy in
reducing asthma morbidity and mortality indicates that pharmacological treatment of
asthma is essential in most cases. The need for medications to control asthma during
pregnancy, however, particularly for severe exacerbations which could pose serious
harm to both the pregnant woman and the foetus, must be weighed against any drug-
associated risks on pregnancy. It is difficult to separate the potential risks associated

with symptom severity from the potential risks associated with asthma medications,
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due to the reciprocal relationship of symptoms and treatment and few studies have
attempted to investigate these effects separately’®.

In the recent British Thoracic Society Guidelines on Asthma Management’”*,
recommendations are graded depending on the strength of supporting research
evidence, from A, representing the strongest evidence, to D, representing the
weakest. For pregnancy, none of the recommendations are graded higher than C and
many are graded D. It is unlikely that these gaps in the knowledge based will be
filled by clinical trials, partly because the limited financial gains and possible
associated risks mean that there is no commercial incentive for pharmaceutical
companies to undertake such trials, but also because sample sizes of clinical trials are
not large enough to identify risks of extremely rare events. Adverse event
monitoring systems have various limitations such as bias in reporting, difficulties in
finding appropriate comparison groups, and lack of availability of potential

. 120,121
confounding factors'*"

. Large observational studies are therefore required to
detail the relationship and establish the true magnitude of pregnancy risks associated

with asthma, asthma exacerbations and asthma medications.

1.2 Justification of thesis

Current evidence is limited, but indicates that women with asthma are at an increased
risk of having obstetric complications and adverse perinatal outcomes. Reasons for
this, however, are unclear because of the wide differences in severity and medication
use among these women. Most drugs are contraindicated during pregnancy,

however, women with asthma are advised to continue using their asthma medications
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during pregnancy. Current clinical management guidelines on asthma medication
use are not based on clinical trials and only a few human studies, which are

underpowered, have investigated effects of antenatal exposures to these medications.

By determining the extent to which risks of obstetric complications and adverse
perinatal outcomes are due to asthma per se, asthma exacerbations or to asthma
medication, much needed evidence in support of, or possibly in contradiction to, the
current management guidelines will be provided. If this research indicates that
increased risks of obstetric complications and adverse perinatal outcomes are not due
to asthma medications, but due to women under treating their asthma during
pregnancy from concern to their unborn child and resultantly having more
exacerbations, then women with asthma and the health professionals caring for them

will be advised to more closely monitor asthma during pregnancy.

1.3  How this thesis will address current questions of obstetric
risks in asthma

This thesis represents the largest cohort study of asthma in pregnant women ever
undertaken. Using computerised general practice records from over 1 million
women, over 250,000 pregnancies and over 200,000 live babies born to these women
have been analysed. This has enabled the investigation of risks associated with
asthma during pregnancy and delivery, affecting both the woman and the unborn
child. The results of this thesis will provide a much needed addition to the evidence

base on the management of asthma during pregnancy.
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1.4  Thesis objectives

The overall aim of this thesis is to investigate the impact of asthma and asthma
therapies on pregnancy and perinatal outcomes in the general female population, by
completing the following objectives:

1. To determine whether women with diagnosed asthma have the same general
fertility rate as women without asthma in the general population, and to
additionally estimate the general fertility rate of women with eczema or hay
fever to determine whether there are similarities between women with
allergic disease.

2. To estimate the risk of the following specific adverse pregnancy outcomes in
women with diagnosed asthma compared with women without asthma in the
general population: Stillbirth, miscarriage and therapeutic abortion.

3. To estimate the risk of the following specific obstetric complications and
delivery outcomes in women with diagnosed asthma compared with women
without asthma in the general population: Antepartum haemorrhage,
postpartum haemorrhage, pre-eclampsia or eclampsia, placental insufficiency,
placental abruption, placenta praevia, pregnancy-related hypertension,
pregnancy-related diabetes, pregnancy-related anaemia, pregnancy-related
thyroid disorder, pregnancy-related depression, caesarean section delivery,
assisted delivery, malpresentation and breech presentation in utero, breech
delivery, premature delivery, and low birth weight of offspring.

4. To investigate the extent to which asthma severity and asthma control change

during pregnancy and determine whether the above adverse pregnancy
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outcomes, obstetric complications and delivery outcomes are associated with
asthma severity and control before and during pregnancy.

5. To estimate the risk of congenital malformation in children born to women
with diagnosed asthma compared with those born to women in the general
population without asthma, and to determine if the occurrence of congenital
malformations is associated with gestational exposure to specific asthma

medications.

1.5 Outline of thesis sections

The subsequent sections of this thesis discuss the building of the thesis dataset and
three separate studies that address the objectives of this thesis. The outline below

briefly describes the content of each section.

Section 2: Description of The Health Improvement Network (THIN) general
practice database and an overview of the thesis ethics, funding, database

management and analysis tools.

Section 3: Description of building the thesis dataset of matched mothers and live
born children; definitions and extraction of other obstetric outcomes, exposures and
potential confounding variables; and a summary of the final thesis dataset structure

and how it will be used for the three main studies.

Section 4: In the first study, the general fertility rate for women in THIN is

estimated using live births from the thesis dataset. Comparisons are made between
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the general fertility rate of women with diagnosed asthma, eczema or hay fever and

that of women in the general population without these diagnoses.

Section 5: In the second study, pregnancies from the thesis dataset are used to
compare risks of adverse pregnancy outcomes, obstetric complications and delivery
outcomes in women with asthma with those in women without asthma in the general
population. The impact of differing levels of asthma severity and asthma control on

these risks is assessed.

Section 6: In the third study, live births from the thesis dataset are used to compare
the risk of congenital malformations in children born to women with asthma with
that in children born to women without asthma in the general population. The risk of
congenital malformation associated with gestational exposure to specific asthma

medications is assessed.

As three separate studies, sections 4, 5, and 6 each contain their own introduction,

description of methods, results, discussion and conclusions.

Section 7: Summary of the main findings in the thesis and suggested directions for

future research.
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2 Description of the data and analysis tools

This section first describes The Health Improvement Network Database, a database
of computerised general practice records used for all analyses in this thesis. I briefly
discuss the study ethics, the funding for the thesis work, the data management and

statistical software used.

2.1  The Health Improvement Network Database

The Health Improvement Network'? (THIN) is a computerised primary care
database of anonymised patient records. In April 2005, when the data for this thesis
were collected, the database contained information from 255 general practices across
England, Scotland, Wales and Northern Ireland, comprising 3.9 million patient
records. The database was set up in 2002 through the collaboration of the Medical
Database Research Company, known as EPIC, the company that managed the
General Practice Research Database until 1999, and Cegedim, a European healthcare
software and research company. Upon joining THIN, all contributing general
practices must use the latest version of Vision Software, a practice management

software programme from In Practice Systems'>

(InPS), for their prospective
recording. Retrospective medical data are also available in each patient’s record and
although general practices will have previously used a number of different software
systems to record their data, most were previously using the Value Added Medical

Products (VAMP) system124 to enter patient data, which was used in the well

established General Practice Research Database'>>'% (GPRD). Standard use of
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computers to record all data held on patients in general practice, including medical
diagnoses and prescriptions, started in the 1980s. Medical history, however, is
contained in the computerised record, since the patient’s medical notes move with
the patient to each new general practice registration in the UK. This means that the
computer record should provide a complete history of past major medical events and

diagnoses.

A main advantage of THIN for epidemiological researchers is the provision of
routinely collected patient data in raw format from which researchers can extract
relevant information. Information for each patient is contained in 4 separate tables,
which are linked by a unique identification number (Table 2.1). Read medical codes
are used to enter data into the Medical and the Additional Health Data (AHD) tables.
Read codes comprise a comprehensive list of medical terms for signs, symptoms,
diagnoses, procedures and investigations, compiled from the International
Classification of Diseases Ninth Revision (ICD-9) and the Classification of Surgical
Operations & Procedures Fourth Revision (OPCS-4). Multilex drug codes, linked to
British National Formulary'?’ chapters, are used to enter prescriptions into the

Therapy table.
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Table 2.1 Structure of The Health Improvement Network database

THIN Data Table Information contained

Patient Basic demographic information

(e.g. registration date, transfer-out date, date of birth/death, sex, family number)

Medical Medical symptoms, disease diagnoses, hospital admissions, medical procedures and
investigations
Therapy Drug prescriptions

(including frequency, quantity, dose, and formulation of medication)

Additional Health Data Additional information such as lifestyle and preventative health care

(e.g. smoking habit, weight, height, blood pressure, vision, hearing, perinatal monitoring,
birth details, physical/mental child development, immunisations, biological test results)
N.B. Read medical codes will also be attached to some additional health data tables

Of the 3.9 million patients in the database, 1.9 million were actively registered
patients when the data were collected. The remaining patients in the database, who
had either left the practice or died before data collection, have records containing
historical data from 1985 onwards. Fifty six percent (142 out of 255) of the
contributing practices also contribute data to the GPRD, which has been used
extensively and independent studies have found high validity of prescriptions and
medical diagnoses including live births, adverse pregnancy outcomes, congenital
malformations and respiratory diseases'**'*. Consultation rates for asthma have
specifically shown good agreement with national morbidity statistics collected by the

Office for National Statistics'>"’'

(ONS). An initial data quality study conducted by
the directors of THIN showed a high level completeness of clinical information,
including the prevalence of pregnancies and of prescriptions, when compared with
national data'**. A more recent independent publication of several validation studies
in THIN demonstrated that data from non-GPRD practices have the same high
standard of validity as data collected for GPRD practices'*’. This publication

included validation of numerous medical outcomes and health measures, including

hypertension, diabetes, obesity and smoking and specific drug prescriptions. As in
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other general practice databases, prescribing information in THIN will be largely
complete since doctors use the computer to issue prescriptions that are printed for the

patient.

2.2 Data anonymity and ethical approval

Ethical approval for this study was obtained from the Medical Research Ethics
Committee in 2004. All patient records in THIN are anonymised to ensure that
researchers cannot identify individuals. Each record in THIN has a unique
identification number for the individual as well as unique identification numbers for
the individual’s family (or household) and the general practice that the individual
attends. The broad geographic location of a THIN general practice is available as
one of 12 regions across England, Scotland, Wales and Northern Ireland. The
location of a patient’s household, however, is not provided to researchers as to

protect the identity of the individual.

2.3  Funding

The work for this thesis was funded by a grant from Asthma UK, the national charity
working for the wellbeing of the 5.2 million people in the UK who are affected by

asthma (www.asthma.org.uk).
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2.4 Data management, analysis and statistical software

In April 2005, the September 30™ 2004 update of the database was supplied by
THIN in the form of flat ASCII (American Standard Code for Information
Interchange) files. Data management and cleaning of the entire THIN database was
initially conducted by Chris Smith in the Division of Epidemiology & Public Health
at the University of Nottingham. Chris Smith and Laila Tata worked together to
devise methods to extract populations of women and children from THIN and link
their records together. This linking process was conducted by Chris Smith using
Microsoft Office Access database software and SQL (Structured Query Language)
software for Windows XP. Laila Tata subsequently conducted the data management
of the initial linked records to obtain mother-child pairs that were valid matches.
Using the population of matched women and children, Laila Tata subsequently
extracted all information on pregnancy and perinatal outcomes, asthma exposures
and covariate data, using Stata software (releases 8.0 and 9.0; Stata Corp., College
Station, TX). All statistical analyses were conducted by Laila Tata using Stata

software releases 8.0 and 9.0.
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3 Building the thesis dataset

This section describes how the study populations were defined for this thesis and the
process of building a dataset of matched mothers and live born children. Obstetric
outcomes, asthma exposures and potential confounding variables are defined and a
brief summary of the final thesis dataset structure is given with a description of how

it is used for the three main studies.

3.1  Definition of the study populations

To investigate risks of obstetric complications in women as well as risks to their
children, two initial study populations needed to be built. The first was a population
of women of childbearing age for whom prospective data was available and
information on pregnancies and deliveries could thus be extracted. The second was a
population of children that may have been born to these women. The thesis study
period was defined as April 1%, 1987 to September 30", 2004 and all patient records
over this time were extracted from THIN data as follows:

1. A population of women contributing prospective in-practice data at some
time point between 15 and 50 years of age, which was defined as their
potential childbearing years of prospective data collection (Figure 3.1).
These data had to start on or after April 1%, 1987.

2. A population of children born on or after January 1%, 1988 who had at least
one woman of childbearing age from population 1 registered in the same

household.
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Figure 3.1  Data extraction for women in population 1 from THIN

3.2  Approximation of birth date

To extract these populations each patient’s date of birth was initially approximated,
since, as part of ensuring anonymity in THIN, a patient’s precise date of birth (day,
month, year) is not available in their record. The month and year of birth are
recorded until the patient reaches his or her 15" birthday, after which only the year of
birth is recorded. The database automatically updates the record at the date of a
patient’s 15" birthday, regardless of whether the patient has died or left the practice

before this date.

For the 15% of patients in THIN with both month and year of birth recorded at the

time of our data collection, date of birth was approximated as the 15™ of the month
and was updated to their registration date if they were registered in the same month
they were born but before the 15" of the month. For the rest of the population who
had only year of birth recorded, date of birth was approximated as June 30" of that
year and was updated to their registration date if they were registered in the same

year but before this date.
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3.3  Definitions of pregnancy and delivery

In the population of women of childbearing age (population 1), all medical codes and
additional health data codes indicating a pregnancy or delivery of a baby in a
woman’s record were extracted (code list in Appendix C). Any pregnancy codes
occurring on or after April 1%, 1987 and any delivery codes occurring on or after
January 1%, 1988, including both prospectively collected data and retrospective data,
were retained. Some code descriptions that were not specific to successful
pregnancies or live births (e.g. “Delivery”, “Emergency caesarean section’) were
included, however, codes that were specific to adverse pregnancy outcomes, such as
miscarriage or stillbirth, were excluded at this stage, because only codes that could
potentially be matched to a live birth were required. Codes relating to the antenatal
period, labour, and postnatal period were included (e.g. “Antenatal care: gravida
NOS”, “Failure to progress in second stage of labour”, “Breast feeding problem™). A
woman may have had only one code or several codes relating to a specific pregnancy
or delivery event. A woman may have had codes relating to more than one
pregnancy or delivery event. Any woman with at least one delivery or pregnancy

code was considered to be a potential mother to one or more children in population 2.

3.4  Matching general practice records of mothers and children

The objective was then to link the general practice record of a woman with
pregnancy and/or delivery codes (in population 1) to the general practice record of a

child (in population 2) born at the same time these codes were entered into the
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woman’s record. To create a dataset of children matched to their mothers, a unique
family identification number was used to link their records. When a new patient is
registered at a general practice, the computer requests if this patient should be added
to an existing family or if a new family should be created. In general, individuals
residing at the same address will be given the same family number, which means that
individuals in institutions such as residential homes or in apartment buildings may
have the same family number. In order to maximise specificity of the matching,
women and children who were in very large households, set as a cut-off of more than

20 people, were excluded.

Three basic methods were used in a hierarchical order to match mothers and children

who had the same family identification number:

1. Firstly, a match was made if a delivery event in the woman’s record occurred in
the 45 days before or 45 days after a child’s date of birth. This period of 45 days
was based on one month and an additional 15 days to allow for the
approximation of birth date.

2. Secondly, a match was made if a pregnancy event in the woman’s record
occurred in the 243 days before or 45 days after a child’s date of birth or a birth
event in the child’s record.

3. Thirdly, for children who had reached their 15" birthday at data collection and
only had their year of birth recorded, we allowed for our less precise
approximation of birth date by additionally making a match if a birth event in the
woman’s record occurred in the 105 days before the child’s registration. For this
method, children had to be registered in the same year they were born. Since

most children in the database are registered within the first three months of life,
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the period of 105 days was based on 3 months and an additional 15 days to allow

for the approximation of birth date.

After matching, all pregnancy and delivery codes relating to a matched mother-child
pair were retained. In addition to using information on pregnancy and delivery in the
women’s records, records from the population of children were used to extract
further information on birth events. Details about the child’s birth, such as mode of
delivery or gestation of the pregnancy may be in the child’s record instead of the
mother’s record. To ensure that the birth event in the child’s record was relating to
that child’s birth, only events occurring in the month before or after their date of

birth were considered.

When 2 or more children were born on the same day and matched to the same
woman they were considered as part of a multiple birth set (e.g. twins, triplets or
quadruplets) and thus one set of pregnancy and delivery codes related to these
children. To obtain the best approximation of birth date, a child’s date of birth was
updated to the date of the earliest delivery code if this code was before the child’s

registration date.

After completing the matching process, a number of validity criteria were applied to
the matched pairs and both women and children were dropped if they did not meet
these criteria:

o Any mother-child pairs where a child was matched to more than one woman

were dropped from the dataset.
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An inter-pregnancy period was defined as a minimum of 9 months. When 2 or
more children were matched to a woman and any of these children were born
within 9 months of a previous child, all children and the matched woman were
dropped from the dataset. The exception to this was multiple birth sets of
children born on the same day.

Children in multiple birth sets had to be registered within 9 months of one
another and the household could not have more than 2 people in addition to the
number of children (e.g. If a woman was matched to 3 children who were
triplets, these children had to be registered within 9 months of one another and
the household size had to be no larger than 5 people). If they did not meet this
criteria, the matched set was dropped from the dataset.

The mother and child populations had to be mutually exclusive. The thesis
study period (1988 to 2004) was over 15 years which meant that individuals
born in 1988 or 1989 had reached age 15 before the end of the study period.
Therefore, because some women in the population of women of childbearing
age (population 1) were only 15 years of age at data collection, they were also
in the child population (population 2), and could potentially be matched as
children to other women in population 1. When this occurred, these individuals
were kept as matched children and removed from the population of women

(population 1).

40



3.5 Definitions of outcomes

3.5.1 Gestation

Where available, the weeks of gestation at birth were extracted from the additional
health data records of matched children. Any medical codes from the child’s and the
matched mother’s record labelling the delivery as preterm, term or post term were
also obtained (code list in Appendix C). Where exact length of gestation was not
available, it was defined as 36 weeks if there was a code for preterm delivery, 43
weeks if there was a code for post term delivery and 40 weeks if there was a code for
delivery at term. Most children with no information on weeks of gestation or term of
delivery were likely delivered at term, however, they were recorded as having
missing information for gestation. For all matched children with information on
gestation, the exact or estimated weeks of gestation were used to interpolate the date
of conception. A gestation of 40 weeks was used to interpolate the date of

conception for children with no information on gestation.

3.5.2 Birth weight

The birth weight of a matched child was extracted from the mother’s or child’s
additional health data record. Medical codes relating to the child’s birth weight (e.g.
“intrauterine growth retardation,” “large-for-dates baby,” or “low birth weight”) were
also obtained (code list in Appendix C). Children were categorised as having low,
normal or high birth weight, defined as <2500g, 2500-4000g, >4000g respectively.

If there was no information on birth weight in the mother’s or child’s record, they
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were recorded as having missing information on birth weight, even though most

children with no information on birth weight likely had normal birth weights.

3.5.3 Foetal position in utero and mode of delivery

For each matched child, codes relating to breech position or other malpresentation
(e.g. “O/E - transverse lie,” “O/E — oblique lie,” or “fetal malposition and
malpresentation NOS”) of the foetus in utero were extracted from the mother’s and
child’s record. Children without such codes were considered to have normal position
in utero. Codes from the mother’s or child’s record indicating that the matched child
was delivered by caesarean section, had an assisted birth (including forceps or
vacuum delivery), or was delivered in breech position were also obtained.
Pregnancies were categorised as having a normal vaginal delivery if they had a code
indicating such a delivery (e.g. “normal delivery” or “vaginal delivery”) or if they
had no codes specifying mode of delivery. Code lists for foetal position in utero and

mode of delivery are in Appendix C.

3.5.4 Congenital malformation

All codes for congenital malformation were extracted from each matched child’s
medical and additional health data records. These were classified according to the

European Surveillance of Congenital Malformations (EUROCAT)'*!

guidelines
which are based on the International Classification of Diseases 10, Chapter XVII,

Q00 to Q99. Each individual congenital malformation diagnosis is classified as one

of eleven system-specific congenital malformation groups. Examples of individual
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congenital malformation diagnoses in each system-specific group are shown in Table

3.1 and the full code lists for each malformation group are in Appendix C. The

EUROCAT classification also labels each malformation as either major or minor,

both of which were identified in our population, however, only major congenital

malformations were retained for assessment.

Table 3.1

EUROCAT classification of congenital malformations

System

Selected congenital anomaly diagnosis

Nervous system

Neural tube defects, hydrocephalus, microcephalus

Eye, ear, face, neck

Anophthalmos, microphthalmos, anotia

Circulatory system

Defect of cardiac chambers, septae and valves

Respiratory system

Choanal atresia, bronchomalacia, cystic lung disease

Cleft lip and palate

Cleft lip with or without cleft palate, cleft lip nasal deformity

Digestive system

Tracheo-oesophageal fistula, atresia and stenosis of bowel

Genital organs

Absence of ovary, bicornuate uterus, hypospadia, congenital chordee

Urinary system

Epispadia , renal agenesis, congenital cystic kidney disease

Musculoskeletal system

Dislocation of hip, polydactyly, syndactyly, limb reduction

Other

Ichthyosis, epidermolysis bullosa, Prader-Willi syndrome

Chromosomal
abnormalities, NEC

Trisomy 21, trisomy 13, trisomy 18, chromosome deletions

3.5.5 Obstetric complications

Information on the following obstetric complications was extracted from the

women’s records for pregnancies that were matched to a live child: Antepartum

haemorrhage, postpartum haemorrhage, placental insufficiency, placental abruption,

placenta praevia, pre-eclampsia and eclampsia, hypertension in pregnancy, diabetes

in pregnancy, anaemia in pregnancy, thyroid disorder in pregnancy and depression in

pregnancy.
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Hypertension, diabetes, anaemia, thyroid disorder and depression in pregnancy were
defined using either a general diagnosis that was recorded during pregnancy or as a
pregnancy-specific code for the diagnosis (e.g. “pregnancy-induced hypertension,”
“gestational diabetes,” “iron deficiency anaemia of pregnancy’). Since women with
a diagnosis of these conditions during pregnancy may have had the same condition
prior to pregnancy, I extracted general diagnoses that were coded before each

pregnancy as well as codes specific to medical history (e.g. “H/O depression,” “H/O

diabetes mellitus™).

To obtain additional information relating to hypertension in pregnancy, all
measurements of systolic blood pressure (SBP) and diastolic blood pressure (DBP)
were extracted from the women’s additional health data. Each reading was classified
as either hypertensive (SBP2140mmHg and DBP290mmHg), hypotensive
(SBP<90mmHg and DBP<60mmHg), or otherwise normal. The first reading in
pregnancy, the last reading in pregnancy, and the change in mean arterial pressure
(MAP) between the first and the last readings, where MAP = DBP + 1/3(SBP-DBP),
were obtained for assessment. Code lists for obstetric complications, general
diagnoses included in this section and blood pressure measurements are in Appendix

C.

3.5.6 Stillbirth

Subsequent to the process of matching mothers to their children, codes for stillbirth

or late foetal death (e.g. “foetal death due to prelabour anoxia”) were extracted from
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the records of all women in population 1. If a stillbirth occurred on the same day as
the birth date of a live matched child, it was considered to be a stillborn sibling.
With the exception of stillborn siblings, a woman had to have at least 9 months prior
to the date of the stillbirth with no other pregnancy outcomes, for the stillbirth to be
retained. For all stillbirths, we estimated the length of gestation as 32 weeks. The

code list for stillbirth is in Appendix C.

3.5.7 Miscarriage

Miscarriage was defined as a spontaneous abortion or an early pregnancy loss coded
as an ectopic pregnancy, blighted ovum or molar pregnancy. After matching
mothers to their children, codes for miscarriage were extracted from the medical
records of all women in population 1. A woman had to have at least 6 months prior
to the date of the miscarriage with no other pregnancy outcomes, for the miscarriage
to be retained. A miscarriage in the UK is considered as a pregnancy loss before 20
weeks of gestation, however, most miscarriages occur much earlier than this and I
estimated the length of gestation as 10 weeks for all miscarriages. The code list for

miscarriage is in Appendix C.

3.5.8 Therapeutic abortion

A therapeutic abortion was defined as an active termination of pregnancy using
either chemical or instrumental means in utero. It is not standard for the general
practitioner to include information on the reason for termination in the patient record.

Therapeutic abortions, therefore, included all non-spontaneous abortions for medical
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reasons relating to the safety of the pregnant woman or the development of the
foetus, or for other reasons for which the woman chose to have an abortion, but did
not include the use of an emergency contraceptive pill. In addition to codes clearly
identifying an active termination of pregnancy (e.g. “suction termination of
pregnancy’’) we used non-specific abortion codes (e.g. “unspecified abortion NOS”
or “other abortion”) unless there were other related codes indicating that it was a
spontaneous abortion (miscarriage). After matching mothers to their children,
therapeutic abortions were extracted from all records of women in population 1. A
woman had to have at least 6 months prior to the date of the termination with no
other pregnancy outcomes. Although the legal limit for conducting a therapeutic
abortion in the UK is 24 weeks gestation, many clinics have much earlier limits of
12-18 weeks. We estimated the length of gestation for all therapeutic abortions as 16

weeks. The code list for therapeutic abortion is in Appendix C.

For estimating the gestational length of all pregnancies, whether ending in live or
non-live outcomes, it is important to note that the first pregnancy code relating to a
given pregnancy could not be used as an estimate of conception from which to
measure gestation. For many miscarriages and therapeutic abortions, the codes for
these adverse pregnancy outcomes were often the first markers of pregnancy, so no
information was available on gestational age. Furthermore, the first pregnancy code
was often a non-specific code (e.g. “Pregnant”) and this may have represented when
the woman first recognised she was pregnant and consulted for the pregnancy, rather
than the date of conception. Use of this code may have resulted in systematic

misclassification of gestational age, since women who identify their pregnancy

46



earlier differ in their risk of adverse pregnancy outcomes compared with women who

identify later'**.

3.6  Definitions of exposures

3.6.1 Asthma

The main exposure for this thesis was a doctor diagnosis of asthma at any time in a
woman’s general practice record and all such diagnoses were extracted for women in
population 1. A doctor diagnosis was defined as a non-specific asthma code (e.g.
“bronchial asthma”), a specific diagnosis code (e.g. “exercise induced asthma” or
“allergic asthma”) or a code for an asthma exacerbation (e.g. “emergency admission,
asthma”). The list of codes used to extract this diagnosis is in Appendix C. For each
of the three main studies in this thesis (sections 4, 5, and 6), the definition of asthma
in women is slightly different in accordance with the objective and design of the
study. Since the onset of asthma can occur at any age, recent asthma exacerbations
and asthma medication prescriptions were used to define currently active asthma, in
addition to the overall definition of an asthma diagnosis at any time in the woman’s
record. Sections 3.6.2 and 3.6.3 will explain how asthma medications and

exacerbations of asthma were used to further characterise asthma in women.

3.6.2 Asthma severity

Asthma severity is defined in a variety of different ways. It may be defined using the

frequency of an individual’s asthma symptoms, their amount of airflow obstruction
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(measured using spirometry or peak expiratory flow), their requirement for asthma
medications to remain as asymptomatic as possible, or any combination of these
measures. A patient’s asthma severity is often described as “mild,” “moderate,” or
“severe.” Since detailed information on daily symptoms and airflow obstruction
measurements are not available in general practice data, asthma maintenance

medications were used to define asthma severity in this thesis.

As a brief overview of asthma severity, asthma medications are generally classified
as anti-inflammatory medications or bronchodilators, more commonly known as
‘preventers’ or ‘reactors’. Bronchodilators include short acting and long acting -
agonists and more rarely used medications such as theophylline and cromones. Anti-
inflammatory medications include inhaled and oral corticosteroids and more rarely

used medications such as leukotriene receptor antagonists.

A basic treatment regimen for mild asthma is use of a short acting B-agonist (SABA)
when needed for symptomatic relief of bronchospasm. When this treatment is
needed more than once a day, preventer drugs are introduced, starting with twice-
daily use of an inhaled corticosteroid (ICS). If needed, a long acting -agonist
(LABA) will be added to or combined with the inhaled corticosteroid. In more
severe asthma, a higher-dose inhaled corticosteroid may be used, followed by a
leukotriene receptor antagonist or an oral B-agonist. For acute asthma exacerbations,
a short course of oral corticosteroids (OCS), most often prednisolone in the UK, will
be prescribed. This acute asthma treatment is usually only given for a few weeks,

and only 1% of people with asthma take regular oral corticosteroid treatment.
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To estimate asthma severity, all prescriptions for asthma medications were extracted
from the therapy records of women in population 1. Asthma medications were
classified into drug families according to the British National Formulary'?’ (Table
3.2). Lists of Multilex drug codes for each drug family are in Appendix C. In
addition to examining individual drug exposures, prescriptions were used to
categorise women into different levels of asthma severity using the British Thoracic
Society® asthma step definitions as a guide. The three main asthma severity steps
were defined as: 1) an asthma diagnosis with no medications prescribed, 2) an
asthma diagnosis with short acting B-agonists prescribed, and 3) an asthma diagnosis
with inhaled corticosteroids with or without long acting f-agonists prescribed.
Combination medications were included in the categorisation based on their drug
components (e.g. A woman who was prescribed a combination inhaler of fluticasone
& salmeterol was in the highest category of asthma severity). Drugs categorised as
other bronchodilators or other anti-inflammatory medications were not included as a
separate category of asthma severity since women prescribed these drugs almost
always had prescriptions for a SABA, an ICS or a LABA also. Oral corticosteroid
prescriptions were not used for categorisation of asthma severity because these drugs
are not regular asthma maintenance medications and they are often used to treat other
chronic diseases or acute symptoms. Asthma severity was categorised separately
based on time periods before and during pregnancy, which is described in more
detail in each of the study sections because the categorisation was in accordance with

the objective and design of each study.
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Table 3.2 Asthma medications by drug family

Drug family Drug name

Fenoterol

Salbutamol

Terbutaline

Bambuterol

Formoterol

Salmeterol

Beclometasone

Budesonide

Fluticasone

Mometasone

Betamethasone

Cortisone acetate

Deflazacort

Oral corticosteroid Dexamethasone

Hydrocortisone

Prednisolone

Triamcinolone

Aminophylline (methyixanthine)
Theophylline (methylxanthine)

Ephedrine

Orciprenaline

Tiotropium (long-acting anticholinergic/antimuscarinic)
Ipratropium (short-acting anticholinergic/antimuscarinic)
cromoglicate (cromone)

nedocromil (cromone)

montelukast (leukotriene receptor antagonist)
zafirlukast (leukotriene receptor antagonist)

Combination medications combination formula from any two drug families above

Short acting B-agonist

Long acting B-agonist

Inhaled corticosteroid

Other Bronchodilator

Other anti-inflammatory

3.6.3 Asthma control

Asthma control usually refers to how well an individual’s asthma symptoms are kept
under control, such as maintenance of good peak flow levels and prevention of acute
exacerbations of asthma. For this thesis, asthma control for women in population 1
was characterised using asthma exacerbations in their general practice record.
Exacerbations were defined as acute exacerbations reported to the general
practitioner, including asthma-related emergency hospital admissions, which were

extracted from the records. Prescriptions for oral corticosteroids were also used as
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markers of an asthma exacerbation since these are prescribed following severe acute
asthma attacks. In both pre-pregnancy and pregnancy time periods, women were
defined as having “poor asthma control” if they had one or more exacerbations, or
having “good asthma control” if they had no exacerbations. The term “poor asthma
control” can imply patients’ poor adherence to medications. Asthma exacerbations,
however, may also result from sub-optimal treatment prescribed by the physician,
lack of symptom relief from medications in asthma that regularly does not respond
well to treatment (i.e. difficult-to-treat asthma or brittle asthma), or exposure to
environmental triggers. All of these possible reasons for exacerbations were,
therefore, included in the definition. The code list for asthma exacerbation is

included in the general code list for asthma, which is in Appendix C.

3.6.4 Eczema and hay fever

All doctor diagnoses of eczema and hay fever at any time point in the general
practice record for all women in population 1 were also extracted for the purpose of
examining fertility rates in women with other allergic diseases (study 1 in section 4).

Code lists for these diagnoses are in Appendix C.

3.7 Definitions of covariates

3.7.1 Smoking status

There are differences in the prevalence of smoking in people with asthma compared

143-145

with people without asthma and evidence indicates that smoking affects foetal
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development™'**'* " All additional health data relating to smoking (e.g. “number of
cigarettes smoked/day””) and medical codes for smoking status (e.g. “non-smoker”)

were extracted from records of all women in population 1.

Women were categorised as non-smokers, ex-smokers or current smokers firstly over
the entire childbearing period and secondly before each pregnancy outcome, for
women with pregnancies only. Over the entire childbearing period, for the entire
female population, if women had more than one record for smoking status, the
following method of categorisation was used: 1) Women were categorised as non-
smokers only if they never had codes for ex-smoking or current smoking; 2) Women
were categorised as ex-smokers if they had codes for non-smoking and ex-smoking
but no codes for current smoking; 3) Women were categorised as current smokers if
they had a code for current smoking at any point in their record. For women with
pregnancies, smoking status was categorised for each pregnancy using the most
recent smoking-related code before the pregnancy outcome, however, if this was a
non-smoking code and a woman had previous codes for current smoking or ex-

smoking, she was categorised as an ex-smoker for the relevant pregnancy.

Although this categorisation will result in some misclassification, this method of
summarising smoking status in general practice data has replicated the known

136,150
" and

associations of specific health outcomes with smoking in previous studies
. . . 151
current smoking records in general practice have shown reasonable accuracy'”'. A

code list for smoking status is in Appendix C.
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3.7.2 Body mass index

Both low body mass index (BMI) and high BMI are associated with increases in

147,152-154

numerous different pregnancy complications and BMI is also associated

- o 155,156
with asthma and asthma severity in women ™.

All data on weight and height from the additional health data records and all medical
codes relating to BMI (e.g. “Body Mass Index 25-29 — overweight”), were extracted.
Body mass index was categorised using the World Health Organisation groups:
Underweight (<18.5 Kg/mz), normal (18.5-24.9 Kg/mz), overweight (25.0-29.9
Kg/m®) and obese (>30.0 Kg/m?). Most women had exact BMI measurements and
for those with more than one measurement, the mean BMI over the entire
childbearing period was used. For women with pregnancies, the BMI before each
pregnancy was also categorised using the most recent BMI recorded before

conception. A code list for BMI is in Appendix C.

3.7.3 Socioeconomic status

Differences in socioeconomic status have been shown to be associated with the

frequency of asthma symptoms requiring medical attention and the use of asthma

14,157,158

medication as well as the risk of obstetric complications and successful

24,146,159-162
pregnancy outcomes” .

The socioeconomic status of women in population 1 was measured using the

Townsend deprivation index, which is provided with THIN data and is a measure of
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area-level deprivation which has been well-validated in health services research to

explain the variation observed in a range of health outcomes'®'®*. The Townsend

deprivation index is calculated as the sum of 4 z-scores calculated from the following

area-level proportions:

e percentage of potentially economically active residents over 16 years of age who
are unemployed

e percentage of households with >1 person per room

e percentage of households without car ownership

e percentage of households in which the occupier is not the owner

In THIN data, the Townsend deprivation index is based on patients’ home postcodes,
however, to maintain patient anonymity, postcodes are not available to researchers.
Townsend deprivation indices were derived from information on each output area (a
group of approximately 150 households) in the 2001 UK national census and these
individual indices were converted into quintiles. Using conversion software
provided by In Practice Systems, a Townsend deprivation index quintile was
matched to each patient’s postcode at the level of the general practice. The
Townsend index quintile was then uploaded from the practice with the routine THIN

data collection.

At the time of data collection for this thesis, Townsend deprivation index quintile
was available for only 176 out of 255 (69%) general practices, since the process of
integrating this variable into the database for research purposes was in development.

In addition to maintaining patient anonymity, the categorisation of the Townsend
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deprivation index into quintiles from the national census, ensures that values are

representative of deprivation relative to the whole of the UK population.

3.7.4 Other covariates

Since recording can vary between general practice'® and region in the UK,
information on registered general practice was retained for all women and children to
ensure findings were consistent across practices. Over the period of this study (1988
to 2004), important changes in asthma treatment as well as the prevalence of asthma,
obstetric complications and adverse pregnancy outcomes have occurred**°*'%",
Data on year of birth for all children or year of pregnancy outcome for stillbirths,
miscarriages, and therapeutic abortions was, therefore, extracted to ensure findings
were consistent over time. Where appropriate, the effects of maternal age, multiple
pregnancy (twin, triplet or quadruplet) and the sex of the child were also assessed,
since these have shown to be associated with different risk of obstetric complications

and may also modify asthma severity during pregnancy'*®'#%165-174,
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3.8 Overview of the thesis dataset structure

After the process of matching mothers to their children and extracting information on
other adverse perinatal outcomes (stillbirth, miscarriage, therapeutic abortion and
congenital malformations) and exposures, the aim was to have a dataset with the
general structure shown in Figure 3.2. From this thesis dataset, the appropriate study
populations for each of the three main studies in this thesis were extracted. For the
first study (Section 4. Fertility rates in women with asthma, eczema and hay fever)
all liveborn children matched to women in the dataset were used. For the second
study (Section 5. Adverse pregnancy outcomes and obstetric complications in
women with asthma) all pregnancies, whether they ended in live births or other
adverse pregnancy outcomes, were used. For the third study (Section 6. Congenital
malformations in children born to women with asthma) a selection of liveborn

children were used to create a case-control dataset.
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The Health Improvement Network
general practice database

Women without asthma Women with asthma
(or eczema or hay fever) (or eczema or hay fever)
(age 15-50 years) (age 15-50 years)

| | |
No Pregnancy [ >1 Pregnancy ] [ >1 Pregnancy ] [ No Pregnancy ]

Risks of adverse pregnancy outcomes (Section 5)

| |

Stillbirth >1 Live birth >1 Live birth Stillbirth
Miscarriage Misca.rriage '
Therapeutic abortion Therapeutic abortion

Fertility rates (Section 4) and risks of obstetric complications (Section 5)

[ Health baby ] Baby with Baby with [ Healthy baby ]
congenital congenital
malformation malformation

Risks of congenital malformations (Section 6)

Figure 3.2  Overview of the thesis dataset structure
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3.9 Results of building the thesis dataset

3.9.1 Summary of building and linking the study populations

The Health Improvement Network database contained the general practice records of
3,489,131 people with valid records at the time of data collection (Figure 3.3).
Through initial data cleaning and restriction to the study population definitions,
1,064,451 women contributing general practice data between 15 and 50 years of age
(population 1) and 509,444 children contributing general practice data who were
born after 1987 (population 2) were obtained. These populations were used to match
children to their mothers. From these populations, mothers and children that did not
meet the criteria for validating matches (Section 3.4) were excluded and children for
whom no matched mother was available were also excluded. This resulted in a final
study population of 1,059,246 women with data between age 15 and 50 years of age.
Of these women, 875,467 had no matched children and 183,779 were successfully

matched to 268,601 children.
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N= 3,489,131

[ The Health Improvement Network database }

1,915,236 excluded:

¢ Individuals in households of >20 people

e Women over 50 years of age

e Men born before 1988

o Children with no woman from population 1
registered in the same household

Population 1
Women with in-practice data between
the age of 15 and 50 years
N= 1,064,451

Population 2

Children born > January 1, 1988 with
at least one woman from population 1

registered in the household

N= 509,444

\
240,843 excluded:
e Children with no

/

5,205 excluded:

' matched mother
e Women not meeting e Children not
validation criteria for meeting

matching Linked by unique household

identification number

validation criteria
for matching

| |
; s ;
Women with no Women with at least

matched children one matched child
N= 875,467 S N= 183,779

Children record-linked
to their mothers
N= 268,601

Figure 3.3  Summary of building and linking the study populations

3.9.2 Details of matching pregnancy and delivery codes to children

To dissect how mothers and children were matched in more detail, the following will
describe the proportion of children who were matched using delivery and pregnancy

codes, and explain why it was not possible to match some children to their mothers.

59



From the study population of 1,064,451 women (population 1), 192,555 women with
one or more medical or additional health data codes for delivery were identified,
representing 281,669 deliveries in these women occurring on or after January 1,
1988. An additional 73,061 women who had only codes for pregnancy occurring on

or after April 1, 1987 were also identified.

Using the delivery codes, it was possible to match the 281,669 deliveries in women
to 239,609 children, which represents an 85% success rate in matching children to
deliveries in the maternal records (i.e. 239,609 matches out of 281,669 recorded
deliveries in mothers). Using the pregnancy codes, it was possible to match an
additional 28,992 children to their mothers. From the perspective of the final study
population of 268,601 matched children, this means that 89% (239,609) were
matched using delivery codes and 11% (28,992) were matched using pregnancy

codes.

Figure 3.4 shows how the final study population of 268,601 matched children was
obtained from the initially defined population of 509,444 children (population 2) and
why it was not possible to match some children to their mothers. Of the 268,601
children who were successfully matched, 81% were registered during the 3 months
after they were born and were, therefore, likely have general practice records
available from birth. In contrast, of the 240,043 children who could not be matched
to a mother, only 26% were registered during the first 3 months of life. The success
rate of matching children who were registered within 3 months of their birth to their

mothers’ records was, therefore, 78% (i.e. 216,417 matches out of 278,333 children
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who were registered within 3 months after birth). Figure 3.4 also shows that many
unmatched children (29% of all unmatched children) had more than one population 1

woman registered in the same household.

Population 2
Patients born > January 1, 1988 with at least one
woman from population 1 registered in the household
N= 509,444
(278,333 (54%) registered within 3 months after birth)

Children matched to their Unmatched Children
mothers in population 1 N=240,043
N=268,601
| | | |
Children registered Children registered Children registered\ Children registered
after the first 3 within 3 months after the first 3 within 3 months after
months of life after birth months of life birth
N=52,130 N=216,471 N=178,981 N=61,862
(19% of matched) (81% of matched) (74% of unmatched) (26% of unmatched)
| |
Children with >one Children with only Children with >one Children with only
Population 1 one Population 1 Population 1 one Population 1
woman in woman in woman in woman in
household household household household
N=49,834 N=129,147 N=18,898 N=42,964
(21% of (54% of (8% of (17% of
unmatched) unmatched) unmatched) unmatched)

Figure 3.4

Breakdown of population 2 into matched and unmatched children



3.9.3 Brief description of liveborn matched children and adverse
pregnancy outcomes

After the matching process, a final population of 1,059,246 women, of whom
183,779 were matched to 268,601 children was obtained. Because both prospective
and retrospective general practice data were used for the matching process, some
matched children were born before the mother’s current general practice registration.
For use in the thesis studies, the matches were restricted to those that occurred when
the mother was registered in the current general practice, resulting in 151,711 women
matched to 210,797 children (77% of the initial matches). Figure 3.5 shows the
distribution of birth dates in the 210,797 matched children. Over 96% of these
children were registered at the general practice within three months of their date of

birth and children born in later years were slightly more likely to be registered soon

after birth.
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Figure 3.5  Calendar distribution of birth dates for matched children
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Identification of adverse pregnancy outcomes that occurred during general practice
registration in the 1,059,246 women, resulted in 986 stillbirths, 35,272 miscarriages,
and 37,118 therapeutic abortions. Two brief validity checks of adverse pregnancy
outcomes in the thesis dataset were conducted. Firstly, the proportions of
pregnancies ending in miscarriage or therapeutic abortion and the stillbirth rate
(stillbirths per 1,000 live and stillbirths) were plotted according to maternal age at the

outcome of pregnancy.

Figure 3.6 shows that the proportion of pregnancies ending in miscarriage increases
with advancing maternal age, whereas the proportion of pregnancies ending in
therapeutic abortion is highest in young women and generally decreases with
maternal age. Figure 3.7 shows that stillbirth rates are high in women who are in
both the youngest and oldest age groups and lowest in women who are in the middle
of their childbearing years. These patterns of pregnancy outcome across maternal
age are consistent with national UK data and findings in other high income

- 24,149,170,174-176
countries™ " .
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Secondly, a test was carried out of the well established associations of an increase in
stillbirth rate for women who are current smokers and an increase stillbirth rate for
women in living in areas of higher material deprivation which are seen in national
UK data and data from other high income countries****'*®. Figure 3.8 shows that
there is an increase in stillbirth rate across quintiles of Townsend deprivation index,
regardless of whether women were recorded as being non-smokers or smokers before
the stillbirth event. Overall, however, women who are smokers have higher rates of

stillbirth, regardless of their level of material deprivation.

6
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Maternal smoking status and material deprivation
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Figure 3.8  Stillbirth rate by maternal smoking status and material
deprivation level
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3.10 Validity and generalisability of the dataset

It is important to consider whether data from general practice have both internal and
external validity and generalisablility for use in perinatal epidemiology studies. As
previously discussed, data from THIN are obtained from general practices
throughout the UK and previous studies have shown that the prevalence of major
medical outcomes is generalisable to the national population. Major perinatal events
should also be well recorded in THIN since it is rare that women attending antenatal
care are not registered with a general practitioner in the UK, however, this thesis
contains the first studies of perinatal epidemiology in THIN. In the previous section
(3.9.3) some initial tests of data quality have been demonstrated, which indicate that
our method for extracting live births and adverse pregnancy outcomes has
ascertained a dataset that is representative of the national UK population. In each of
the three following studies (sections 4 to 6), more detailed assessments of the
validity, completeness and generalisability of the specific exposure, outcome and

covariate variables are made.

A main advantage of the dataset used for this thesis is its size. This provides the
opportunity to obtain precise estimates of prevalence and compare risks of obstetric
complications and adverse pregnancy outcomes which are relatively rare on a
population level. Contemporary data from 2004 spanning back to 1988 are used in
this thesis, so the studies are relevant to the current population’s reproductive

experience.

66



The potential for random error and bias in data recording also requires consideration.
The primary purpose of data collection by general practitioners is for use in
managing the health of their patients. It is expected that there will be a certain
degree of misclassification, whether due to coding errors or to possible misdiagnosis.
Since the data are prospectively collected from routine medical visits or notifications
from hospital, recall bias is avoided. However, the nature of this routine data
collection can also introduce ascertainment biases which may relate to important
factors of interest (e.g. disease status or age). Some patients may also have
incomplete information for certain variables that were not recorded by the general
practitioner (e.g. no record of body mass index). Since the general practitioner will
first and foremost record data that are relevant to his or her patient care, there may
also be biases in the amount of missing data according to factors of interest (e.g.
more complete recording of smoking status in women with asthma compared with
women without asthma). These potential limitations are carefully considered for the

analysis and interpretation of each study.

3.11 Design of studies and statistical methods

Different study designs were used for each of the three main studies that address the
aim of this thesis. In brief, a cohort design was used to assess fertility rates (section
4), a cross-sectional design was used to assess adverse pregnancy outcomes and
obstetric complications (section 5), and a case-control design was used to assess
congenital malformations (section 6). Full details of the study design, selection of
the study population, and the statistical methods for analysis are described separately

for each study.
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4 Fertility rates in women with asthma, eczema and hay
fever

This section describes a cohort study conducted to compare the general fertility rate
of women with allergic disease (asthma, eczema and hay fever) with that of women
in the general population without allergic disease. Current information on their
fertility is described in the introduction, followed by the study methods which
include the statistical analysis, the study results, a discussion of the findings in
context of previous research, and a conclusion which addresses the clinical

importance of the findings.

4.1 Introduction

Evidence from clinical and laboratory studies have provided support for the
possibility of reduced biological fertility in women with allergic disease. Women
with asthma or allergy have been found to have later onset of menarche' "',
irregular menstruation'”” and endometriosis'®’. Perimenstrual asthma, experienced by
up to 40% of women with asthma, has been linked to abnormal cyclical patterns of

sex hormones'8!"1%

, which may in part affect regulation of smooth muscle
function'™. Studies have also suggested that women with asthma have different
concentrations of sex hormones'®® and different level of antibodies to progesterone
and oestrogen'*, compared with women without asthma. Conversely, the
physiology of atopic status towards T-helper 2 (Th2) cell cytokine production may

187-189

actually promote conception and maintenance of pregnancy . No study has yet
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investigated fertility rates, however, in terms of the number of live births, in women

with allergic disease.

Epidemiological data on the childhood prevalence of allergic disease indicate that
there is a relationship between the risk of allergic disease and family size. There is
strong evidence for a reduced risk of allergic disease in children of higher birth order
(i.e. with more older siblings), and this phenomenon has yet to be explained by
environmental factors'**"®. Given the heritability of allergic disease'*’, one possible
explanation is that women with allergic disease have smaller families, either by
choice or because of reduced biological fertility. It has in fact been suggested that
the protective impact of higher birth order on the risk of developing allergic disease
is mediated by decreased fertility in women with allergic disease. Findings in one
study demonstrated that the birth order effect of allergic disease was independent of
numerous factors, but could not be separated from household size*”. Some studies
of women with atopy and hay fever have indicated that they do tend to have fewer
children®®'%. While this has not been found specifically for women with

203,204

asthma , selected data indicate that these women may have more pregnancies

. : . 40,44
ending in adverse perinatal outcomes*"**,

To assess whether women with allergic disease have fewer children than women

with out allergic disease, this study provides estimates of population-based fertility
rates in women with asthma, eczema and hay fever compared with those in women
from the general female population without allergic disease. Prospective data from

women in the thesis dataset were analysed.
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4.2 Methods

4.2.1 Calculation and validation of fertility rates in THIN

The initial aim of this study was to create a comparable measure to the General
Fertility Rate (GFR), the number of live births per 1,000 women between age 15 and
44 years, which is calculated yearly as a standard demographic measure of fertility in
national populations®”. The demographic approach was used to calculate fertility
rates for two main reasons: Firstly, as a validation exercise to ensure fertility rates in
the THIN dataset were comparable with national figures; Secondly, since birth
control in the UK, including oral contraceptives and IUDs, can be obtained in family
planning clinics and these data are not routinely recorded in general practice notes, it
was not possible to accurately exclude time periods where women were not at risk of

pregnancy.

From the thesis population of 1,059,246 women who were between 15 and 50 years
of age, we excluded women who only contributed data between age 45 and 50 years.
We retained all women contributing general practice data between 15 and 44 years of
age, which was defined as the potentially fertile period. During this period all
liveborn matched children were identified. In this whole potentially fertile THIN
cohort, Poisson regression was then used to estimate fertility rates as the number of
live births per 1,000 person-years women contributed to the potentially fertile period,
which is analogous to the official GFR. This method of calculation differed slightly
from the standard GFR because person-years were used as the denominator when

women in the study were observed for part of one or more calendar years, rather than
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the mid-year population number of women used in national statistics. To account for
variation by age, fertility rates were calculated in each 5-year age band using a Lexis

expansion®”®

to construct an age-cohort model. This allows women to contribute
person time to successive S-year age bands as they get older through the study. Each
woman in the study may have contributed person-time and birth events to one or
more 5-year age bands and separate rates were calculated using the person-time
contributed and births occurring during each specific 5-year age band. These age-

specific fertility rates were therefore directly comparable with the standard

presentation of GFRs in national data.

An initial validity test of the data was then carried out by comparing overall and age-
specific fertility rates to the mean yearly overall and age-specific GFRs between
1995 and 2005 from the Office for National Statistics>*>, which is a reliable source
for an external comparison. This revealed that fertility rates in the THIN population
were lower than expected. Subsequently, information provided by EPIC indicated
that when general practices began using Vision software, some records of historic
medical events were not fully transferred from the previous software system. There
was no evidence that this was specific to any general practices, nor specific to
individual disease status. The population was, therefore, restricted to women with
potentially fertile data during Vision software use (Figure 4.1). In the Vision
software potentially fertile THIN cohort, overall and age-specific fertility rates were
re-calculated and compared with the yearly overall and age-specific GFR between
1995 and 2005 from the Office for National Statistics’®, and these were more
similar. The comparison between fertility rates in the whole potentially fertile THIN

cohort, the Vision software potentially fertile THIN cohort and the national GFR is
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presented in the results section. In the Vision software potentially fertile THIN
cohort the distribution of fertility rates is additionally presented across quintiles of
the Townsend deprivation index, which was conducted to test whether this
population was representative of the UK, where women who are in higher

socioeconomic groups and attain higher educational qualifications have children at a

later age®®"%.
Start of data recorded
using Vision software
Vision software potentially fertile period
/\
|
[ S =
— -
N
Whole potentially fertile period
Birth
Start of THIN data record End of THIN data record
(enter general practice; (exit general practice;
minimum 15 years of age) maximum 45 years of age)

Figure 4.1  Collection of prospective data and live births occurring after the
start of Vision software use in general practice.

4.2.2 Study population and extraction of potential confounders

The cohort of women with validated fertility rates (Vision software potentially fertile
THIN cohort) was used as the study population for the fertility rate analysis. All
diagnoses of asthma, eczema and hay fever were identified at any time point in the

women’s general practice records, which included time prior to the implementation
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of Vision software use. Women with one or more diagnoses of asthma, eczema or
hay fever were defined as being in the asthma cohort, eczema cohort or hay fever
cohort respectively. For each woman, data on maternal smoking and body mass
index over the fertile period, as well as socioeconomic status (quintile of Townsend

deprivation index) were additionally extracted.

4.2.3 Statistical analysis

Using Poisson regression, three separate analyses were carried out to estimate
fertility rates in women with diagnoses of asthma, eczema or hay fever and each of
these were compared with fertility rates in women without the respective diagnosis.
Overall Fertility Rate Ratios (FRR) were calculated, comparing each cohort of
women with diagnoses of asthma, eczema or hay fever, with the respective
comparison cohort. Using a Lexis expansion’"’, an age-cohort model was developed,
which allowed women to contribute person time to successive 5-year age bands as
they got older through the study. Using this expansion, age-specific FRRs were
calculated for all 5-year age bands, comparing each cohort of women with diagnoses
of asthma, eczema or hay fever, with the respective comparison cohort. Since some
women had overlap of allergic disease diagnoses, analyses were repeated with
cohorts of exposed women with two allergic disease diagnoses (asthma and eczema,
asthma and hay fever, eczema and hay fever). To address this as an issue of
specificity of diagnosis, the analyses were also repeated after excluding women with

more than one diagnosed allergic disease.
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In multivariate Poisson regression analyses, potential confounding by maternal
smoking status, body mass index and socioeconomic status was explored. Since
women in this analysis may have had more than one child during the potentially
fertile period, clustering by woman®”’ was accounted for using the robust standard
error option. We also assessed the potential effect of clustering by general practice.
Missing values for covariates were fitted as a separate category and all models were
re-fitted using women with complete data. To best approximate total family size, the
analyses were restricted to women with complete records from the beginning of the
potentially fertile period (age 15 years) and the FRR for each allergic disease cohort

was re-calculated in relation to its comparison cohort.

4.3 Results

4.3.1 Calculation and validation of fertility rates in THIN

From the population of 1,059,246 women, 949,260 women contributed potentially
fertile general practice data between 15 and 44 years of age. In this whole
potentially fertile THIN cohort, the 949,260 women had 210,481 live births over
5,295,546 person-years, resulting in an overall fertility rate of 39.7 live births per
1,000 person years from 1988 to 2004. This was markedly lower than the mean GFR
over the period of 1995 to 2005 from the Office of National Statistics, which was
57.8 live births per 1,000 person years. When the cohort was restricted to 491,516
women with potentially fertile data after the implementation of Vision software use
in practice, an overall fertility rate of 52.4 live births per 1,000 person-years was

derived from 91,147 live children born over a total of 1,740,266 fertile person-years
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from 1994 to 2004. A comparison of overall and age-specific fertility rates from
national data, the whole potentially fertile THIN cohort and the Vision software
potentially fertile THIN cohort is shown in Figure 4.2. The overall fertility rate for
the Vision software cohort was still lower than the national GFR, however, it was
more comparable than that of the whole THIN cohort, and was similar to that found

in a previous population-based study using the GPRD'*’.

Although age-specific fertility rates in the whole THIN cohort were also substantially
lower than the age-specific GFR values from national data, they showed the same
age pattern as national data, indicating that the whole THIN cohort was a
representative sample of the general female population of the same age. Age-
specific fertility rates from the Vision software THIN cohort were again higher than
those for the whole cohort and closer to the national age-specific GFR values,
however, they showed a shift towards older age groups, indicating that we had
captured a cohort of women having children at a slightly later age compared with
women in the general population. Figure 4.3 shows the distribution of age-specific
fertility rates across levels of area level deprivation. Compared with women in areas
of higher deprivation, women in areas of lower deprivation have lower fertility rates
at younger ages and higher fertility rates at older ages, which is consistent with the
age shift in fertility found in women with socioeconomic or educational advantage in

national data sources.
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Since the fertility rates in the Vision software THIN cohort were more representative

of national data than those in the whole THIN cohort, the study population for
analyses of fertility in women with allergic disease was restricted to the Vision

software cohort of 491,516 women.
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Figure 4.2  Comparison of fertility rates in THIN with the national General
Fertility Rate
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Figure 4.3  Fertility rates in the Vision software potentially fertile THIN
cohort by material deprivation level

4.3.2 Study population

In the cohort of 491,516 women with potentially fertile data after Vision software
was used in practice, 61,528 (13%) had diagnosed asthma, 68,764 (14%) had
diagnosed eczema and 56,914 (12%) had diagnosed hay fever. Some women (6%)
had two of these diagnoses and only a small proportion (1%) had all three diagnoses

(Figure 4.4).
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No Allergic Disease
345,262 (70%)

Figure 4.4  Venn diagram of women with asthma, eczema and hay fever
diagnoses in the general population cohort, 1994-2004;
Proportions are of total potentially fertile population (N=491,516)

The distribution of women in the whole cohort across categories of smoking status,
BMI, and quintiles of the Townsend deprivation index are shown in Table 4.1.
Thirty percent of women were current smokers and 26% were either overweight or
obese. The distribution of Townsend index quintile (available for 54% of the
population) was skewed towards the least deprived quintile. The covariates
presented in Table 4.1 for the whole cohort showed almost identical distributions to
those in the three comparison cohorts of 429, 735 women with no asthma (Table
4.2), 422,673 women with no eczema (Table 4.5) and 433,341 women with no hay
fever (Table 4.8), indicating that the comparison population for each of the three

allergic disease analyses was representative of the whole population. Study follow-

78



up time of potentially fertile years for women in the whole population was 3.1 years
Inter Quartile Range (IQR) 1.8-4.9, which was slightly shorter than that of women
with asthma (3.3 years IQR 2.1-5.1), eczema (3.8 years IQR 2.3-5.8) or hay fever

(3.7 years IQR 2.3-5.6).

Table 4.1 Characteristics of whole potentially fertile cohort

Whole cohort
Covariate (n=491,516)
n (%)

Smoking status

non-smoker 203,273 (41.4)

ex-smoker 20,878 (4.2)

current smoker 149,675 (30.5)

missing 117,690 (23.9)
Body mass index (kg/m?)

underweight(<18.5) 16,576 (3.4)

normal(18.5-24.9) 216,750 (44.1)

overweight(25-29.9) 80,187 (16.3)

obese(=30) 47,254 (9.6)

missing 130,749 (26.6)
Townsend index quintle

1 (least deprivation) 67,936 (13.8)

2 53,901 (11.0)

3 56,172 (11.4)

4 50,127 (10.2)

5 (most deprivation) 39,721 (8.1)

missing 223,659 (45.5)

4.3.3 Fertility rates in women with asthma

When compared with women without diagnosed asthma, women with diagnosed

asthma were more likely to be current smokers and to have a higher body mass index
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(Table 4.2). However, it is important to note that women without asthma were less
likely to have their smoking status and body mass index recorded. The distribution

across Townsend index quintiles was similar in women with and without asthma.

Table 4.2 Characteristics of women with and without asthma
Asthma cohort Comparison cohort
Covariate (n=61,781) (n=429,735)
n (%) n (%)
Smoking status
non-smoker 27,542 (44.6) 175,731 (40.9)
ex-smoker 3,110 (5.0) 17,768 (4.1)
current smoker 21,879 (35.4) 127,796 (29.7)
missing 9,250 (16.0) 108,440 (25.2)
Body mass index (kg/m?)
underweight(<18.5) 1,972 (3.2) 14,604 (3.4)
normal(18.5-24.9) 25,723 (41.6) 191,027 (44.5)
overweight(25-29.9) 11,210 (18.1) 68,977 (16.1)
obese(=30) 8,360 (13.5) 38,894 (9.1)
missing 14,516 (23.5) 116,233 (27.0)
Townsend index quintle
1 (least deprivation) 8,616 (13.9) 59,320 (13.8)
2 6,906 (11.2) 46,995 (10.9)
3 7,342 (11.9) 48,830 (11.4)
4 6,735 (10.9) 43,392 (10.1)
5 (most deprivation) 5,206 (8.4) 34,515 (8.0)
missing 26,976 (43.7) 196,683 (45.8)

Women with asthma had 12,344 live births over a total of 232,768 fertile person-
years, whereas women without asthma had 78,803 live births over a total of
1,507,497 person-years. This equated to fertility rates of 53.0 and 52.3 live births per
1,000 person-years in women with and without asthma, respectively. The crude

fertility rate ratio (FRR) for women with asthma compared to women without asthma

was 1.01, 95% Confidence Interval (CI) 1.00-1.04 (Table 4.3, Figure 4.5).
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Crude age-specific fertility rate ratios showed that differences in fertility rates

between the two cohorts varied with women’s age (Table 4.3, Figure 4.5) such that

women with asthma tended to have slightly higher fertility rates when younger (e.g.

The FRR for age band 15-19.9 years was 1.08, 95%CI 1.01-1.16) and lower fertility

rates when older (e.g. The FRR for age band 40-44.9 years was 0.86, 95%CI 0.75-

0.99), compared with women without asthma. These differences were not seen when

comparing fertility rates in women with asthma who were between 30 and 40 years

of age with women of the same age without asthma (e.g. The FRR for age band 30-

34.9 years was 1.02, 95%CI 0.99-1.06).

Table 4.3

Overall and age-specific fertility rates and unadjusted fertility

rate ratios in women with asthma compared with women without
asthma

Asthma Cohort (n=61,781)

Comparison Cohort (n=429,735)

Fertile . . Unadjusted
Number Fertile . « Number Fertile . o -
baagne d of live person-time Fe(;t;l:/ty c'T:t)e of live person-time Fe(;t;l‘:/ty CF:it)e szertlg::(io
. * o . _v* (]

(years) births (1000 p-y*) births (1000 p-y*) (95%Cl)
15-19.9 1,066 50 21.1(19.9-22.4) 4,060 208 19.5(18.9-20.1) 1.08 (1.01-1.16)
20-249 2,471 43 57.8 (55.6-60.1) 11,514 234 49.1 (48.2-50.0) 1.18 (1.13-1.23)
25-29.9 3,483 39 89.3 (86.4-92.3) 21,480 271 79.4 (78.3-80.5) 1.12(1.09-1.17)
30-349 3,479 36 95.8 (92.7-99.1) 26,582 284 93.7 (92.6-94.9) 1.02 (0.99-1.06)
35-39.9 1,608 33 49.0 (46.7-51.5) 12,996 262 49.6 (48.8-50.5) 0.99 (0.94-1.04)
40-44.9 237 31 7.5 (6.6-8.6) 2,171 249 8.7 (8.4-9.1) 0.86 (0.75-0.99)
All ages 12,344 233 53.0 (52.1-54.0) 78,803 1,507 52.3 (51.9-52.6) 1.01 (1.00-1.04)

*person-years, **confidence interval, ° per 1000 person-years
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Figure 4.5  Overall and age-specific fertility rates (95% confidence intervals)
in women with and without asthma

After adjusting the fertility rate ratios for smoking status, body mass index and
Townsend index quintile (Table 4.4), the age-specific fertility rate ratios showed
much less variation and were all similar to the adjusted FRR for all ages, indicating
that there was no substantial age variation in relative fertility between the two
groups. Fertility rate ratios for each age band were close to 1.00 and 95% confidence
intervals indicated that differences in most age-specific fertility rates between
women with and without asthma were not statistically significant at the 5% level.
Women with asthma between 20 to 29.9 years of age, however, had a small
statistically significant increase in fertility rates of approximately 6% compared to

women without asthma. Overall, the FRR was 1.02, 95%CI 1.00-1.04 after adjusting
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for age, smoking status, body mass index and Townsend index quintile. This was

only marginally higher than the crude FRR.

Table 4.4 Overall and age-specific adjusted fertility rate ratios comparing
women with asthma with women without asthma

. Adjusted
Fe""(e:agri)ba"d Fertility Rate Ratio***
y (95%Cl)
15-19.9 0.96 (0.89-1.03)
20-24.9 1.07 (1.02-1.12)
25-29.9 1.06 (1.02-1.09)
30-34.9 1.01 (0.97-1.04)
35-39.9 0.99 (0.94-1.05)
40-44.9 0.90 (0.78-1.03)
All ages 1.02 (1.00-1.04)

***Adjusted for body mass index, smoking
status, Townsend index quintile. FRR for all
ages additionally adjusted for age band

4.3.4 Fertility rates in women with eczema

Women with diagnosed eczema were more likely to be current smokers compared
with women without eczema and were also slightly more likely to be overweight,
however, they had a similar distribution across Townsend index quintiles (Table 4.5).
As in the asthma analysis, it is important to note that women without eczema were

less likely to have their smoking status and body mass index recorded.
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Table 4.5 Characteristics of women with and without eczema

Eczema cohort Comparison cohort
Covariate (n=68,843) (n=422,673)
n (%) n (%)

Smoking status

non-smoker 31,329 (45.5) 171,944 (40.7)

ex-smoker 2,963 (4.3) 17,915 (4.2)

current smoker 23,385 (34.0) 126,290 (29.9)

missing 11,166 (16.2) 106,524 (25.2)
Body mass index (kg/m?)

underweight(<18.5) 2,278 (3.3) 14,298 (3.4)

normal(18.5-24.9) 30,973 (45.0) 185,777 (44.0)

overweight(25-29.9) 12,198 (17.7) 67,989 (16.1)

obese(=30) 7,412 (10.8) 39,842 (9.4)

missing 15,982 (23.2) 114,767 (27.2)
Townsend index quintle

1 (least deprivation) 10,039 (14.6) 57,897 (13.7)

2 7,820 (11.4) 46,081 (10.9)

3 7,997 (11.6) 48,175 (11.4)

4 7,140 (10.4) 42,987 (10.2)

5 (most deprivation) 5,178 (7.5) 34,543 (8.2)

missing 30,669 (44.5) 192,990 (45.7)

Women with eczema had 16,973 live births over a total of 285,566 person-years,
whereas women without eczema had 74,174 live births over a total of 1,454,699
person-years. The overall fertility rate in women with eczema was considerably
higher than that in women without eczema (59.4 and 51.0 live births per 1,000
person-years in women with and without eczema, respectively). This resulted in a
crude fertility rate ratio (FRR) for women with eczema compared to women without

eczema of 1.17, 95%CI 1.15-1.19 (Table 4.6, Figure 4.6).

Crude age-specific fertility rates were higher for women with eczema than for
women without eczema for all age bands, with the exception of women in the

youngest age band (FRR for age band 15-19.9 years was 1.00, 95%CI 0.94-1.08).
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Although women between 25 and 29.9 years of age with eczema had the highest

relative fertility (27% higher) compared with women without eczema, FRR 95%

confidence intervals overlapped for all age bands from 20 years and above (Table

4.6).

Table 4.6 Overall and age-specific fertility rates and unadjusted fertility
rate ratios in women with eczema compared with women without
eczema

Eczema Cohort (n=68,843) Comparison Cohort (n=422,673)
Fertile . . Unadjusted
age umber  Fertile Fertility Rate®  \umber  Fertile ity Rate® Fertility
of live person-time of live person-time f
band =\ iths (1000 pyr)  (95%CIY) births (1000 py) (5% CI™) Rate Ratio
(vears) Py Py (95%C1)
15-19.9 1,059 53 19.9 (18.7-21.1) 4,067 205  19.8(19.2-20.4) 1.00 (0.94-1.08)
20-249 2,827 48 59.2 (57.1-61.5) 11,158 230 486 (47.7-49.5) 1.22 (1.17-1.27)
25-20.9 4,887 50 98.3(95.6-101.1) 20,076 260  77.3(76.2-78.3) 1.27 (1.24-1.31)
30-349 5,351 49 109.2 (106.3-112.2) 24,710 271 91.2(90.1-92.3) 1.20 (1.17-1.23)
35-39.9 2,441 44 56.0 (53.8-58.3) 12,163 251 484 (47.6-49.3) 1.16 (1.11-1.21)
40-449 408 42 9.6 (8.8-10.6) 2,000 238 84(8.1-88)  1.15(1.03-1.28)
All ages 16,973 286 59.4 (58.5-60.3) 74,174 1,455  51.0(50.6-51.4) 1.17 (1.15-1.19)
*person-years, **confidence interval, ® per 1000 person-years
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After adjusting our fertility rate ratios for smoking status, body mass index and
Townsend index quintile (Table 4.7), there was only a modest reduction in all FRRs,
however, they still indicated higher fertility rates of 15-22% in women with eczema
compared with women without eczema, and the relative increase in fertility rate was
similar across all but the lowest age band. The overall FRR adjusted for age,
smoking status, body mass index and Townsend index quintile (1.15, 95%CI 1.13-

1.17), was almost identical to the crude overall FRR.

Table 4.7 Overall and age-specific adjusted fertility rate ratios comparing
women with eczema with women without eczema

. Adjusted
Fe""(e:agri)ba"d Fertility Rate Ratio***
y (95%Cl)
15-19.9 0.96 (0.90-1.03)
20-24.9 1.15 (1.10-1.20)
25-29.9 1.22 (1.18-1.25)
30-34.9 1.17 (1.14-1.20)
35-39.9 1.15 (1.10-1.20)
40-44.9 1.16 (1.04-1.29)
All ages 1.15 (1.13-1.17)

***Adjusted for body mass index, smoking,
socioeconomic status (Townsend index). FRR
for all ages additionally adjusted for age band

4.3.5 Fertility rates in women with hay fever

The proportion of current smokers was similar in women with and without diagnosed
hay fever as were the proportions in different categories of body mass index and
Townsend index quintile (Table 4.8). Women with hay fever had a similar amount

of missing data for smoking status and body mass index compared to women with
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asthma and eczema, which was lower than the amount of missing data on these

covariates for women without hay fever diagnosed.

Table 4.8 Characteristics of women with and without hay fever
Hayfever cohort Comparison cohort
Covariate (n=58,175) (n=433,341)
n (%) n (%)
Smoking status
non-smoker 29,331 (50.4) 173,942 (40.1)
ex-smoker 2,679 (4.6) 18,199 (4.2)
current smoker 16,732 (28.8) 132,943 (30.7)
missing 9,433 (16.2) 108,257 (25.0)
Body mass index (kg/m?)
underweight(<18.5) 1,911 (3.3) 14,665 (3.4)
normal(18.5-24.9) 26,599 (45.7) 190,151 (43.9)
overweight(25-29.9) 10,439 (17.9) 69,748 (16.1)
obese(230) 6,383 (11.0) 40,871 (9.4)
missing 12,843 (22.1) 117,906 (27.2)
Townsend index quintle
1 (least deprivation) 8,922 (15.3) 59,014 (13.6)
2 6,711 (11.5) 47,190 (10.9)
3 6,733 (11.6) 49,439 (11.4)
4 5,626 (9.7) 44,501 (10.3)
5 (most deprivation) 4,266 (7.3) 35,455 (8.2)
missing 25,917 (44.6) 197,742 (45.6)

Women with hay fever had 13,685 live births over a total of 237,248 person-years,
whereas women without hay fever had 77,462 live births over a total of 1,503,018

person-years. This equated to fertility rates of 57.7 and 51.5 live births per 1,000

person-years in women with and without hay fever, respectively. The crude fertility

rate was 12% higher in women with hay fever compared to women without hay fever

(FRR 1.12, 95%CI 1.10-1.14) (Table 4.9, Figure 4.7).
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Crude age-specific FRRs for most age bands also showed a relatively higher fertility
rate in women with hay fever compared to women without hay fever, at a 5%
statistically significant level (Table 4.9, Figure 4.7). The pattern of age-specific
fertility rate ratios in women with hay fever was similar to that in the eczema
analysis, showing a comparable relative increase in each age band compared to
women without hay fever, with the exception of the youngest women in the 15-19.9
year age band who had a similar fertility rate to women of the same age without hay

fever.

Table 4.9 Overall and age-specific fertility rates and unadjusted fertility
rate ratios in women with hay fever compared with women
without hay fever

Hay fever Cohort (n=58,175) Comparison Cohort (n=433,341)
Fertile . . Unadjusted
Number Fertile - o Number Fertile - o -
bzgne d of live person-time FenllltycIT:t)e (95% of live person-time Fe(;t;l:/tyclfit)e Ra::::lttiz***
. * . _y* (]
(years) births (1000 p-y*) births (1000 p-y*) (95%Cl)
15-19.9 843 44 19.3 (18.1-20.7) 4,283 215 19.9 (19.3-20.5)  0.97 (0.90-1.05)
20-249 2,320 42 55.3 (63.1-57.6) 11,665 235 49.6 (48.7-50.5) 1.12 (1.07-1.17)
25-29.9 3,969 43 91.9 (89.1-94.8) 20,994 266 78.8 (77.8-79.9) 1.17 (1.13-1.21)
30-34.9 4,269 41 105.0 (101.9-108.2) 25,792 279 92.4(91.2-93.5) 1.14 (1.10-1.17)
35-39.9 1,963 35 56.2 (53.7-58.7) 12,641 260 48.6 (47.8-49.5) 1.16 (1.10-1.21)
40-44.9 321 33 9.7 (8.7-10.9) 2,087 247 8.4 (8.1-8.8) 1.16 (1.03-1.31)
All ages 13,685 237 57.7 (56.7-58.7) 77,462 1,503 51.5(51.2-51.9) 1.12(1.10-1.14)

*person-years, **confidence interval, ® per 1000 person-years
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Figure 4.7  Overall and age-specific fertility rates (95% confidence intervals)
in women with and without hay fever

Adjusted fertility rate ratios for smoking status, body mass index and Townsend
index quintile (Table 4.10), were reduced in all age groups compared with the crude
estimates, however they still indicated higher fertility rates of 8-12% in women with
hay fever over 20 years of age compared to women without hay fever. The adjusted
FRR for women under 20 years of age indicated that these women with hay fever had
a similar fertility rate to women without hay fever. The overall FRR adjusted for
age, smoking status, body mass index and Townsend index quintile was 1.08, 95%CI

1.06-1.10.
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Table 4.10  Overall and age-specific adjusted fertility rate ratios for women
with hay fever compared with women without hay fever

. Adjusted
Fe""(e:agri)ba"d Fertility Rate Ratio***

y (95%Cl)
15-19.9 0.95 (0.88-1.02)
20-24.9 1.09 (1.04-1.14)
25-29.9 1.11 (1.07-1.15)
30-34.9 1.08 (1.05-1.12)
35-39.9 1.11 (1.06-1.17)
40-44.9 1.12 (1.00-1.27)
All ages 1.08 (1.06-1.10)

***Adjusted for body mass index, smoking,
socioeconomic status (Townsend index). FRR
for all ages additionally adjusted for age band

4.3.6 Fertility rates in women with more than one or only one allergic
disease diagnosis

When the analysis was repeated using a cohort of women with all three allergic
disease diagnoses (6,200 women), there was a 7% increase in fertility rate
(FRR=1.07, 95%CI 1.01-1.12), compared with that for women with no allergic
disease diagnoses (345,262 women). This small increase in fertility rate compared
with women with no diagnoses, was also similar for women with any two allergic
disease diagnoses (FRR=1.12, 95%CI, 1.09-1.16 for women with asthma and
eczema; FRR=1.05, 95%ClI, 1.02-1.09 for women with asthma and hay fever;
FRR=1.12, 95%CI, 1.09-1.16 for women with eczema and hay fever). In specificity
analyses, after excluding women with more than one allergic disease diagnosis,

which represented 7% of the whole population, the adjusted FRRs were similar to
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those in the main analyses for women with asthma only (0.98, 95%CI 0.96-1.01),

eczema only (1.17, 95%CI 1.14-1.19), and hay fever only (1.09, 95%CI 1.07-1.12).

4.3.7 Full covariate data and age-restricted analyses

The main fertility rate ratio models for each allergic disease were repeated using only
170,528 women who had full covariate data for smoking status, body mass index and
Townsend index quintile. Estimates of adjusted FRRs for each allergic disease group
were similar to the analyses of the full dataset (FRR=1.02, 95%CI 0.99-1.05 for
women with asthma; FRR=1.12, 95%CI 1.09-1.14 for women with eczema;

FRR=1.05, 95%CI 1.03-1.08 for women with hay fever).

Models were also restricted to the 100,528 women with data available from the
beginning of the fertile period (age 15 years) onwards. The adjusted overall fertility
rate ratio for women with asthma observed from the age of 15 years onwards was
similar to that in the overall analysis for women with asthma (1.03, 95%CI 0.99-
1.07). For women with eczema and hay fever, the FRRs among women observed
from the age of 15 years onwards were modestly lower than the FRRs for all women

(1.09, 95%CI 1.04-1.13 and 1.02, 95%CI 0.98-1.06 respectively).
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4.4  Discussion and Interpretation

4.4.1 Summary of findings

The results of this study provide no evidence to suggest that the fertility rates of
women with asthma, eczema or hay fever are lower than that of women in the
general population. Indeed there is some evidence that fertility rates in women with
eczema and hay fever may be slightly higher than those expected in the general
population over the study period. This was generally true across all but the youngest
age bands. In this study, individual fertility or clinical infertility was not directly
measured in women, and the results, therefore, do not provide etiological information
on the biological fecundity or fertility of women with and without allergic disease.
The findings of similar fertility rates in women with and without allergic disease do,
however, indicate that reduced fertility in women with allergic disease does not
explain the increase in allergy in children of low birth order that has been observed
on a population level. The study shows that women with allergic disease do not have

fewer children than women without allergic disease in the UK population.

4.4.2 Strengths and limitations

Statistical power

Deriving fertility rates from a large general population-based cohort representative of
the UK female population and our stratification of these fertility rates by age, has
enabled the provision of the first precise estimates of fertility in women with allergic

disease that are comparable to national estimates of the General Fertility Rate. The
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overall fertility rate of 54.2 live births per 1,000 person-years in the THIN cohort
was similar to the average national general fertility rate of 57.8 over the same
calendar period as the study (1995 to 2005) and the age-specific rates were also
similar to those from national statistics*'°. Compared to national age-specific
fertility rates, however, women in this study population tended to have babies
slightly later, when they were over 30 years of age. This age shift in fertility rates is
found across increasing socioeconomic and educational gradients™”** and the
distribution of the population across quintiles of Townsend index did indicate that
this population had a higher representation of women in less deprived areas.
Nevertheless, the comparability of these data to an external source suggests the
method developed for extracting births and linking children to their mothers captured
nearly all births and is thus a valid method of determining incidence rates of live
births in this population. Although the overall fertility rates and FRRs contain a
small over-representation of older women compared with national data, age-specific
estimates have also been presented, which were generally similar to the overall age-

adjusted FRRs.

Validity of exposure and outcome data

The current national prevalence of allergic disease is not available specifically for
women of childbearing age, however, the population prevalence figures in the THIN
data were similar to national estimates for men and women between age 16 and 44
years (14% diagnosed asthma, 19% diagnosed hay fever, 16% diagnosed eczema,
8% with 2 of these diagnoses and 2% with all three diagnoses)*', indicating the
completeness of THIN records for these conditions. Although, THIN is a relatively

new general practice database, validation studies in the GPRD, from which over half
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of THIN general practices originate, have indicated that recording of births and
major diagnoses, including respiratory conditions, are accurate and

Completel33,137,138

, and I do not anticipate any reason for significant differential
recording of births between women with and without allergic disease. Due to the
nature of general practice registration, however, only a relatively short follow-up
time was captured in each woman’s entire reproductive period, and data were not
available on total family size or attained parity. This was addressed with a restricted
analysis, using women with data from the start of their fertile period, which showed
similar fertility rate ratios to the overall analysis. This indicates that the measure of
fertility rates on a population level for women throughout the entire fertile period is a
good proxy for family size. The short follow-up period, relative to a woman’s entire
fertile period, also limited the ability to determine the actual age of onset of a
woman’s allergic disease; one cannot be sure that the date of diagnosis is close to the
first onset of disease or a re-appearance after an inactive disease period. The
incidence of new allergic disease®'? in women of childbearing age, however, is low
relative to childhood onset and loss of allergy is also rare, so most of the women in
our study will have prevalent allergy when the diagnosis occurs. Furthermore, the
cohort definition of ever having been diagnosed with an allergic disease was best for
addressing the question of the birth order effect of allergic disease on a population
level, as the objective was not to determine on an individual level whether active

allergic disease affects having a child.

Accounting for missing covariate data

A potential limitation of this study is that comprehensive data on ethnicity is not

available in THIN because ethnicity is not routinely recorded for patients in general
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practice in the UK. Ethnicity is associated with family size, the main difference
being that families of white ethnicity are considerably smaller than families of other
ethnic groups®>?'*. However, it is unlikely that confounding by ethnicity would
have an important effect on these findings as studies of the association of ethnicity
with the prevalence of allergic disease diagnosis in the UK have shown inconsistent

215-219

results , indicating that there is little evidence for a strong direct association

between ethnicity and allergic disease diagnosis in the UK.

It is also recognised that missing data for smoking, BMI and socioeconomic status is
a disadvantage of using general practice records, however, this is comparable with
the proportion of missing data from non-response in epidemiological cross-sectional
surveys and follow-up studies. In this study, these variables did not have important
confounding effects, as their distributions were similar between women with and
without allergic disease. Furthermore, the generous study power enabled restriction
analyses of women with full data, which showed almost identical effect sizes to the

overall analysis.

4.4.3 Interpretation in context of other studies

Association of allergy and atopy with family size

Although this is the first study to calculate fertility rates in women with allergic
disease, an inverse relationship between atopy and number of offspring has been
demonstrated both through raised maternal serum IgE**’, skin prick test

203,221

sensitivity and reported allergic disease'®’*****. Studies have not found
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associations between the number of previous pregnancies or live births and wheeze

or asthma203’204’221 )

Most research has only assessed the cross-sectional relationship between the number
of previously born children or pregnancies and women’s current atopic or allergic
disease status'*2*29%2° The largest cross-sectional study, a Danish telephone
survey of over 30,000 pregnant women, showed a lower self-reported prevalence of
hay fever in women who had previously been pregnant or had a live birth, however,
the prevalence of hay fever was very similar between women with 1, 2 or more
previous live births'®’. Similar results were found in a general population-based
study of women in Italy, where Forastiere reported an inverse trend between number
of live births and maternal hay fever, however, individual odds ratios for hay fever in
women with 2, 3, 4 or more children, compared to only one child, were not
statistically significant and no associations were found between hay fever and
number of previous pregnancies®. Only one study found that women with any
allergic disease were more likely to have more than one child when compared with
women with no allergic disease history***.

. . : 221,22
Prospective studies have shown mixed results®'**

. Sunyer found that although
women with atopy initially had fewer children there was no difference in the number
of children after 8 years of follow-up, indicating that these women may tend to delay

having their first child**

, which is partially in keeping with our finding of only
young women with allergic disease having a slightly lower relative fertility compared

with young women without allergic disease. Harris showed a loss of maternal atopy

or hay fever, but not asthma, with each intervening pregnancy over a seven year
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period”'. This study, however, was only in women who had initially had live births,
and although the effect was still present after adjusting for maternal age, it did not
reach statistical significance at the 5% level. Nevertheless, this proposed successive

loss of allergy through each pregnancy®*'****%

, possibly from gestational exchange
of cells between mother and foetus®> , rather than a decrease in number of live births

in women with allergic disease, is in keeping with the birth order effect.

Different fertility rate in asthma compared with eczema and hay fever?

Reasons for the finding of a possibly increased fertility rate in women with eczema
or hay fever but not in women with asthma are unclear. While it is possible that it is
a true effect, it may also be due to differential ascertainment of diagnoses via
antenatal care. Women attending for antenatal care at their general practitioner will
likely have more chance of being diagnosed with a medical condition, particularly
milder cases of eczema or hay fever, compared to women not attending for antenatal
care who visit the general practitioner less often. There is most probably not such a
significant increase in ascertainment of asthma diagnoses through antenatal care
compared to regular attendance, since symptoms of asthma are generally more severe

and require prescription medication.

An alternative explanation may be a physiological promotion of conception in these

women related to a balance towards Th2 cells in allergic disease'**'*’

. This theory is
supported by evidence that shows monthly cycling of female sex hormones to be
closely associated with shifts between Th1 and Th2 cytokine production®*® and

182

fluctuating IgE levels ", which show sharp premenstrual decreases that may aid

implantation. Hormonal changes may also contribute to increased asthma
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exacerbations when oestrogen levels are low, although there is limited evidence to
support this as an important link?*’*?. A potential beneficial effect on fertility by
the Th2 cell phenotype, however, does not aid in explaining why we did not find the
same increased fertility rates in women with asthma, although it may be possible that
a proportion of women with asthma diagnoses in this study population do not have
allergy-related disease. Allergy testing for people diagnosed with asthma is not
routinely carried out in general practice, so it was not possible to separate women
with and without atopy in the analysis. This division is also not necessarily relevant
for this study since the birth order effect of asthma has been found both in studies of
atopic disease and all clinically diagnosed disease (which includes both atopic and
non-atopic people with asthma). Specifically, the birth order effect of all diagnosed
asthma has been found in previous studies using general practice data from the
GPRD"’. Our results will, therefore, be applicable to both groups with atopic and

non-atopic asthma.

Fertility rate in young women under 20 years of age

A final important observation in this study was the marginally reduced relative
fertility rate in women with eczema or hay fever under 20 years of age in contrast to
the relative increase after this age. This may reflect a slightly higher socioeconomic
level in this group, as similar fertility rate patterns have been seen across
socioeconomic gradients®**, Socioeconomic status has an important effect on
fertility rates””’ and although it has been suggested there are socioeconomic
differentials in allergic disease, being higher in eczema and hay fever but lower in

15,194,230

asthma compared with people without these conditions, there were not

marked differences in Townsend index quintile for women with and without allergic
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disease in this study. In fact, while there is evidence to suggest that deprivation is
associated with poorer lung function'®, bronchospasm®', and severe exacerbation of

14,232

asthma , there is a lack of consistent evidence that lower socioeconomic status is

related to asthma, eczema, hay fever or atopic sensitisation and many studies have

found no association, particularly in adults®'>13-197:198.231.233.234.

4.4.4 Conclusions

This study provides reassuring evidence to suggest that fertility rates of women with
asthma, eczema or hay fever are not lower than those of women in the general
population. The estimates of similar or possibly increased fertility rates in the
cohorts with allergic disease do not support the proposal that a protective effect of
higher birth order on allergic disease development is mediated through women with

allergic disease having fewer children.
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5 Adverse pregnancy outcomes and obstetric
complications in women with asthma

This section describes a cross-sectional study conducted to compare the risks of
adverse pregnancy outcomes and obstetric complications in women with asthma with
those of women in the general population without asthma. The impact of asthma
severity and asthma control on these risks is also assessed. An overview of the
current reported risks is given in the introduction, followed by the study methods
which include the statistical analysis, the study results, a discussion of the findings in
context of previous research, and a conclusion which addresses the clinical

importance of the findings.

5.1 Introduction

Since Bahna’s 1972 report*' showing increased risks of obstetric complications in
women with asthma, the management of asthma through new treatment medications
and optimisation of drug doses has improved considerably. More recent studies of

: 44,47-49,51,86,88,97,235-245 i
pregnancy have shown mixed results™"" ™" """ , but have still indicated that

49,240 44,47,49,241

- . 44,47-49,241-243 - -
risks of pre-eclampsia™ "™ , haemorrage , gestational diabetes ,

44,241 47-49,51,240

perinatal mortality , and other obstetric complications may be increased
in women with asthma, which is alarming since the prevalence estimates of current
asthma in women of childbearing age have increased from 3% to 8% over the past
thirty years''. Thus far, very few studies investigating obstetric complications in

women with asthma have adjusted for potential confounding factors or have had the
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ability to assess whether risks differ by the degree of both asthma severity and
control®®***%**2 and none have had adequate study population size to estimate

individual risks of miscarriage, stillbirth, and therapeutic abortion.

Using data on pregnancies from the thesis dataset, this study is a comprehensive
analysis of the reproductive experience of women with asthma which aims to
estimate the precise magnitude of their risks of obstetric complications and adverse
pregnancy outcomes compared with women without asthma. Since asthma
symptoms and pharmacological management can change during pregnancy, these

effects were examined both before and during pregnancy.

5.2 Methods

5.2.1 Study population and outcome variables

From the initial population of 1,059,246 women, all women with one or more
pregnancies with outcomes occurring after the woman’s registration in general
practice were identified. I examined whether these pregnancies ended in live birth,
stillbirth, miscarriage or therapeutic abortion. For pregnancies ending in live births
only, haemorrhage (antepartum and postpartum), placental insufficiency, placental
abruption, placenta praevia, pre-eclampsia or eclampsia, hypertension, change in
blood pressure, diabetes, anaemia, thyroid disorders and depression in pregnancy
were examined. | assessed whether women delivered live births by caesarean section

or assisted delivery as well as the gestation of the pregnancy. For each child, I
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assessed their birth weight, whether they had any malpresentation or specific breech

presentation in utero and whether they were delivered breech.

5.2.2 Definition of exposure variables and covariates

Pregnant women were defined as having asthma if they had a medical code for
asthma at any time in their general practice record. For women with asthma, all
prescriptions for asthma medications and all medical codes for asthma exacerbations
during the year before each pregnancy and during the pregnancy were extracted. If a
woman had less than a year between the end of one pregnancy and the start of
another, only prescriptions and exacerbation codes occurring after the birth of the

first child and up to the start of the second pregnancy were used.

Using the prescriptions, women were categorised into different levels of asthma
severity in accordance with the British Thoracic Society asthma guidelines’*’ in
both pre-pregnancy and during pregnancy time periods. The three categories of
asthma severity were defined as 1) un-medicated asthma (no asthma prescriptions),
2) medicated asthma with at least one prescription of a short acting f-agonist
(SABA), and 3) medicated asthma with at least one prescription for an inhaled
corticosteroid (ICS) with or without a long acting B-agonist (LABA). An asthma
exacerbation was defined as either a code for an exacerbation or a prescription for an
oral corticosteroid. Using this definition women were categorised as having good
asthma control (no exacerbations) or having poor asthma control (at least one asthma

exacerbation) both in pre-pregnancy and during pregnancy time periods. The

methods used to categorise women by asthma severity and asthma control, including
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reasons for why these definitions were used were previously detailed in section 3.6.2

and section 3.6.3.

For each pregnancy, data on the woman’s age at the pregnancy outcome, most recent
smoking status and BMI before the pregnancy, as well as socioeconomic status
(quintile of Townsend deprivation index), year of birth, multiple pregnancy (twin,

triplet, quadruplet), gestation of the pregnancy, and sex of the child, were extracted.

5.2.3 Statistical analysis

The unit of analysis was a pregnancy for the assessment of adverse pregnancy
outcomes and for obstetric complications that were specific to the pregnancy or
delivery. If a woman had more than one pregnancy in her general practice record
during the study period, from January 1, 1988 to November 30, 2004, all of her
pregnancies were included in the analysis. The prevalence of each pregnancy
outcome was calculated as a proportion of all pregnancies. The prevalence of each
obstetric complication was calculated as a proportion of all pregnancies ending in
live births. For outcomes that were specific to the child (malpresentation, breech
presentation, breech delivery and birth weight) the unit of analysis was a child and
the prevalence of each outcome was calculated as a proportion of all liveborn

children.

Using logistic regression, odds ratios were estimated for each outcome comparing

either pregnancies or children born to women with asthma, with those in women

without asthma. To investigate whether there were differences in risks related to
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severity or control of asthma, separate odds ratios were also estimated for the
pregnancies of women at each level of asthma severity (un-medicated, SABA,
ICS/LABA) and asthma control (good=no exacerbations, poor=at least one
exacerbation) compared with the pregnancies of women without asthma. These
associations were assessed using asthma severity and control in the year before
pregnancy. For pregnancies ending in live births, these associations were
additionally assessed using asthma severity and control during pregnancy. It was not
possible to carry out the same during-pregnancy assessment of stillbirth, miscarriage
or therapeutic abortion, because of the much shorter duration of gestation for these
outcomes (32 weeks for stillbirth, 10 weeks for miscarriage, 16 weeks for therapeutic
abortion) compared with gestation for live births (average of 40 weeks).
Furthermore, the interpolation of length of gestation for miscarriage and therapeutic

abortions will generally be less precise.

The reference group for all analyses of asthma severity and control was women
without asthma, since the objective was to estimate the relative difference in odds of
each outcome in women with asthma compared with those in women in the general
population. To specifically examine the impact of asthma exacerbations in
pregnancy, the analyses were repeated using only women with asthma, comparing

odds of outcomes in women with and without exacerbations in pregnancy.

In multivariate logistic regression analyses, all models were adjusted for maternal
age, smoking habit and body mass index. I subsequently explored the effects of
socioeconomic status (quintile of Townsend index), year of birth, multiple pregnancy

(twin, triplet, quadruplet), gestation of the pregnancy, and sex of the child, where
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appropriate, retaining in the models only those variables that changed the odds ratios
more than 10%. Since more than one pregnancy per woman could be included in
this analysis during the study period, the potential effect of clustering by woman®”’
was accounted for by using robust standard errors. Missing values for covariates
were fitted as a separate category and all models were re-fitted using women with

complete data.

5.3 Results

5.3.1 Study population

During the study period, 187,502 women met the selection criteria and had a total of
281,019 pregnancies, with 121,092 women (64%) having one pregnancy, 46,447
women (25%) having two pregnancies and 19,963 women (11%) having 3 or more
pregnancies. Of all pregnancies, 207,643 (74%) ended in one or more live births,
35,272 (13%) ended in miscarriage, 37,118 (13%) ended in therapeutic abortion, and

986 (<1%) ended in a stillbirth (Figure 5.1).
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Pregnancies
281,019

(in 187,502 women)
|

Pregnancies Pregnancies
ending in non-live outcomes ending in live births
73,376 207,643

Miscarriages Therapeutic | [ Stillbirths Singleton Twin Triplet Quadruplet
pregnancies | | pregnancies | | pregnancies
68 3

(spontaneous abortions 986 pregnancies
abortions) 37,118 204,374 3.198
35,272

Total live births = 210,797

*Some siblings in twin (184) and triplet (5) | 204,374 6,212 199 12
nreanancies were not viahle live births live births* live births* live births

Figure 5.1  Pregnancies in the study population

5.3.2 Characteristics of pregnancies in women with and without asthma

Thirteen percent (37,585) of all pregnancies were to women with diagnosed asthma (
Table 5.1). Maternal age was slightly lower in pregnancies of women with asthma
compared with those of women without asthma. There was also a larger proportion
of pregnancies in women with asthma in later calendar years compared with those in
women without asthma. Current smoking, a BMI over 25 Kg/m” before pregnancy
and higher material deprivation as measured by the Townsend index quintile, were
all associated with maternal asthma. The pregnancies of asthmatic mothers,
however, were considerably more likely to have data available on smoking status,

BMI and Townsend index. Most pregnancies ending in live births were singleton
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pregnancies and there were no differences between the proportions of twin, triplet or
quadruplet pregnancies in mothers with and without asthma. Half of the liveborn
children were female and there was no difference in the sex profile of children with

asthmatic mothers and those without.
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Table 5.1 Characteristics of pregnant women and their offspring

Covariate

Pregnancies in
women with

Pregnancies in
women without

asthma asthma
(n=37,585) (n=243,434)
n (%) n (%)

Maternal age at pregnancy outcome
Median (Inter-quartile range)
Year of pregnancy outcome
1988-1989
1990-1994
1995-1999
2000-2004
Smoking status before pregnancy
non-smoker
ex-smoker
current smoker
missing

28.2 (23.4-32.5)

1,027
9,071
13,268
14,219

17,374
2,266
10,238
7,707

Body Mass Index (Kg/mz) before pregnancy

underweight(<18.5)
normal(18.5-24.9)
overweight(25-29.9)
obese(=30)
missing

Townsend index quintile
1 (least deprivation)
2
3
4
5 (most deprivation)
missing

Sex of child*
female
male

Singleton and multiple pregnancies**
singleton
twin
triplet
quadruplet

1,028
13,235
5,291
3,155
14,876

5,332
4,053
4,395
4,270
3,548
15,987

13,599
14,123

26,922
388

8

0

(2.7)
(24.1)
(35.3)
(37.8)

(46.2)

(6.0)
(27.2)
(20.5)

(2.7)
(35.2)
(14.1)

(8.4)
(39.6)

(14.2)
(10.8)
(11.7)
(11.4)

(9.4)
(42.5)

(49.1)
(50.9)

(98.6)
(1.4)
(<0.1)
(0.0)

29.3 (24.9-33.3)

8,512
64,103
82,757
88,062

112,553
11,862
55,876
63,143

6,259
84,081
27,862
13,257

111,975

36,642
27,411
27,339
23,957
18,674
109,411

89,194
93,881

177,636
2,631
55

3

(3.5)
(26.3)
(34.0)
(36.2)

(46.2)

(4.9)
(23.0)
(25.9)

(2.6)
(34.5)
(11.4)

(5.4)
(46.0)

(15.1)
(11.3)
(11.2)
(9.8)
(7.7)
(44.9)

(48.7)
(51.3)

(98.5)

(1.5)
(<0.1)
(<0.1)

*Proportions based on live births (n=210,797)

**Proportions based only on pregnancies ending in live births (n=207,643)
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5.3.3 Asthma severity and control before and during pregnancy

For the pregnancies of women with diagnosed asthma (37,585), the categorisation of
disease severity (based on medication use) in the year before the pregnancy showed
that most pregnancies (64%) were to women with un-medicated asthma, 13% were to
women on SABA therapy only, and 24% were to women on ICS with or without
LABA therapy (Table 5.2). In the same pregnancies, the categorisation of asthma
control (based on exacerbations) showed that 7% of pregnancies were to women with
poor asthma control (at least one recorded exacerbation) in the year before the
pregnancy. The distribution of pregnancies across levels of asthma severity during
pregnancy was very similar to that before pregnancy, whereas only 4% of

pregnancies were to women with poor asthma control during pregnancy (Table 5.2).
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Table 5.2 Asthma severity and control before pregnancy and during

pregnancy
Pregnancies in
Asthma variable women with asthma
(n=37,585)
n %
Before pregnancy

Asthma severity
Unmedicated asthma 23,898 (63.6)
SABA medicated asthma** 4,838 (12.9)
ICS/LABA medicated asthma** 8,849 (23.5)

Asthma control
No exacerbations 34,990 (93.1)
=1 exacerbation 2,595 (6.9)
During pregnancy

Asthma severity
Unmedicated asthma 23,730 (63.1)
SABA medicated asthma** 5,084 (13.5)
ICS/LABA medicated asthma** 8,771 (23.3)

Asthma control

No exacerbations 35,966 (95.7)
=1 exacerbation 1,619 (4.3)

**SABA=short acting -agonist therapy,; ICS/LABA=inhaled
corticosteroid with or without long acting -agonist therapy

It is important to note, however, that asthma severity and control for individual
pregnancies changed from before to during pregnancy (Table 5.3 and Table 5.4).
Overall, women’s asthma severity did not change (i.e. stayed at the same step of
asthma severity) for 70%, became worse (i.e. changed to a higher step of asthma
severity) for 15% and became better (i.e. changed to a lower step of asthma severity)
for 15% of pregnancies (Table 5.3). Of pregnancies in women with no asthma
exacerbations before pregnancy, only 3% had exacerbations during pregnancy, while
in those with exacerbations before pregnancy, 20% also had exacerbations during

pregnancy (Table 5.4).
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Table 5.3

Change in asthma severity from before to during pregnancy

Change in asthma severity

Asthma severity before pregnancy

from before to during

unmedicated SABA ICS/LABA All asthma

pregnancy* (n=23,898) (n=4,838) (n=8,849) (n=37,585)

n % n % n % n %
no change 19,233 (80.5) 1,762 (36.4) 5,605 (63.3) 26,600 (70.8)
"better” 000 e 2,211 (45.7) 3,244 (36.7) 5,455 (14.5)
"worse" 4,665 (19.5) 865 (17.9) W - 5,530 (14.7)

*no change=same asthma severity category before pregnancy and during pregnancy;
"better"=moving to a lower asthma severity step during pregnancy compared with before pregnancy;
"worse"=moving to a higher asthma severity step during pregnancy compared with before pregnancy

Table 5.4 Change in asthma control from before to during pregnancy

Change in asthma control Asthma control before pregnancy

from before to during

no exacerbations 21 exacerbations All asthma
pregnancy* (n=34,990) (n=2,595) (n=37,585)
n % n % n %
no change 33,899 (96.9) 528 (20.3) 34,427 (91.6)
"better” 000 e 2,067 (79.7) 2,067 (5.5)
"worse" 1,091 (3.1) = e 1,091 (2.9)

*no change=same asthma control category before pregnancy and during pregnancy;
"better"=moving from 21 exacerbations before pregnancy to no exacerbations during pregnancy;
"worse"=moving from no exacerbations before pregnancy to 21 exacerbations during pregnancy

Table 5.5 shows the proportion of pregnancies where women had exacerbations in
pregnancy, according to whether their asthma severity was “better” or “worse”
during pregnancy, compared with before pregnancy. Women who moved to a higher
asthma severity step during pregnancy were more likely to have exacerbations in
pregnancy, compared with women who stayed at the same severity level or moved to

a lower step.
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Table 5.5 Exacerbations in pregnancy by changes in asthma severity

Change in asthma severity Asthma control during pregnancy

from before to during no exacerbations 21 exacerbations All asthma

pregnancy* (n=35,966) (n=1,619) (n=37,585)

n n n %
no change (%) 25,694 (96.6) 906 (3.4) 26,600 (100.0)
"better" (%) 5341 (97.9) 114 (21) 5,455 (100.0)
"worse" (%) 4,931 (89.2) 599 (10.8) 5,530 (100.0)

*no change=same asthma severity category before pregnancy and during pregnancy;
"better"=moving to a lower asthma severity step during pregnancy compared with before pregnancy;
"worse"=moving to a higher asthma severity step during pregnancy compared with before pregnancy

In the following sections I examine the associations of asthma in women with live
births and adverse pregnancy outcomes (5.3.4), obstetric complications (5.3.5) and
child-specific outcomes (5.3.6). As described in the study methods (5.2), the specific
asthma exposures are a diagnosis of asthma in the woman’s record at any time,
asthma severity and control before pregnancy, and asthma severity and control
during pregnancy. All results presented are adjusted for maternal age, smoking
status, and BMI, since other potential confounders (socioeconomic status, year of
pregnancy outcome, multiple pregnancy, gestation of pregnancy, and sex of the

child) had no substantial effects on the odds ratios.

5.3.4 Live births and adverse pregnancy outcomes

The proportions of pregnancies ending in any foetal death were similar in
pregnancies of women with and without asthma (27% and 26% respectively).
However, after adjusting for maternal age, smoking status and BMI, a small increase
in odds of miscarriage, and a marginal decrease in odds of therapeutic abortion was
found in the pregnancies of women with asthma compared with those without asthma

(Table 5.6).
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Table 5.6 Pregnancy outcomes in women with and without asthma

Pregnancies in Pregnancies in

women with women without Adjusted
Pregnancy outcome asthma asthma Odds Ratio**
(n=37,585) (n=243,434) (95% Cl)
n (%) n (%)
Live birth 27,318 (72.7) 180,325 (74.1)  0.98 (0.95 - 1.00)
Still birth 138 (0.4) 848 (0.3 1.04 (0.86 - 1.24)
Miscarriage* 4,967 (13.2) 30,305 (12.4) 1.10(1.06 - 1.13)

Therapeutic abortion 5,162 (13.7) 31,956 (13.1)  0.95(0.92 - 0.99)

*Or other early pregnancy loss (ectopic pregnancy, blighted ovum, molar pregnancy)
**Comparing pregnancies in women with asthma to pregnancies in women without
asthma; adjusted for maternal age, smoking habit and body mass index

p<0.05 for odds ratios in bold

When pregnancy outcomes were compared across categories of asthma severity and
control before pregnancy (Table 5.7), the overall increased odds of miscarriage
associated with maternal asthma was restricted to medicated asthma only and the
odds ratio were highest for poorly controlled maternal asthma. The overall marginal
decreased odds of therapeutic abortion was limited to un-medicated and well
controlled maternal asthma, and there was a slight increased odds of pregnancies
ending in therapeutic abortion if the mother had been on SABA therapy or if she had
exacerbations before the pregnancy. As a result of the increased odds of miscarriage
and abortion, there was a small decreased odds of pregnancies ending in live births
for women with medicated or less well controlled asthma. When each analysis was
restricted firstly to pregnancies in women with full data for covariates and secondly
to women with at least one year of in-practice data before conception of the
pregnancy, similar effect sizes to the overall analyses were obtained (data not

shown).

113



Table 5.7 Associations of pregnancy outcomes with asthma severity and
control before pregnancy

Pregnancies by asthma severity Pregnancies by asthma control
Unmedicated SA.BA ICS/L.ABA No 21

medicated medicated . .

asthma exacerbations  exacerbation
Pregnancy outcome asthma asthma
(n=23,898) (n=4,838) (n=8,849) (n=34,990) (n=2,595)
Adjusted Odds Ratios* (95% CI) for pregnancy outcomes

Live birth 1.03 (1.00-1.06) 0.87 (0.81-0.93) 0.90 (0.86-0.95) 0.99 (0.97-1.02) 0.78 (0.72-0.85)
Still birth 0.98 (0.78-1.23) 1.17 (0.75-1.82) 1.10(0.79-1.55) 1.02 (0.84-1.23) 1.28 (0.72-2.28)
Miscarriage 1.03 (0.99-1.08) 1.14 (1.05-1.24) 1.24 (1.17-1.32) 1.08 (1.05-1.12) 1.28 (1.15-1.43)

Therapeutic abortion 0.93 (0.89-0.96) 1.10 (1.02-1.20) 0.95 (0.89-1.01) 0.94 (0.91-0.97) 1.16 (1.04-1.30)

*Reference group is pregnancies in women with no asthma (n=243,434). OR's adjusted for maternal age,
smoking habit and body mass index

**SABA=short acting B-agonist therapy; ICS/LABA=inhaled corticosteroid with or without long acting B-agonist
therapy

p<0.05 for odds ratios in bold

5.3.5 Obstetric complications

For pregnancies ending in live births, the adjusted odds ratio estimates showed little
difference in the risks of placental abruption, placenta praevia, pre-eclampsia or
eclampsia, hypertension, diabetes, thyroid disorders, and assisted delivery in the
pregnancies of women with and without asthma (Table 5.8). The pregnancies of
women with asthma had a 20% increased odds of antepartum haemorrhage, a 38%
increased odds of postpartum haemorrhage, a 6% increased odds of anaemia, a 52%
increased odds of depression, and an 11% increased odds of being delivered by
caesarean section, compared with the pregnancies of women without asthma. Most
associations found for hypertension, diabetes, anaemia, thyroid disorder and
depression in pregnancy were similar when women with a history of these conditions
before the pregnancy were excluded (hypertension: Odds Ratio (OR)=1.01, 95%CI
0.88-1.17; diabetes OR=1.11, 95%CI 0.91-1.34; anaemia OR=1.06, 95%CI 1.00-
1.12; thyroid disorder OR=0.96, 95%CI 0.70-1.32; depression OR=1.52, 95%CI

1.31-1.78). Placental insufficiency was recorded in only 2 pregnancies of women
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without asthma and none occurred in pregnancies to women with asthma.

Pregnancies in women with asthma were also more likely to be delivered preterm,

but had a similar chance of being delivered post-term. It is important to note that

gestation was not available for 80% of pregnancies ending in live births, however,

this proportion was similar for women with and without asthma, indicating no

disease-related bias in recording of gestational age.

Table 5.8 Obstetric complications in women with and without asthma
Pregnancies in  Pregnancies in
women with women without Adjusted
Obstetric complication asthma asthma Odds Ratio**
(n=27,318) (n=180,325) (95% Cl)
n (%) n_ (%)
Antepartum haemorrhage 407 (1.5) 2177 (1.2) 1.20 (1.08 - 1.34)
Postpartum haemorrhage 287 (1.1) 1,367 (0.8) 1.38 (1.21 - 1.57)
Placental abruption 27 (0.1) 163 (0.1) 1.08 (0.72 - 1.62)
Placenta praevia 33 (0.1) 207 (0.1) 1.08 (0.74 - 1.57)
Pre-eclampsia or eclampsia 140 (0.5) 804 (0.4) 1.12(0.93 - 1.34)
Hypertension during pregnancy 269 (1.0) 1,707 (0.9) 1.01 (0.88 - 1.15)
Diabetes during pregnancy 174  (0.6) 1,084 (0.6) 1.01 (0.85 - 1.21)
Anaemia during pregnancy 1,890 (6.9) 11,486  (6.4) 1.06 (1.01 - 1.12)
Thyroid disorder during pregnancy 105 (0.4) 558 (0.3) 1.23 (0.99 - 1.53)
Depression during pregnancy 468 (1.7) 1,854 (1.0) 1.52 (1.36 - 1.69)
Caesarean section delivery 4,169 (15.3) 25,048 (13.9) 1.11 (1.07 - 1.16)
Assisted delivery 1,843 (6.7) 11,788 (6.5) 1.05 (1.00 - 1.11)
Term of gestation at delivery
term 4,718 (17.3) 29,448 (16.3) reference
preterm 939 (3.4) 5,200 (2.9) 1.15 (1.06 - 1.24)
postterm 46 (0.2) 242 (0.1) 1.19 (0.86 - 1.65)
missing 21,615 (79.1) 145435 (80.7)  0.98 (0.95-1.02)

**Comparing pregnancies in women with asthma with pregnancies in women without asthma;
adjusted for maternal age, smoking habit and body mass index

p<0.05 for odds ratios in bold
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Gestational blood pressure measurements were available for 13,914 pregnancies in
women with asthma (51%) and for 88,441 pregnancies in women with out asthma
(50%). Blood pressure was only recorded once in about half of these 102,355
pregnancies, while 55,806 pregnancies had 2 or more readings. Table 5.9 shows that
the prevalence of hypertensive and hypotensive blood pressure readings in pregnancy
as well as changes in mean arterial pressure in pregnancy were similar for women

with and without asthma.

Table 5.9 Gestational blood pressure in women with and without asthma

Pregnancies in Pregnancies in

women with women without Adjusted measure
asthma asthma of association

(n=13,914) (n=88,441) (95%Cl)

n (%) n (%)
21 Hypertensive BP recording in pregnancy* 360 (2.6) 2195 (2.5) 1.01 (0.89 - 1.14)°
=1 Hypotensive BP recording in pregnancy* 88 (0.6) 601 (0.7) 0.93 (0.73 - 1.17)°
Change in MAP (mmHg) from 1st to 3rd trimester**
(median, IQR) 3(-5t0 10) 2(-5t09) 0.03 (-0.2 t0 0.3)"

*A hypertensive BP recording is defined as SBP>=140mmHg and DBP>=90mmHg; A hypotensive BP recording is defined as SBP<90mmHg
and DBP<60mmHg.

**Mean Artierial Pressure (MAP) = DBP + 1/3(SBP-DBP). Change in MAP based only on pregnancies with a first BP record in the 1st
trimester of pregnancy and a last BP record in the 3rd trimester of pregancy (n=25,322)

°0dds ratio comparing pregnancies in women with asthma with pregnancies in women without asthma; adjusted for maternal age, smoking
habit and body mass index

PLinear regression coefficient comparing pregnancies in women with asthma with pregnancies in women without asthma; adjusted for
maternal age, smoking habit and body mass index

For live births in women with asthma (27,318) the distribution of pregnancies across
categories of maternal asthma severity and control before pregnancy was the same as
that for all pregnancies in women with asthma (37,585). The increased odds of
antepartum haemorrhage found in the overall analysis, was slightly higher in women
taking ICS with or without LABA therapy (Table 5.10). The increased odds of
postpartum haemorrhage found in the overall analysis, was restricted to pregnancies

of mothers who had less severe and well controlled asthma. The overall increased
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odds of anaemia in pregnancy was only statistically significant at the 5% level in
pregnancies to women with good asthma control before pregnancy. The odds of
depression in pregnancy for women with asthma increased with higher severity and

poorer control of asthma, compared with pregnancies in women without asthma.

Although there was no overall increased odds of placenta praevia in pregnancies for
women with asthma compared with those without asthma, pregnancies in women
with previous exacerbation conferred an increased odds compared with pregnancies
in women without asthma. An increased odds of thyroid disorders in pregnancies to
women on ICS with or without LABA therapy was also found. The increased
caesarean section odds for deliveries in asthmatic mothers was predominantly in

deliveries to women with more severe and less well controlled asthma.

The increased risk of preterm delivery for pregnancies in women with asthma was
highest in women on SABA therapy and in women with previous asthma
exacerbations, however there was no clear trend of increased odds of preterm
delivery with increasing asthma severity since women taking ICS with or without
LABA therapy did not have an increased odds. It is important to note, however, that
pregnancies in women with more severe and less well controlled asthma were more
likely to have gestation recorded compared with women without asthma and women

with currently untreated asthma were less likely to have gestation recorded.
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Table 5.10  Associations of obstetric complications with asthma severity and
control before pregnancy
Pregnancies by asthma severity Pregnancies by asthma control
Unmedicated SA.BA ICSIL.ABA No 21
. medicated medicated . .
Obstetric asthma exacerbations  exacerbation
licati asthma asthma
complication (n=17,604) (n=3,409) (n=6,305) (n=25,541) (n=1,777)

Adjusted Odds Ratios* (95% CI) for pregnancy complications

Antepartum
haemorrhage

Postpartum
haemorrhage

Placental abruption

Placenta praevia

Pre-eclampsia or
eclampsia

Hypertension
during pregnancy

Diabetes
during pregnancy

Anaemia
during pregnancy

Thyroid disorder
during pregnancy

Depression
during pregnancy

Caesarean section
delivery

Assisted delivery

Term of gestation at
delivery

preterm
postterm

missing

1.17 (1.02-1.33) 1.22 (0.93-1.60) 1.27 (1.04-1.55)

1.47 (1.27-1.71)

1.00 (0.60-1.67)

0.85 (0.49-1.45)

1.19 (0.96-1.48)

1.04 (0.88-1.22)

1.08 (0.87-1.33)

1.07 (1.00-1.14)

0.92 (0.69-1.24)

1.47 (1.29-1.68)

1.09 (1.03-1.14)

1.03 (0.97-1.10)

1.18 (1.07-1.31)
1.28 (0.86-1.89)
1.08 (1.03-1.13)

1.56 (1.13-2.16)

1.26 (0.47-3.41)

2.02 (1.00-4.10)

0.96 (0.58-1.60)

0.96 (0.68-1.37)

0.63 (0.36-1.11)

1.04 (0.91-1.19)

1.19 (0.68-2.07)

1.49 (1.15-1.94)

1.03 (0.93-1.14)

1.14 (1.00-1.31)

1.23 (1.01-1.49)
1.35 (0.63-2.89)
0.94 (0.86-1.03)

1.01 (0.75-1.35)

1.21 (0.56-2.60)

1.18 (0.61-2.28)

1.00 (0.69-1.45)

0.95 (0.73-1.23)

1.05 (0.79-1.41)

1.08 (0.97-1.19)

2.03 (1.46-2.81)

1.64 (1.36-1.97)

1.24 (1.15-1.33)

1.06 (0.96-1.18)

1.02 (0.88-1.19)
0.94 (0.49-1.79)
0.82 (0.77-0.88)

1.19 (1.06-1.33)

1.42 (1.24-1.62)

0.99 (0.64-1.52)

0.92 (0.60-1.39)

1.15 (0.96-1.39)

1.00 (0.88-1.15)

1.00 (0.84-1.18)

1.07 (1.01-1.12)

1.19 (0.95-1.48)

1.47 (1.32-1.64)

1.10 (1.06-1.14)

1.05 (0.99-1.10)

1.13 (1.04-1.23)
1.15 (0.82-1.62)
1.00 (0.96-1.04)

1.33 (0.93-1.91)

0.83 (0.46-1.52)

2.44 (0.89-6.66)

3.24 (1.53-6.88)

0.58 (0.24-1.41)

1.04 (0.66-1.62)

1.22 (0.74-2.01)

1.04 (0.86-1.25)

1.79 (0.98-3.27)

2.06 (1.53-2.78)

1.37 (1.22-1.55)

1.13 (0.94-1.36)

1.30 (1.02-1.66)
1.69 (0.68-4.15)
0.84 (0.75-0.95)

*Reference group is pregnancies in women with no asthma (n=180,325). OR's adjusted for maternal age,
smoking habit and body mass index
**SABA=short acting -agonist therapy; ICS/LABA =inhaled corticosteroid with or without long acting B-agonist

therapy

p<0.05 for odds ratios in bold

The associations of obstetric complications with different levels of asthma severity

and asthma control during pregnancy were very similar to those before pregnancy

(Table 5.11). In contrast, there was no increase in odds of placenta praevia in

pregnancies of women who experienced asthma exacerbations during pregnancy.
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Although there was no increase in odds of pre-eclampsia associated with asthma

severity before pregnancy, women on SABA therapy during pregnancy had and

increased odds (OR=1.49, 95%CI 1.02-2.18). In women with exacerbations during

pregnancy, there was also an increased odds of diabetes in pregnancy (OR=1.79,

95%CI 1.11-2.90) and a higher odds of thyroid disorder in pregnancy (OR=2.00,

95%CI 1.03-3.86).

Table 5.11  Association of obstetric complications with asthma severity and
control during pregnancy
Pregnancies by asthma severity Pregnancies by asthma control
Unmedicated SA.BA ICSIL.ABA No 21
. medicated medicated . .
Obstetric asthma exacerbations  exacerbation
licati asthma asthma
complication (n=15,940) (n=4,099) (n=7,279) (n=25,991) (n=1,327)

Adjusted Odds Ratios* (95% CI) for pregnancy complications

Antepartum
haemorrhage

Postpartum
haemorrhage

Placental abruption

Placenta praevia

Pre-eclampsia or
eclampsia

Hypertension
during pregnancy

Diabetes
during preghancy

Anaemia
during pregnancy

Thyroid disorder
during pregnancy

Depression
during pregnancy

Caesarean section
delivery

Assisted delivery

Term of gestation at
delivery

preterm
postterm

missing

1.14 (0.99-1.31)
1.49 (1.27-1.74)
1.17 (0.71-1.94)
1.22 (0.77-1.94)
1.01 (0.79-1.30)
0.99 (0.84-1.18)
1.02 (0.81-1.28)
1.09 (1.02-1.17)
1.07 (0.79-1.43)
1.39 (1.21-1.60)
1.05 (1.00-1.11)

1.04 (0.97-1.11)

1.33 (1.21-1.48)
1.38 (0.92-2.07)
1.13 (1.08-1.19)

1.32 (1.03-1.69)

1.21 (0.88-1.67)

1.32 (0.54-3.20)

0.64 (0.20-2.02)

1.49 (1.02-2.18)

1.22 (0.92-1.63)

0.69 (0.43-1.10)

1.03 (0.91-1.17)

1.31(0.81-2.13)

1.45 (1.13-1.85)

1.17 (1.07-1.28)

1.12 (0.99-1.27)

1.11 (0.92-1.34)
0.82 (0.34-2.00)
0.95 (0.87-1.03)

1.26 (1.04-1.52)

1.23 (0.96-1.58)

0.74 (0.31-1.81)

1.04 (0.53-2.01)

1.13 (0.81-1.56)

0.91 (0.71-1.17)

1.17 (0.89-1.52)

1.02 (0.93-1.13)

1.51 (1.07-2.12)

1.81 (1.53-2.15)

1.22 (1.14-1.31)

1.04 (0.94-1.14)

0.87 (0.76-1.01)
1.09 (0.63-1.89)
0.78 (0.73-0.83)

1.20 (1.07-1.34)

1.41 (1.23-1.60)

1.09 (0.72-1.66)

1.04 (0.71-1.51)

1.13 (0.93-1.36)

1.02 (0.89-1.17)

0.97 (0.80-1.16)

1.07 (1.01-1.13)

1.19 (0.94-1.49)

1.49 (1.33-1.66)

1.11 (1.06-1.15)

1.05 (1.00-1.11)

1.13 (1.04-1.23)
1.25 (0.90-1.73)
1.00 (0.96-1.04)

1.19 (0.77-1.86)

0.90 (0.47-1.74)

0.80 (0.11-5.77)

1.89 (0.60-5.95)

0.95 (0.42-2.13)

0.72 (0.38-1.34)

1.79 (1.11-2.90)

1.03 (0.83-1.27)

2.00 (1.03-3.86)

2.06 (1.46-2.92)

1.27 (1.10-1.47)

0.98 (0.78-1.23)

1.33 (1.01-1.74)
0.41 (0.06-2.91)
0.73 (0.64-0.84)

*Reference group is pregnancies in women with no asthma (n=180,325). OR's adjusted for maternal age,
smoking habit and body mass index
**SABA=short acting (-agonist therapy; ICS/LABA =inhaled corticosteroid with or without long acting B-agonist

therapy

p<0.05 for odds ratios in bold



In the last assessment of obstetric complications, which was restricted to 27,318
pregnancies in women with asthma that ended in live births, there was an increase in
odds of diabetes in pregnancy for women with exacerbations compared with women

with no exacerbations in pregnancy (Table 5.12).

Table 5.12  Associations of obstetric complications with asthma exacerbations
during pregnancy in women with asthma only

21 exacerbation
during pregnancy

(n=1,327)
Adjusted Odds Ratio* (95%Cl)

Obstetric complication

Antepartum haemorrhage
Postpartum haemorrhage
Placental abruption
Placenta praevia
Pre-eclampsia or eclampsia
Hypertension during pregnancy
Diabetes during pregnancy
Anaemia during pregnancy
Thyroid disorder during pregnhancy
Depression during pregnancy
Caesarean section delivery
Assisted delivery
Term of gestation at delivery

preterm

postterm

missing

1.00 (0.64-1.58)
0.65 (0.33-1.26)
0.72 (0.10-5.40)
1.68 (0.52-5.42)
0.86 (0.38-1.95)
0.71 (0.37-1.33)
1.81 (1.10-2.99)
0.97 (0.78-1.21)
1.66 (0.83-3.32)
1.40 (0.98-2.00)
1.14 (0.98-1.33)
0.93 (0.74-1.17)

1.17 (0.89-1.55)
0.30 (0.04-2.23)
0.73 (0.64-0.84)

*Reference group is pregnancies in women with asthma who have no
exacerbations in pregnancy (n=25,991). OR's adjusted for maternal age,
smoking habit and body mass index

p<0.05 for odds ratios in bold

When each obstetric outcome analysis (for asthma, asthma severity and control in
pregnancy, asthma severity and control during pregnancy) was restricted firstly to
pregnancies in women with full data for covariates and secondly to pregnancies in
women with at least one year of in-practice data before conception of the pregnancy,

similar effect sizes to the overall analyses were obtained (data not shown).
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5.3.6 Outcomes specific to the child

During gestation, 5% of children had inter-uterine malpresentation, however, the
risks of overall malpresentation, breech presentation, and subsequent breech delivery
were similar for children born to women with asthma compared with those born to
women without asthma (Table 5.13). Although birth weight information was only
available for 25% of all children, the proportion of children with no information on
birth weight was only slightly lower for those born to women with asthma compared
with those born to women without asthma. For children with information, there was
an 18% increased odds of having a low birth weight if they were born to women with

asthma compared with children born to women without asthma.

Table 5.13  Child-specific outcomes in children born to women with and
without asthma

Children born to Children born to

. B women with women without Adjusted Odds Ratio**
Child-specific outcome asthma asthma 95% CI
(n=27,722) (n=183,075) (95% Cl)
n (%) n (%)

malpresentation in utero* 1,395 (56.1) 8,982 (5.0) 0.99 (0.94 - 1.06)
breech presentation in utero 1,022 (3.7) 6,398 (3.5) 1.03 (0.96 - 1.10)
breech delivery 268 (1.0) 1,635 (0.9) 1.09 (0.94 - 1.25)
Birth weight group

normal 3,748 (13.7) 22,555 (12.5) reference

low (<2500g) 446 (1.6) 2,302 (1.3) 1.18 (1.05 - 1.32)

high (>4000g) 495 (1.8) 3,299 (1.8) 0.91 (0.81 - 1.01)

missing 23,033 (84.3) 154,919 (85.9) 0.95 (0.91 - 0.99)

*Including breech presentation

**Comparing children born to women with asthma to children born to women without asthma;
adjusted for maternal age, smoking habit and body mass index

p<0.05 for odds ratios in bold
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In contrast to the finding of no overall increased risks of malpresentation in utero,
breech presentation, or breech delivery for children born to women with asthma,
there was an increased odds in children born to women who had been taking ICS
with or without LABA in the year before pregnancy, and smaller increased odds in
children born to women who had taken SABA therapy, compared with children born
to women without asthma (Table 5.14). The increase in odds of low birth weight for
children born to women with asthma was highest in those born to women who had
taken ICS with or without LABA in the year before pregnancy and there was a
reciprocal decrease in odds of high birth weight for children of these women. It is
important to note, however, that birth weight was more likely to be recorded for
pregnancies in women with severe or poorly controlled asthma in the year before

pregnancy compared with pregnancies in women without asthma.

Table 5.14  Association of asthma severity and control before pregnancy, with
child-specific outcomes

Pregnancies by asthma severity Pregnancies by asthma control
Unmedicated SAPA ICS/L.ABA No 21
asthma medicated medicated exacerbations  exacerbation
Child-specific outcome asthma asthma
(n=17,849) (n=3,456) (n=6,417) (n=25,908) (n=1,814)

Adjusted Odds Ratios*** (95% ClI) for child-specific outcomes
malpresentation in utero* 0.88 (0.81-0.95) 1.15(1.00-1.33) 1.21(1.09-1.34) 0.98 (0.92-1.04) 1.17 (0.97-1.41)
breech presentation in utero  0.91 (0.83-1.00) 1.13(0.95-1.35) 1.25(1.11-1.41) 1.01(0.94-1.09) 1.19 (0.95-1.48)

breech delivery 0.92 (0.77-1.10) 1.53 (1.12-2.08) 1.33 (1.03-1.71)  1.08 (0.93-1.24) 1.23(0.78-1.96)
Birth weight group
low (<25009) 1.13(0.97-1.32) 1.20(0.90-1.60) 1.25(1.03-1.53) 1.16 (1.02-1.31) 1.37 (0.98-1.93)
high (>4000g) 0.95 (0.83-1.09) 1.12(0.88-1.43) 0.74(0.61-0.89) 0.92 (0.82-1.02) 0.81 (0.58-1.13)
missing 1.04 (0.98-1.09) 0.98 (0.88-1.08) 0.76 (0.71-0.82) 0.96 (0.92-1.01) 0.77 (0.67-0.87)

*Including breech presentation

**SABA=short acting B-agonist therapy; ICS/LABA =inhaled corticosteroid with or without long acting B-agonist therapy
**Reference group is children born to women with no asthma (n=183,075). OR's adjusted for maternal age, smoking habit

and body mass index
p<0.05 for odds ratios in bold
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The associations of child-specific outcomes with different levels of asthma severity
and asthma control during pregnancy were very similar to those before pregnancy
(Table 5.15). There was an additional increase in odds of malpresentation in utero
and breech delivery in children born to women with asthma exacerbations in
pregnancy compared with those born to women without asthma. The increase in
odds of low birth weight was higher for children born to women with unmedicated
asthma rather than to those whose mothers were taking ICS with or without LABA
therapy in pregnancy. There was, however, a large increase in odds of low birth

weight (and decrease in odds of high birth weight) in children born to women with

exacerbations in pregnancy compared with those born to women without asthma.

There was still a bias in data availability for birth weight, with more recording in

pregnancies in women with severe or poorly controlled asthma during pregnancy

compared to pregnancies in women without asthma.

Table 5.15  Association of asthma severity and control during pregnancy,

with child-specific outcomes

Pregnancies by asthma severity

Pregnancies by asthma control

Unmedicated SAPA ICS/L.ABA No 21
asthma medicated medicated exacerbations exacerbation
Child-specific outcome asthma asthma
(n=16,165) (n=4,156) (n=7,401) (n=26,369) (n=1,353)

Adjusted Odds Ratios*** (95% ClI) for child-specific outcomes

malpresentation in utero* 0.88 (0.82-0.96) 1.02 (0.88-1.17) 1.21 (1.09-1.33)
breech presentation in utero  0.93 (0.85-1.03) 0.96 (0.81-1.15) 1.25 (1.11-1.40)

breech delivery 1.01(0.84-1.22) 1.08 (0.77-1.51) 1.25(0.99-1.59)
Birth weight group
low (<25009) 1.25(1.07-1.46) 1.04 (0.79-1.38) 1.13(0.93-1.36)
high (>4000g) 1.02 (0.89-1.17) 0.99 (0.77-1.27) 0.71 (0.59-0.86)
missing 1.09 (1.03-1.15) 0.93 (0.85-1.03) 0.74 (0.69-0.79)

0.98 (0.92-1.04) 1.32 (1.06-1.64)
1.01(0.94-1.09) 1.28 (0.99-1.66)
1.06 (0.92-1.22) 1.65 (1.06-2.58)

1.14(1.01-1.29) 1.64 (1.12-2.39)

0.93 (0.84-1.04) 0.52 (0.32-0.83)
0.97 (0.93-1.01) 0.70 (0.60-0.81)

*Including breech presentation

**SABA=short acting B-agonist therapy; ICS/LABA =inhaled corticosteroid with or without long acting B-agonist therapy
**Reference group is children born to women with no asthma (n=183,075). OR's adjusted for maternal age, smoking habit

and body mass index
p<0.05 for odds ratios in bold
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In the last assessment of child-specific outcomes, which was restricted to 27,722
children born to women with asthma, an increase in odds of malpresentation in utero
was found for children whose mothers had had exacerbations in pregnancy compared
with mothers with none (Table 5.16). Children were also less likely to have a high
birth weight, however, children whose mothers had exacerbations in pregnancy were
more likely to have birth weight recorded compared with children whose mothers did

not have exacerbations in pregnancy.

Table 5.16  Association of asthma exacerbations in pregnancy with child-
specific outcomes in women with asthma only

21 exacerbation

Child-specific outcome during pregnancy

(n=1,353)
Adjusted Odds Ratio* (95%Cl)

Malpresentation in utero** 1.34 (1.07-1.67)
Breech presentation in utero 1.25 (0.96-1.63)
Breech delivery 1.55 (0.97-2.46)
Birth weight group

low (<2500g9) 1.42 (0.96-2.10)

high (>4000g) 0.56 (0.35-0.91)

missing 0.72 (0.62-0.84)

**including breech presentation

*Reference group is pregnancies in women with asthma who have no
exacerbations in pregnancy (n=26,369). OR's adjusted for maternal age,
smoking habit and body mass index

p<0.05 for odds ratios in bold

When each child-specific outcome analysis (for asthma, asthma severity and control
in pregnancy, asthma severity and control during pregnancy) was restricted firstly to
children born to women with full data for covariates and secondly to children born to
women with at least one year of in-practice data before conception of the pregnancy,

similar effect sizes to the overall analyses were obtained (data not shown).
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5.4  Discussion and Interpretation

5.4.1 Summary of findings

The findings of this study indicate that women with asthma in general have similar
risks of reproductive outcomes compared with women without asthma for most of
the outcomes studied. Of concern, was a small increased risk of miscarriage, which
was higher in women with more severe asthma and exacerbations prior to pregnancy.
However, these data provide no evidence for an increased risk of stillbirth in women
with asthma, regardless of asthma severity or exacerbations. Other findings include
modest increased risks of haemorrhage, depression, caesarean section delivery,

preterm birth and low birth weight, and a marginal increased risk of anaemia.

When pregnancies in women with asthma were examined separately it was found
that asthma severity, characterised by use of asthma medications, and asthma control,
characterised by asthma exacerbations, changed from before pregnancy to during
pregnancy. Although asthma severity did not change for most pregnancies, the
proportion of pregnancies where asthma severity increased was similar to the
proportion where asthma severity decreased. This pattern was similar for changes in
exacerbations from before to during pregnancy. Exacerbations during gestation were
more likely to occur in pregnancies where women’s asthma severity became worse
rather than in those who had become better or had no change in severity. I did not
assess whether women were prescribed additional asthma medications as a result of
exacerbations, because this would require more complex analysis methods in general

practice data. It was not possible to determine whether women were reducing their
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asthma medication use and resultantly had asthma exacerbations, however, these data

do not support this possibility.

The analyses of asthma severity and control before pregnancy showed similar risks
of obstetric complications and child-specific outcomes to analyses using asthma
severity and control during pregnancy. The increased risk of postpartum
haemorrhage, low birth weight and preterm birth were not clearly associated with
asthma severity or control, while risks of antepartum haemorrhage, depression and
caesarean section delivery increased in women with higher severity and
exacerbations, whether before or during pregnancy. Although there was no relative
increase of malpresentation and breech presentation of the baby in pregnancies to
women with asthma overall, there appeared to be an increased risk in women with

more severe asthma and exacerbations before or during pregnancy.

Other isolated increased risks included pre-eclampsia for women on SABA therapy
during pregnancy, diabetes in women with asthma exacerbations during pregnancy,
placenta praevia for women with exacerbations before pregnancy, and thyroid
disorder for women taking ICS with or without LABA therapy before pregnancy,
however, in consideration of the large number of outcomes studied, the possibility

that some findings may be due to chance cannot be excluded.

126



5.4.2 Strengths and limitations

Statistical power

This is the largest general population-based study characterising the reproductive
experience of women with asthma and the first analysis to quantify the individual
risks of stillbirth, miscarriage and therapeutic abortion in one study population. Most
previous studies of reproductive risks have excluded multiple pregnancies and
pregnancies ending in non-live birth outcomes. In these data, it was additionally
possible to investigate the associations with differing asthma severity and acute
exacerbations in these women. Although poor asthma control was defined by the
occurrence of asthma exacerbations, it is acknowledged that asthma exacerbations
may also reflect asthma severity or may result from poor adherence to medication,
sub-optimal prescribed treatment, lack of relief from asthma medications or exposure
to external triggers. Since asthma severity and exacerbations change during
pregnancy, associations of obstetric complications and child-specific outcomes with
these measures both before and during pregnancy were investigated. It was not
possible to investigate during pregnancy exposures for stillbirth, miscarriage or
therapeutic abortion because of the much shorter duration of gestation for these

outcomes, compared with gestation for live births.

Validity of exposure and outcome data

The population-based prevalence of currently treated asthma in this study (5%) was
similar to both UK'? and US'' national figures. Although current figures for all

diagnosed asthma in women of child-bearing age are not available in the United
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Kingdom, the prevalence of all diagnosed asthma in this study (13%) was similar to

US estimates' .

Previous studies of live births and stillbirths in the General Practice Research
Database, from which over half of THIN practices originate, have shown similar

: 129,133,134
prevalence figures to national data'*'**!?

. The proportion of singleton and multiple
pregnancies, the sex ratio of liveborn children and the mean maternal age at delivery
in this study population are the same as those in national data over the time period of
the study’>**. The overall stillbirth rate in this study was 4.7 stillbirths per 1,000
births(live births and stillbirths), which is similar to the rate reported by national

perinatal mortality surveillance in the UK (5.7 per 1,000 births)** and national data

from the US (6.4 per 1,000 births)™.

With regards to therapeutic abortion, the figures in this study are lower than those
reported in US (22% of pregnancies)**® and UK (20% to 23% of pregnancies) "%
national data. It is possible that ascertainment of therapeutic abortions is incomplete
in this study, although recording should be fairly complete in the general practice

setting as therapeutic abortion is a medical procedure.

Miscarriage ascertainment in primary care will also be lower than the true population
prevalence, as early miscarriages may not be clinically reported, however our
proportion is comparable to US national data (15% of pregnancies)**° and is the same
as that found in the 2001 National Women’s Health Study which collected detailed
reproductive histories on about 30,000 pregnancies in women in the UK**. T do not

anticipate any reason for differential recording of live and stillbirths between women
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with and without asthma, however I acknowledge the possibility that women with
asthma are more likely to have miscarriages or therapeutic abortions recorded, as
people with a chronic condition visit the general practitioner more often than those
without. Therefore, the odds ratio estimates for miscarriage and therapeutic abortion

in this study may be slight overestimates, but not underestimates, of the true risk.

There has not been validation of obstetric complications in THIN. All important
medical events should be recorded in the general practice notes since information on
hospital admissions is routinely sent to the general practice, however, minor
complications that are well controlled through maternity care and routinely recorded
information in a woman’s maternity record in hospital, may not be transferred to the
general practice record. There are few national UK data or international data
estimating the prevalence of various obstetric complications and considerable
regional and national variations exist. Where available, I have compared the

prevalence figures in this study with other data sources.

For bleeding complications during pregnancy, available estimates of postpartum
haemorrhage range from 2% to 8% of pregnancies, whereas severe postpartum

haemorrhage requiring transfusion occurs in less than 0.1%'*

. The prevalence of
postpartum haemorrhage in the study population (1% of pregnancies), was therefore
likely limited to more severe haemorrhage. Placental abruption occurs in 0.4% to
1% of pregnancies and placenta praevia in less than 0.5% of pregnancies™**** which
are slightly higher than our prevalence of 0.1% for each. The prevalence of

antepartum haemorrhage (1.2% of all pregnancies) in the study population was

similar to that of 1.6% reported in US data from the same period®'.
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Sources from various countries, including the US where prevalence is highest,
indicate that hypertension occurs in 1% to 5% of pregnancies while pregnancy-
induced hypertension in late gestation may occur in 5 to 10% of pregnancies® ****>°,
Hypertension is defined as a high blood pressure measurement (SPB>140 mmHg and
DBP>90), and although almost 3% of our pregnancies had a hypertensive blood
pressure recording, a medical diagnosis of hypertension was recorded in only 1% of
pregnancies, so it is likely that the latter represent the severe clinically important

22,23,54,249,251

cases. Pre-eclampsia occurs in 2% to 5% of pregnancies while severe

pre-eclampsia affects 0.6% ', and eclampsia affects only 0.03% to 0.2% of

20-22,54,251,252 . .. .
02254231252 " The prevalence of 0.5% pre-eclampsia or eclampsia is this

pregnancies
study indicates that recorded diagnoses again captured the more severe cases of these
complications. A large US study of 152,000 pregnancies estimated that the
prevalence of hypertension, pre-eclampsia, and eclampsia combined, was 3% of all

pregnancies”', and in comparison with this estimate, it is likely that I had good

ascertainment of clinically important cases.

The prevalence of diabetes in pregnancy in this study (0.6%) was similar to national
estimates from the UK (0.3% to 0.4%)>° and slightly higher than Canadian estimates
of diabetes causing severe pregnancy complication (0.1%)*°. I was not able to find
current prevalence estimates of diagnosed anaemia in pregnancy. In the study
population, anaemia was the most common condition complicating pregnancy (6%).
This recording was likely complete since laboratory results of iron status are
routinely sent to a woman’s general practice and ensuring adequate iron status in

pregnancy is a clinical priority because of the adverse effects of low folate on the
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foetus. Folic acid supplements are resultantly the most frequently prescribed drugs
in pregnancy®. Although I was not able to compare the prevalence of diagnosed
depression in pregnancy (<2%) with other general practice data, this figure was
lower than estimates from studies that have specifically surveyed depression in
women during pregnancy”>*. These studies report prevalence figures for antenatal
depression of 10% or higher and also indicate that clinical monitoring of potential
depression in women needs more recognition during pregnancy. Current estimates
of thyroid disorder in pregnancy were not available, however, the prevalence of 0.3%
in this study was similar to current estimates of hypothyroidism in pregnancy (0.1%
to 2% of pregnancies)®. Older studies have estimated the prevalence of

hyperthyroidism as 0.02% to 3.7% of pregnancies, with an average of 0.2%°"*°",

Delivery by caesarean section has increased considerably over the past 20 years and
ranges from 13% to 25% in high income countries including the UK, US, Sweden,
France and Denmark' 2263 1n the UK, estimates of caesarean section as a
proportion of all deliveries were 13% in 1989, 16% in 1995 and 19% in 1999 '72%,
The caesarean section prevalence of 15% in this study over the period of 1988 to
2004 indicates that there was complete recording of this procedure. The prevalence
of breech presentation in utero declines with gestational age reaching 3% to 4% at
full term™", which is the same as the prevalence of 3.5% in this study. Very few
babies are now delivered in breech position, however, due to the increasing use of
caesarean section delivery when breech position persists into labour”®, which is why
the prevalence of breech delivery was less than 1% in this study. In the UK, the
prevalence of assisted delivery has been estimated to be between 5% and 10%°%,

which is similar to the prevalence in this study (6% to 7%).
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The proportion of births delivered preterm is between 5% and 7% in high income

countries 266268

and the proportion of babies born with a low birth weight is 7% to
8%'%2%  Gestational age at delivery and birth weight were only recorded for 20%
and 15% of babies in this study, respectively, so [ was not able to estimate the
population-based prevalence for preterm delivery and low birth weight. For children

with these data recorded, the prevalence of preterm delivery was 15% and the

prevalence of low birth weight was 8%.

In summary, my comparison with external prevalence figures has shown that
recording of mild obstetric complications that are likely well managed in antenatal
care, such as mild hypertension, and routinely recorded pregnancy data, such as
gestation, may not always be recorded in a woman’s general practice notes. Major or
more severe complications and medical procedures of delivery, however, are likely

well recorded in the general practice notes.

Accounting for missing covariate data

I recognise that there were quite high levels of missing data for smoking, BMI and
socioeconomic status and there were differences of approximately 5% in the amount
of missing data between pregnancies in women with and without asthma, which is
common in studies using general practice data. However, this amount of missing
data must be seen in the context of a 100% participation rate achieved through using
totally anonymised data, so that I had complete data on 55-75% of women. This
level of response and follow-up rate in a primary epidemiological questionnaire

study of pregnancy would be seen as high. In the analyses, I ensured that missing
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data for covariates were included as a separate category in all analyses. Because of
the generous study power, I was also able to restrict analyses to women with full
data. While this restricted sample may not have been representative of the general

population, similar effect sizes to the overall analyses were found.

It was not possible to adjust for ethnicity since it is not routinely recorded in THIN,
however, it is unlikely that this would have an impact on the study findings. Studies
in the US have shown that the prevalence of major pregnancy complications,
including pre-eclampsia, placental abruption, placenta praevia and haemorrhage, is
similar in women of black ethnicity compared with women of white ethnicity*’’.
Furthermore, although racial differences between these groups have been found in
markers of asthma morbidity during pregnancy, the contribution of socioeconomic
differences as an explanation of these differences has not been determined'>*"".
Some studies have found that socioeconomic status in fact does explain most of the

racial disparity of asthma during pregnancy”’"*">.

5.4.3 Interpretation in context of other studies

Changes in asthma during pregnancy

235,239

With few exceptions , most previous studies have also found that for some

women asthma improves during pregnancy and for others it worsens®>6%7678:243-273-
278 although most findings are more related to subjective reporting of symptoms
rather than changes in lung function or immune reactions to bronchial challenge

during pregnancy276’277. Some studies have found that pregnant women with asthma

may decrease their basic medication use during pregnancy’ ™" but it is still not clear
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whether this results in increased exacerbations and the findings of this study do not

support this.

Potential physiological explanations for a worsening of disease presentation during
pregnancy include a decrease in thoracic capacity because of elevation of the
diaphragm, a decrease in cell-mediated immunity which increases susceptibility to
viral infections, the occurrence of immune reactions to the presence of a foreign
foetus, or increased progesterone levels mediating hyperventilation or triggering
exacerbations *>>?*. Some of these factors, however, may also potentially improve
asthma symptoms. Increased progesterone, oestrogen or circulating cortisol during
pregnancy may act to decrease smooth muscle cell contraction. Although raised sex
steroid hormones have been found to have a direct effects on reducing the
contractility of uterine **' and intestinal®*** smooth muscle during pregnancy, a
clear relationship with airway smooth muscle has not been found®*®*, which
indicates that these act by different mechanisms. The typical increased immune
response in asthma may also be depressed through higher levels of cyclic-AMP in
pregnancy, which reduce mast cell release of histamine when exposed to antigens,

and decreased cell-mediated immunity in pregnancy™ .

Overall obstetric risks in asthma

Proposed mechanisms for increased obstetric risks in women with asthma are
maternal hypoxia during asthma exacerbations, abnormal smooth muscle activity of
the uterus and the use of asthma medications, all of which may have direct adverse
effects on the woman during pregnancy or on the immediate viability of the foetus in

utero. Studies estimating obstetric risks in asthma, however, have been
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inconsistent34,75,79,80,102,284,285

. These discrepancies are likely because most reported
findings have been limited by either no multivariate analyses, a lack of adequate

study power, or both.

41,44,47-50,52,235,239,243,278,286-290 39,40,45,46,51,86,88,96,97,99,236-238,240-
Table 5.17"7™ ’ and Table 5.18

242.244.274.2713.91310 i clude 52 published studies that have reported to assess

associations of adverse pregnancy outcomes and obstetric complications with
asthma, asthma severity characterised by medication use and symptoms, asthma
exacerbations or asthma drug use. About half of these studies (24 studies) were
adjusted for potential confounding factors. Only six studies, however, have included
more than 1,000 women with asthma and a similar or larger number of comparison
women without asthma***”**3*%8  For outcomes with a prevalence of less than 1%
of all pregnancies, such as stillbirth or placental abruption, over 7,000 women with
asthma are needed to detect an odds ratio of 1.5 with 85% power if there are twice as
many women without asthma included, and 6,000 are needed if there are 4 times as
many women without asthma included. For more common outcomes, such as
anaemia, with a prevalence of 6% all pregnancies, over 1,000 women with asthma
are needed to detect an odds ratio of 1.5 with 85% power if there are twice as many
women without asthma included, and over 800 are needed if there are 4 times as

many women without asthma included.

Asthma and adverse pregnancy outcomes

The results of this study showing similar risks for adverse pregnancy outcomes in
women with and without asthma, are consistent with most previous findings. With

the exception of two analyses****', most studies have found that risks of stillbirth**
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41,51,52.88,238,242-244.275,291 yere not increased in women with

or perinatal mortality
asthma compared with women without asthma, however most of these studies were
either not adequately powered for such assessments, with fewer than 20 perinatal
deaths in women with asthma, or were not controlled for potential confounders. In
the two largest studies of perinatal mortality, Wen et al* found no increased risk for
women with asthma after controlling for maternal age in an analysis of 233 foetal
deaths, whereas Kallen ef al** found a small increased risk for women with asthma
after controlling extensively for confounding variables, in an analysis of 312 infant
deaths, which included 103 stillbirths. No studies have conducted specific analyses
of miscarriage or therapeutic abortion risks in women with asthma compared with
women without asthma in the general population. In a study of only 186 women,

Sobande et al**' reported no increase in therapeutic abortions or perinatal deaths,

however, they did not report the number of such outcomes.

Asthma and obstetric complications

Studies of obstetric complications in women with asthma compared with women

without asthma have reported increased risks of placenta praevia**, placental

44,49,52,241,292

abruption*®**?** diabetes in pregnancy , and hypertension in pregnancy®’

49,51,52,97,278 44,47-49,86,241-243 .
T TS , which

, and up to two-fold increased risks of pre-eclampsia
are in contrast to our findings. However, most were in small selected populations
and only seven of these studies were controlled for potential confounders using

HAT49528688 Ty of the largest studies, of over 11,000 and

multivariate analysis
43,000 women respectively’™*, both found increased risks of hypertension and pre-

eclampsia, however, their populations were derived from hospital register data with

reported asthma prevalences of 0.5% and 0.43% respectively, indicating that there
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was considerable under-recording of true asthma prevalence in their populations'.

In a large US study investigating respiratory risk factors for placental abruption, the
overall risk for women with asthma was not increased (RR=1.1, 95%CI 1.0-1.2),
however, when stratified by race there was an increased risk for women of black race

(RR=1.5, 95%CI 1.4-1.6) but not of white race***.

In keeping with our findings, some studies have also found no overall increase of

48,286

. . 472432442862 . .
placenta praevia , placental abruption*’>*2**+2%2% qiabetes in

pregnancysl,240,242-244,278,286,297’ hypertension in pregnancy88,240,243,286,297’ or pre-
eclampsia® 202524427828 - Only one previous study of investigated anaemia in 757
women with asthma showing no difference in risk of anaemia in women with asthma
compared to women without asthma®. Although I found a large increase in odds of
placenta praevia restricted to women with exacerbations, and of thyroid disorder
restricted to women with severe asthma, these did not show general trends with
asthma severity and exacerbations, and it is possible that they were chance finding

considering the large numbers of outcomes studied. No previous studies have

examined the risk of thyroid disorder diagnoses in women with asthma.

The general finding of an increased risk of haemorrhage was in agreement with three
studies that reported similar or higher increased risks*'****" but in contrast with
others*7#8:97:238:242.244.28 0o mpared with women without asthma, Alexander et ali**
found that all women with asthma had an increased risk of postpartum haemorrhage
regardless of different levels of asthma medication use, whereas only women with
severe asthma, had an increased risk of antepartum haemorrhage. I found a 38%

relative increase of postpartum haemorrhage which was mainly in women with un-
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medicated asthma and a smaller 20% relative increase of antepartum haemorrhage
which was mainly in women with medicated asthma, although there was not a clear

trend with asthma severity.

While it has been suggested that variations in previous studies may be related to
differing asthma severity and management, I found no clear trends of associations by
varying asthma severity levels or exacerbations for most obstetric complications.
This can be particularly seen for the risks of antepartum and postpartum
haemorrhage, which raises the possibility that women with asthma in general,
whether or not their disease is currently active, may have persisting immunological,
hormonal or other yet unknown physiological differences compared with women
without asthma. Particular concern has been raised in asthma reviews over an
increasing risk of pre-eclampsia with more severe or less well controlled asthma

. . . . 1 236,242,244
however study results are inconsistent and do not indicate a clear trend”'¥*-26-2422%,

The most striking finding in our study, was a large increased risk of depression in
pregnancy in women with asthma which was independent of previous diagnoses of
depression and was larger in women with more severe asthma. To our knowledge,
this has not been previously investigated on a population level, and while the

T : . . 254-258,311
association of depression with pregnancy is well known>*>>*?

and people with
asthma in general have reported poorer mental health’'?, the finding that this may be
more common in pregnant women with asthma warrants further investigation. One
possible explanation is that having a chronic disease such as asthma during

pregnancy may present added stress in a time when women are already at an

increased risk of depression, and it is possible that being on higher levels of
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medications or having worse symptoms increases this stress further. An alternative
explanation is potential ascertainment bias since women with asthma visit their

doctor more often and so have a greater opportunity to have depression recognised.

Asthma and mode of delivery

Most other studies with few exceptions*'#***2782912%7 " found an increased risk of
caesarean section delivery, but studies have not found increased risks of assisted
delivery or breech delivery. The increased risk of caesarean but not of assisted
delivery or breech delivery for women with asthma in this study may be explained by
physician and patient concern over the safety of normal delivery rather than a result
of an asthma-related emergency. This could also be supported by the findings of
higher increased risks of caesarean section in women with severe asthma and asthma

exacerbations.

When using general practice data, it is important to consider that some of the
associations found may reflect an increased tendency of doctors to ascertain some
outcomes or to take specific precautions when treating women with asthma because
they see them more often. This will result in the risk estimates being inflated for
women with asthma and may also differentially inflate these estimates for levels of
asthma severity. This inflation from the true risk may be an explanation for the
choice of delivering by caesarean section for women with asthma in general and the
increased risk of in utero malpresentation or breech presentation in women at the
highest level of asthma severity. The increased risk of breech delivery in women
with medicated asthma and asthma exacerbations during pregnancy, however, may

represent a true risk and warrants further investigation. A potential explanation may
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be that having a baby with malpresentation in utero poses more physical stress on the
mother, resulting in asthma exacerbations or worsening of symptoms requiring
increased medication use. It is also possible that the increased risk of breech delivery
is related to an increased risk of low birth weight babies in women with asthma,

since small fetal size is an important risk factor for breech birth at term®"”.

Asthma, preterm delivery and low birth weight

Although there were considerable amounts of missing data for gestation and birth
weight in this study, children born to women with asthma were slightly more likely
to be born preterm and have a low birth weight, which is in keeping with some

41,45,47,48,52,241,275,290,292 : .
. Most previous studies, however, show no

previous studies
differences in birth weight or term of delivery between women with and without
asthma and it is possible that the findings in this study are due to a small increase in
recording of this information in the records of women with asthma compared with
those of women without asthma. There is some evidence that preterm delivery and
low birth weight is associated with asthma severity or exacerbations in

pregnancy’ 521302310 " The analyses of gestation and birth weight by asthma
severity and control were limited by differential recording between these groups. In
general, women with more severe and less well controlled asthma were more likely
to have the gestation of their pregnancy or birth weight of their child recorded, which

demonstrates the tendency of doctors to more readily ascertain these outcomes from

women with asthma who they see most often.
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Table 5.17  Studies of adverse pregnancy outcome and obstetric complication risks associated with maternal asthma

First author, publication year Bahna, 1972 Schatz, 1975 Sims, 1976 Stenius-Aarniala, 1988 Doucette, 1993 Demissie, 1998 Demissie, 1998 Kallen, 2000 Liu, 2001

Study population

(pregnancies in women 381/112,530 55/0 27 /11 198/198 32/3,859 2,289 /9,156 2,289 /9,156 13,344 /23,641 2,193/8,772

with / without asthma)

Country Norway USA UK Finland USA USA USA Sweden Canada
2 none; compared .

Statistic 1 test & prevalence to t-test »? test & ANOVA RR none; percentages OR OR OR
t-test general population compared

Multivariate adjusted analysis no no no no yes = --—---- yes yes yes

Miscarriage

Termination

Stillbirth ~

Foetal death ]

Perinatal mortality ~ & T

Neonatal mortality 1t ~ ~

Haemorrhage T ~ ~

Antepartum haemorrhage ]

Postpartum haemorrhage ~ ~ ~

Placental abruption ~ ~ ~ 0

Placenta praevia T T ]

Pre-eclampsia or eclampsia T T T T T

Hypertension in pregnancy ~ T T T

Diabetes in pregnancy ~ T T

Anaemia in pregnancy

Caesarean section delivery T T T T

Assisted delivery ~ ~ l« ~

Breech delivery ~

Difference in gestation ~ ~

Preterm delivery T T & T T T

Postterm delivery ~ ~ ~

Difference in birth weight J ~ ~

Low birth weight 1t ~ 0 0 ~

continued on next page
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Table 5.17 continued from previous page

First author, publication year

Wen, 2001

Mihrshahi, 2003

Sorensen, 2003

Acs, 2005

Sheiner, 2005

Getahun, 2006

Study population
(pregnancies in women
with / without asthma)

8,672 /34,688

340/ 271

757 /1 37,394

963 / 135,205

332,357 / 36,902,066

Country

Canada

Australia

Hungary

Israel

Statistic

OR

OR

t-test & OR

OR

Multivariate adjusted analysis

yes

yes

no

yes

Miscarriage

Termination

Stillbirth

Foetal death

Perinatal mortality

Neonatal mortality

Haemorrhage

Antepartum haemorrhage

Postpartum haemorrhage

Placental abruption

Placenta praevia

Pre-eclampsia

Hypertension in pregnancy

-

Diabetes in pregnancy

IR Y

13

>

Anaemia in pregnancy

2la|ela e ]

Caesarean section delivery

_)

Assisted delivery

Breech delivery

Gestation

R R ER

Preterm delivery

Postterm delivery

Birth weight

3

Low birth weight

R AR
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Table 5.18  Studies of adverse pregnancy outcome and obstetric complication risks associated with maternal asthma, asthma severity,

asthma control and specific asthma medication use

First author, publication year Fitzsimons, 1986 Greenberger, 1988  Schatz, 1988 Lao, 1990 Neff, 1990  Schatz, 1990 Perlow, 1992 Jana, 1995 Kramer, 1995 Schatz, 1995

Study population

(pregnancies in women 56/0 80/0 360 /295 87 /87 709 /51,112 325/0 183/183 182/ 364 64 /491 486 / 486

with / without asthma)

Country USA USA USA Hong Kong USA USA USA India Canada USA

Maternal exposures asthmt?]:gergency asthma emergency asthma, asthma, asthma drug l(l:/:gpizzgllgg asthma, ] asthma, ] Zsstt:r;z;’ asthmaas?r:];éency
py therapy asthma drugs asthma drugs (theophylline) FEV,) asthma severity asthma severity symptoms therapy

Statistic 22 test & ttest chi2-test OR le_iss‘t& RR OR 1 test 22 test & t-test OR ttest

Multivariate adjusted analysis no no yes no no yes no no yes no

Miscarriage

Termination

Stillbirth ~ ]

Foetal death ~ ~

Perinatal mortality ~ ~ & &

Neonatal mortality ~

Haemorrhage

Antepartum haemorrhage

Postpartum haemorrhage ~ ~

Placental abruption

Placenta praevia

Pre-eclampsia or eclampsia ]

Hypertension in pregnancy & ] & 1

Diabetes in pregnancy ~ ~ + ~

Anaemia in pregnancy

Caesarean section delivery 1+ + ~

Assisted delivery ~ ]

Breech delivery ~

Difference in gestation ]

Preterm delivery ~ ~ ~ ~ T & T &

Postterm delivery ~

Difference in birth weight ~ 0

Low birth weight ~ ~ 1 ~ 1 ~ 1 ~

continued on next page
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Table 5.18 continued from previous page

First author, publication year

Stenius-Aarniala, 1995

Dombrowski, 1996  Stenius-Aarniala, 1996 Wendel, 1996 Schatz, 1997

Alexander, 1998

Minerbi-Codish, 1998

Study population

(pregnancies in women 504 / 237 54/0 504 / 237 84/0 824 /678 817 /13,709 101/77

with / without asthma)

Country Finland USA Finland USA USA Canada Israel
asthma, asthma, asthma asthma exacerbation asthma,

Maternal exposures

asthma drugs
(theophylline)

asthma drugs (RCT for acute asthma drugs

exacerbation therapy)

asthma drugs

asthma, asthma severity

Statistic

ANOVA & t-test

none; compared
prevalence to OR
general population

x° test & t-test % test & t-test

OR

2 test

Multivariate adjusted analysis

no

no no_ e yes

yes

no

Miscarriage

Termination

Stillbirth

Foetal death

Perinatal mortality

Neonatal mortality

Haemorrhage

Antepartum haemorrhage

~1

Postpartum haemorrhage

T~

Placental abruption

Placenta praevia

Pre-eclampsia or eclampsia

Hypertension in pregnancy

Diabetes in pregnancy

Anaemia in pregnancy

Caesarean section delivery

Assisted delivery

Breech delivery

Gestation

Preterm delivery

Postterm delivery

Birth weight

Low birth weight

continued on next page
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Table 5.18

continued from previous page

First author, publication year Dombrowski, 1999  Olesen, 2001 Kircher, 2002 Sobande, 2002 Bracken, 2003 Murphy, 2003  Norjavaara, 2003 Dombrowski, 2004

Study population 293,948 (asthma

(pregnancies in women 54/0 303/8,717 568 /0 88 /106 873/1,333 138/44 breakdown not 385/0

with / without asthma) reported)

Country USA Denmark USA Saudi Arabia USA Australia Sweden USA

self-reported asthma asthma, asthma asthma, asthma asthma, asthma drug

Maternal exposures asthma drugs asthma drugs  improvement / worsening, emergency symptoms, asthma asthma severity, asthma drugs (beclomethasone vs.

no change in pregnancy admission drugs(severity step) asthma drugs thephylline RCT)

Statistic

2 test & t-test

linear
regression

2 test

%s presented; XZ
test & t-test for
some outcomes

Generalised linear

OR model

t-test

RR

Multivariate adjusted analysis

no

yes no

no

yes yes

no

no

Miscarriage

Termination

T

Stillbirth

Foetal death

Perinatal mortality

Neonatal mortality

Haemorrhage

Antepartum haemorrhage

Postpartum haemorrhage

Placental abruption

Placenta praevia

Pre-eclampsia or eclampsia

Hypertension in pregnancy

Diabetes in pregnancy

Anaemia in pregnancy

Caesarean section delivery

Assisted delivery

Breech delivery

Gestation

Preterm delivery

Postterm delivery

Birth weight

Low birth weight

—>|<|a |a |

continued on next page
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Table 5.18

continued from previous page

First author, publication year

Dombrowski, 2004

Namazy, 2004

Schatz, 2004

Triche, 2004

Bakhireva, 2005

Martel, 2005

Murphy, 2005

Otsuka, 2005

Study population
(pregnancies in women
with / without asthma)

1,739/ 881

47410

2,123/0

656 / 1,052

654 /303 4,593/0

146 /0

592/0

Country

USA

USA

USA

USA

USA Canada

Australia

Japan

Maternal exposures

asthma,
asthma severity

asthma drugs

asthma drugs

asthma, asthma
symptoms, asthma
drugs(severity step)

asthma drugs
(inhaled and oral
corticosteroids)

asthma drugs

asthma
exacerbation

asthma drug
treatment

Statistic

OR

none; compared
prevalence to general
population

OR

OR

ANOVA & OR ANOVA & t-test

ANOVA &
t-test

Xz test

Multivariate adjusted analysis

yes

yes

yes

yes no

no

no

Miscarriage

Termination

Stillbirth

Foetal death

Perinatal mortality

Neonatal mortality

Haemorrhage

Antepartum haemorrhage

Postpartum haemorrhage

Placental abruption

Placenta praevia

Pre-eclampsia or eclampsia

Hypertension in pregnancy

Diabetes in pregnancy

Anaemia in pregnancy

Caesarean section delivery

Assisted delivery

Breech delivery

Gestation

Preterm delivery

Postterm delivery

Birth weight

Low birth weight

continued on next page
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Table 5.18 continued from previous page

First author, publication year

Silverman, 2005

Rudra, 2006 Schatz, 2006 Martel, 2007

Study population
(pregnancies in women
with / without asthma)

7,241/0

286 & 470
pre-eclampsia cases 2,123/0 4,593 /0
and controls

Country

UK

Sweden USA Canada

Maternal exposures

asthma drugs

(budesonide vs.

placebo RCT)

asthma, asthma <80% of asthma drugs (short
severity predicted FEV,;  acting B-agonists)

Statistic

none

OR OR OR

Multivariate adjusted analysis

yes yes yes

Miscarriage

Termination

Stillbirth

Foetal death

Perinatal mortality

Neonatal mortality

Haemorrhage

Antepartum haemorrhage

Postpartum haemorrhage

Placental abruption

Placenta praevia

Pre-eclampsia or eclampsia

Hypertension in pregnancy

Diabetes in pregnancy

Anaemia in pregnancy

Caesarean section delivery

Assisted delivery

Breech delivery

Gestation

Preterm delivery

Postterm delivery

Birth weight

Low birth weight
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5.4.4 Conclusions

The results of this study provide reassuring evidence that the risks of most adverse
pregnancy outcomes and obstetric complications are similar in women with and
without asthma, however, some new questions have been raised that warrant further
study. The risk of pregnancy ending in miscarriage may be higher in women with
asthma and with more severe asthma. The high relative increase of depression in
pregnancy for women with asthma and with more severe asthma is also of concern.
For other obstetric complications where an increased risk was found, most represent
very small differences in absolute risk. Higher severity of asthma and the occurrence
of acute exacerbations in women with asthma was only associated with modest
increased risks of some obstetric complications. With the possible exception of
increased vigilance in monitoring certain complications in pregnant women with
asthma, these findings do not indicate a necessity to alter current practice of optimal
monitoring and pharmacological management of asthma in women of childbearing

age in the general population.
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6 Congenital malformations in children born to women
with asthma

This section describes a case-control study conducted to compare the risk of
congenital malformation in children born to women with asthma with that in children
born to women in the general population without asthma, and to assess whether
gestational exposure to asthma medication increases the risk of congenital
malformation in offspring. The introduction provides an overview of the current data
on the potential teratogenicity of asthma treatment, followed by the study methods
which include the statistical analysis, the study results, a discussion of the findings in
context of previous research, and a conclusion which addresses the clinical

importance of the findings.

6.1 Introduction

Although clinical advice to pregnant women with asthma is to maintain optimal
therapeutic management, the potential adverse effects of their condition and
indicated treatments on foetal development remain uncertain. Asthma medications
are in the second most commonly used therapeutic drug class in pregnancy’'* which
means they could have a potentially large impact on congenital malformations even

if they pose moderate teratogenic risk>"”.

. . . . 316
Studies have shown reductions in drug clearance during pregnancy” ~ and we know

that asthma drugs distribute throughout the body tissues, likely crossing the placenta
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with potential effects on fetal growth'®. Animal studies have shown toxic and
teratogenic effects of budesonide'?”, triamcinolone®'”, leukotriene receptor

1% and methylxanthines ''**''°. Observational human studies using

antagonists
relatively lower therapeutic drug doses are of course required to assess the true risks
in the population. As shown by Jadad et al**, such studies require extremely large
numbers beyond the reach of the pharmaceutical industry and selected hospital-based
studies. Meta-analyses of human studies have shown no risk of overall congenital

malformations associated with maternal exposure to inhaled corticosteroids” or oral

corticosteroids®'®, however women in these studies had varying medical conditions.

Considering that congenital malformations continue to be the leading cause of infant
mortality in the US*’ and the second leading cause in the UK®, it is surprising that
the current asthma management guidelines of the US National Institutes of Health'*
and British Thoracic Society™ contain only five epidemiological studies assessing
the teratogenic effects of asthma treatments against unexposed comparison

groups 08824024 None of these studies reported increased risks of congenital
malformation, however, Jadad ef al** demonstrated that the only three studies to

1 4
assess early gestational exposures* ¢

were severely underpowered to assess these
associations such that they could not exclude a 50% increased risk of malformations
associated with the use of specific asthma therapies. The combined populations of

the other two studies>***

, included only 40 children with congenital malformations
who were exposed to asthma therapies. More recently, a large Hungarian study” of
data up to 1996, found that mothers of children with malformations were 20% more

likely to have asthma compared with mothers of children without malformations.

Although antenatal medical records were available, a substantial proportion of
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maternal asthma in this study® was self-reported by postal questionnaire and was
ascertained after the outcome of the child was known. It is likely that asthma
medication exposures were also self-reported, since the antenatal records used, in the
form of a log book kept by the mother, included prescriptions from obstetricians but
not from other physicians such as general practitioners®”’. The study by Tamasi ez
al’® was also limited by only a small proportion of women taking recommended
asthma medications, possibly due to incomplete ascertainment, and there was

. . . 20,321
evidence of differential response rates between cases and controls®>*~",

There is clear need for further data on asthma medication use in pregnancy. A recent
report particularly emphasised the lack of adequate safety information on long acting
[-agonists and newer asthma therapies, such as leukotriene receptor antagonists, in
the current guidelines''. While some high-risk teratogens have previously been
identified after a small number of reported exposures, many more exposures are
needed to identify moderate-risk teratogens even when used widely in the
population. To put this in context, over 10,000 children were born with severe
malformations to women who had taken thalidomide during pregnancy before the
drug was recognised to be teratogenic and its use was stopped in pregnancy. The
American Food and Drug Administration only decided to include women in all
phases of clinical drug trials in 1993, to assess possible sex differences in drug
safety, and this lead to the formation of the FDA’s Office for Women’s Health in
1994**?. Pregnant women are still, however, very unlikely to ever be included in
randomised trials of asthma therapies in sufficient numbers to allow an assessment of

the teratogenicity of such therapies and comprehensive surveillance is not

151



available®>”%. This calls for large population-based studies in currently available

data.

Using data from liveborn children in the thesis dataset, a case-control study was
conducted to assess the risk of maternal asthma and current asthma therapies on all

major congenital malformations and system-specific malformations in offspring.

6.2 Methods

6.2.1 Dataset structure and validation of study population

Using the EUROCAT classification'*' (which is described in detail in section 3.5.4),
all major congenital malformations were identified in the 268,601 live children who
were matched to mothers from the initial population of 1,059,246 women. To test
the validity of congenital malformation diagnoses in THIN, I compared the
prevalence of any congenital malformation and system-specific malformations in this
dataset to that of the EUROCAT registries. For this study, I then restricted the
population to mother-child pairs where the mother was registered before the
beginning of the pregnancy and ensured that prevalence of any malformation and

system-specific malformations was similar to the overall dataset.

To create the case-control dataset from the restricted population, cases were defined
as liveborn children with one or more major malformation and for each case I
identified up to six liveborn control children matched by year of birth, general

practice and singleton or twin delivery. To test the validity of the case-control
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dataset, the distribution of maternal age in Trisomy 21 cases was compared with that

in their controls, to confirm the expected higher maternal age distribution in cases.

6.2.2 Statistical analyses

The unit of analysis was the child. Conditional logistic regression was used to assess
the association of any major congenital malformation or any system-specific major
congenital malformation with maternal asthma and maternal asthma drug treatments.
Maternal asthma was defined on the basis of recorded diagnoses at any time before
the delivery of the child or the use of asthma medication during pregnancy or in the
year before pregnancy. Since some of the mothers had an asthma diagnosis but no
asthma medication use, and other mothers used asthma medications but had no
diagnosis, | assessed the separate risk of congenital malformations in four groups: 1)
children born to mothers with an all-inclusive definition of maternal asthma which
was either diagnosed asthma or exposure to asthma maintenance medication, 2)
children born to mothers with diagnosed asthma but no exposure to asthma
maintenance medication, 3) children born to mothers with exposure to asthma
maintenance medication but no asthma diagnosis, and 4) children born to mothers
with both a diagnosis of asthma and exposure to asthma maintenance medication.
Asthma maintenance medications were classified as short acting B-agonists, inhaled
corticosteroids, long acting B-agonists, other bronchodilators, or other anti-
inflammatory medications. Details of the specific drugs included in each of these
drug groups are in Table 3.2 in section 3.6.2. In all children with a record of
maternal asthma, I additionally assessed the association of congenital malformation

with clinically reported maternal asthma exacerbations during pregnancy.
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To test the teratogenicity of specific asthma drug groups the risk of congenital
malformation associated with gestational exposures to the asthma maintenance
medications classified above as well as oral corticosteroids, was examined. Since
oral corticosteroids are used to treat chronic conditions other than asthma, 1
additionally assessed the effect of gestational oral corticosteroid exposure after
excluding exposed mothers with no diagnosis of asthma at any point in their record

(including postnatal diagnoses).

All models were adjusted for exact maternal age as a continuous variable and the
effects of other potential confounding factors were assessed (maternal smoking and
body mass index before pregnancy, socioeconomic status (Townsend index quintile),
sex of the child, and delivery before, at, or after term). Missing values for covariates
were fitted as a separate category and all models were re-fitted using cases and

controls with complete data.

6.2.3 Statistical power and multiple testing

The study population size provided over 95% power to detect an odds ratio of 1.2 or
greater for any major malformation and over 90% power to detect an odds ratio of

2.0 or greater for most system-specific major malformations.

For the drug safety analyses, a large number of multiple comparison tests were

carried out in the gestational exposure assessment of 6 different drug families with

malformations overall and with 11 system-specific malformations (72 odds ratios).
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Some odds ratios will therefore be statistically significant at the 5% level by chance
alone, while only odds ratios with highly significant p-values (p<0.01) should be
considered as those most likely not to be due to chance. I present 95% confidence
intervals for odds ratios, however, in light of these multiple comparisons, I have also

provided exact p-values to allow appropriate interpretation of the findings.

6.3 Results

6.3.1 Validation of the study population

Of the 286,601 children in the initial dataset, 7,671 had at least one major congenital
malformation, corresponding to a prevalence of 286 per 10,000 live births which was
similar to the overall prevalence for EUROCAT registries in the UK*** (238 per
10,000 births, which includes live births, stillbirths, foetal deaths and pregnancy
terminations). Prevalence figures for any system-specific malformations by maternal
age at delivery were only available for all European member registries of EUROCAT
as a proportion of all births (including live births, stillbirths, foetal deaths and
pregnancy terminations) in women age 20 years and older for 2002. These
prevalence figures were also in slightly different groupings of malformation to my

data, however, comparisons are made in Table 6.1.
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Table 6.1 Comparison of system-specific major congenital malformation

prevalence in EUROCAT data (gray) and THIN data (white)

Classification

Prevalence of congenital malformation
(per 10,000 births* or per 10,000 live births**)

Nervous system* 24.2
Nervous system** 13.8
Neural tube defects 10.3
Nerural tube defect 2.1
Eye, ear, face, neck 15.9
Eye 4.4
Eye 9.8
Ear 4.1
Ear 5.6
Circulatory system 69.5
Congenital heart disease 52.0
Heart anomaly 52.6
Respiratory system 2.6
Cleft lip and palate 13.7
Cleft lip with or without palate 8.5
Cleft lip with or without palate 6.5
Cleft palate 5.3
Cleft palate 7.2
Digestive system 15.0
Digestive system 9.5
Genital organs 50.9
Urinary system 17.2
Internal urogenital system 35.9
Internal urogenital system 67.4
External genital system 14.8
External genital system 50.7
Musculoskeletal and connective tissue 22.6
Limb 37.2
Musculoskeletal system 79.5
Other anomalies 23.2
Chromosomal 40.9
Chromosome abnormality 14.3

*EUROCAT 2002 categorisation for all European registries and prevalence per 10,000 births, including
live births, stillbirths, miscarriages, foetal deaths and pregnancy terminations.

**Categorisation and prevalence per 10,000 live births in THIN dataset for children born to women age

>20 years (N=250,660)
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The overall prevalence figures for most system-specific congenital malformations in
the THIN population were similar to those from EUROCAT. Prevalence of nervous
system and chromosomal malformations were much lower, which is likely because
most children with these malformations die at or before birth and are therefore
identified in the EUROCAT data, but not in the THIN population. Prevalence of
some malformations in THIN data, such as urogenital system malformations, were
considerably higher than EUROCAT figures. This may be related to small
differences in categorisation or differences in prevalence between the UK and the
rest of Europe, but a more likely explanation is that these malformations are mainly
restricted to live born children and are diagnosed at a later date after birth, so the

THIN data captured more of these diagnoses than the EUROCAT data.

In Table 6.2, the available EUROCAT prevalence figures are compared with the
equivalent prevalence figures from the THIN dataset, across groups of maternal age.
It shows that there is not a large variation in prevalence of malformation across
maternal age groups. This is evident in both THIN data and EUROCAT data. Both,
however, show the marked increase in prevalence of chromosomal malformations

with increasing maternal age.
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Table 6.2

major congenital malformation in EUROCAT data (gray) and

THIN data (white)

Comparison of maternal age-specific prevalence of system-specific

Classification

Prevalence of congenital malformation

(per 10,000 births* or per 10,000 live births**)

Maternal age at delivery (years)

<20 20-249 25-29.9 30-34.9 235
Nervous system* 31.5 22.8 22.3 22.6
Nervous system** 13.9 15.9 12.7 13.7 13.6
Neural tube defects 12.2 10.7 8.9 9.3
Nerural tube defect 1.7 2.7 2.4 1.6 1.6
Eye, ear, face, neck 12.8 18.8 16.6 13.8 14.7
Eye 6.5 3.5 4.2 4.1
Eye 7.2 11.6 10.0 8.3 10.1
Ear 4.4 3.2 3.9 4.8
Ear 5.6 7.0 5.8 5.4 3.5
Circulatory system 76.4 66.3 69.7 66.4 79.8
Congenital heart disease 53.7 48.9 51.7 54.8
Heart anomaly 56.9 49.2 52.7 50.5 61.1
Respiratory system 1.1 3.3 1.9 3.2 1.9
Cleft lip and palate 14.5 141 14.0 14.7 10.4
Cleft lip with or without palate 8.0 8.1 9.3 8.4
Cleft lip with or without palate 8.4 7.6 71 6.3 3.7
Cleft palate 7.3 54 3.7 5.4
Cleft palate 6.1 6.4 6.9 8.3 6.7
Digestive system 16.4 14.5 15.1 14.7
Digestive system 10.0 10.1 8.7 9.0 11.2
Genital organs 44.6 57.6 53.4 47.6 43.2
Urinary system 16.7 171 17.3 16.7 18.4
Internal urogenital system 32.7 35.7 37.3 35.7
Internal urogenital system 60.8 73.7 69.8 63.7 60.8
External genital system 18.3 14.2 13.4 13.9
External genital system 44.6 57.6 53.2 47.4 42.7
Musculoskeletal and connective tissue 26.9 20.7 20.2 21.6
Limb 45.3 34.2 36.4 33.9
Musculoskeletal system 77.5 70.5 82.1 82.9 79.0
Other anomalies 20.1 23.8 23.7 22.2 23.2
Chromosomal 18.2 21.1 29.9 111.2
Chromosome abnormality 11.7 9.9 11.0 12.5 31.2

*EUROCAT 2002 categorisation for all European registries and prevalence per 10,000 births, including live births,
stillbirths, miscarriages, foetal deaths and pregnancy terminations.

**Categorisation and prevalence per 10,000 live births in THIN dataset for children born to women age 220 years

(N=250,660)

158



Of children in the initial dataset, 180,064 (67%) were born to women who were
registered at the general practice before the pregnancy and 5,200 of these children
had at least one major congenital malformation. This resulted in a similar prevalence
of congenital malformation (289 per 10,000 live births) to the overall prevalence in
the thesis dataset. Table 6.3 shows that the prevalence of each system-specific
malformation was also similar between the overall dataset and the restricted study

population which was used to obtain the case-control dataset for this study.

Table 6.3 Congenital malformation prevalence in all children and in
children born to women registered at the general practice before
the pregnancy

Children born to
All children in thesis women registered at

population the general practice
(N=268,601) before pregnancy
(N=180,064)*
Prevalence Prevalence
Number  (per 10,000 Number (per 10,000
live births) live births)
Any congenital malformation® 7,671 286 5,200 289
Any system-specific malformation®:
Nervous system 371 14 244 14
Eye, ear, face, neck 422 16 298 17
Circulatory system 1,879 70 1,282 71
Respiratory system 67 2 50 3
Cleft lip and palate 370 14 258 14
Digestive system 255 9 170 9
Genital organs 1,357 51 928 52
Urinary system 462 17 317 18
Musculoskeletal system 2,132 79 1,444 80
'Other’ 618 23 414 23
Chromosomal abnormality 379 14 263 15

* Study population used to obtain the case-control dataset of congenital malformations

® Children with more than one malformation are counted only once in 'any congenital
malformation’ total.

® Children with more than one malformation in the same system-specific group are counted
only once in each system-specific malformation total.
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Using the 5,200 children with one or more major congenital malformation and the
remaining 174,864 children with no major congenital malformations in the
population of 180,064 children, 5,124 cases were successfully matched to 30,053
control children. Among the cases were 153 children with Trisomy 21, and these
data confirmed the marked increasing trend in risk of having a child with Trisomy
21, with older maternal age (OR=2.01, 95% CI 1.36-2.95 for women age 30-39
compared to women under 20 years of age; OR=10.84, 95%CI 5.38-21.85 for

women over age 40 compared to women under 20 years of age).

6.3.2 Description of the case-control dataset

Basic characteristics of the cases and controls are shown in

Table 6.4. Maternal age for the 5,124 cases with any major congenital malformation
was similar to that for the 30,053 matched controls. There was no trend in maternal
body mass index with case status, however, mothers of cases were more likely to
have measurements at the extremes of the scale, being either obese (OR=1.16,
95%CI 1.03-1.31) or underweight (OR=1.19, 95%CI 1.00-1.42) before the
pregnancy, compared with mothers of controls. Cases and controls had a similar
proportion of mothers who were current smokers before the pregnancy (OR=1.00,
95%CI 0.92-1.08) and had the same distribution across levels of socioeconomic
status. More cases than controls were delivered before term (OR=2.62, 95%CI 2.21-

3.11) and cases were more likely to be male (OR=1.32, 1.25-1.40).
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Table 6.4 Characteristics of congenital malformation cases and controls

cases controls
Covariate (n=5,124) (n=30,053)
n (%)° n (%)°

Unadjusted
Odds Ratio
(95%ClI)

Maternal age at delivery (years)
Median (Inter-quartile range) 29.6 (25.5-33.2)

Maternal smoking status

non-smoker 2,590 (50.5)
ex-smoker 269 (5.2)
current smoker 1,136 (22.2)
missing 1,129 (22.0)
Maternal body mass index (Kg/m?)
underweight(<18.5) 163 (3.2)
normal(18.5-24.9) 2,031 (39.6)
overweight(25-29.9) 709 (13.8)
obese(=230) 385 (7.5)
missing 1,836 (35.8)
Townsend index quintile
1 (least deprivation) 826 (16.1)
2 592 (11.6)
3 586 (11.4)
4 506 (9.9)
5 (most deprivation) 400 (7.8)
missing 2,214  (43.2)
Term of the pregnancy
preterm 366 (7.1)
term 705 (13.8)
postterm 8 (<0.5)
missing 4,045 (78.9)
Sex of child
female 2172 (42.4)
male 2,952 (57.6)
Singleton or multiple delivery
singleton 4,996 (97.5)
twin 128 (2.5)
Year of birth
1988 to 1989 196 (3.8)
1990 to 1994 1,567 (30.6)
1995 to 1999 1,768 (34.5)
2000 to 2004 1,593 (31.1)

29.4 (25.5-33.1)

15,046
1,473
6,637
6,897

827
12,280
4,131
1,997
10,818

4,976
3,499
3,387
2,833
2,337
13,021

858
4,503
39
24,653

14,829
15,224

29,655
398

1,104
9,192
10,389
9,368

(50.1)

(4.9)
(22.1)
(23.0)

(2.8)
(40.9)
(13.7)

(6.6)
(36.0)

(16.6)
(11.6)
(11.3)
(9.4)
(7.8)
(43.3)

(2.9)
(15.0)
(<0.5)
(82.1)

(49.4)
(50.7)

(98.7)
(1.3)

(3.7)
(30.6)
(34.6)
(31.2)

1.01 (1.00-1.01)

reference
1.06 (0.92-1.22)
1.00 (0.92-1.08)
0.92 (0.84-1.01)

1.19 (1.00-1.42)
reference
1.04 (0.95-1.14)
1.16 (1.03-1.31)
1.01 (0.93-1.10)

reference
1.02 (0.90-1.15)
1.05 (0.93-1.19)
1.08 (0.95-1.24)
1.04 (0.90-1.21)
0.87 (0.67-1.12)

2.62 (2.21-3.11)
reference
1.29 (0.54-3.05)
1.01 (0.88-1.16)

reference
1.32 (1.25-1.40)

matching variable

matching variable

9 Proportion of cases or controls
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6.3.3 Associations of any major malformation with maternal asthma

The proportion of mothers with either a diagnosis of asthma, exposure to asthma
maintenance medication before the delivery of the child, or both was 14% for cases
with congenital malformation and 13% for matched control children (Table 6.5).
Cases were marginally more likely than controls to have mothers with asthma in each
of the defined groups, ranging from a 6% to 17% relative increase, however, it was
only in the most inclusive definition of maternal asthma, with the largest number of
exposed cases, where a statistically significant association at the 5% level was found.
The highest relative increase of congenital malformation was in children born to
mothers with diagnosed asthma but no asthma medication use, whereas the smallest
was in children born to mothers with diagnosed asthma who were using asthma
medications. Cases were no more likely than controls to have a mother with
clinically reported asthma exacerbations in pregnancy (OR=1.09, 95%CI 0.65-1.82;

p=0.754).
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Table 6.5 Risk of any major congenital malformation in children born to
women with asthma

Cases Controls Adjusted
(n=5,124) (n=30,053) Odds Ratio® p-value
n (%)° n (%)° (95% CI)

Maternal asthma status:

no asthma diagnosis or medications before delivery 4,420 (86.3) 26,235 (87.3) reference

asthma diagnosis or medication’ before delivery 704 (13.7) 3,818 (12.7) 1.10(1.01-1.20) 0.032
diagnosis with no medication before delivery 171 (3.3) 881 (2.9) 1.17(0.99-1.39) 0.071
asthma medication’ but no diagnosis before delivery 183  (3.6) 968 (3.2) 1.13(0.96-1.33) 0.132
diagnosis and asthma medication" before delivery 350 (6.8) 1,969 (6.6) 1.06(0.94-1.20) 0.329

21 asthma exacerbation during pregnancy 18 (<0.5) 94 (<0.5) 1.09(0.65-1.82) 0.754

21 medication exposure during pregnancy*:

Short acting B-agonist 375 (7.3) 2,085 (6.9) 1.06(0.94-1.19) 0.336
Inhaled corticosteroid 220 (4.3) 1,209 (4.00 1.07(0.92-1.24) 0.407
Long acting 3-agonist 25 (<0.5) 131 (<0.5) 1.12(0.72-1.75) 0.614
Oral corticosteroid 46 (0.9) 216 (0.7) 1.23(0.89-1.69) 0.201
Other bronchodilator medication** 13 (<0.5) 72 (<0.5) 1.05(0.59-1.87) 0.872
Other anti-inflammatory medication*** 9 (<0.5) 27 (<0.5) 2.02(0.96-4.28) 0.065

9 Proportion of cases or controls whose mothers have diagnosis or at least one selected drug prescription in pregnancy

P Odds Ratios (95% Confidence Intervals) adjusted for maternal age at birth of case or control child; Maternal smoking status, body mass
index, socioeconomic status, sex of the child, gestation of pregnancy had no confounding effects.

Y Any asthma medication except oral corticosteroids during pregnancy or in the year before the pregnancy
*Reference groups are mothers with no prescriptions for the selected drug group in pregnancy
**Aminophylline, theophylline, ephedrine, orciprenaline, titropium, or ipratropium

***Cromoglicate, nedocromil, montelukast or zafirlukast

In the assessment of asthma drug exposures during pregnancy, cases were as likely
as controls to be exposed to each of the 6 asthma drug categories (Table 6.5). Most
odds ratios for drug exposures were close to unity with the exception of exposure to
other anti-inflammatory medications (OR=2.02, 95%CI 0.96-4.28; p=0.065). This
odds ratio was based on only a small number of gestational exposures to these
medications and all 9 exposed cases were to cromones, while in controls, 26 were

exposed to cromones and only 1 was exposed to montelukast.

To assess the effect of oral corticosteroids used during gestation for women with

asthma only, I excluded 17 cases and 69 controls whose mothers had prescriptions
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for oral corticosteroids in pregnancy but had no diagnosis of asthma. Using this
restriction, I found a lower odds ratio (OR=1.13, 95%CI, 0.76-1.69; p=0.552)

compared with the use of oral corticosteroids for all women.

In multivariate analyses, none of the potential confounding factors that were
available (maternal smoking and body mass index before pregnancy, socioeconomic
status, sex of the child and gestational term at delivery) changed the risk estimates by
more than 10% (Table 6.6), so final odds ratios for all analyses are only adjusted for
maternal age. Since there were missing values for some covariates, I repeated each
analysis using only those with full data for covariates and obtained similar effect
sizes to the overall analyses (e.g. Fully adjusted OR=1.07, 95%CI 0.88-1.29 for
maternal asthma diagnosis and medication before delivery in 1,730 cases and 10,138

controls with full covariate data).
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Table 6.6

Comparison of maternal age-adjusted odds ratios with fully

adjusted odds ratios for the risk of any major congenital
malformation in children born to women with asthma

Odds Ratio
(95% ClI)
adjusted for

O(dgt;so/Rg::)io maternal age,
o .
austoator DY O e
status, sex of
child, gestation of
pregnancy
Maternal asthma status:
no asthma diagnosis or medications before delivery reference reference
asthma diagnosis or medication’ before delivery 1.10(1.01-1.20) 0.032  1.09(0.99-1.19) 0.071
diagnosis with no medication before delivery 1.17(0.99-1.39) 0.071 1.15(0.97-1.37)  0.111
asthma medication" but no diagnosis before delivery  1.13(0.96-1.33) 0.132  1.11(0.94-1.31) 0.212
diagnosis and asthma medication’ before delivery 1.06(0.94-1.20) 0.329  1.05(0.93-1.19) 0.418
21 asthma exacerbation during pregnancy 1.09(0.65-1.82) 0.754 1.10(0.65-1.85) 0.732
21 medication exposure during pregnancy*:
Short acting B-agonist 1.06(0.94-1.19) 0.336  1.05(0.94-1.18) 0.400
Inhaled corticosteroid 1.07(0.92-1.24) 0.407 1.05(0.91-1.23) 0.484
Long acting B-agonist 1.12(0.72-1.75) 0.614  1.12(0.72-1.75) 0.623
Oral corticosteroid 1.23(0.89-1.69) 0.201  1.12(0.80-1.57) 0.492
Other bronchodilator medication** 1.05(0.59-1.87) 0.872 1.03(0.57-1.86) 0.927
Other anti-inflammatory medication*** 2.02(0.96-4.28) 0.065 2.15(0.98-4.71) 0.057

Y Any asthma medication except oral corticosteroids during pregnancy or in the year before the pregnancy

*Reference groups are mothers with no prescriptions for the selected drug group in pregnancy

**Aminophylline, theophylline, ephedrine, orciprenaline, titropium, or ipratropium

***Cromoglicate, nedocromil, montelukast or zafirlukast

6.3.4 Associations of system-specific malformation with maternal

asthma

When analyses of maternal asthma (overall and grouped by diagnoses or medication

use) and clinically reported exacerbations in pregnancy for the 11 major system-

specific malformation categories were carried out (Table 6.7 to Table 6.18), the

results were similar to those for any major congenital malformation (Table 6.5). All
odds ratios were smaller than 2.00 and had p-values larger than 0.01. The only

exceptions were an association of musculoskeletal system malformations with
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maternal asthma overall (OR=1.25, 95%CI 1.06-1.47; p=0.009) and with previous
asthma medication but no diagnosis before delivery (OR=1.46, 95%CI 1.11-1.93;
p=0.007) (Table 6.16). The associations of system-specific malformations with
actively treated diagnosed asthma (diagnosis and asthma medication before delivery)
are summarised in Table 6.7 and show similar odds for cases and controls. All tables
from Table 6.8 to Table 6.18 contain the full analysis of maternal asthma and

gestational drug exposures.

Table 6.7 Risk of system-specific congenital malformation in children born
to women with actively treated diagnosed asthma
Maternal asthma cases controls Adjusted
(diagnosis and medication Odds Ratio® p-value

before delivery) n (%) a n (%) a (95% CI)

Any congenital malformation® 5124 (6.8) 30,053 (6.6) 1.06(0.94-1.20) 0.329
Any system-specific malformation®:

Nervous system 237 (7.2) 1,377 (6.8) 1.08(0.63-1.86) 0.783
Eye, ear, face, neck 293 (5.8 1,718 (5.8) 1.01(0.58-1.76) 0.972
Circulatory system 1,256 (7.6) 7,356 (6.6) 1.18(0.94-1.49) 0.163
Respiratory system 46 (10.9) 265 (7.2) 1.71(0.50-5.78) 0.390
Cleft lip and palate 255 (7.1) 1,513 (6.8) 1.05(0.62-1.77) 0.852
Digestive system 166 (7.2) 974 (7.0) 1.03(0.53-2.00) 0.932
Genital organs 913 (6.2) 5,345 (6.3) 0.98(0.73-1.31) 0.874
Urinary system 313 (6.7) 1,850 (6.6) 1.03(0.63-1.68) 0.921
Musculoskeletal system 1,431 (7.3) 8,372 (6.6) 1.14(0.91-1.43) 0.241
'Other’ 407 (7.1) 2,400 (6.5) 1.15(0.75-1.77) 0.518
Chromosomal abnormality 260 (2.3) 1,519 (5.7) 0.43(0.18-1.02) 0.054

9 Proportion of cases or controls whose mothers have an asthma diagnosis and medication before delivery

F Odds Ratios (95% Confidence Intervals) adjusted for maternal age at birth of case or control child; Maternal smoking
status, body mass index, socioeconomic status, sex of the child, gestation of pregnancy had no confounding effects.

® Children with more than one malformation are counted only once in ‘any congenital malformation’ total.

® Children with more than one malformation in the same system-specific group are counted only once in each system-
specific malformation total.

For gestational exposure to asthma medications, there was no evidence of increased
odds of most major system-specific malformations (p-values>0.01 and most odds

ratios smaller than 2.00) apart from a large relative increase of musculoskeletal
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system malformations in children born to mothers with gestational exposure to
cromones (OR=9.38, 95% CI 2.31-38.10; p=0.002) compared with no exposure,
however this was based on only 5 exposed cases (all anti-inflammatory drugs were

cromones) (Table 6.16).

For some system-specific malformations there were no gestational exposures to
certain drug groups, so it was not possible to assess the following associations: 1)
long acting B-agonist exposure with respiratory system, oral cleft, digestive system,
urinary system and chromosomal malformations; 2) oral corticosteroid exposure with
respiratory system malformations; 3) other bronchodilator medication exposures with
nervous system, respiratory system and digestive system malformations; 4) other
anti-inflammatory medication exposures with nervous system, respiratory system,

digestive system urinary system or ‘other’ classified malformations.
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Table 6.8 Risk of nervous system malformation in children born to women

with asthma

cases controls Adjusted
(n=237) (n=1,377) Odds Ratio®  p-value
n (%)° n (%)° (95% ClI)
Maternal asthma:
no asthma diagnosis or medications before delivery 204 (86.1) 1,205 (87.5) reference
asthma diagnosis or medication" before delivery 33 (13.9) 172 (12.5)  1.14(0.78-1.69)  0.495
diagnosis with no medication before delivery 10 (4.2) 38 (2.8) 1.59(0.78-3.25)  0.205
asthma medication” but no diagnosis before delivery 6 (2.5 41 (3.0)0 0.88(0.38-2.03) 0.765
diagnosis and asthma medication" before delivery 17 (7.2) 93 (6.8) 1.08(0.63-1.86) 0.783
=1 asthma exacerbation during pregnancy 0 (<0.5) 2 (<0.5) n/a 0.627
21 medication exposure during pregnancy*:
Short acting B-agonist 16 (6.8 94 (6.8) 0.98(0.58-1.65) 0.942
Inhaled corticosteroid 8 (3.4) 46 (3.3 1.04(0.47-2.31) 0.915
Long acting B-agonist 2 (0.8) 5 (<0.5) 2.60(0.39-17.17) 0.322
Oral corticosteroid 3 (1.3 6 (<0.5) 2.93(0.74-11.66) 0.126
Other bronchodilator medication** 0 (<0.5) 3 (<0.5) n/a
Other anti-inflammatory medication*** 0 (<0.5) 2 (<0.5) n/a

9 Proportion of cases or controls whose mothers have diagnosis or at least one selected drug prescription in pregnancy

? Odds Ratios (95% Confidence Intervals) adjusted for maternal age at birth of case or control child; Maternal smoking status, body mass index,

socioeconomic status, sex of the child, gestation of pregnancy had no confounding effects.

Y Any asthma medication except oral corticosteroids

*Reference groups are mothers with no prescriptions for the selected drug group in pregnancy

**Aminophylline, theophylline, ephedrine, orciprenaline, titropium, or ipratropium

***Cromoglicate, nedocromil, montelukast or zafirlukast
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Table 6.9
women with asthma

Risk of eye, ear, face or neck malformation in children born to

cases controls Adjusted
(n=293) (n=1,718) Odds Ratio®  p-value
n (%)° n (%)° (95% CI)
Maternal asthma:
no asthma diagnosis or medications before delivery 262 (89.4) 1,529 (89.0) reference
asthma diagnosis or medication" before delivery 31 (10.6) 189 (11.0)  0.96(0.64-1.44) 0.844
diagnosis with no medication before delivery 7 (24) 31 (1.8) 1.30(0.55-3.04) 0.552
asthma medication" but no diagnosis before delivery 7 (2.4) 58 (3.4) 0.70(0.32-1.50) 0.356
diagnosis and asthma medication’ before delivery 17 (5.8) 100 (5.8) 1.01(0.58-1.76) 0.972
=1 asthma exacerbation during pregnancy 1 (<0.5) 7 (<0.5) 0.85(0.10-7.02)  0.880
21 medication exposure during pregnancy*:
Short acting B-agonist 15 (5.1) 109 (6.3) 0.80(0.46-1.40) 0.431
Inhaled corticosteroid 9 (3.1) 65 (3.8) 0.82(0.41-1.62) 0.565
Long acting B-agonist 1 (<0.5) 8 (<0.5) 0.75(0.09-6.04) 0.786
Oral corticosteroid 4 (1.4) 12 (0.7)  1.99(0.64-6.22) 0.238
Other bronchodilator medication** 1 (<0.5) 5 (<0.5) 1.19(0.14-10.13) 0.872
Other anti-inflammatory medication*** 1 (<0.5) 5 (<0.5) 1.20(0.14-10.30) 0.868

9 Proportion of cases or controls whose mothers have diagnosis or at least one selected drug prescription in pregnancy

P Odds Ratios (95% Confidence Intervals) adjusted for maternal age at birth of case or control child; Maternal smoking status, body mass index,

socioeconomic status, sex of the child, gestation of pregnancy had no confounding effects.

Y Any asthma medication except oral corticosteroids

*Reference groups are mothers with no prescriptions for the selected drug group in pregnancy

**Aminophylline, theophylline, ephedrine, orciprenaline, titropium, or ipratropium

***Cromoglicate, nedocromil, montelukast or zafirlukast
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Table 6.10
women with asthma

Risk of circulatory system malformation in children born to

cases controls Adjusted
(n=1,256) (n=7,356) Odds Ratio®  p-value
n (%)° n (%)° (95% CI)
Maternal asthma:
no asthma diagnosis or medications before delivery 1,073 (85.4) 6,429 (87.4) reference
asthma diagnosis or medication" before delivery 183 (14.6) 927 (12.6) 1.20(1.01-1.43)  0.037
diagnosis with no medication before delivery 37 (2.9) 213 (2.9) 1.07(0.74-1.54) 0.714
asthma medication" but no diagnosis before delivery 51 (4.1) 227 (3.1)  1.36(0.99-1.86) 0.055
diagnosis and asthma medication’ before delivery 95 (7.6) 487 (6.6) 1.18(0.94-1.49) 0.163
=1 asthma exacerbation during pregnancy 6 (<0.5) 24 (<0.5) 1.44(0.51-4.05) 0.495
21 medication exposure during pregnancy*:
Short acting B-agonist 107 (8.5) 497 (6.8) 1.29(1.03-1.61)  0.024
Inhaled corticosteroid 68 (5.4) 293 (4.00 1.38(1.04-1.82) 0.025
Long acting B-agonist 9 (0.7) 49 (0.7) 1.05(0.48-2.27)  0.910
Oral corticosteroid 15 (1.2 48 (0.7)  1.85(1.03-3.33) 0.040
Other bronchodilator medication** 6 (<0.5) 20 (<0.5) 1.80(0.74-4.42) 0.198
Other anti-inflammatory medication*** 1 (<0.5) 4 (<0.5) 1.47(0.16-13.65) 0.733

9 Proportion of cases or controls whose mothers have diagnosis or at least one selected drug prescription in pregnancy

P Odds Ratios (95% Confidence Intervals) adjusted for maternal age at birth of case or control child; Maternal smoking status, body mass index,

socioeconomic status, sex of the child, gestation of pregnancy had no confounding effects.

Y Any asthma medication except oral corticosteroids

*Reference groups are mothers with no prescriptions for the selected drug group in pregnancy

**Aminophylline, theophylline, ephedrine, orciprenaline, titropium, or ipratropium

***Cromoglicate, nedocromil, montelukast or zafirlukast
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Table 6.11  Risk of respiratory system malformation in children born to

women with asthma

cases controls Adjusted
(n=46) (n=265) Odds Ratio®  p-value
n (%)° n (%)° (95% CI)
Maternal asthma:
no asthma diagnosis or medications before delivery 38 (82.6) 228 (86.0) reference
asthma diagnosis or medication" before delivery 8(17.4) 37 (14.0) 1.30(0.50-3.39)  0.596
diagnosis with no medication before delivery 1 (2.2 7 (2.6) 0.70(0.07-6.93) 0.761
asthma medication" but no diagnosis before delivery 2 (4.3 11 (4.2) 1.14(0.25-5.20) 0.865
diagnosis and asthma medication’ before delivery 5(10.9) 19 (7.2) 1.71(0.50-5.78)  0.390
21 asthma exacerbation during pregnancy 0 (<0.5) 0 (<0.5) n/a
21 medication exposure during pregnancy*:
Short acting B-agonist 6 (13.0) 20 (7.5) 2.04(0.68-6.13) 0.203
Inhaled corticosteroid 3 (6.5 12 (4.5) 1.67(0.35-8.02) 0.519
Long acting B-agonist 0 (<0.5) 1 (<0.5) n/a
Oral corticosteroid 0 (<0.5) 1 (<0.5) n/a
Other bronchodilator medication** 0 (<0.5) 0 (<0.5) n/a
Other anti-inflammatory medication*** 0 (<0.5) 0 (<0.5) n/a

9 Proportion of cases or controls whose mothers have diagnosis or at least one selected drug prescription in pregnancy

P Odds Ratios (95% Confidence Intervals) adjusted for maternal age at birth of case or control child; Maternal smoking status, body mass index,

socioeconomic status, sex of the child, gestation of pregnancy had no confounding effects.

Y Any asthma medication except oral corticosteroids

*Reference groups are mothers with no prescriptions for the selected drug group in pregnancy

**Aminophylline, theophylline, ephedrine, orciprenaline, titropium, or ipratropium

***Cromoglicate, nedocromil, montelukast or zafirlukast
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Table 6.12  Risk of cleft lip and palate in children born to women with asthma

cases controls Adjusted
(n=255) (n=1,513) Odds Ratio®  p-value
n (%)° n (%)° (95% CI)
Maternal asthma:
no asthma diagnosis or medications before delivery 214 (83.9) 1,296 (85.7) reference
asthma diagnosis or medication" before delivery 41 (16.1) 217 (14.3)  1.15(0.79-1.67) 0.477
diagnosis with no medication before delivery 11 (4.3 55 (3.6) 1.25(0.60-2.61)  0.559
asthma medication” but no diagnosis before delivery 12 (4.7) 59 (3.9 1.24(0.65-2.37) 0.506
diagnosis and asthma medication" before delivery 18 (7.1) 103 (6.8) 1.05(0.62-1.77) 0.852
21 asthma exacerbation during pregnancy 0 (<0.5) 7 (<0.5) n/a
21 medication exposure during pregnancy*:
Short acting B-agonist 14 (5.5) 115 (7.6) 0.69(0.39-1.24) 0.216
Inhaled corticosteroid 5 (2.0 64 (4.2) 0.45(0.18-1.11) 0.082
Long acting B-agonist 0 (<0.5) 7 (<0.5) n/a
Oral corticosteroid 1 (<0.5) 13 (0.9) 0.47(0.06-3.67) 0.471
Other bronchodilator medication** 1 (<0.5) 8 (0.5 0.80(0.10-6.44) 0.832
Other anti-inflammatory medication*** 1 (<0.5) 2 (<0.5) 3.21(0.29-35.08) 0.340

9 Proportion of cases or controls whose mothers have diagnosis or at least one selected drug prescription in pregnancy

P Odds Ratios (95% Confidence Intervals) adjusted for maternal age at birth of case or control child; Maternal smoking status, body mass index,
socioeconomic status, sex of the child, gestation of pregnancy had no confounding effects.

Y Any asthma medication except oral corticosteroids
*Reference groups are mothers with no prescriptions for the selected drug group in pregnancy
**Aminophylline, theophylline, ephedrine, orciprenaline, titropium, or ipratropium

***Cromoglicate, nedocromil, montelukast or zafirlukast
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Table 6.13  Risk of digestive system malformation in children born to women

with asthma

cases controls Adjusted
(n=166) (n=974) Odds Ratio®  p-value
n (%)° n (%)° (95% CI)
Maternal asthma:
no asthma diagnosis or medications before delivery 139 (83.7) 825 (84.7) reference
asthma diagnosis or medication" before delivery 27 (16.3) 149 (15.3) 1.10(0.71-1.70)  0.670
diagnosis with no medication before delivery 4 (2.4) 45 (4.6) 0.54(0.19-1.52) 0.243
asthma medication" but no diagnosis before delivery 11 (6.6) 36 (3.7) 1.86(0.96-3.62) 0.066
diagnosis and asthma medication’ before delivery 12 (7.2) 68 (7.0) 1.03(0.53-2.00) 0.932
21 asthma exacerbation during pregnancy 0 (<0.5) 2 (<0.5) n/a
21 medication exposure during pregnancy*:
Short acting B-agonist 18 (10.8) 76 (7.8) 1.47(0.86-2.51) 0.156
Inhaled corticosteroid 8 (4.8 41 (4.2 1.17(0.50-2.69) 0.719
Long acting B-agonist 0 (<0.5) 2 (<0.5) n/a
Oral corticosteroid 2 (1.2 8 (0.8) 1.38(0.32-5.97) 0.669
Other bronchodilator medication** 1 (0.6) 0 (<0.5) n/a
Other anti-inflammatory medication*** 0 (<0.5) 0 (<0.5) n/a

9 Proportion of cases or controls whose mothers have diagnosis or at least one selected drug prescription in pregnancy

P Odds Ratios (95% Confidence Intervals) adjusted for maternal age at birth of case or control child; Maternal smoking status, body mass index,

socioeconomic status, sex of the child, gestation of pregnancy had no confounding effects.

Y Any asthma medication except oral corticosteroids

*Reference groups are mothers with no prescriptions for the selected drug group in pregnancy

**Aminophylline, theophylline, ephedrine, orciprenaline, titropium, or ipratropium

***Cromoglicate, nedocromil, montelukast or zafirlukast
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Table 6.14
with asthma

Risk of genital organ malformation in children born to women

cases controls Adjusted
(n=913) (n=5,345) Odds Ratio®  p-value
n (%)° n (%)° (95% CI)
Maternal asthma:
no asthma diagnosis or medications before delivery 797 (87.3) 4,675 (87.5) reference
asthma diagnosis or medication" before delivery 116 (12.7) 670 (12.5) 1.01(0.82-1.26)  0.904
diagnosis with no medication before delivery 30 (3.3) 138 (2.6) 1.31(0.87-1.97)  0.203
asthma medication" but no diagnosis before delivery 29 (3.2) 194 (3.6) 0.89(0.59-1.33) 0.559
diagnosis and asthma medication’ before delivery 57 (6.2) 338 (6.3) 0.98(0.73-1.31) 0.874
=1 asthma exacerbation during pregnancy 3 (<0.5) 21 (<0.5) 0.66(0.23-1.89)  0.439
21 medication exposure during pregnancy*:
Short acting B-agonist 64 (7.0 375 (7.0) 0.98(0.74-1.30) 0.905
Inhaled corticosteroid 37 (4.1) 225 (4.2) 0.93(0.65-1.32) 0.681
Long acting B-agonist 3 (<0.5) 24 (<0.5) 0.72(0.22-2.35) 0.582
Oral corticosteroid 10 (1.1) 40 (0.7)  1.33(0.68-2.61) 0.407
Other bronchodilator medication** 3 (<0.5) 15 (<0.5) 1.11(0.34-3.63) 0.863
Other anti-inflammatory medication*** 1 (<0.5) 9 (<0.5) 0.67(0.08-5.23) 0.699

9 Proportion of cases or controls whose mothers have diagnosis or at least one selected drug prescription in pregnancy

P Odds Ratios (95% Confidence Intervals) adjusted for maternal age at birth of case or control child; Maternal smoking status, body mass index,

socioeconomic status, sex of the child, gestation of pregnancy had no confounding effects.

Y Any asthma medication except oral corticosteroids

*Reference groups are mothers with no prescriptions for the selected drug group in pregnancy

**Aminophylline, theophylline, ephedrine, orciprenaline, titropium, or ipratropium

***Cromoglicate, nedocromil, montelukast or zafirlukast
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Table 6.15  Risk of urinary system malformation in children born to women

with asthma

cases controls Adjusted
(n=313) (n=1,850) Odds Ratio®  p-value
n (%)° n (%)° (95% CI)
Maternal asthma:
no asthma diagnosis or medications before delivery 267 (85.3) 1,628 (88.0) reference
asthma diagnosis or medication" before delivery 46 (14.7) 222 (12.0) 1.25(0.89-1.76)  0.193
diagnosis with no medication before delivery 14 (4.5) 54 (2.9) 1.59(0.87-2.90) 0.132
asthma medication" but no diagnosis before delivery 11 (3.5) 45 (2.4) 1.50(0.77-2.90) 0.232
diagnosis and asthma medication’ before delivery 21 (6.7) 123 (6.6) 1.03(0.63-1.68) 0.921
=1 asthma exacerbation during pregnancy 2 (0.6) 3 (<0.5) 4.32(0.74-25.21) 0.104
21 medication exposure during pregnancy*:
Short acting B-agonist 24 (7.7) 122 (6.6) 1.16(0.74-1.83) 0.518
Inhaled corticosteroid 11 (3.5 75 (4.1) 0.83(0.42-1.63) 0.587
Long acting B-agonist 0 (<0.5) 12 (0.6) n/a
Oral corticosteroid 4 (1.3) 10 (0.5) 2.40(0.76-7.60) 0.138
Other bronchodilator medication** 1 (<0.5) 1 (<0.5) 6.39(0.40-102.91) 0.191
Other anti-inflammatory medication*** 0 (<0.5) 0 (<0.5) n/a

9 Proportion of cases or controls whose mothers have diagnosis or at least one selected drug prescription in pregnancy

P Odds Ratios (95% Confidence Intervals) adjusted for maternal age at birth of case or control child; Maternal smoking status, body mass index,

socioeconomic status, sex of the child, gestation of pregnancy had no confounding effects.

Y Any asthma medication except oral corticosteroids

*Reference groups are mothers with no prescriptions for the selected drug group in pregnancy

**Aminophylline, theophylline, ephedrine, orciprenaline, titropium, or ipratropium

***Cromoglicate, nedocromil, montelukast or zafirlukast
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Table 6.16  Risk of musculoskeletal system malformation in children born to
women with asthma
cases controls Adjusted
(n=1,431) (n=8,372) Odds Ratio®  p-value
n (%)° n (%)° (95% CI)
Maternal asthma:
no asthma diagnosis or medications before delivery 1,213 (84.8) 7,304 (87.2) reference
asthma diagnosis or medication" before delivery 218 (15.2) 1,068 (12.8) 1.25(1.06-1.47)  0.009
diagnosis with no medication before delivery 50 (3.5) 246 (2.9) 1.23(0.89-1.70) 0.214
asthma medication" but no diagnosis before delivery 64 (4.5) 266 (3.2) 1.46(1.11-1.93) 0.007
diagnosis and asthma medication’ before delivery 104 (7.3 556 (6.6) 1.14(0.91-1.43) 0.241
=1 asthma exacerbation during pregnancy 6 (<0.5) 22 (<0.5) 1.71(0.70-4.17)  0.241
21 medication exposure during pregnancy*:
Short acting B-agonist 118 (8.2) 598 (7.1) 1.17(0.95-1.45) 0.132
Inhaled corticosteroid 68 (4.8) 355 (4.2) 1.13(0.86-1.48) 0.383
Long acting B-agonist 10 (0.7) 29 (<0.5) 2.12(1.00-4.49) 0.050
Oral corticosteroid 8 (0.6) 65 (0.8) 0.71(0.33-1.52)  0.381
Other bronchodilator medication** 2 (<0.5) 14 (<0.5) 0.84(0.19-3.63) 0.814
Other anti-inflammatory medication*** 5 (<0.5) 4 (<0.5) 9.38(2.31-38.10) 0.002

9 Proportion of cases or controls whose mothers have diagnosis or at least one selected drug prescription in pregnancy

P Odds Ratios (95% Confidence Intervals) adjusted for maternal age at birth of case or control child; Maternal smoking status, body mass index,

socioeconomic status, sex of the child, gestation of pregnancy had no confounding effects.

Y Any asthma medication except oral corticosteroids

*Reference groups are mothers with no prescriptions for the selected drug group in pregnancy

**Aminophylline, theophylline, ephedrine, orciprenaline, titropium, or ipratropium

***Cromoglicate, nedocromil, montelukast or zafirlukast
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Table 6.17  Risk of other non-categorised malformation in children born to
women with asthma
cases controls Adjusted
(n=407) (n=2,400) Odds Ratio®  p-value
n (%)° n (%)° (95% CI)
Maternal asthma:
no asthma diagnosis or medications before delivery 356 (87.5) 2,102 (87.6) reference
asthma diagnosis or medication" before delivery 51 (12.5) 298 (12.4) 1.04(0.76-1.44) 0.795
diagnosis with no medication before delivery 14 (3.4) 70 (2.9) 1.23(0.68-2.21)  0.499
asthma medication" but no diagnosis before delivery 8 (2.0 73 (3.00 0.65(0.31-1.36) 0.258
diagnosis and asthma medication’ before delivery 29 (7.1) 155 (6.5) 1.15(0.75-1.77) 0.518
=1 asthma exacerbation during pregnancy 2 (<0.5) 7 (<0.5) 1.94(0.40-9.37) 0.408
21 medication exposure during pregnancy*:
Short acting B-agonist 25 (6.1) 164 (6.8) 0.50(0.24-1.06) 0.070
Inhaled corticosteroid 19 (4.7) 92 (3.8) 1.27(0.76-2.13)  0.361
Long acting B-agonist 1 (<0.5) 8 (<0.5) 0.80(0.10-6.58) 0.837
Oral corticosteroid 3 (0.7) 21 (0.9) 0.81(0.24-2.78) 0.741
Other bronchodilator medication** 1 (<0.5) 6 (<0.5) 0.95(0.12-7.84) 0.963
Other anti-inflammatory medication*** 0 (<0.5) 0 (<0.5) n/a

9 Proportion of cases or controls whose mothers have diagnosis or at least one selected drug prescription in pregnancy

P Odds Ratios (95% Confidence Intervals) adjusted for maternal age at birth of case or control child; Maternal smoking status, body mass index,

socioeconomic status, sex of the child, gestation of pregnancy had no confounding effects.

Y Any asthma medication except oral corticosteroids

*Reference groups are mothers with no prescriptions for the selected drug group in pregnancy

**Aminophylline, theophylline, ephedrine, orciprenaline, titropium, or ipratropium

***Cromoglicate, nedocromil, montelukast or zafirlukast
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Table 6.18  Risk of chromosomal abnormalities not elsewhere classified in
children born to women with asthma
cases controls Adjusted
(n=260) (n=1,519) Odds Ratio®  p-value
n (%)° n (%)° (95% CI)
Maternal asthma:
no asthma diagnosis or medications before delivery 238 (91.5) 1,320 (86.9) reference
asthma diagnosis or medication" before delivery 22 (8.5) 199 (13.1)  0.62(0.37-1.03)  0.066
diagnosis with no medication before delivery 9 (3.5 57 (3.8) 1.01(0.43-2.36) 0.984
asthma medication" but no diagnosis before delivery 7 (2.7) 55 (3.6) 0.59(0.25-1.41) 0.236
diagnosis and asthma medication’ before delivery 6 (2.3 87 (5.7) 0.43(0.18-1.02) 0.054
21 asthma exacerbation during pregnancy 0 (<0.5) 2 (<0.5) n/a
21 medication exposure during pregnancy*:
Short acting B-agonist 9 (3.5 99 (6.5) 0.50(0.24-1.06) 0.070
Inhaled corticosteroid 1 (<0.5) 52 (3.4) 0.11(0.01-0.80) 0.030
Long acting B-agonist 0 (<0.5) 1 (<0.5) n/a
Oral corticosteroid 1 (<0.5) 12 (0.8) 0.74(0.09-5.95) 0.774
Other bronchodilator medication** 1 (<0.5) 7 (<0.5) 0.87(0.10-7.71)  0.901
Other anti-inflammatory medication*** 1 (<0.5) 2 (<0.5) 5.04(0.40-63.36) 0.211

9 Proportion of cases or controls whose mothers have diagnosis or at least one selected drug prescription in pregnancy

P Odds Ratios (95% Confidence Intervals) adjusted for maternal age at birth of case or control child; Maternal smoking status, body mass index,

socioeconomic status, sex of the child, gestation of pregnancy had no confounding effects.

Y Any asthma medication except oral corticosteroids

*Reference groups are mothers with no prescriptions for the selected drug group in pregnancy

**Aminophylline, theophylline, ephedrine, orciprenaline, titropium, or ipratropium

***Cromoglicate, nedocromil, montelukast or zafirlukast
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6.4 Discussion

6.4.1 Summary of findings

The results of this study show that the risk of major congenital malformation in
children born to mothers with asthma is similar to that in children born to mothers
without asthma. Cases were only marginally more likely than controls to have
mothers with asthma in each of the defined groups of maternal asthma and there was
only a statistically significant association at the 5% level when the number of
maternal asthma-exposed cases was highest and hence statistical power was greatest.
Since the effect seen here was small (10% increase) and was not present for cases
whose mothers were treated for asthma, this pattern of results overall does not
support an important increased risk of malformation in children born to women with

asthma.

Gestational exposure to asthma therapies did not appear to increase the risk of any
type of congenital malformation, or system-specific malformation, providing
evidence of their general safety in pregnancy. The only exposure of possible concern
was a marked increase in the risk of musculoskeletal malformations associated with

cromone anti-inflammatory medications.
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6.4.2 Strengths and limitations

Statistical power

This is the largest comprehensive multivariate analysis of the potential teratogenic
effects of current asthma medications associated with overall and system-specific
malformations. Since the data are from a large database of prospectively collected
clinical records, the possibility of recall-bias in the exposures of maternal asthma and

prescription medication use can be excluded.

Validity of exposure and outcome data

In assessing the external validity of our study, the population-based prevalence of
current asthma in women of child-bearing age was similar to both UK'? and US"!

national figures.

Since congenital malformations have not previously been investigated in THIN, I
compared prevalence figures for any major malformation and system-specific
malformations in the THIN study population to those from the European
Surveillance of Congenital Malformations and found these to be similar’>*. The
prevalence of any congenital malformation in this study population (286 per 10,000
live births) was slightly higher than the prevalence in UK-based EUROCAT
registries (238 per 10,000 total births). Although the inclusion of only congenital
malformation diagnoses from birth in this study will mean that my estimates are

142335 T 4o not expect that

different from the true prevalence in the population
prenatal diagnosis and resultant termination of pregnancy would be differential

between women with and without asthma.
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It was only possible to compare prevalence figures of system-specific malformations
in the study population with EUROCAT estimates based on all European registries,
which may partially explain the differences found in the prevalence of some
malformations, since there is considerable international and regional variation in the
prevalence of congenital malformations™~****’. The difference in baseline
populations of live births in this study and all live and non-live pregnancy outcomes
in the EUROCAT estimates, more likely explain most of the discrepancy in
prevalence, especially for severe malformations with low survival rates’>". 1 did not
extract potential data on congenital malformation for pregnancies ending in stillbirth,
miscarriage, or therapeutic abortion because it is likely that these details are often not
known or not recorded for non-live birth outcomes which are recorded in the
woman’s record. Furthermore, data from national registries indicate low
ascertainment of congenital malformations for all adverse pregnancy outcomes,
particularly, because of a lack of information on prenatal congenital malformation

diagnoses that result in pregnancy terminations via therapeutic abortion®*.

The most marked discrepancy between my data and the EUROCAT figures were for
neural tube defects which often end in miscarriage or elective termination of
pregnancy’>. The prevalence of neural tube defects in this study population (2.1 per
10,000 live births) was closer to figures from a UK-based prevalence study of neural
tube defects at birth (5.6 per 10,000 live and stillbirths between 1984-1996)** and
the UK Office for National Statistics (from 5.1 per 10,000 live and stillbirths to 1.2

per 10,000 live and stillbirths over the period of 1985 to 1999)***.
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The prevalence figures for system-specific malformations were similar to those from
EUROCAT for each band of maternal age, indicating that ascertainment of cases did
not differ by maternal age. The marked increase in risk of having a child with
Trisomy 21 for women of older maternal age was also demonstrated in the study

population.

Accounting for missing covariate data

I recognise the presence of some missing data for maternal smoking, body mass
index and socioeconomic status. To assess the impact of missing covariate data, [
ensured that they were included as a separate category in all analyses. The
proportions of missing data for each covariate were the same between cases and
controls, however, I repeated analyses using only those with full data for covariates

and obtained similar effect sizes to the overall analyses.

Multiple testing

All studies using repeated statistical analysis to assess several drug exposures in one
population are at risk of revealing spurious associations, because high numbers of
multiple comparison tests result in statistically significant p-values by chance alone
and it is important to consider whether these associations are causal. Studies of drug
safety typically use a 5% level for statistical significance (p<0.05), however, in
consideration of the multiple comparisons in this study odds ratios with highly
significant p-values (p<0.01) should be considered as those most likely not due to
chance. Only the association of musculoskeletal malformations with gestational

cromone exposure had a p-value near this level (p=0.002), however cromone
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exposure was still extremely rare and the possibility that this finding was due to
chance cannot be excluded. Exposure to newer leukotriene receptor antagonists was
also rare in this population which limited a current assessment of their teratogenic

safety in pregnancy.

6.4.3 Interpretation in context of other studies

Association of maternal asthma with congenital malformation

Most previous studies have found no relative increase in congenital malformation in
children born to women with asthma compared with those born to women without

44,48,51,238,241-243
asthma™ ™™

, which is in keeping with the results of currently active asthma
for women in this study, however, few of these previous studies had adequate
statistical power and only two adjusted for potential confounding factors ****. One
study of approximately 600 malformations reported a relative increase of congenital
malformation in children born to women with asthma®’ and although the largest
study of over 20,000 malformations in Hungary found a marginal increased risk
overall (1.2, 95%CI 1.0-1.3), the only system-specific malformation to reach
statistical significance at the 5% level was club foot, which the authors attribute to
more preterm births in women with asthma™. Table 6.19 summarises published
studies that have assessed the risk of congenital malformation associated with

44,47,48,51,241-243
maternal asthma only***"#-" .
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Table 6.19

Studies assessing the association of maternal asthma with congenital malformation in offspring

Asthma study

Congential malformations

Association of

I opulation N=total maternal multivariate
Author, publication Source of study Study pop .. N=total (Number or percent . . . . .
Country . R (pregnancies in . . children with Statistic asthma with adjusted
year population period . pregnancies children born to women R . .
women with / . . malformation congenital analysis
. with / without asthma) X
without asthma) malformation

Acute care hospital 1991-92 &

Liu et al, 2001 Canada admissions database, 2,193 /8,772 10,965 5.9% /5.9% 647* OR 0.99 (0.81-1.21) yes
1995-96
Quebec Med-Echo
Demissie et al, 1998 usa Databaseof hospitals, 4qqq o) 2,289 /9,156 11,445 6.4% / 4.9% 595 OR 1.37 (1.12-1.68) ves
New Jersey
Health centre

recruiting, San Diego g . Major: 4.2% / 6.3% 51* major; 2 _ .
Schatz et al, 1995 USA Kaiser-Permanente 1978-89 486 / 486; matched 972 Minor: 5.0% / 4.9% 36* minor y’test  p=0.149; p=0.537 no

Health Care Program
Stenius-Aarniala et al,
1996 Hospital recruitment, 504 (including 47 4.3% in asthma with attack Only percentages
(Same population as Finland Helsinki Univeristy 1982-92  with exacerbations) / 741 2.5% in asthma no attack 15* none y fesentedg no
Stenius-Aarniala et al, Central Hospital 237; matched 0.8% in non-asthma P
1995)

Hospital recruitment,

Saudi Emergency room of . o o not
Sobande et al, 2002 Arabia Abha Maternity 1997-2000 88/ 106; matched 194 7(7.9%)/1(1.0%) 8 reported
Hospital
Reported "no
. . Hospital recruitment, higher incidence" of
Stenius-Aarniala et al, Finland Helsinki Univeristy 1978-82 198 (1_82 women) / 396 not reported malformations in
1988 . 198; matched
Central Hospital asthma but no data
presented.

Kallen et al, 2000 Sweden Dirthregister, Swedish g0, o5 13 344/ 23 641 36,985 not reported OR 1.05 (0.99-1.10) yes

Medical Birth Registry

*Numbers estimated from published percentages (no numbers presented in paper)
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Only one previous study has compared the prevalence of congenital malformations in
women with and without asthma exacerbations in pregnancy’* and although the
prevalence was slightly higher in women with exacerbations, the study was too small
to a conduct statistical comparison. Schatz et al’'® examined the association with
lung function and found no difference in the prevalence of congenital malformation
in children born to women with a mean FEV<80% predicted compared with that in

children born to women with a mean FEV,>80% predicted.

Association of asthma drug treatment with congenital malformation

Regarding asthma treatment, Jadad et al** emphasised the need for large
observational studies as the only current way to assess the safety of conventional and
new asthma medications in 2000, however, recent reports have again raised the lack
of sufficient data'”'. The US Food and Drug administration continue to classify all
asthma medications as B or C*>**', which stipulate that only animal studies have
provided evidence against teratogenicity and there are no adequate human data to
estimate true risks. The British Thoracic Society grades asthma medications as C or

D" which provide the weakest evidence for safety in pregnancy.

Table 6.20 summarises studies that have reported statistical analyses of congenital

malformations associated with specific gestational drug exposures in maternal

46,53,86,88,240,244,332

asthma and have used unexposed comparison groups , and shows a

comparison with the analysis in this THIN study. Three drug studies were controlled

- - 88,240,332
for potential confounding factors™ "

and only one study had adequate statistical
power to test the effects of varying asthma medication groups but was unable to

control for potential confounders™. This latter Hungarian study® was the only to
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find an increased risk of malformation associated with gestational asthma drug
exposure and this was with fenoterol exposure (unadjusted OR=1.6, 95%CI 1.3-2.0)
although they did not assess this exposure with system-specific malformation.
Relative differences of the Hungarian study to this THIN study include self-reported
maternal asthma drug exposures that were obtained via postal questionnaires after the
birth of the child, differential ascertainment of information between mothers of case
and control children, inclusion of some minor malformations such as club foot and
undescended testis, and an earlier study period (1980 to 1996) resulting in less
asthma medication use overall and rare use of newer asthma therapies such as long

. . 19-321
acting B-agonists™~ ">,
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Table 6.20

associated with gestational exposure to asthma medication

compared with no exposure

Studies reporting statistical analyses of congenital malformation

Children with
congenital
L Gestational malformation Multivariate Increased
Author, publication year . . o
exposure (Number born to analysis risk
women with /
without asthma)
Schatz et al, 1988 Inhaled <50/ <50 * es no
’ bronchodilators y
Stenius-Aarniala et al, 1995 theophylline 10/2 no no
B-agonists,
theophylline,
Schatz et al, 1997 cromolyn, CS, <50/<50* no no
antihistamines,
decongestants
Alexandre et al, 1998 B-agonists, CS 88 /981 yes no
B-agonist, ICS,
Schatz et al, 2004 OCS, theophylline, 42/0* no no
cromoglicates
SABA, ICS, LABA, yes with
. OCS, xanthines, 511/ 22,322 major fenoterol, no
Tamasi et all, 2006 . ek no .
sodium malformation with other
cromoglicate medication
Blais et al, 2006 ICS 418 /0 yes no
SABA, ICS, LABA,
OCS, other .
Current THIN study bronchodilators, 704 /4,420 major yes no
. malformation
other anti-
inflammatories

9 Statistically significant increase in malformation with gestational drug exposure (at 5% level)

* Numbers estimated from published percentages (no numbers presented in paper)

***Mostly major malformations but included some minor (clubfoot, pyloric stenosis, undescended testis)

SABA=short acting B-agonist; LABA=long acting B-agonist
CS=Corticosteroid (unspecified formula); ICS=Inhaled corticosteroid; OCS=oral corticosteroid

other bronchodilators=aminophylline, theophylline, ephedrine, orciprenaline, tiotropium, or ipratropium
other anti-inflammatories=cromoglicate, nedocromil, motelukast or zafirlukast
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Table 6.21 and Table 6.22 include comprehensive lists of publications that have

reported teratogenic assessments of asthma medications using study populations of

46,99,294,304,306,332

women with asthma only and with non-asthma comparison

groups” 08823824024 " poaghectively. Most studies have been considerably

underpowered and multivariate analyses to adjust for potential confounding factors

have not been conducted.
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Table 6.21  Studies assessing the association of maternal asthma medication use in pregnancy with congenital malformations in
offspring, using populations of women with maternal asthma only
Congential malformations o . -
Author, Pregnancy drug 9 N=total Association of congenital multivariate
.. Source of study Study X N=total (Number or percent . . .. X R . .
publication Country . . exposures in . R . children with Statistic = malformation with gestational drug adjusted
population period . pregnancies children in exposure . .
year gestation malformation exposure analysis
group)
No analysis of asthma versus no asthma or
drugs in asthma versus no asthma.
Any Malformation: [Compared with no ICS use
. . in 1st trimester-Low dose 0.76 (0.56-1.05);
linkage of 3 Quebec 1,821 pregnancies Medium dose: 0.39 (0.19-0.82); High dose
Blais ot al databases containing 1990.  'CS-treatedin 1st 0.92 (0.42-2.03) T; [ICS use before pregnanc
! Canada births(1SQ), medication trimester 4,561 278 major / 140 minor 418 OR ' | PO preg Y yes
2006 . ) 2000 . 1.19 (0.89-1.60) ; LABA use before pregnancy
dispensing (RAMQ) & (4,561 pregnancies
hospitalisations (MED-ECHO) in 3,505 women) 283 (1.34-5.97)] /
P ’ Major malformation: [Compared with no ICS
use in 1st trimester: Low dose 0.94 (0.63-
1.39); Medium dose: 0.56 (0.22-1.43); High
dose 1.92 (0.78-4.74)]
0, . ot 0,
Schatz et al, Health units recruiting, asthma 1,828 on B-agonist, 2.0% of B-agonist-treated, 1.9%
. of ICS-treated, 2.2% of OCS-
2004 observational study or RCT of 722 on ICS, h
(Same stud beclomethasone versus 185 on OCS treated, 1.5% of theophyliine- Reported non-significant p-value but no
SWay - ysa X 1995-99 3, 2,123 treated, 3.3% of cromolyn- 42+ L test ported non-signiticant p no
population as theophylline, 16 centres of 273 on theophylline, . statistical testing presented.
- . nedocromil-treated / average of
Schatz et al, Maternal-Fetal Medicine Units 60 on cromolyn- 2.0% in pregnancies unexposed
2006) Network (MFMU) Network nedocromil H% iIn preg P
to each drug.
. Selected from patients in RCT . o/ .
Silverman et UK of low-dose budesonide 1996-98 102 on budesonide / 219 1(1.0 A))oln pudesonlde/ 5 none
al, 2005 - ) 117 on placebo 4 (3.4%) in placebo
versus placebo in 32 countries
Recruited patients of . )
. . Reported that 'rate' was no higher than in the
Namazyetal, g, allergists, 35 states, American  1996- 594 g yroated 396 4(1.0%) 4 none  general population(All 1991 American single
2004 College & Academy of Allergy, 2002 ) X
live births)
Asthma and Immunology
Greenberger Recruited from consultation, 80 in 73 women with 1 malformation in group with and 1 in grou
etal 1983 USA Northwestern University 1981-87 severe asthma 80 2 (2.5%) 2 ¥ test without emer ch pasthma thera group no
! Allergy Service requiring ICS or OCS gency Py
e
Otsukaetal, .~ Hospital recruitment, Showa ~ 1987- 592, divided into 592 119'95 4/"( ;gelscvvso?n)(::)s%?’/bm?s o none
2005 P University Fujigaoka Hospital 2003 before/after 1994 ey

exposed after 1994.

CS=Corticosteroid(unspecified formula); ICS= Inhaled corticosteroid; OCS=oral corticosteroid; FEV1=Forced expiratory volume in 1 second; RCT=Randomised controlled trial
*Numbers estimated from published percentages (no numbers presented in paper)
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Table 6.22

Studies assessing the association of maternal asthma medication use in pregnancy with congenital malformations in

offspring, using populations of women with maternal asthma and comparison women without asthma

Congential

Asthma study .
opulation malformations N=total multivariate
Author, Source of study Study Pop L N=total = (Number or percent . . . .. Association of maternal asthma .
g Country . . (pregnancies in . . children with Statistic . . . adjusted
publication year population period . pregnancies children born to . with congenital malformation .
women with / . malformation analysis
without asthma) women with /
without asthma)
1,268 (511 with maternal
) . ; o
National congemtal asthma in cases (2..2A: 511/ 22,322 12 (1.0-13).
. malformation of cases) & 757 with o yes for
Tamasi et al, 2006 ; . . [N.B. Study was case- Analyses of association between
(Same population registry, Hungarian maternal asthma in control of malformation: congenital malformation & asthma maternal
pop Hungary ~ Case-Control  1980-96 controls (2.0% of 60,994 : 22,843 OR 9 orma asthma;
as Czeizel et al, Surveillance of controls)) / 59,726 22,843 cases drugs were only in children of women no for asthma
1997 and 2003) . S malformation & 38,151 with asthma (N=1,268): No evidence of
Congenital [N.B. Study population L drug exposures
s . controls] associations found.
Abnormalities was of malformation
case-control]
0,
Alexandre et al Hospital delivery 817 (375 no medication, mesdti;c(azt‘ilofgf();g"/) 0.9 (0.6-1.4) no medication;
’ Canada recruitment, Grace 1991-93 303 on B-agonists, 139 14,526 L Ry 1,037 OR 1.0 (0.6-1.6) on B-agonists; yes
1998 Maternity Hospital on CS)/ 13,709 on B-agonists, 8 (6.2%) 0.8 (0.4-1.7) on CS
y Hosp : on CS)/ 981 (7.7%) © A
1,739 (divided into mild,
moderate-severe
divisions) / 881
[N.B. Severity
Health units classfication included
. recruiting, 16 symptoms, FEV1, 69 (36(4.2%) moderate- . g .
ZD(‘)’(’;:‘bmWSk' etal  USA  centres of Maternal- 1994-99 medication use where 2620  severe, 33(3.9%) mild) / 103 or M (0'71 z)'z()) rg_‘;dg)r i:i ;Z‘é‘f&gsmma' no
Fetal Medicine Units mild=no daily 34(3.9%) B
Network (MFMU) medication, moderate-
severe=daily

maintenance
medications or regular
0OCS]

Table continues on next page

CS=Corticosteroid(unspecified formula); ICS= Inhaled corticosteroid; OCS=oral corticosteroid
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Table 6.22 continued from previous page

Asthma study . .
R Congential malformations A
Author, Source of population N=total e multivariate
s Study L N=total (Number or percent . . . .. Association of maternal asthma R
publication Country study . (pregnancies in . . children with Statistic . . . adjusted
. period . pregnancies children born to women . with congenital malformation .
year population women with / . . malformation analysis
. with / without asthma)
without asthma)
Health centre Major: (3.9% on B-agonists, S : .
recruiting, 6.0% no B-agonist) asthma / p=0.05 for B-agonist §xposed or
Kaiser- 6.4% no asthma: unexposed compared with no asthma
Permante 360 (259 on B-agonists & Minor'. (4.7% on p-a ’onist Not calculable (1st trimester or all gestation) and for  reported yes,
Schatz et al, 1988  USA . 1978-84 101 not using 655 R 9 ’ (estimate: ¥ test, OR dose-related trend. but not
Prospective ) 5.0% no B-agonist ) asthma / L ’ ) ) .
Study of B-agonists) / 295 7.5% no asthma. Similar definitely <100) Reported no relationship found in presented
- 0 . . .
Asthma During proportions for 1st trimester multivariate ?2:2:122 but no data
Pregnancy drug exposure only P ’
No proportions presented by No analysis of asthma versus no
Health centre maternal asthma status. asthma or drugs in asthma versus no
recruiting, Proportions presented for asthma.
Kaiser- exposed & unexposed to Not calculable p=0.05 for all comparisons of exposed
Schatzetal, 1997  USA Permante 475 g9 824 /678 1,502 several medication groups (estimate: test versus unexposed to f-agonist, no
Prospective (range=3.7-6.9%). definitely <100) theophylline, cromolyn, CS (including
Study of Categorisation by CS: 7.0% on y inhaled, intranasal), antihistamines,
Asthma During OCS, 5.4% on ICS (for asthma) decongestants (1st trimester or all
Pregnancy or intranasal CS (for rhinitis) / gestation) and for dose-related trend
average of 4.9% in unexposed across corticosteroid categorisation.
Stenius-Aarniala Pulmonary
etal, 1995 . medlcme‘and 504 (212 on theophylline 8(3.8%) in exposed asthma/ Reported non-significant p-value (level
(Same population maternity 1982-
as Stenius- Finland outoatient 1990 & 292 not using 741 2(1%) in unexposed asthma / 12 X2 test not indicated) comparing exposed and no
Aarniala et al cFI)inic theophylline) / 237 2(0.8%) in no asthma unexposed asthma with no asthma
1996) recruitment

CS=Corticosteroid(unspecified formula); ICS= Inhaled corticosteroid; OCS=oral corticosteroid
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Some studies that have reported to assess the potential teratogenic effects of
medications used for asthma have been in general populations with no identification
of the condition for which the medications were indicated and it is therefore likely
that some women were prescribed these medications for reasons other than asthma.
Table 6.23 summarises these studies, most of which assessed the effects of

| - 14331 .
corticosteroids™>-318-333-336

, one which assessed the effect of aminophylline™’ and one
which assessed the effect of unspecified inhaled bronchodilators™. These studies
show that drug exposures do not pose an overall risk of any congenital malformation.
Studies of corticosteroid exposures have mostly assessed combinations of forms or

unspecified forms that may or may not be used for asthma specifically’>>>>°

, while
318,334 . 43 . .
some have made separate assessments of oral and inhaled™ corticosteroids. In

the study assessing oral aminophylline®®’, less than 3% of exposed women had a

diagnosis of asthma.
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Table 6.23  Studies assessing the association of congenital malformations in offspring with gestational use of medications used for
asthma, but no asthma populations specified

Study population of

Author, Pregnanci . N= | . . . . multivari
u_t o_, Source of study Study egnancies N=total congential . tota . e Association of congenital malformation with “ t ariate
publication Country . N exposed / unexposed . . children with Statistic . adjusted
population period : . births malformations . gestational drug exposure .
year in gestation malformation analysis
(& controls)
Czeizel et al,
2003 National congenital
(Same malformation registry, o p=0.05 for most OR associations system-specific malformations.
population as Hungary Hungarian Case-Control  1980-96 6% of bot.h cases and controls 60, 994 22,843 22,843 OR 4.7(1.3-17.2) early pregnancy or 1.5(0.9-2.2) all gestation yes
X g . oral aminophylline exposed (& 38,151 controls) .
Czeizel et al, Surveillance of Congenital exposure & musculoskeletal malformation.
1997 & Tamasi Abnormalities
et al, 2006)
Czeizel et al,
1997 National congenital . .
(Same malformation regist 392(1.9%) cases CS exposed / No multivarate analysis presented for CS exposure and any yes, but only
onulation as Hunaar Hunaarian Case—gonrg‘;)l 1980- 616 (1.7%) controls CS exposed 56557 20,830 20.830 x2 test, malformation. p=0.17 for all CS exposed. for system-
p p' gary g . 1994  (categorised as oral, ointment, ! (& 35,727 controls) ! OR p=0.05 for all OR associations of oral/topical CS with any specific
Czeizel et al, Surveillance of Congenital spray) I i d t syst ifi I i malformation
2003 & Tamasi Abnormalities pray malformation and most system-specific malformations.
et al, 2006)
Hospital/genetic 662 orofacial clefts, 207
Carmichael et al counsZIlin grecords heart defects, 265 nerual 5.3(1.1-26.5) for cleft palate and 4.3(1.1-17.2) for cleft lip w/wo
! USA unseting y 1987-89 13 CS exposed 2,033 tube defects, 165 limb 1,299 OR palate associated with CS use; p=0.05 for all OR associations of no
1965 California Birth Defects ; . . .
Monitoring System reductions other congenital malformations with CS use.
g Sy (& 734 controls)
Recruited from all births 0.3(0.2-0.7) continuous bronchodilator exposed, 1.0(0.2-4.2)
Queisser-Luft et German Mainz birth defects ! 1990-94 102 bronchodilator exposed, 57 11.154 1,472 1.472 OR continuous CS exposed for any malformation. 5.8(1.4-24.0) no
al, 1996 Y . CS exposed ’ (& 9,682 controls) : continuous & 5.3(1.3-22.0) acute bronchodilator exposed for
monitoring system
heart defect.
Hospital-based 5 case & 1 controls CS exposed
Rodriguez-Pinilla . surveillance, Spanish in early pregnancy 1,184 oral clefts
et al, 1998 Spain Collaborative Study of 1976-95 (prednisolone, triamcinolone, or 2,356 (& 1,172 controls) 1,184 OR 5.0(0.6-12.6) no
congenital Malformations hydrocortisone)
P -
2,014 women ICS(budesonide) 757 /"r)\;;gr'“d'"g 41
Kallen et al, Birth register, Swedish 1995- exposed in early pregnancy / . Reported similar period prevalence to that in all infants from birth
1999 Sweden \iedical Birth Registry 1997 Comparison= rest of birth 2,014 [N.B. Study population s none register (3.5%) no
. was selection of women
register .
in pregnancy]
Y
Recruited from telephone 111 women CS(prednisolone) 3‘1'((235’//3)i:'1nue:§)?s<)e:eizl
Park-Willey et al, callers to the Motherisk ) p o P : 2 p=0.3 all malformations. Oral clefts but not all malformations
Canada . 1985-95 exposed in 1st trimester / 172 283 [N.B. Study population 7 ¥ test . . . . no
2000 Program (& Meta-analysis N associated with CS in meta-analysis
women unexposed was selection of women

of 4 studies) .
in pregnancy]

CS=Corticosteroid(unspecified formula); ICS= Inhaled corticosteroid; OCS=oral corticosteroid
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6.4.4 Conclusions

The findings of this study indicate no increase in the risk of major congenital
malformation in children born to mothers with currently treated asthma, however,
there may be a small increase for children born to women with previous asthma
diagnoses. Management of asthma with medications during gestation, in accordance
with the current guidelines, appears to be safe overall. However, older cromones
may carry a moderate teratogenic risk and their use in pregnancy should be

cautioned.
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7 Conclusions and recommendations for future research

7.1

Summary of main findings

The main findings of my thesis are as follows:

Fertility rates are not lower in women with asthma compared with women in the
general population without asthma, and women with eczema and hay fever have
slightly higher fertility rates than women in the general population. The strong
birth order effects in allergic disease are not explained by reduced fertility in
women with allergic disease.

Women with asthma have a similar risk of pregnancy ending in stillbirth or
therapeutic abortion, but may have a small relative increase in risk of pregnancy
ending in miscarriage, compared with women without asthma.

Women with asthma have similar risks of pregnancy complications compared
with women without asthma. They do, however, have an increased risk of
antepartum haemorrhage, postpartum haemorrhage and depression in pregnancy.
Children born to women with asthma are more likely to be delivered by
caesarean section and may have a small increase in risk of preterm delivery and
low birth weight.

Asthma severity and acute exacerbations, whether before or during pregnancy, do
not have a large impact on the risk of adverse pregnancy outcomes or obstetric
complications, with the exception of miscarriage, depression in pregnancy and

caesarean section delivery.
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= The risk of major congenital malformation in children born to mothers with
asthma is marginally higher than that in children born to mothers without asthma,
however, this is not found in children whose mothers are currently treated for
asthma. Gestational exposure to commonly used asthma medications does not
increase the risk of major congenital malformation, but cromone use may

increase the risk of musculoskeletal malformation in offspring.

7.2 Clinical implications

The studies in this thesis provide reassuring evidence that women with asthma have
similar risks associated with pregnancy and with perinatal outcomes to women

without asthma. Three principal implications can be drawn for women with asthma:

Firstly, this research provides the most compelling evidence thus far in support of the
current clinical guidelines on the management of asthma during pregnancy. In view
of the established effectiveness of asthma medications in reducing immediate and
prolonged morbidity from asthma symptoms, it is advisable not to alter current
practice of optimal monitoring and pharmacological management of asthma in

women of childbearing age and pregnant women.

Secondly, with regard to the potential teratogenic effect of cromones, it is advisable
that theses medications are avoided during pregnancy unless future studies provide
evidence otherwise. The UK guidelines on asthma management currently contain no
information on the use of cromones during pregnancy and the US guidelines include

only two small human studies, so this information is an important addition.

196



Thirdly, the largest risk for women with asthma by far, was an increase in depression

in pregnancy. This was independent of prior depression and increased with asthma

severity. Increased vigilance in monitoring this complication should be considered

in light of the established adverse effects of depression on pregnancy.

7.3

Suggestions for further research

The finding of an increased risk of haemorrhage was unexpected and requires
further investigation. Although this thesis captured rare, severe haemorrhage it is
likely that less severe occurrences of haemorrhage were not included in the
general practice data, and these also have clinical importance. One possible way
to further study haemorrhage would be to use prospective data collection of from
antenatal care starting in the first trimester. These data would provide the most
comprehensive information on prevalence and severity of antepartum and
postpartum haemorrhage. With information from numerous clinical centres, a
case-control approach would be the most efficient way to assess the risk

associated with maternal asthma and asthma severity.

The increased risk of miscarriage was also unexpected and needs consideration.
Miscarriage is difficult to study because women recognise their pregnancies at
different stages of gestation and many miscarriages occur without the woman
notifying any medical care services. A large case-control study of women with
multiple miscarriages could provide initial information as to whether the risk

found in this thesis is a true increase. To study the impact of current asthma
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severity on miscarriage, however, a cohort study of women from the first

identification of pregnancy would be required.

The potential for higher depression rates in pregnant women with asthma
compared with pregnant women without asthma is of great importance for
monitoring and clinical management as it is perhaps the biggest threat to the
obstetric health of these women. Depression has already been recognised as a
significant problem during pregnancy and in the postnatal period. Higher rates of
depression are also found in people with chronic conditions, including asthma,
than in people without chronic medical conditions. Further clarification is
needed to determine whether the increased risk of gestational depression found in
this study is specifically associated with pregnancy or whether it represents the
already higher prevalence of depression in all women with asthma. A cohort
study of the incidence of depression and antidepressant use in pre-conception,
gestational and postnatal periods has already been planned using the thesis data.
This approach could also identify whether antenatal or postnatal depression is

modified by changes in asthma severity and acute exacerbations in pregnancy.

Although the teratogenic assessment of asthma medications in this population
indicated that they were generally safe, larger studies are still required to assess
newer drugs. Cromones are now in less use, however, population-based case-
control studies of leukotriene receptor antagonists will be needed as these

medications become more widely used.
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The studies in this thesis have also demonstrated the usefulness of primary care
data as a research tool for perinatal epidemiology, a field which requires large
study populations. This provides an exciting opportunity to assess the impact of
other chronic illnesses and gestational drug exposures on pregnancy and perinatal

outcomes.
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Appendix A. Published papers from thesis work

LJ Tata, RB Hubbard, TM McKeever, CJP Smith, P Doyle, L Smeeth, J] West and
SA Lewis. Fertility Rates in Women with Asthma, Eczema and Hay Fever: A
General Population-Based Cohort Study. American Journal of Epidemiology
2007; 165(9): 1023-30.

LJ Tata, SA Lewis, TM McKeever, CJP Smith, P Doyle, L Smeeth, ] West and RB
Hubbard. A Comprehensive Analysis of Adverse Obstetric and Pediatric
Complications in Women with Asthma. American Journal of Respiratory and
Critical Care Medicine 2007; 175(10): 991-7.

LJ Tata, SA Lewis, TM McKeever, CJP Smith, P Doyle, L Smeeth, JE Gibson and
RB Hubbard. Congenital malformations in children born to women with asthma.
Submitted and currently under review.
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Appendix B. Abstracts of thesis work presented at conferences

American Thoracic Society International Conference, May 2006
Oral presentation of original research:

Fertility in Women with Asthma, Eczema and Hay Fever:
A Population-Based Cohort Study

L.J. Tata', C.JP. Smith%, T.M. McKeever', P. Doyle3, L. Smeeth®, J. West', J. Britton', S.A.
Lewis” and R.B. Hubbard'

'Epidemiology & Public Health, University of Nottingham, Nottingham, England; “Respiratory
Medicine, University of Nottingham, Nottingham, England and *Epidemiology & Population Health,
London School of Hygiene & Tropical Medicine, London, England

Introduction It has been suggested that the protective impact of higher birth order
on the risk of developing allergic disease is mediated by decreased fertility in women
with allergic disease. Furthermore, current evidence indicates that women with
asthma have later onset of menarche and irregular menstruation, thereby possibly
reducing their fertility.

Methods We used computerised primary care data from the United Kingdom to
conduct a cohort analysis of 491,538 women. We estimated the general fertility rate
(number of live births per female population age 15 to 45 years) and age-specific
fertility rates over the period of 1994 to 2004. We compared these rates in women
with asthma, eczema or hay fever to women without these diagnoses, using Poisson
regression.

Results Fertility rates were 53.0 and 52.3 live births per 1,000 person-years in
women with and without asthma, respectively. The fertility rate ratio for women
with asthma compared to women without asthma was 1.02, 95% confidence interval
(CI) 1.00-1.04 after adjusting for age, smoking status and body mass index. The
equivalent fertility rate ratios for women with eczema or hay fever were 1.15, 95%CI
1.13-1.17 and 1.09, 95%CI 1.07-1.11, respectively. Age-specific fertility rates were
similar to the overall rates when we compared women in each allergic disease group
to women in the general population.

Conclusion We found no evidence to suggest that the fertility of women with
asthma, eczema or hay fever is lower than that of women in the general population.
Indeed there is some evidence that their fertility rates are slightly higher than that
expected over this period.
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European Respiratory Society Annual Congress, October 2006

Oral presentation of original research:

Adverse pregnancy outcomes in women with asthma

LJ Tatal, CcJp Smith3, Y | McKeeverl, P Doylez, L Smeethz, J Westl, J Brittonl, S A Lewis®
and R B Hubbard'

'Epidemiology & Public Health, University of Nottingham, Nottingham, United Kingdom;
*Epidemiology & Population Health, London School of Hygiene & Tropical Medicine, London,
United Kingdom and *Respiratory Medicine, University of Nottingham, Nottingham, United
Kingdom.

Introduction Previous studies have raised concern that women with asthma have
increased risks of obstetric complication and have babies with reduced foetal growth
and higher risk of neonatal death. No studies have quantified risks of stillbirth,
miscarriage and therapeutic abortion in women with asthma compared to women in
the general population.

Methods We extracted information on 371,210 pregnancies in 231,410 women from
computerised primary care data in the United Kingdom. Using logistic regression, we
compared the risk of stillbirth, miscarriage (spontaneous abortion) or therapeutic
abortion in women with asthma to that in women without asthma. We calculated
odds ratios (OR) with 95% confidence intervals (CI) unadjusted and adjusted for
maternal age, smoking status and body mass index.

Results In 49,223 pregnancies in women with asthma, there was no evidence of an
increased risk of stillbirth when compared to 321,987 pregnancies in women without
asthma (Table). Women with asthma had a modest increase in risk of miscarriage
however they were less likely to have a therapeutic abortion.

Conclusion We found reassuring evidence that women with asthma are not at a large
increased risk of adverse pregnancy outcome compared to women without asthma.
Although some evidence indicates that they are more likely to experience
miscarriage, they have the same risk of stillbirth and have lower risk of therapeutic
abortion compared to women in the general population.

Unadjusted odds ratio Adjusted odds ratio
Adverse pregnancy outcome . .
(95% confidence interval) (95% confidence interval)
Stillbirth 1.04 (0.90 to 1.20) 1.00 (0.87 to 1.16)
Miscarriage 1.10 (1.07 to 1.14) 1.13 (1.10 to 1.16)
Therapeutic abortion 1.03 (1.01 to 1.06) 0.93 (0.91 to 0.96)
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The 23rd International Conference on Pharmacoepidemiology & Therapeutic
Risk Management, August 2007

Submitted for oral or poster presentation of original research:

Congenital Malformations in Children born to Women with Asthma

L J Tata', S A Lewis', T M McKeever', C JP Smith', P Doylez, L Smeeth?, J E Gibson' and R B
Hubbard'

'Epidemiology & Public Health, University of Nottingham, Nottingham, United Kingdom and
*Epidemiololgy & Population Health, London School of Hygiene & Tropical Medicine, London,
United Kingdom.

Background: Clinical advice to pregnant women with asthma is to maintain optimal
therapeutic management, however, the potential adverse effects of asthma treatments
on foetal development remain uncertain. Considering that congenital malformations
remain one of the leading causes of neonatal mortality in western countries and that
asthma now affects 10% of pregnant women, there is pressing need for large studies
to examine the potential teratogenic effects of asthma medications.

Objectives: To assess the association of maternal asthma and gestational exposure to
asthma medication with the risk of congenital malformation

Methods: Using primary care data from The Health Improvement Network, we
conducted a matched case-control study.

Results: 5,124 cases of children born with congenital malformations and 30,053
matched controls were included. Children born to women with asthma had a
marginal increased risk of major congenital malformation (OR=1.10, 95%CI 1.01-
1.20). However, no association was present in children born to women receiving
asthma treatment in the year before or during pregnancy (OR=1.06, 95%CI 0.94-
1.20). Gestational exposure to short acting-agonists, inhaled corticosteroids, long
acting-agonists, oral corticosteroids, other bronchodilator medications or cromones
was not associated with an increased risk of malformation overall. Maternal asthma
was associated with circulatory system malformations in children (OR=1.20, 95%CI
1.01-1.43) and this increase in risk was primarily in children with gestational short
acting-agonist and corticosteroid exposure. There was a similar risk of
musculoskeletal system malformation associated with maternal asthma (OR=1.25,
95%CI 1.06-1.47) which was primarily in children with gestational cromones.
Conclusions: Women with currently treated asthma did not have an increased risk of
having children with congenital malformation, although we found some evidence of
an increased risk for women with previous asthma diagnoses. Gestational asthma
drug exposures were safe overall, however, cromones may pose moderate risk and
the potential risk of circulatory system malformation associated with some asthma
medications is of concern.
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Appendix C. Code lists of medical diagnoses, clinical measurements
and prescriptions on attached CD

Medical 1.

Medical 2.

Medical 3.

Medical 4.

Medical 5.

Medical 6.

Medical 7.

Medical 8.

Medical 9.

Medical 10.

Medical 11.

Medical 12.

Medical 13.

Medical 14.

Medical 15.

Medical 16.

Medical 17.

Medical 18.

Medical 19.

Medical 20.

Medical 21.

Medical 22.

Pregnancy and delivery

Gestation (preterm, term, post-term delivery)
Birth weight (low, normal, high birth weight)
Fetal position in utero

Mode of delivery

Congenital malformation (11 system-specific malformation groups)
Haemorrhage (antepartum and postpartum)
Placental insufficiency

Placental abruption

Placenta praevia

pre-eclampsia and eclampsia

Hypertension (general and pregnancy-specific)
Diabetes (general and pregnancy-specific)
Anaemia (general and pregnancy-specific)
Thyroid disorder (general and pregnancy-specific)
Depression (general and pregnancy-specific)
Blood pressure

Stillbirth

Miscarriage

Therapeutic abortion

Asthma (asthma diagnoses and asthma exacerbations)

Eczema
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Medical 23. Hay fever
Medical 24.  Smoking status

Medical 25. Body mass index (weight and height)

Prescription 1. Short acting B-agonist
Prescription 2. Inhaled corticosteroid
Prescription 3. Long acting B-agonist
Prescription 4. Oral corticosteroid
Prescription 5. Other bronchodilator
Prescription 6. Other anti-inflammatory

Prescription 7. Combination therapy of respiratory medication
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