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Women may enter pregnancy with pre-existing conditions such as epilepsy, diabetes and 

chronic hypertension, or may become high-risk during the course of pregnancy from new 

onset conditions such as pre-eclampsia and gestational diabetes. In both circumstances, in 

addition to complications to the mother, the offspring is at increased risk of prematurity 

related complications, which may affect their long-term neurodevelopmental impairment. As 

a result, preterm birth, which occurs in approximately 7% of all live births is now the leading 

cause of adverse new-born outcomes.1  

 

The antenatal care model aims to identify early those women (apparently low-risk and high- 

risk mothers) who may suffer adverse pregnancy outcomes.2 The goal is to categorise 

pregnant women into high and low risk groups; with high-risk women offered information, 

further tests and treatment to reduce complications arising from the condition, while low-risk 

women receive routine antenatal care, and avoid unnecessary interventions.3 Access to 

individualised risk estimates for complications in pregnancy will enable clinicians to provide 

targeted care.   

 

Risk factors for adverse outcomes in obstetrics include maternal characteristics, obstetric 

history, clinical, laboratory and ultrasound findings. Prediction models are tools that combine 

predictors such as the above in a mathematical model to aid clinicians in making 

individualised risk predictions.4 Although clinicians’ intuition has a place and a role in 

prediction, statistical prediction models are more accurate in predicting outcomes than what 

is achieved without using such tools.5 

 

In this thesis, I explored risk prediction in three groups of women: those who enter pregnancy 

apparently healthy; those diagnosed with a high-risk condition for the first time in pregnancy 

10 
 

i.e., pre-eclampsia and those who enter pregnancy with a pre-existing medical condition i.e., 

epilepsy. In addition to the development and validation of prediction models, the magnitude 

of risk of complications for high-risk conditions in mother (epilepsy) and offspring 

(prematurity) has been quantified. I also explored the possibility of a novel strategy, which 

could significantly reduce the risk of preterm birth.  

 

The three main high-risk conditions in mother and offspring studied in this thesis are pre-

eclampsia, epilepsy and preterm birth. 

 

Pre-eclampsia  

Pre-eclampsia is a multisystem disorder in pregnancy associated with hypertension and 

proteinuria, 6-8 and is a leading cause of maternal deaths worldwide. 9 It is one of the 

commonest causes of maternal admission to intensive care in high-income countries10 and is 

associated with increased perinatal mortality, fetal growth restriction, and contributes to 10% 

of stillbirths and 15% of preterm births.11, 12 Each year, ten million pregnant women develop 

pre-eclampsia worldwide; about half a million babies and 80,000 of these women die from 

the disorder annually.13  

 

The pathogenesis of pre-eclampsia begins early in pregnancy, which provides an opportunity 

for early risk stratification, prevention or diagnosis. Being able to quantifying a woman’s risk 

of developing pre-eclampsia during the course of pregnancy will be important in guiding 

clinical decisions and monitoring strategies. Mothers at high risk of pre-eclampsia will 

require close monitoring in pregnancy, and can be started on preventive interventions such as 

aspirin to reduce the possibility of adverse outcomes. Early commencement of these 

interventions has the potential for maximal benefit.14  
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When pre-eclampsia occurs before 34 weeks’ gestation, known as the early onset disease, it 

increases the risk of maternal complications considerably, with a 20-fold higher maternal 

mortality than the late onset disease.15-17 The only definitive treatment is delivery of the 

placenta and baby, often preterm. However, fetal and neonatal benefits from delaying the 

pregnancy needs to be balanced against the risk of multisystem dysfunction in the mother. 

Expectant management of preterm pre-eclampsia focuses on safely prolonging pregnancy 

through intensive monitoring, such that maternal and fetal complications can be prevented.18, 

19 The early identification of mothers with early onset pre-eclampsia at risk of complications, 

will allow clinicians to make decisions on initiating interventions such as administration of 

steroids, and if needed, in-utero transfer to a tertiary unit.  

 

Epilepsy 

Epilepsy is one of the commonest neurological conditions affecting women of reproductive 

age.20-22 Around 50 million people worldwide have epilepsy, with about 2.5 million new 

diagnosis each year.23 Women with epilepsy are ten times more likely to die during 

pregnancy than those without the disorder.22 Pregnancy outcomes such as fetal growth 

restriction and admission to the neonatal intensive care unit, are also worsened as a result of 

exposure to anti-epileptic drugs.24 Successive UK Confidential enquires into maternal deaths 

have highlighted the need to manage mothers with epilepsy as a high-risk condition,9 

however the care of these women continues to remain fragmented, with only a few units in 

the UK providing joint obstetric-epilepsy care.25 In addition to maternal and fetal risks, the 

effects of seizures extend into daily living, resulting in loss of driving license, negative 

impact on employment, relationships, and quality of life.26-30 
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Adequate engagement with women diagnosed to have epilepsy is needed during pre-

conception and pregnancy to plan appropriate management.9 Quantification of the pregnancy 

related risks in women with epilepsy is essential in aiding counselling and provision of care. 

Identifying mothers with epilepsy at risk of complications may help to focus on care, 

including frequent visits to the multidisciplinary obstetric epilepsy teams.  

 

Preterm birth 

One in ten babies born worldwide are born preterm,31 and it accounts for about a million 

deaths in the neonatal period, as well as an additional 125,000 deaths in children before they 

are five years old, making it the leading cause of both neonatal and childhood mortality.32 At 

least 40% of spontaneous preterm birth cases are associated with intrauterine infection most 

commonly caused by vaginal pathogens that have replaced the normal lactobacilli causing 

Bacterial Vaginosis (BV).33, 34 More women are also being delivered iatrogenically to 

minimize complications from high-risk conditions such as pre-eclampsia, epilepsy and 

gestational diabetes.35 There are now more children being born before 37 weeks’ gestation 

than ever before due to an increase in the survival and rates of preterm birth.34, 36, 37 Advances 

in neonatal care means more new-borns at extreme premature gestation have an increased 

chance of survival.37 In addition to the short-term complications necessitating neonatal 

intensive care, 38-40 children born preterm are at increased risk of cognitive, motor, and 

behavioral difficulties in the long-term.41-46 Since reduction in infant mortality has not been 

accompanied by a similar change in preterm birth related adverse outcomes, the absolute 

numbers of individuals affected is increasing.47 Implementation of available interventions 

advocated to prevent preterm birth is estimated to only reduce its incidence by 5%,48 and this 

makes the need to develop new strategies for its primary prevention a high priority.  
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Preterm birth and its consequences have a negative impact on the quality of life of not only 

affected individuals and but also their families.49, 50 Parents are currently provided prognostic 

estimates of the short-term complications for infants who are born or expected to be delivered 

preterm, however they are given limited prognostic information on the long-term outcomes.51 

The effect of preterm birth on the cognitive, motor, behavioural and academic performance at 

various gestational ages, and at various time points of a child’s life needs to be quantified. 

Knowledge of this can help provide parents, educational and healthcare professionals precise 

information on what the extra needs of preterm born children are, so that adequate support 

can be provided to them in the long-term. 

The total societal cost for severe disability, which affects 4.2% of children and young people 

born preterm, is £60.5 million per year in the UK, increasing to £91.6 million when preterm 

born children with mild disabilities are included. 42, 52, 53 Interventions that can delay preterm 

birth by a week across all gestational age categories, could reduce the childhood healthcare 

cost of prematurity by a third.54 A specific challenge is to identify and provide additional 

evidence on the most effective health technology. Results from trials of antibiotics to prevent 

preterm birth have not produced clear evidence of benefit,55 and there are concerns that 

antibiotic-related changes in the vaginal microbiota56 are associated with short and long-term 

morbidity in infancy and later years.57 Lactobacilli-containing probiotics have been proposed 

as a safer and effective alternative to antibiotics in restoring the imbalance of the vaginal 

microbiota found in BV, however evidence of vaginal colonization of the lactobacilli or its 

benefit in pregnant women is lacking.   
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Aims and objectives 

The main objective of the research described in this thesis is to provide tools that can improve 

pregnancy outcomes, by use of prediction models with clinically relevant predictors, in 

addition to evaluating a health technology and the strength of association for complications in 

these individuals.  

The specific questions addressed were: 

1. Pre-eclampsia:  

- Can the risk of pre-eclampsia be accurately predicted in apparently healthy pregnant 

women?  

- Can the risks of maternal and fetal complications in pregnant women diagnosed with 

early onset pre-eclampsia be accurately predicted?  

2. Epilepsy: 

- What is the association of epilepsy and adverse obstetric complications? 

- What are the global variations in obstetric complications in women with epilepsy.  

3. Preterm birth: 

- Do probiotics taken orally from early pregnancy have a biological effect on the 

vaginal microbiota? 

- What is the association of preterm birth and long-term neurodevelopmental outcomes? 

 

Outline of the thesis 

The first part of this thesis focuses on women with pre-eclampsia. In Chapter 2, I develop 

the protocol for the International Prediction of Pregnancy Complication Network (IPPIC Pre-

eclampsia) project, using individual patient data meta-analysis to externally validate existing 

prediction models and develop new prediction models for early, late and any onset pre-

eclampsia. In Chapter 3, I describe the protocol for the Prediction of complications in early-
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onset Pre-eclampsia (PREP) study, detailing the study design, analytical methods and 

practicalities of the study. Chapter 4 reports the findings from the PREP study, with the 

development of multivariable prediction models for providing individual risks of adverse 

maternal outcomes in women with early-onset pre-eclampsia.  

 

In the second part of this thesis, I explore the risk of pregnancy complications in women with 

epilepsy. In Chapter 5, I explore the association between epilepsy diagnosis in pregnant 

women (with or without exposure to anti-epileptic drugs), and adverse maternal and offspring 

complications, while Chapter 6 extends on the previous review by providing an overview of 

the global variations in the rates of obstetric complications in women with epilepsy. 

 

In the third part of this thesis which deals with preterm birth prevention and the risks of 

adverse long-term neurodevelopmental outcomes following preterm birth, I assess the effects 

of oral probiotics supplements, a novel health technology in preterm birth prevention, on the 

vaginal microbiota in pregnancy (Chapter 7). I also quantify the long-term cognitive, motor, 

behavioural and educational academic performance of children born preterm (Chapter 8). I 

then offer a general discussion of the thesis in the context of current literature, clinical 

practice and future research recommendations in Chapter 9, followed by a summary of the 

thesis contents Chapter 10. 
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