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Abstract 

 

Background and Aim: Congenital Heart Disease (CHD) is the most commonly 

occurring congenital anomaly in Europe and a major paediatric health care 

concern. The aim of this study is to describe the occurrence and deaths due to CHD 

within the first year of life in NI (2005-2014), and to identify risk factors for CHD 

(2010-2014) by using linked clinical and administrative data held at Honest Broker 

Service (HBS) to guide public health action. 

Methods: A population-based, cohort design was adopted and linked anonymised 

data were accessed in HBS.  

Results: The study showed an overall livebirths prevalence of CHD diagnosed 

within the first year of life of 9.48 (95% CI 9.10-9.87) per 1000 live births. The 

prevalence showed a steadily increasing trend (P< 0.01). The infant mortality rate 

due to CHD was 0.32 (95% CI 0.25-0.40) per 1000 live births. 

No significant association was shown between CHD and living in the most 

deprived areas relative to living in the least deprived areas (P>0.05). Rural 

residency had shown no statistically significant association with CHD (P>0.05). 

There was a significant association between maternal smoking, family history of 

CHD/congenital abnormalities and syndromes, and increased risk of CHD 

(P<0.05).  

The study showed statistically significant association between prescription of folic 

acid antagonists and antipsychotics in early pregnancy and CHD (P<0.05). 

Conclusions and implications: The results of this study suggested that CHD 

prevention strategies targeting smoking cessation, and the risk related to 

medication use in pregnancy need to be highlighted. Clinicians will be interested 

in these results as they may help to guide their prescription practice.  

An ongoing surveillance program based on a congenital anomaly registry should 

be implemented to monitor CHD trends and risk factors for better guidance of 

public health action towards CHD prevention.  
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Word Meaning 
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industries, households, cars and trucks that have the effect 

on human health 

An antagonist  A drug or chemical substance that interferes with the 

physiological action of another 

CHD Defect results when the heart or blood vessels near the heart 

do not develop normally before birth 

Coding The assignment of an alphanumeric code to an individual 

congenital anomaly, using the appropriate reference list and 

the individual anomaly description 

Confidentialised 

data 

Data have been degraded by being subjected to a process to 

‘blur’ the information itself, to greatly reduce, but not 

entirely remove, the potential to identify individuals 

Data 

completeness 

A measure that indicates whether the information submitted 

contains the complete set of mandatory data items 

Data custodian An agency or organisation, usually in the public sector, that 

is responsible for the management and use of collected 

information about individuals 

Data linkage  A process of pairing records from two files and trying to 

select the pairs that belong to the same entity 

Data warehouse  A subject-oriented, non-volatile, integrated, and time 

variant collection of data in support of management’s 

decisions 

De-identified or 

anonymized data 

Data that have had identifiers and identifying details 

removed using a method to guarantee that an individual 

cannot be re-identified 

Exposure 

Window 

The period between Date of Last Menstrual Period (LMP) - 

30 days and date of LMP + 90 days 

Gravidity The number of times that a woman has been pregnant  

Identified data Data that includes an identifier that is sufficient, within a 

specific context, to allow decoding to accurately produce 

the name of a specific individual 

Identifier A name or code that refers to an individual  

Incidence The number of new cases of a disease that occur during a 

specified period of time in a population at risk of developing 

the disease 

Low birth weight A birth weight of less than 2500 gram 
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Mental health 

medications 

Refers to those medications used to treat a mental illness, 

disorder, or condition. British National Formulary (BNF), 

which includes Chapter 4.1 Hypnotics and Anxiolytics, 

Chapter 4.2 Drugs Used in Psychoses and Related 

Disorders, and Chapter 4.3 Antidepressants Drugs 

Multifactorial 

etiology 

Caused by a pattern of familial inheritance resulting from 

multiple genetic or environmental factors or from a 

combination of both 

Parity The number of times that she has given birth to a foetus with 

a gestational age of 24 weeks or more, regardless of whether 

the child was born alive or was stillborn 

Perinatal 

mortality  

The number of stillbirths and deaths in the first week of life 

per 1,000 total births, the perinatal period commences at 22 

completed weeks of gestation and ends seven completed 

days after birth 

Post-neonatal 

mortality  

Deaths among infants aged 28-364 days 

Prevalence The number of people affected present in the population at 

a specific time divided by the number of people in the 

population at that time 

Public health 

surveillance 

Continuous, systematic collection, analysis and 

interpretation of health-related data needed for the planning, 

implementation, and evaluation of public health practice 

Re-identifiable 

or 

Pseudonymised 

Data that have had individual identifiers coded, encrypted 

or concatenated in a way that renders the identification of 

an individual difficult but not strictly impossible 

Signals  Reported information on a possible causal relationship 

between an adverse event and a drug 

Socioeconomic 

status 

The relative position of a family or individual on a 

hierarchical social structure, based on their access to or 

control over wealth, prestige and power 

Stillbirth Any ‘child’ expelled or issued forth from its mother after 

the 24th week of pregnancy that did not breathe or show any 

other signs of life 

Teratogens Any agent that interferes with normal embryonic 

development 

The infant 

mortality rate 

An estimate of the number of infant deaths for every 1,000 

live births 

The neonatal 

period 

Begins with birth and ends 28 complete days after birth 

Urban areas In Northern Ireland, settlement population of more than 

5,000, and being in bands (A to E) 
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Chapter 1: Introduction 

1.1 Background and justification 

Healthy lives and the promotion of  well-being for everyone  is goal number three of the 

United Nations’ (UN) sustainable development goals (UN 2015). To achieve this goal, 

the UN has specified a number of aims to be achieved by the year 2030, including the end 

of preventable deaths of new-borns and children under five and a reduction in neonatal 

mortality to a maximum of 12 per 1,000 live births and mortality among children under 

five to a maximum of 25 per 1,000 live births (UN 2015).  

The former World Health Organisation (WHO) and United Nations International 

Children Emergency Fund’s (UNICEF) Child Health Epidemiology Reference Group 

(CHERG) has estimated that congenital anomalies are the main cause of death for 

children under five in countries with low or very low child mortality rates (Liu et al., 

2016). This  research focuses on congenital heart disease (CHD) not only because it is the 

most commonly occurring congenital anomaly in Europe (Groen Henk et al. 2017), but 

because it is one of the main concerns in paediatric health care and has a serious impact 

on infant mortality rates worldwide (Centers for Disease Control and Prevention (CDC) 

2007; Dadvand et al. 2009; Gilboa et al. 2010). Because CHD impacts on health services 

as well as patients and their families, it represents a major global health problem. The 

impacts and burden of CHD are examined in Section 1.4. 

Mitchell et al. (1971) defines CHD as:  

“a gross structural abnormality of the heart or intrathoracic great vessels that is 

actually or potentially of functional significance” (Mitchell et al. 1971).  

Functionally significant means clinically important, and thus. anomalies that have no 

clinical importance, such as minor changes in vena cava drainage, are not included 

(Hoffman 2013). The British Heart Foundation  (BHF) has included a congenital aspect 

to this definition: “a heart condition or defect that develops in the womb, before a baby is 

born” (British Heart Foundation 2015). The latter definition is more comprehensive, 

although it is more common for researchers to use the former definition. The working 
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definition depends on the CHD classification/grouping being used, as will be discussed 

in detail in Chapter 2 (Section 2.1.6) and Chapter 4 (Section 4.6.1). 

The term ‘congenital heart defect’ is often used interchangeably with congenital heart 

disease, however ‘defect’ is often considered more accurate as the heart ailment is an 

abnormality or defect, not a disease. The American Heart Association noted that:  

“a defect results when the heart or blood vessels near the heart do not develop 

normally before birth” (American Heart Association 2016). 

As the main idea for this study came from the Northern Ireland (NI) Baby Hearts Study 

in which the term congenital heart disease was used, this term has been used in this thesis.  

Knowledge of CHD prevalence is required by public health professionals to better assess 

health care needs, to further examine potential CHD clusters and to identify gaps in 

research. The current situation in NI regarding deaths due to CHD and the impact of CHD 

on infant death rates is important as it allows comparisons to be made with other 

countries, and also provides baseline data that can be used by policy makers in the 

assessment and evaluation of any future policy interventions. Identifying the associated 

risk factors for CHD is also of importance as intervening in relation to a particular risk 

might lead to a decrease in CHD prevalence and thereby decrease the burden of the 

disease.  

To date, population-based studies have been used widely in the field of CHD research, 

but have shown conflicting results regarding the risk factors for CHD and a varying range 

in the prevalence of CHD  (Botto et al. 2001b; Pierpont et al. 2007; Dolk et al. 2011; van 

der Linde et al. 2011). It is important to acknowledge that conflicting results may be due 

studies being conducted within different populations and at different times, in addition to 

this methodological differences between studies can also lead to variations in results. 

Therefore, additional investigations are needed to enable accurate and robust 

identification of CHD risk factors (Patel and Burns 2013)  and to ensure that the required 

interventions are targeted most appropriately.  

With this in mind, this study aims to describe the prevalence of babies born with CHD 

and deaths due to CHD within the first year of life in NI from 2005-2014; it also aims to 

identify risk and protective factors for CHD in NI in order to guide public health action 

for prevention and service planning. There is no congenital anomaly registry in NI, 

therefore this study assesses the feasibility of using data from clinical and administrative 
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sources to estimate the prevalence of CHD and deaths due to CHD, and to assess the 

association between different risk factors and CHD. The main rationale for this study is 

to add to the literature on the impact of CHD in NI by assessing CHD prevalence and 

mortality related to CHD, and to add to the evidence on modifiable risk factors for CHD 

and determinants of health associated with CHD. This evidence can then be used as the 

basis for improvements in both the assessment of health needs and planning for public 

health prevention interventions for CHD. 

NI is ideal for studying the prevalence and risk factors for CHD as there is a single centre 

for foetal and paediatric cardiology in the Royal Belfast Hospital for Sick Children 

(RBHSC), and all children in NI with CHD are first seen at this centre. Administrative 

records of all pregnant mothers in NI and General Practitioner (GP) prescribing data are 

available centrally through the Business Services Organisation (BSO), which was 

founded to deliver specialist professional services to the Health and Social Care (HSC) 

sector in NI (BSO 2015). BSO subsequently founded an Honest Broker Service (HBS) 

for HSC with the target of enabling non-identifiable data to be safely shared and accessed 

in order to expand data utilisation and the related health service benefits which can be 

attained by using these data, involving public health monitoring, service planning and 

commissioning (BSO 2015). These data have been used to enable an analysis of 

prevalence and, where possible, potential risks and protective factors for CHD. This study 

has used linked administrative and clinical datasets, an approach previously proven to be 

of value in public health research  (Pasquali et al. 2010; de Jonge et al. 2015; Godown et 

al. 2017). 

1.2 Gaps and strategies in public health research on CHD 

The importance of CHD has been recognised by the US government which funded the 

Center for Disease Control and Prevention (CDC) to investigate the gaps in knowledge 

in relation to the public health impact of CHD (United States Congress 2012). As part of 

this investigation, the CDC prioritized gaps and strategies based on their potential impact 

and feasibility. The gaps in knowledge which were identified were the prevalence of CHD 

across a lifespan, risk factors for development of CHD, and public awareness of the 

burden and impact of CHD (Oster et al. 2013). 
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Prevention of CHD could be achievable if a surveillance system and ongoing research are 

in place, a concept which has been suggested by Oster et al. (2013) who stated that the 

public health agenda for CHD is a cycle of surveillance, research, and prevention 

activities as explained in Figure 1.1 (Oster et al. 2013). The WHO definition of public 

health surveillance is:  

“the continuous, systematic collection, analysis and interpretation of health-

related data needed for the planning, implementation, and evaluation of public 

health practice”  (WHO 2018a).  

Surveillance should be at the centre of the cycle as it facilitates both research and 

prevention. There is currently no surveillance system in NI regarding congenital 

anomalies, and this interferes with the completion of the public health cycle for CHD.  

Population-based surveillance data are important in research as they can be used to answer 

questions on the health problem under examination such as magnitude, rate, geographic 

distribution of a condition, and the specific description of a condition by age, ethnicity, 

etc. It is also useful as it can be used to identify changes in occurrence over time, for 

which causes should be identified (Oster et al. 2013). 

This thesis is designed to cover surveillance of CHD in NI, major health determinants 

related to CHD, assessment of CHD risks due to mental health medication (MHM) taken 

in the preconceptional period and/or in the first trimester. The study will assist in the 

confirmation of existing signals for CHD in relation to MHM. According to the WHO, a 

‘signal’ consists of: 

“‘reported information on a possible causal relationship between an adverse event 

and a drug, the relationship being unknown or incompletely documented 

previously” (WHO 2018b). 

Research in CHD is an important contribution to the public health sector, due to its’ 

continuous link with other major health issues. These issues range from perinatal and 

child health (EUROCAT Special Report 2012) to drug safety surveillance and 

environmental health (European Perinatal Health Report 2013). The latter comprise a 

range of environmental factors such as the social and economic factors and individual 

characteristics and behaviours (WHO nd). 
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Figure 1.1: Public health cycle for CHD (Oster et al. 2013). 

1.3 Prevalence of CHD 

Prevalence, defined: 

 “as the number of people affected present in the population at a specific time 

divided by the number of people in the population at that time” (Gordis 2008, 

p.43),  

has been used in reporting the frequency of CHD in this study rather than incidence, 

which is defined as:  

“the number of new cases of a disease that occur during a specified period of time 

in a population at risk of developing the disease” (Gordis 2008, p38).   

1.3.1 Why prevalence rather than incidence? 

The reasons that this study examines prevalence rather than incidence are explained in 

this section. By definition, CHD occurs during the prenatal period sometime between 

conception and birth. The population at risk for developing a CHD therefore includes all 

foetuses that reach the stage when the heart is developed (the first trimester) and then 

either develop CHD or do not develop CHD. The number of foetuses which are lost in 

early pregnancy is not known, making it impossible to estimate the population at risk in 

this case. By some estimates, approximately one in five pregnancies may end without the 

woman being aware that she was pregnant (Wilcox et al. 1988; Wang et al. 2003; National 

Health Service (NHS) 2015). Furthermore, 20% of clinically recognised pregnancies in 
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the UK (Tommy’s. 2018) and 12-13.5% of clinically recognised pregnancies in the USA 

result in a spontaneous abortion (where the woman is aware of the pregnancy) (Lang and 

Nuevo-Chiquero, 2012; Rossen et al., 2017). It is likely that a significant proportion of 

these spontaneous pregnancy losses involve some type of congenital anomalies that result 

in a non-viable embryo (Philipp et al. 2003), and research has shown that spontaneous 

pregnancy loss is more likely to be due to chromosomal disorder (Vanneste et al. 2009). 

As a result, the incidence of those congenital anomalies can not be estimated as the overall 

number of those who have the diagnosis or do not have the diagnosis would not be known. 

Prevalence is a better option for measuring the occurrence of CHD as it focuses on the 

number of CHD cases in a specific time period in a defined population. By using the 

prevalence rather than the incidence, potential problems related to unavailable 

information on unknown pregnancies and spontaneous abortion are avoided. Incidence 

may be an ideal measure but only prevalence can be feasibly used as a measure in this 

study. 

Many studies have used prevalence per 10,000 live births (Oyen et al. 2009a; Khoshnood 

et al. 2013; Leirgul et al. 2014), however it has been stated that the CHD occurrence 

within a population is most practically measured by birth prevalence of CHD per 1,000 

live births  (Mason et al. 2005; van der Linde et al. 2011). This is due to the fact that most 

of the published literature for CHD prevalence measures prevalence per 1,000 live births, 

making it easier to compare prevalence figures from different studies. For this reason, this 

measure has been used throughout this study.  

Developing health care polices for a specific disease such as CHD relies on disease 

burden measurement. This is based on disease prevalence rates (Gupta and Kothari 2013), 

as efficient health care policies require a form of health needs assessment capable of 

identifying those populations most likely to benefit from those policies, in order to 

facilitate the planning and delivery of health care to those at a higher risk of CHD. Primary 

prevention measures to tackle CHD can only be evaluated through identification of CHD 

prevalence rates before and after application of these prevention measures (Dolk et al. 

2011). For these reasons, prevalence is one of the components which should be considered 

in an epidemiological approach to public health service planning. 
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1.3.2 Variation of prevalence of CHD 

The reported prevalence estimates of CHD vary considerably between studies as a result 

of variation in the definition of CHD across studies (Garne et al. 2012a). For example, 

some studies include Patent Ductus Arteriosus (PDA) among CHD cases (Ferencz et al. 

1985; Samanek and Voriskova 1999; Oyen et al. 2009a); others include cases of PDA if 

they meet certain criteria, for example if they are still open after 6 months of age in a term 

infant (Meberg et al. 2000), or if they require closure (Moons et al. 2009), while others 

exclude them from the analysis if they are present in preterm babies (Dolk et al. 2011).  

There are significant variations in the stated birth prevalence of CHD in various large 

epidemiological studies due to differences in setting, examined cohorts, study design, and 

disease classification (Tegnander et al. 2006; Nembhard et al. 2010; Agadoorappa et al. 

2011; van der Linde et al. 2011). A systematic review (van der Linde et al. 2011) showed 

that live birth prevalence of CHD has increased substantially from the period 1930-1934, 

when the live birth prevalence of CHD was 0.6 per 1,000 live births (95% CI: 0.4-0.8), 

to the period 2005-2009, when it was 9.1 per 1,000 live births (95% CI: 9.0-9.2) (Figure 

1.2). The highest live birth prevalence of CHD was reported in Asia (9.3 per 1,000 live 

births) and this can be in part attributed to elevated rates of consanguineous marriage 

there (Consang.net 2015) as consanguineous marriage is associated with an increased risk 

of CHD (Fazeriandy et al. 2018). According to the van der Linde et al.’s (2011) review, 

Europe and the USA have the second and third highest reported total CHD live birth 

prevalence respectively (8.2 in Europe and 6.9 in the USA per 1,000 live births). 

Furthermore, Africa reported the lowest total CHD birth prevalence of 1.9 per 1,000 live 

births, which may be due to scarcity of data from African countries, as well as the fact 

that study populations often do not include indigenous people and tribes (van der Linde 

et al. 2011). Europe has a higher prevalence of CHD than the USA which could be due 

to ethnic, socioeconomic, and environmental variations. For example, in the USA there 

is a relatively larger number of people of African origin than in Europe, and CHD is less 

common in this population  (Egbe 2015).   
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Figure 1.2: CHD Birth Prevalence over time covering different countries (van der 

Linde et al. 2011). 

In Europe, prevalence data on congenital anomalies including CHD are provided by the 

European Surveillance of Congenital Anomalies (EUROCAT), which is based on a 

network of population-based registries (Dolk 2005). EUROCAT looks at CHD from an 

epidemiological rather than a clinical perspective and the system gives less biased 

prevalence estimates as it is population based rather than hospital based (the latter being 

more vulnerable to bias initiated by referral of high-risk cases) (Dolk et al. 2011). 

EUROCAT prevalence rates may not be an accurate estimate for the European population 

as a whole as some registries are regionally based and do not include data for the entire 

country, therefore prevalence rates from these registries might not be representative of 

the situation for the whole state (Dolk et al. 2011).  

Raw data and CHD prevalence rates per 10,000 births are available online from the 

EUROCAT website. CHD prevalence per 1,000 births covering the period 2005-2014 has 

been estimated by the researcher as this period corresponds to the study data and would 

therefore be the most useful for making comparisons in the discussion chapter. For the 

period 2005-2014, the reported total prevalence of CHD (Total prevalence includes CHD 

prevalence among live births, stillbirths and termination of pregnancy for foetal anomaly 

(TOPFA)) in Europe was 7.80 per 1000 births (95% CI 7.73-7.86), and the live birth 
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prevalence was 6.98 per 1000 births (95% CI 6.91-7.04) (Table 1.1). Of CHD in live 

births, 11.5% are associated with genetic conditions.  

When genetic conditions are excluded the total prevalence falls to 6.66 per 1000 births 

(95% CI 6.60-6.72) and the live birth prevalence to 6.18 per 1000 births (95% CI 6.12-

6.24). (Table 1.1). The CHD prevalence (excluding genetic conditions) across countries 

varied from 2.88 (Portugal) to 4.96 in the UK to 11.78 (Malta) per 1000 live births (Figure 

1.3) 

According to EUROCAT, the total prevalence of CHD in the UK for the period 2005-

2014 per 1000 births was 6.69 (95% CI 6.59-6.79); this decreases to 5.53 (95% CI 5.43-

5.62) when excluding genetic conditions (Table 1.2). Live birth prevalence remained 

steady at below 6 per 1000 when excluding genetic conditions in the period 2005-2014 

(Figure 1.4).  
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Table 1.1: Prevalence of CHD over time from different registries in Europe per 1,000 births, 2005-2014 

Years  

  

Including Genetic Conditions Excluding Genetic Conditions 

Total Prevalence & 95% CI LB Prevalence & 95% CI Total Prevalence & 95% CI  LB Prevalence & 95% CI 

2005 8.17 (7.95 - 8.39) 7.43 (7.22 - 7.65) 6.98 (6.78 - 7.19) 6.59 (6.39 - 6.79) 

2006 8.11 (7.90 - 8.33) 7.30 (7.10 - 7.51) 6.98 (6.78 - 7.18) 6.51 (6.32 - 6.71) 

2007 7.60 (7.40 - 7.80) 6.83 (6.64 - 7.02) 6.48 (6.30 - 6.67) 6.05 (5.87 - 6.23) 

2008 7.72 (7.53 - 7.92) 6.99 (6.80 - 7.18) 6.60 (6.42 - 6.79) 6.19 (6.01 - 6.37) 

2009 7.43 (7.24 - 7.63) 6.69 (6.51 - 6.88) 6.34 (6.16 - 6.52) 5.89 (5.72 - 6.07) 

2010 7.74 (7.55 - 7.94) 6.93 (6.75 - 7.12) 6.61 (6.43 - 6.80) 6.10 (5.93 - 6.27) 

2011 8.09 (7.89 - 8.29) 7.24 (7.05 - 7.43) 6.92 (6.74 - 7.10) 6.42 (6.25 - 6.60) 

2012 7.43 (7.24 - 7.62) 6.56 (6.38 - 6.74) 6.32 (6.15 - 6.50) 5.81 (5.65 - 5.98) 

2013 8.03 (7.80 - 8.26) 7.11 (6.89 - 7.33) 6.91 (6.70 - 7.13) 6.32 (6.12 - 6.53) 

2014 7.80 (7.57 - 8.03) 6.78 (6.56 - 6.99) 6.61 (6.40 - 6.82) 6.01 (5.82 - 6.22) 

2005 - 2014 7.80 (7.73 - 7.86) 6.98 (6.91 - 7.04) 6.66 (6.60 - 6.72) 6.18 (6.12 - 6.24) 

  LB=Live births, CI: Confidence Interval  

 

Registries: Styria – Austria, Antwerp – Belgium, Hainaut – Belgium, Zagreb – Croatia, Auvergne – France, Brittany – France, French West Indies – France, Isle 

de la Reunion – France, Paris – France, Mainz – Germany, Saxony-Anhalt – Germany, Cork and Kerry – Ireland, Dublin – Ireland, South East Ireland, Emilia 

Romagna – Italy, Tuscany – Italy, Malta, N Netherlands – NL, Norway, Wielkopolska – Poland, S Portugal, Basque Country – Spain, Valencia Region – Spain 3, 

Vaud – Switzerland, East Midlands & South Yorkshire – UK, Northern England – UK, South West England – UK, Thames Valley – UK, Wales – UK, Wessex – 

UK, Ukraine. 

Source: EUROCAT Website Database:  https://eu-rd-platform.jrc.ec.europa.eu/eurocat/eurocat-data/prevalence (Data uploaded 23/01/2018 and modified to 

per 1,000). 

 

https://eu-rd-platform.jrc.ec.europa.eu/eurocat/eurocat-data/prevalence
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Table 1.2: Prevalence of CHD in the UK per 1,000 live births, 2005-2014 (EUROCAT) 

Years 

  

Including Genetic Conditions Excluding Genetic Conditions 

Total Prevalence & 95% CI LB Prevalence & 95% CI Total Prevalence & 95% CI  LB Prevalence & 95% CI 

2005 6.82 (6.48 - 7.16) 5.84 (5.53 - 6.16) 5.49 (5.19 - 5.80) 4.96 (4.68 - 5.26) 

2006 6.85 (6.52 - 7.19) 5.88 (5.58 - 6.20) 5.69 (5.39 - 6.00) 5.06 (4.78 - 5.36) 

2007 6.71 (6.39 - 7.04) 5.80 (5.50 - 6.10) 5.58 (5.29 - 5.88) 5.00 (4.73 - 5.29) 

2008 6.64 (6.32 - 6.96) 5.87 (5.58 - 6.18) 5.54 (5.25 - 5.84) 5.12 (4.85 - 5.41) 

2009 7.15 (6.83 - 7.49) 6.26 (5.96 - 6.58) 5.92 (5.63 - 6.23) 5.37 (5.09 - 5.66) 

2010 6.90 (6.58 - 7.22) 6.00 (5.70 - 6.30) 5.74 (5.45 - 6.04) 5.19 (4.92 - 5.48) 

2011 6.87 (6.56 - 7.20) 5.89 (5.59 - 6.19) 5.68 (5.39 - 5.98) 5.07 (4.80 - 5.35) 

2012 6.18 (5.88 - 6.49) 5.26 (4.98 - 5.54) 5.12 (4.85 - 5.40) 4.56 (4.31 - 4.83) 

2013 6.56 (6.19 - 6.95) 5.68 (5.33 - 6.05) 5.48 (5.14 - 5.84) 4.89 (4.57 - 5.23) 

2014 5.99 (5.64 - 6.37) 4.96 (4.63 - 5.30) 4.81 (4.49 - 5.15) 4.17 (3.87 - 4.48) 

2005-2014 6.69 (6.59 - 6.79) 5.77 (5.67 - 5.87) 5.53 (5.43 - 5.62) 4.97 (4.88 - 5.06) 

LB=Live births, CI: Confidence Interval 

Data are available for the following registries/years: East Midlands & South Yorkshire (2005-2012), Thames Valley (2005-2013), Northern England, South  

West England, Thames Valley, Wales, Wessex but not available for Glasgow, Merseyside & Cheshire, and N W Thames. 

Source: EUROCAT Website Database: https://eu-rd-platform.jrc.ec.europa.eu/eurocat/eurocat-data/prevalence  

(Data uploaded 08/02/2017 and modified to per 1,000). 

 

https://eu-rd-platform.jrc.ec.europa.eu/eurocat/eurocat-data/prevalence
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Figure 1.3: Live birth prevalence of CHD per 1000 live births in EUROCAT countries (excluding genetic conditions),  

2005-2014 (produced from EUROCAT data). 

 Registries: Styria – Austria, Antwerp – Belgium, Hainaut – Belgium, Zagreb – Croatia, Auvergne – France, Brittany – France, French 

West Indies – France, Isle de la Reunion – France, Paris – France, Mainz – Germany, Saxony-Anhalt – Germany, Cork and Kerry – 

Ireland, Dublin – Ireland, South East Ireland, Emilia Romagna – Italy, Tuscany – Italy, Malta, N Netherlands – NL, Norway, 

Wielkopolska – Poland, S Portugal, Basque Country – Spain, Valencia Region – Spain 3, Vaud – Switzerland, East Midlands & South 

Yorkshire – UK, Northern England – UK, South West England – UK, Thames Valley – UK, Wales – UK, Wessex – UK, Ukraine. 

NL: Netherlands  
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Figure 1.4: Prevalence of CHD per 1000 births (excluding genetic conditions), for           UK (2005-2014)  

(EUROCAT Prevalence Data Table). 

Source: EUROCAT Website Database: https://eu-rd-platform.jrc.ec.europa.eu/eurocat/eurocat-data/prevalence (data uploaded 08/02/2017)  

(amended to be per 1000 births). 

UK registries are: East Midlands & South Yorkshire (2005-2012), Thames Valley (2005-2013), Northern England, South West England, Thames Valley, 

Wales, Wessex but not available for Glasgow, Merseyside & Cheshire, and N W Thames.

https://eu-rd-platform.jrc.ec.europa.eu/eurocat/eurocat-data/prevalence
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The British Isles Network of Congenital Anomaly Registers (BINOCAR) is a collection of 

regional congenital anomaly registers which cover all of Wales and part of England and Ireland 

(Springett et al. 2014). From 1 April 2015, the National Congenital Anomaly and Rare Disease 

Registration Service (NCARDRS) took over the registration of new congenital anomaly cases 

for all of England (Ward-Platt et al. 2018). However, BINOCAR covers only 36% of the births 

in those three jurisdictions combined and can therefore only provide an estimate of the birth 

prevalence of congenital anomalies nationally. In the UK, BINOCAR includes six registries 

which are also in EUROCAT (East Midlands and South Yorkshire, Northern England, South 

West England, Thames Valley, Wessex, and Wales). The other three registries are in Ireland 

(Cork and Kerry, Dublin, and the South East). According to BINOCAR, the prevalence of  

CHD (excluding genetic conditions) is 6 per 1,000 total births (Springett et al. 2014) and this 

is similar to EUROCAT figures. 

1.3.3 Differences in the prevalence of CHD 

It is important to note that the rise over time in the total reported prevalence of CHD at birth 

(Fig 1.2) could be due to variations in CHD diagnosis and screening methods rather than a real 

increase. This is illustrated by the fact that results from the Metropolitan Atlanta Congenital 

Defects Program showed that diagnosis of minor CHD increased due to routine use of 

echocardiography (Reller et al. 2008); the impact of availability of foetal echocardiography 

and hence prenatal diagnosis on the prevalence of CHD have been discussed in different studies 

(Simpson 2009; Rossier et al. 2014). Prenatal diagnosis and consequent termination of affected 

pregnancies have been shown to lower the birth prevalence of CHD (Germanakis and Sifakis 

2006; Rossier et al. 2014). Urban-rural, sociodemographic and religious differences may also 

differentially affect the use of prenatal services and the consequent decisions regarding TOPFA 

(Tran et al. 2011).  

CHD prevalence among live births will be different from prevalence among total births. The 

latter are of great importance in etiologic and genetic studies (Garne et al. 2005) but diagnostic 

information about causes of stillbirths is not always available, and data on TOPFA might not 

be found (Aggarwal et al. 2011). As stillbirths and TOPFA are more common among cases of 

severe CHD, a significant number of severe CHD cases would be excluded if only live born 

infants are included in the analysis (Garne et al. 2005). Severe CHD is defined as those who: 

https://www.gov.uk/guidance/the-national-congenital-anomaly-and-rare-disease-registration-service-ncardrs
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 “(1) had one or more of the following postnatal procedures: amputation, 

anastomosis/reanastomosis, autopsy, bracing/splinting, cardiac catheterization, casting, 

closure, correction/repair, excision/removal, graft/patch, ostomy, shunt, or surgery; (2) 

were spontaneous fetal deaths or pregnancy terminations; or (3) if live born, died within 

one year after delivery” (Langlois et al. 2009b).  

In this study, the 17 anomalies classified as severe CHD are summarized in Chapter 2, Table 

2.3, based on the EUROCAT grouping of CHD. A CHD case is defined as mild if it is not 

severe CHD (Langlois et al. 2009b). 

Although stillbirths constitute only a small proportion (<1%) of the total births (Office for 

National Statistics 2016), this proportion is much greater among malformed infants (Haruyama 

et al. 2018). Ideally, among live births the final information on CHD should be obtained from 

multiple sources, including clinical, as well as necropsy data to assure full ascertainment of all 

cases. The etiology is already apparent for CHD cases which are associated strongly with 

genetic and chromosomal abnormalities, therefore these CHD cases should be omitted from 

studies looking at environmental risk factors (Garne et al. 2012a). 

Both reported and true live birth prevalence of CHD have changed over time due to various 

factors. Firstly, premature infant survival has improved (Costello et al. 2011), which may have 

contributed to an increase in CHD cases among live births especially in cases of Atrial Septal 

Defect (ASD), Ventricular Septal Defect (VSD) and PDA (Abdel-Hady et al. 2013; Chu et al. 

2017). Additionally, in recent decades, women in the developed world have been increasingly 

giving birth at an older age (Mills et al. 2011; Mathews et al. 2016). Older maternal age is 

associated with increased risk of chromosomal abnormalities among offspring (Cocchi et al. 

2010; Cambra et al. 2014) and some chromosomal abnormalities involve CHD (Chatfield and 

Deardorff 2014). Furthermore, even in the absence of chromosomal abnormalities, older 

maternal age has been found to be associated with increased CHD risk (Forrester and Merz 

2004; Miller et al. 2011; Schulkey et al. 2015). In addition, CHD has been found to be 

increasing steadily in the adult population (van der Bom et al. 2011) and the offspring of adults 

with CHD are at a higher risk of developing CHD (Oyen et al. 2009b). 

The true prevalence, however, may be much higher than the reported prevalence. For example, 

bicuspid aortic valve – the most common cardiac anomaly – occurs in almost 5 in 1000 live 

births (Basso et al. 2004; Tutar et al. 2005), but is typically excluded from CHD prevalence in 

early life as it is not usually clinically apparent in childhood (Pierpont et al. 2007). Bicuspid 
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aortic valve may be connected with considerable morbidity and mortality later in life (Ward 

2000), and therefore this should be taken into consideration when the burden of CHD is being 

considered (Pierpont et al. 2007). Furthermore, the age window of diagnosis will give different 

prevalence estimates. Studies looking at prevalence at birth (Leirgul et al. 2014), at one year 

(Reller et al. 2008), and other periods (Dolk et al. 2011) will give different prevalence estimates 

as the wider the age window of diagnosis, the greater the number of CHD cases which will be 

included, resulting in a higher CHD prevalence. 

Methods of case ascertainment should be considered as they can lead to bias which can affect 

the prevalence of CHD (Bedard et al. 2012). These will depend on different parameters such 

as the characteristics of the health care system, which can have a profound effect on case 

recognition; for example, the availability of skilled paediatric cardiologists (with experience 

and advanced diagnostic techniques) and accessible health facilities for the whole population 

will result in the identification of CHD cases which might otherwise be missed (van der Linde 

et al. 2011). In addition to skill, the experience and referral practices of primary obstetric and 

paediatric caretakers can affect the identification of CHD cases. The availability of high-quality 

clinical records which are based on post mortems would also affect the CHD prevalence (van 

der Linde et al. 2011).   

The codes, classifications, and grouping of CHD used in different studies have led to 

difficulties in comparisons between studies when it comes to subtypes of CHD. Various 

systems of classification of CHD have been recommended for different purposes (Botto et al. 

2007; Houyel et al. 2011) and in this thesis different CHD classifications and groupings are 

discussed in detail in Chapter 2 (Section 2.1.6).  

1.4  Burden of CHD 

Significant risks of mortality and morbidity remain for the most complex forms of CHD 

(Bonnet et al. 1999; Khoshnood et al. 2005). According to Botto et al. (2007), complex defects 

are: 

 “those phenotypes that [can] not be described as simple or associations, such as those 

that occur as part of some single-ventricle or laterality (heterotaxy).  
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Definitions of other types of CHD such as “simple” and “association” are discussed in Chapter 

2 (Section 2.1.5.5). 

It has been increasingly recognised that children with CHD are more likely to have 

neurodevelopmental difficulties compared to their peers (Marino et al. 2012); more than half 

of children with severe CHD develop severe to moderate neurodevelopmental disabilities 

(Marino et al. 2012). Long-term disability is also a consideration after early cardiac surgery 

(Snookes et al. 2010). Learning difficulties, such as problems in language expression and 

understanding, poor concentration abilities, memory impairment, and low attention, and 

irrational response to life’s events are all reported in children with CHD (NHS 2017). These 

problems may lead to behavioural and social interaction problems later in life (NHS 2017). 

Children with CHD are at increased risk of developing infective endocarditis (Hoffman 2013). 

The risk of developing infective endocarditis up to 18 years of age is 6/1000 among those who 

have CHD (Rushani et al. 2013). Infective endocarditis can have serious implications as it can 

lead to death and affects life expectancy, in addition to the impact of the high cost of treatment 

(Hoffman 2013).  

In addition to the increased risk of developing infective endocarditis and neurodevelopmental 

disabilities, CHD places other social burdens on families and children; for example, social 

impairment (defined as “when an individual acts in a less positive way or performs worse when 

they are around others” (Social Impairment n.d.)) has been shown in some children with CHD 

(Landolt et al. 2008; Brandlistuen et al. 2010). Low awareness about CHD can lead to stigma 

against parents where they are blamed for their child’s condition, and in addition parents may 

be unsure how to deal with the child’s needs in situations such as deciding whether the child 

should attend kindergarten or join in group activities (Sapała 2015).  

As a consequence of these challenges and stresses faced by parents, the mental health of 

mothers of children with CHD can be affected and they experience elevated levels of anxiety 

and depression when compared to mothers of children without CHD (Solberg et al. 2011). 

Being a parent of a child with CHD is associated with a higher incidence of distress, 

hopelessness, and anger (Dale et al. 2012). Quality of life is considerably diminished among 

parents of children with CHD (Arafa et al. 2008; Gregory et al. 2018). Research among 600 

parents conducted by the BHF found that parents of children who have CHD are socially and 
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emotionaly affected as they are more worried, they have less sleep, and they work less due to 

the child’s needs (BHF 2017). 

CHD are associated with increased hospital costs in infancy (Simeone et al. 2015); and require 

ongoing medical care (Lu et al. 2014) which increases the burden of CHD. Data from the 

National Institute for Cardiovascular Outcomes Research (NICOR) have shown that 20730 

major procedures including surgical and catheter have been conducted among the paediatric 

population in the UK in the period 2014-2017 (12832 surgical procedures and 7898 catheter-

electrophysiology) (NICOR 2018). CHD health service costs are high, report has estimated that 

CHD services in England cost the National Health Service (NHS) £175 million annually and it 

is expected that the cost will be between £186 million and £207 million by 2025/26 (Dodge 

2015).  

Recent analysis of national data in the USA has highlighted that 3.7% of paediatric 

hospitalisations are due to CHD and that this accounts for approximately 15.1% of costs for all 

paediatric hospitalisations (Simeone et al. 2014). Approximately 17% of CHD hospitalisations 

were due to complex CHD, with hypoplastic left heart syndrome, coarctation of the aorta, and 

Tetralogy of Fallot having the highest total costs (Simeone et al. 2014) (Definition of complex 

CHD is found in chapter 2, Figure 2.2). The cost of surgical operation for CHD varies 

depending on the complexity of the case. For example, ASD repair costs approximately 25,499 

US dollars and a Norwood operation (what it is?, 165,168 US dollars (Pasquali et al. 2014). 

The burden of CHD in terms of costs takes into account the fact that children with CHD have 

many requirements such as several hospital admissions, specialist care, frequent investigations, 

medications, and long-term follow up. Other costs include transportation and parents’ absence 

from work (Hoffman 2013). 

A high percentage (more than 75%) of children with CHD who celebrate their first birthday 

will live to adulthood (Pierpont et al. 2007). There are emerging public health issues related to 

CHD as the majority of the population with CHD accessing the health care system are adult 

and this requires additional resources; in Canada, for example, 66% of the total  population 

who live with CHD are adult (Marelli et al. 2014). In addition, adults with varying forms of 

CHD are vulnerable to heart failure, arrhythmia, pulmonary vascular disease, and multi-organ 

dysfunction (Oliver Ruiz 2003).  
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Due to advances in CHD management, an increasing number of females born with CHD are 

reaching childbearing age (Marelli et al. 2014; Greutmann et al. 2015). Women with CHD are 

at risk of adverse cardiac events during pregnancy, the most prevalent cardiac complications 

during pregnancy being arrhythmias (4.7%) and heart failure (1.6%) (Drenthen et al. 2010). 

There is also a risk of adverse events after pregnancy such as onset of exertional shortness of 

breath, arrhythmias and heart failure (Tzemos et al. 2009; Balint et al. 2010). 

1.5 Literature on perinatal and infant mortality due to CHD 

This section provides a definition of perinatal and infant mortality rates and examines literature 

on perinatal and infant mortality related to CHD. Information on CHD mortality is important 

in order to monitor quality of care and for counselling parents in the pre- or postnatal period. 

The World Health Organization (WHO) defines perinatal mortality as the:  

“number of stillbirths and deaths in the first week of life [days 0-6] per 1,000 total 

births. The perinatal period commences at 22 completed weeks (154 days) of gestation 

and ends seven completed days after birth” (WHO 2016a).  

Stillbirth has been defined according to the Births and Deaths Registration (NI) Order 1976, 

amended by the Stillbirth Definition NI Order 1992 Act, as:  

“Any ‘child’ expelled or issued forth from its mother after the 24th week of pregnancy 

that did not breathe or show any other signs of life” (The Royal College of Midwives 

2008). 

The search strategy was devised in discussion with the subject librarian at Ulster University 

(UU) using MEDLINE, Embase, and Google Scholar. They were searched for studies on infant 

and perinatal mortality due to CHD, using the key words “congenital”, “death”, “defect”, 

“disease”, “fetal”, “fetal death”, “heart”, “congenital heart defects”, “infant mortality”, 

“infant”, “mortality”, “neonatal”, “perinatal”, “postneonatal”, “stillbirth”. The keywords which 

were connected with Boolean connectors in order to identify literature are given in Appendix 

1. 

A scoping search for grey literature was undertaken using Google Scholar. The scoping search 

identified non-English language materials, dissertations and unpublished studies. Non-English 

language materials were not included as translation was not possible due to time constraints. 

https://en.wikipedia.org/wiki/WHO
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Dissertations and unpublished studies were not included as they are not peer reviewed and 

therefore less rigorous than the published studies. Moreover, it has been found that including 

these types of studies rarely has an impact on the findings from the review (Hartling et al., 

2017). Studies were included if they were published in peer-reviewed, scientific journals, in 

the English language, during the period 2000-2018. Only studies on humans were included and 

no authors were contacted. Google Scholar is a web-based search engine (Zientek et al., 2018) 

which typically retrieves an unmanageably high number of studies; therefore, only the first 100 

articles were assessed for relevance, an approach which has been used in previous studies 

(McFadden et al., 2012; Stevenson et al., 2016; Bates et al., 2017). 

The literature search took place in December 2018 and included studies published in the 

English language in a peer-reviewed journal from January 2000 onwards. 

The 301 studies after exclusion of duplicates were checked by looking at titles and abstracts. 

Of these, 281 articles were rejected after applying exclusion criteria. Studies were excluded if 

mortality was not measured in the first year of life, or if they were commentaries, reviews, or 

editorials. Studies which had no key data or clear study design were also excluded. In order to 

find articles that might have otherwise being missed citation searching was performed, no 

authors were contacted. Following review of the full text, a further 7 articles were excluded. 

Further citation searching was undertaken and another 3 articles were added. The final number 

of articles included in the review were 16. The sequence through which articles were identified 

is described in Figure 1.5. 
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Figure 1.5: Flow diagram showing the sequence of identification of articles from 

literature for CHD-related perinatal and infant mortality. 

 

1.5.1 Perinatal mortality due to CHD 

Maternal complications such as severe anaemia, eclampsia, pre-eclampsia, and systemic 

infections have all been associated with increased risk of perinatal mortality (Vogel et al. 2014). 

Risk of perinatal mortality also increases with multiple pregnancy, increased maternal age, 

alcohol use, diabetes, hypertension, obesity, smoking, foetal growth restriction, no antenatal 

care, short interpregnancy interval, post-term pregnancy (Flenady et al. 2011). 

As a validated indicator, perinatal mortality rate is one of the quality indicators for maternal 

health and has been used to monitor and improve maternal care (Escuriet et al. 2015).  
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Comparing maternity care policies in different countries is a valuable exercise which can 

inform and improve these policies (Escuriet et al. 2015). The Mothers and Babies Reducing 

Risk through Audits and Confidential Enquiries across the UK (MBRRACE-UK) report 

suggested that further improvements could still be made as the perinatal mortality rate is higher 

than that of similar European states (Draper  et al. 2018). It has been recognised that CHD is 

one of the main causes for perinatal mortality (Laas et al. 2012). Therefore, comparison is 

crucial to allow policy makers to recognise problems and identify the public health policy 

changes which are needed for health improvement. 

The quality of paediatric care can be assessed by perinatal mortality, as there is a relationship 

between the factors that affect perinatal mortality and antenatal and perintal care quality  (WHO 

2006). Effective neonatal care is associated with better perinatal survival (Lawn et al. 2010). 

Perinatal mortality rate can also be used to monitor and improve paediatric care (Carlo et al. 

2010; Patel et al. 2017). 

There is limited literature giving information on perinatal mortality related to CHD; however, 

according to the Euro-Peristat report, CHD contributed to 24% of perinatal mortality 

(European Perinatal Health Report 2013). Assessing perinatal mortality due to CHD is more 

specific and will help to monitor and improve the quality of maternal and paediatric care. 

First-week mortality due to CHD is significant in relation to overall perinatal mortality, at 0.11 

versus 0.08 per 1000 births in Europe (European Perinatal Health Report 2013). The literature 

on perinatal and infant mortality due to CHD has been summarised in Table 1.3. There were 

16 studies published between 2001-2017, 4 studies from USA, 2 studies from UK, 2 studies 

from France, 2 studies from Korea, one study from each of EUROCAT, Denmark, China, 

Nepal, Taiwan, and Mexico.
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Table 1.3: Literature review on infant and perinatal mortality due to CHD. 

Year/country Design Results Strengths and limitations 

1. USA 

1979-1997 

(Boneva et al. 2001) 

Population-based study 1 in 13 infant deaths (7.4%) were due 

to a CHD. 

Among infants, mortality due to 

CHDs declined gradually, on average 

2.7% per year (38.7% total), during 

the study period 

Strengths: 

National trends have been assessed. 

The use of death certificates.  

Limitations: 

Issues with accuracy and 

completeness of death certificates. 

Possibility of underreporting or 

overreporting due to miscoding and 

misclassification. 

2. France 

1983-2000 

(Khoshnood et al. 2005) 

Population-based data from the Paris 

Registry of Congenital 

Malformations 

The perinatal mortality rates for all 

CHD cases was 6.4% (95% CI, 4.7-

8.5) and the first-week mortality was 

3.3% (95% CI, 2.1- 5.0) for all CHD 

cases during the period 1995-2000. 

Early neonatal mortality decreased to 

less than one third in the period 

1995–2000 as compared with 1983–

1989.  

Strengths: 

High case ascertainment. 

Registration is essentially complete 

for cases. 

Adjustment has been made for 

maternal age. 

Limitations: 

Potential bias that could result in 

underestimation of mortality rates as 

a result of CHD over time relates to 
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Perinatal mortality decreased 

substantially for CHD over time to 

almost one third in 1995–2000.  

Comparable perinatal and neonatal 

mortality rates.  

The absolute number of deaths as a 

result of CHD also decreased over 

time, further suggesting that 

increases in the registered cases of 

CHD (i.e., the denominators for 

mortality rates) do not entirely 

explain the observed decreases in 

mortality over time. 

increased diagnosis and hence 

inclusion of less severe cases.  

 

3. Nepal 

January-December 2006 

(Shah et al. 2008) 

Retrospective observational hospital-

based study 

Mortality rate was 20% among all 

cases diagnosed with CHD  
Strengths: 

Ascertainment of CHD diagnosis 

using echo 

Limitations: 

Small sample size 

4. USA 

2000 

(Nembhard et al. 2008) 

Cross-sectional study 

Data from the National Center for 

Health Statistics. 

Using (ICD-10 codes Q20.0–Q26.9) 

Total infant mortality is 6.70 per 

10000 (6.20/10000 for non-Hispanic 

Whites, 8.97/10000 for non-Hispanic 

Blacks, and 6.5/10000 for 

Hispanics). 

Strengths: 

Usage of national mortality data. 

Assessing the underlying and 

contributing causes of death. 

Limitations: 
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With the hypoplastic left heart, and 

unspecified CHD as main cause of 

death. 

Cross-sectional data, no adjustment 

for the possible cohort effect or time 

trend period. 

Cause of death is ascertained from 

death certificate rather than autopsy 

or medical records. 

5. USA 

1999-2006 

(Gilboa et al. 2010) 

For infant mortality, live birth counts 

were used.  

Infant mortality related to CHD was 

0.41 per 1000. 

Infant mortality caused by CHD 

decreased by 17.3% (P<0.01) overall 

from 0.46 per 1000 in 1999 to 0.38 

per 1000 in 2006, during the study 

period and decreased significantly 

among Non Hispanic whites and 

Hispanics. 

Strengths: 

Population-based study. 

Limitations: 

Analyses using death certificate data 

have limitations, as data are limited 

by what was recorded on the death 

certificate itself.  

These analyses assumed 

homogeneity within population 

subgroups and did not attempt to 

separate out mortality patterns by 

place of birth (USA or foreign born), 

or among Hispanics, by country of 

origin. 

6. Denmark 

1977-2005 

(Olsen, Christensen et al., 2010) 

Population-based study using 

nationwide registries.  

1,795,298 born 

Mortality at 1 year of age has 

decreased substantially during recent 

decades.  

Infant mortality rate = 0.74 per 1000 

Strengths: 

Data used were taken from public 

registers.  
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6,646 patients with CHD diagnosed 

before 1 year of age 

1329 died 

births 

 
Limitations: 

Misclassification with regard to CHD 

diagnoses may have occurred. 

7. Korea 

1994-2005 

(Lee Ji Eun et al. 2010) 

Referred cases to a single tertiary 

centre 

Review of medical records 

Perinatal and 1‐year infant mortality 

were 6.3% and 9.7%, respectively. 

Despite a continuing decline in 

perinatal and 1‐year infant mortality 

rates following the prenatal diagnosis 

of CHD over the past 11 years, 

pregnancy termination rates 

remained unchanged in the same 

period. 

Strengths: 

High proportion of incomplete 

follow‐ups (10%).  

The first report of its kind in Korea. 

Limitations: 

Pregnancy termination rate reported 

may be underestimated by as much as 

10%. 

8. EUROCAT 

2000-2005 

(Dolk et al. 2011) 

Twenty-nine population-based 

registries in 16 European countries. 

The total population coverage from 

2000 to 2005 was 3.3 million births.  

It includes cases of CHD occurring in 

live births, late foetal 

deaths/stillbirths from 20 weeks of 

gestation, and TOPFA. 

International Classification of 

Diseases (ICD) version 9 or 10 with 

Perinatal mortality is 0.25 per 1000 

births. Varies from 0.07 (Italy) to 

0.38 (except Ukraine at 0.93 per 

1000). 

 

 

 

 

Strengths: 

Population-based information. 

including all pregnancy outcomes. 

Multiple sources of information to 

ascertain cases.  

Limitations: 

Not completely representative of the 

European population. Results from 

one region may not reflect the 

situation for the entire country, and 

some differences between countries 
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1-digit BPA extension codes were 

used. 

may be over- or underestimated as a 

result.  

9. England 

1987-2006 

(Wren et al. 2012)  

Population study 

676,927 live births 

Total mortality in infants with CHD 

declined from around one per 1,000 

registered births in the early years to 

less than half that in later years. 

Infant mortality rate due to CHD 

(cardiac cause) = 128/676927 x 1000 

= 0.19 

(cardiac cause and primary cardiac 

surgical cause) = 255/676927 x 1000 

= 0.38 

Strengths:                                    

It covers all live births and 

terminations of pregnancy in a large 

population.  

Includes every infant with CHD. 

Complete ascertainment of mortality.  

Limitations: 

Limitations include the retrospective 

analysis of the cause of death and the 

possible subjective classification of 

the cause of death, particularly when 

it was multifactorial.  

10. England and Wales   

2004-2008  

(Knowles et al. 2012) 

Population-based study 

Data from Office of National 

Statistics  

Infant mortality due to CHD was 0.15 

per 1000 births (0.15 for boys and 

0.14 for girls).  

Strengths: 

Population-based data. 

Limitations: 

Routine data has the potential for 

misclassification by the cause of 

death.  
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11. France 

2005-2008 

(Khoshnood et al. 2012) 

Birth cohort 

Women in Greater Paris (n = 317,538 

births, including 314,022 live births)  

Infant mortality for isolated CHD 

3.6% from total cases of CHD. 

Infant mortality due to CHD for all 

live births = 68 * 1000/314022 = 0.22 

per 1000 live births. 

Early neonatal mortality due to CHD 

= 0.07 per 1000 live births. 

Neonatal mortality due to CHD = 

0.13 per 1000 live births. 

Postneonatal mortality due to CHD = 

0.09 per 1000 live births. 

Strengths: 

Population-based. 

Diagnoses were confirmed in 

specialised centres and subsequently 

coded and classified into the 

categories of ACC-CHD by 

paediatric cardiologists. 

Limitations: 

Risk of infant mortality were highly 

variable across the categories of 

ACC-CHD. 

Difficult to generalise the results to 

other population settings. 

12. Taiwan 

2008-2009 

(Yeh et al. 2013) 

Population-based study Infant mortality due to CHD was 0.59 

per 1000. 

Mortality fraction from CHD cause is 

a percentage that denotes the number 

of CHD-related deaths divided by the 

number of deaths from all causes. 

Strengths: 

A population-based study using 

national death statistics. 

Limitations: 

Not clear whether the death is due to 

isolated CHD or CHD with other 

causes. Possibility of 

misclassification of the diagnosis. 

13. China 

2003-2010 

Population-based study Increasing trend of CHD mortality Strengths: 
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(Hu et al. 2014) 

 

The data source was the China 

Ministry of Health. 

Sample roughly 10% of the Chinese 

population, amounting to 100 million 

residents. 

From 2003 to 2010, the overall infant 

mortality rate is 7585.5per 

10,000,000 (0.76 per 1000 births) 

Death certificate signed by a 

physician is required by law to report 

and record any cause of death. 

The largest study focusing on CHD 

mortality in a large population-based 

Chinese sample using a 

comprehensively validated risk 

adjustment tool. 

Limitations: 

10% of the population is included in 

the study. 

Does not provide the mortality trend 

of each major subtype.  

14. Mexico 

1998-2013 

(Torres-Cosme et al. 2016) 

Population-based study Infant mortality from CHD increased 

24.8% from 1998 to 2013 (114.4 to 

146.4/ 100,000 live births). 

Strengths: 

Population-based design over a long 

period.  

Use of the ICD-10 on death 

certificates. 

Limitations: 

Lack of connection between birth 

certificates and death certificates in 

Mexico. 



30 

 

Missing the gestational age of CHD-

specific deaths and not having 

identified deaths from CHD 

associated with chromosomal 

abnormalities.  

High proportion of unspecified 

diagnoses, particularly on the first 

day of life. 

15. USA 

2003-2004 

(Collins et al. 2017) 

 

Cross-sectional population-based 

study 

n = 3,684,569 for non-Hispanic 

Whites and n = 782 452 for African-

American. 

Infant mortality rate for African-

American infants is 3.78/10 000 live 

births and 2.78/10 000 live births for 

White infants. 

The main leading cause of death in 

descending order: left-sided outflow 

obstructive lesions, conotruncal 

defects, right-sided outflow 

obstructive lesions, septal defects, 

atrioventricular septal defects, 

lesions of veins, lesions of arteries. 

Strengths: 

Large sample size. 

Limitations: 

No information on factors that could 

affect death. Data cover the period 

2003-2004 and do not show recent 

estimates. Deaths due to CHD listed 

as the underlying cause, and not as a 

contributing cause.  

16. Korea 

2009-2015 

(Ko et al. 2017) 

Retrospective national cohort study 

Number of infant deaths caused by 

CHD was 1112. 

CHD Q20-Q28 

Infant mortality due to CHD is 

0.11/10000 live births. 

Foetal deaths due to CHD is 

0.08/10000 total births. 

Strengths: 

Population based study. 

Limitations: Clinical diagnosis and 

no autopsy to establish cause of 

death. 

USA: United States of America, CHD: Congenital Heart Disease, ICD: International Classification of Diseases, EUROCAT: European Surveillance of Congenital Anomalies, 

ACC-CHD: Anatomic and Clinical Classification of Congenital Heart Disease. CI: Confidence Interval. BPA: British Paediatric Association
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Covering the period 2000-2005 for a population of 3.3 million births across 16 European 

countries, a EUROCAT study on cases of CHD in live births, late foetal deaths, stillbirths 

and TOPFA showed that the European perinatal mortality rate was 0.25 per 1000 births, 

varying from 0.07 in Italy to 0.37-0.38 in Ireland, the Netherlands, and in Malta. This is 

likely to be due to the fact that TOPFA is not allowed in Ireland and Malta, and there was 

no anomaly scanning policy in Netherlands during the study period (Dolk et al. 2011).  

In Ukraine, the rate was 0.93 per 1000 births, and is probably related to low treatment 

success (Dolk et al. 2011). Any perinatal mortality below 0.4 per 1000 should be assessed 

(Dolk et al. 2011) to determine whether it is due to a genuinely low prevalence of CHD 

or other factors such as treatment improvement, low recording of data relating to cause 

of death, low autopsy rates, or a high number of cases where no autopsy is performed at 

all  (Zeitlin et al. 2008). TOPFA might not be a cause for decreasing perinatal mortality 

as has been suggested (Postoev et al. 2015). A study in Korea covering the years 1994-

2005 has shown that a decline in infant and perinatal mortality after diagnosis of CHD 

prenatally has been associated with steady termination rates in the same period (Lee Ji 

Eun et al. 2010). However, these results might not be valid as there was a lack of follow 

up for 10% of the data. The steady termination rate in South Korea may be due to the fact 

that there is an increasing percentage of Christians within the population there (Connor 

2014), and abortion  is illegal in South Korea. In addition, the policy in South Korea is to 

boost fertility rates as the country has a very low fertility rate in comparison to other 

developed countries (Reuters 2008; World Population Review 2018). 

In France, Khoshnood et al. investigated perinatal mortality in 2005 and found that the 

rate for all CHD cases was 6.4% (95% CI, 4.7-8.5) and first week mortality was 3.3% 

(95% CI 2.1-5.0) for all CHD cases. Once again, a gradual decrease in perinatal mortality 

was noted for CHD over time in this study. The authors acknowledge potential bias 

resulting from underestimation of mortality rates due to the increased detection of less 

severe cases of CHD (Khoshnood et al. 2005) . 

The reduction in CHD perinatal mortality can be attributed to several factors, one of 

which is improvement in prenatal diagnosis of severe CHD and consequent terminations  

(Khoshnood et al. 2005); improvement in early diagnosis could have contributed to infant 

mortality reduction from CHD (Abouk et al. 2017). Reduction in CHD mortality is 
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generally attributed to better access to health care services, and advances in surgical and 

medical therapeutics (Bernier et al. 2010). 

1.5.2 Infant mortality due to CHD 

Infant mortality, defined as:  

“an estimate of the number of infant (less than one year of age) deaths for every 

1,000 live births” (CDC 2016),  

is considered to be one of the crucial indicators of a nation’s health, because it is related 

to various factors such as maternal health, socioeconomic conditions, quality and access 

to health care, and the public health system (Olson et al. 2010). There is an association 

between preterm birth, low birthweight – defined by WHO as “a birth weight of less than 

2500 g” (WHO 2004) – and infant mortality, as the smallest babies are the most likely to 

die (Watkins et al. 2016). In France during the period 2005-2008, mortality in preterm 

infants with CHD was much higher than in term infants (Laas et al. 2017).   

A population-based study (covering a population of 3.1 million) over the period 1987-

2006 in Northern England has shown that total mortality in infants with CHD dropped 

from 1 per 1,000 registered births in the early years to less than half that in later years, 

and the infant mortality rate due to CHD was 0.19/1000 live births (Wren et al. 2012). In 

another UK study, using records derived from the Office of National Statistics for the 

period 2004-2008, infant mortality due to CHD was 0.15 per 1000 births (0.15 for boys 

and 0.14 for girls) (Knowles et al. 2012). 

It is essential that the interpretation of CHD mortality data should be carried out with 

consideration given to the health care available in the region, as in areas with low access 

to surgical intervention, mortality data due to CHD reflects the natural history of the 

disease. For example, in Nepal, where there is low access to surgical intervention, the 

mortality rate was 20% among all cases diagnosed with CHD; however, this is based on 

a small sample (89 cases) (Shah et al. 2008). In Taiwan, infant mortality due to CHD was 

0.59 per 1000 in a population-based study for the period 2008-2009  (Yeh et al. 2013).  

In France during the period 2005-2008, infant mortality due to CHD was 0.22 per 1000 

live births and early neonatal mortality due to CHD was 0.07 per 1000 live births, while 
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neonatal mortality due to CHD was 0.13 per 1000 live births, and post neonatal mortality 

due to CHD was 0.09 per 1000 live births (Khoshnood et al. 2012). Olsen et al. (2010), 

Christensen et al. (2010) reported higher rates of infant mortality of 0.74 per 1000 births 

in a population-based study in Denmark between 1977 and 2005, with trends showing a 

substantial reduction in mortality over the years (Olsen et al. 2010b). In China, an 

increasing trend of CHD mortality from 2003 to 2010 has been observed, and the overall 

mortality rate is 0.76 per 1000 live births (Hu et al. 2014).  

In the US, infant mortality related to CHD was investigated in four large population-based 

studies. Covering a 19-year period from 1979 to 1997, a study by Boneva et al. (2001) 

found 1 in 13 infant deaths (7.4%) were due to CHD (Boneva et al. 2001). 

In another study in the USA, infant mortality related to CHD was 0.41 per 1000 and infant 

mortality caused by CHD decreased by 17.3% (P<0.01) from 0.46 per 1000 in 1999 to 

0.38 per 1000 in 2006 (Gilboa et al. 2010). Both studies recorded a gradual decline in 

infant mortality due to CHD. Both studies extracted information from national databases 

which helped identify trends across the US, including racial disparities. Nembhard et al. 

(2008) reported total infant mortality of 0.67 per 1000 with discrepancies in mortality 

between non-Hispanic Whites and non-Hispanic Blacks (0.62 per 1000 versus 0.90 per 

1000, respectively) (Nembhard et al. 2008).  Research by Collins et al. (2017) covering 

the period 2003-2004 showed higher infant mortality due to CHD among African 

Americans in comparison to white Americans (0.38 per 1000 versus 0.28 per 1000, 

respectively) (Collins et al. 2017). In this study, data were extracted from death 

certificates, which may have limitations in regards to completeness and accuracy of 

recorded information. 

In Korea, a retrospective population cohort study covering the period 2009-2015, in 

which the cause of death was decided based on clinical record, reported a low infant 

mortality of 0.01 per 1000 (Ko et al. 2017), and reasons for this low mortality need to be 

investigated. In Mexico, a population-based study covering the period 1998-2013 showed 

increased infant mortality from 1.14 per 1000 in 1998 to 1.46 per 1000 live births in 2013. 

This high rate may be due to the fact that the deaths include CHD associated with 

chromosomal abnormalities and a high proportion of unspecified diagnoses (Torres-

Cosme et al. 2016). 
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1.6 Prevention levels and prevention strategies for CHD 

There are three levels of prevention to consider in CHD. Primary prevention strategies 

attempt to modify risk factors to decrease the occurrence of CHD, while secondary 

prevention strategies aim to provide early detection followed by effective early treatment 

(Czeizel 2005). Tertiary prevention, which aims to improve the lives of people with CHD, 

occurs after disability has been experienced and focuses on complete recovery from CHD, 

such as by early surgical intervention without residual defects or minimal after effects 

(Czeizel 2005). The public health cycle which has been mentioned earlier then loops back 

into surveillance to gauge the effectiveness of prevention strategies (Oster et al. 2013). 

1.6.1 Primary prevention of CHD 

This study is focused on providing information to help achieve primary prevention of 

CHD. Any confusion over terms related to the prevention of CHD could mean that crucial 

efforts will not be used in the public health agenda to tackle CHD (Dolk and EUROCAT 

Project Management Committee 2009). Primary prevention of congenital anomalies is 

assumed in some European countries to include preimplantation diagnosis, and 

consequently this will mean it is excluded from the public health agenda because of 

ethical concerns (Dolk and EUROCAT Project Management Committee 2009). It is also 

important to highlight that termination of pregnancy (TOP) after prenatal diagnosis of 

CHD is referred to as secondary prevention (Dolk and EUROCAT Project Management 

Committee 2009). Prenatal screening is also classed as secondary prevention (i.e., where 

early detection results in less severe disease) only where its main drive is to prepare the 

case for more successful treatment, in utero or postnatally (Dolk and EUROCAT Project 

Management Committee 2009). 

Evidence from Canada has shown that lowering the occurrence of CHD is achievable by 

enhancing protective factors, and the relative risk of developing CHD subtypes reduced 

after folic acid food fortification was introduced in Canada, e.g., coarctation of the aorta 

(RR, 0.77; 95% CI, 0.61-0.96) and VSD (RR, 0.85; 95% CI, 0.75-0.96) (Liu et al. 2016b). 

EUROCAT and EUROPLAN (European Project for Rare Diseases National Plans 

Development) have published recommendations for primary prevention of all congenital 
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anomalies including CHD. These recommendations, which were recognised by the 

European Union Committee of Experts on Rare Diseases in 2013 (Taruscio et al. 2014), 

present a range of achievable, evidence-based primary prevention measures on population 

and individual levels. The measures are based on state priorities (Taruscio et al. 2015) 

and focus mainly on lifestyle, food and nutrition, and medications (Taruscio et al. 2014).   

Giving advice to women before pregnancy is an example of an individual level measure, 

while regulations on environmental exposure to protect women is a population level 

measure. Primary prevention is particularly difficult because many pregnancies are 

unplanned. According to research from England, Wales and Scotland, planned 

pregnancies represent 55% of all pregnancies (Wellings et al. 2013). Pathogenetic 

research is needed in order to expand primary prevention (Dolk et al. 2011).  

1.6.2 Primary prevention strategies of CHD 

In order to reduce the CHD burden it is essential to invest in primary prevention (Dolk et 

al. 2011). To set up an efficient prevention policy for CHD, each population requires 

public health measures that are evidence-based and tailored to the specific needs of that 

population which will address particular modifiable risk factors at both individual and 

population levels. The impact of these measures should also be assessed (Oster et al. 

2013). For example, women of childbearing age should be screened for and encouraged 

to control diabetes, and to keep immunisations current, including the rubella vaccination 

(NHS 2016). Medication use during pregnancy should be discussed with doctors, and 

usage of known teratogens such as isotretinoin and antiepileptic medications should be 

avoided (Jenkins et al., 2007). Other measures include alcohol and smoking cessation or 

avoidance, avoidance of exposure to organic solvents, heavy metals and pesticides (Oster 

et al. 2013), and particular care to avoid contracting febrile illnesses including influenza 

(Jenkins et al., 2007). There is also growing evidence of a link with maternal obesity: a 

recent meta analysis showed a significant association between maternal obesity and CHD 

in infants (OR: 1.17; 95% CI, 1.15-1.20) (Zhu et al. 2018). 

Whether folic acid has an additional protective effect on CHD in addition to neural tube 

defects has been under continuous scrutiny (Temel et al. 2014; Feng et al. 2015a). 

Evidence has emerged of the protective effect of folic acid and a recent meta analysis 
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including 18 studies has shown that folic acid may be protective against CHD (relative 

risk = 0.72, 95% CI: 0.63-0.82) (Feng et al. 2015a). There is a possible biological 

mechanism which underlines the association between lack of folic acid and CHD, and the 

literature on this is described in Chapter 2 (Section 2.1.5).  

The above represents a summary of the main points in any prevention guidelines for CHD 

around the world. The different guidelines for CHD prevention adopted by different 

countries have been included in Appendix 2. 

1.7 Aims and objectives 

The aim of the study is to describe the occurrence of babies born with CHD and death 

due to CHD within the first year of life in NI for the period 2005-2014, and to identify 

risk and protective factors for CHD in order to guide public health action for prevention 

and service planning. 

The study objectives are as follows: 

 To determine the prevalence and trends of CHD in NI, including the CHD clinical 

spectrum and infant mortality due to CHD, 2005-2014. 

 To investigate if there are socioeconomic and urban/rural differences in the 

occurrence of CHD, 2005-2014. 

 To assess the contribution of maternal sociodemographic characteristics and 

behaviours as risk factors for CHD, 2010-2014. 

 To investigate the relationship between MHM taken in the preconceptional period 

and in the first trimester of pregnancy and CHD, 2010-2014. 

 To assess the feasibility and added value of using linked clinical and 

administrative databases for public health research. 

1.8 Structure of the thesis 

The thesis is comprised of seven chapters. Chapter 1 gives the background and 

introduces the rationale for the study, describing CHD importance in the context of public 
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health and identifying gaps in CHD public health research. It also includes a description 

of the prevalence and related perinatal and infant mortality of CHD globally and locally 

in a literature review. Chapter 1 includes an overview of the CHD burden on patients, 

families and the health system and concludes by describing the prevention of CHD and 

different strategies to achieve that goal. 

Chapter 2 briefly describes the embryology of the heart with timelines showing the 

different stages of heart development, genetics, epigenetics and pathogenesis of CHD in 

an attempt to understand the mechanisms behind CHD development and relate this to the 

risk of developing CHD. An overview of different classifications, codes and groupings 

used in the field of CHD is given along with identification of the strengths and limitations 

of these. 

Chapter 3 provides an overview of literature on the risk factors for CHD, with a special 

focus on socioeconomic factors, urban/rural residency, and MHM during early 

pregnancy. Previous studies in this area are discussed and the chapter ends with the 

conceptual framework for this study. 

Chapter 4 focuses on the methodology used in this study. Its various sections include a 

critique of different methodologies and justification of the chosen methodology; data 

access and data sources, definitions of terms used in the thesis; study population and 

period; sample size. The inclusion and exclusion criteria for the study are also explained.  

Chapter 5 presents the results for the first four objectives of the study.  

Chapter 6 gives an overview of and discussion of the fifth objective of the study.   

Chapter 7 discusses the main results from the first four objectives and offers 

recommendations for clinical and public health practice and further research and draws 

conclusions.  



38 

 

 

Chapter 2: Embryology, genetics and epigenetics, 

classification and coding of CHD 

 

This chapter will describe briefly the embryology, genetics and epigenetics, and 

teratogenic mechanism of CHD. These concepts are related and an understanding of them 

(mainly the embryology and teratogenic mechanism) illustrates why the methodology for 

this study was chosen and how certain risk factors may cause CHD. This chapter will also 

provide an overview of the main classification systems and codes used to classify CHD. 

2.1 Congenital Heart Disease (CHD) 

2.1.1 Embryology 

A basic knowledge of the embryology of heart development is essential in order to 

understand how a particular risk might impact on certain developmental stages during 

early foetal heart development and thereby lead to CHD. In order to investigate the risk 

factors which may cause CHD, it is important to understand when and how CHD 

develops. This is a fundamental concept which has been considered when building the 

methodology for this study (Chapter 4, Section 4.4.3). 

The heart is the first organ to form in the developing embryo and the main features of the 

heart morphogenesis start at day 15 of gestation. All heart components are apparent by 8 

weeks from conception (Srivastava and Olson 2000). The development of the heart is 

shown in Figure 2.1  
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Figure 2.1: Schematic of cardiac morphogenesis (Srivastava and Olson 2000). 

Note: A=atrium, Ao=aorta, AVV=atrioventricular valve segment, AS=aortic sac, CT=conotruncal 

segment, DA=ductus arteriosus, LA=left atrium, LCC=left common carotid, LSCA=left subclavian artery, 

LV=left ventricle, PA=pulmonary artery, RA=right atrium, RSCA=right subclavian artery, RCC=right 

common carotid, RV=right ventricle, V=ventricle. 

One of the stages of heart development is laterality, whereby the cells on the left side of 

the heart contribute to the right side of the outflow tract region and vice versa (Sadler 

2011). An understanding of laterality and the laterality pathway is important in explaining 

the impact of some MHM on heart development. 

The laterality pathway includes various signalling molecules, such as serotonin or  5-

hydroxytryptamine, that causes transcription factor PITX2 expression, the left sidedness 

master gene (Sadler 2011). Laterality pathway disruption plays a role in the development 

of many different types of CHD (such as VSD and ASD), which might explain the 

apparent role of Selective Serotonin Reuptake Inhibitors (SSRI) antidepressants in the 
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development of CHD as these medications may cause abnormalities by disrupting 

serotonin signalling in the laterality pathway (Sadler 2011). 

Other cells which are important to be aware of are neural crest cells, which start in the 

neural tube edge and migrate to the cardiac outflow area, regulate cell generation and 

outflow tract lengthening. Neural crest cell insult can lead to pulmonary stenosis, 

Tetralogy of Fallot (TOF), persistent (common) truncus arteriosus, transposition of the 

great vessels (TOGV) (Nishibatake et al. 1987), and membranous VSD (Waldo et al. 

1998). Craniofacial development is also affected by neural crest cells, therefore the 

presence of cardiac and facial anomalies in the same person is not uncommon (Venkatesh 

2009; Sadler 2011).  

There are some changes which occur at birth and in the neonatal period such as the closing 

of the foramen ovale and ductus arteriosus. Failure of the ductus arteriosus and foramen 

ovale to close at birth will lead to PDA and open foramen ovale respectively. This is 

particularly common among the premature (Sadler 2011), and these anomalies are 

considered minor CHD anomalies (EUROCAT 2014). For further CHD definitions and 

illustration, please see Appendices 3 and 4. 

2.1.2 Genetics and epigenetics 

The majority of CHD cases are diagnosed as sporadic (without a familial history or a 

Mendelian inheritance), non-syndromic defects, and in the remainder Mendelian 

inheritance and a family history can be identified (Pierpont et al. 2007). However, 

questions, particularly those relating to sporadic forms of disease, remain unanswered 

(Blue et al. 2017).  

The literature has shown that chromosomal disorders that lead to genetic syndromes are 

associated with CHD such as Trisomy 21 (Down syndrome) (Pueschel 1990; Freeman 

1998), Trisomy 18 (Edwards syndrome) (Van Praagh et al. 1989), Trisomy 13 (Patau 

syndrome) (Wyllie et al. 1994), Alagille syndrome (McElhinney et al. 2002), and others 

such as DiGeorge Syndrome and Noonan Syndrome (Pierpont et al. 2007). 

Ordovás and Smith made the key point that:  
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“the prenatal environment can induce changes in gene expression that are 

independent of the DNA sequence and arise as a result of epigenetic mechanisms” 

(Ordovás and Smith 2010).  

Literature strongly indicates that environmental exposures 'in utero' can affect the so-

called 'epigenome', causing CHD (Aitken and De Iuliis 2007). Altered DNA methylation, 

which is a major epigenetic mark, has been identified in a study of patients with Tetralogy 

of Fallot (Sheng et al. 2013). 

Genetic testing to assess the risk of CHD is costly, hence family history can be used as a 

proxy of genetic testing with greater acceptability, it also reflects the shared genetic and 

environment effect  (Valdez et al., 2010) 

Family history of CHD/congenital anomalies and syndromes are associated with 

increased risk of CHD. A study in Denmark  has shown relative risks of recurrence of 

CHD of 3-fold to 80-fold in first-degree relatives (Oyen et al., 2009). In a population-

based case control study in USA, a family history of any CHD was associated with 

increased risk and the odds ratios were in the range 3.1 to 7.2 for different CHD (Ferencz, 

1997). 

2.1.3 Gene-environmental interactions 

On the basis of studies of recurrence and transmission risks for CHD, a hypothesis of 

multifactorial etiology (where multifactorial etiology is defined as: 

“a pattern of familial inheritance resulting from multiple genetic or environmental 

factors or from a combination of both” (American Heritage Dictionary of the 

English Language 2011))  

was considered to be the main hypothesis underlying CHD occurrence (Nora 1968; Blue 

et al. 2012). Separate reviews on environmental (Jenkins et al. 2007) and genetic causes 

(Pierpont et al. 2007) of CHD have been identified which support the multifactorial 

etiology hypothesis.  
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2.1.4 Teratogenic mechanisms for CHD 

Teratogens, defined as “an agent that causes malformation of an embryo or foetus” 

(American Heritage Dictionary of the English Language 2016a), produce significant 

effects on CHD development. Teratogens such as certain medications and environmental 

toxins affect neural crest cells and this can subsequently lead to CHD (Grimes et al. 2008; 

Rosenquist 2013). 

Two important classes of teratogenic mechanisms, “folate antagonism” and “neural crest 

disruption” may be at work in inducing CHD (van Gelder et al. 2010). Discussion of those 

two mechanisms is worthwhile in order to understand possible explanations of any 

potential association of some groups of MHM and CHD. 

2.1.4.1 Folate Antagonism 

In order to understand how folate antagonism relates to teratogenic mechanisms, it is 

important to understand the effect of folic acid on foetal development. Folic acid (the 

synthetic form of folate) has a higher bioavailability than food folate (which is a water-

soluble B vitamin found in natural foods such as beans, fruits, green vegetables and liver) 

(Brouwer et al. 1999). The enzyme dihydrofolate reductase (DHFR) converts folate to 

tetrahydrofolate (THF) and then into 5-methyltetrahydrofolate (5-MTHF) 

monoglutamate, which is the main form of folate in blood circulation. 5-MTHF 

monoglutamate is transported via different routes into cells (Antony 1992; van der Put et 

al. 2001). It is a vital factor in several biochemical reactions as it acts as a donor or an 

acceptor of one-carbon units, which is essential in purine and pyrimidine synthesis and 

DNA methylation reactions. DNA synthesis is required by rapidly proliferating tissues 

which are essential for foetal growth and development, and this justifies increasing folate 

requirements during pregnancy. Furthermore, DNA methylation is associated with the 

epigenetic control of gene expression during foetal development. Antiepileptic drugs and 

DHFR inhibitors such as sulfasalazine can interrupt folate metabolism and may lead to a 

teratogenic effect. Furthermore, studies show that folate deficiency causes different 

congenital defects (Li et al. 2005; Czeizel et al. 2013). Folate deficiency can be caused 

by disturbances in folate metabolism, which can lead to high levels of homocysteine and 

an associated decreased level of methionine and is thought to play a role in the etiology 
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of CHD (Czeizel 1993; Shaw et al. 1995). Rosenquist suggested that homocysteine may 

be teratogenic, causing dysmorphogenesis of the neural tube, heart and ventral wall in 

chick embryos (Rosenquist et al. 1996).  

2.1.4.2 Neural Crest Cell Disruption  

Literature has suggested that changing levels of folate and/or homocysteine (due to low 

intake or using substances that antagonise the folate) cause malfunctions of cardiac neural 

crest cell differentiation, migration and progression of cell cycle (Stoller, Epstein 2005), 

leading to CHD. 

The development of neural crest cells requires retinoic acid (a form of vitamin A that is 

biologically active) (Cvekl and Wang 2009). There are neural crest-related anomalies 

which can be caused by excesses or deficiencies of retinoic acid (Wilson et al. 1953; 

Lammer et al. 1985; van Gelder et al. 2010; D’Aniello and Waxman 2015; Stefanovic 

and Zaffran 2017).  

2.1.5 Classification and coding of CHD 

A “classification” system groups together anomalies which share aetiologic or clinical 

characteristics (EUROCAT Guide 1.4. 2013). EUROCAT guides have stated that:   

“There is a balance to be struck between a) lumping together heterogeneous sets 

of anomalies and splitting so finely that there are few cases in each group, and b) 

creating groups based on great precision and accuracy of diagnosis and coding 

and creating groups which take into account what can be realistically found in 

medical records and regional or national databases for most cases” (EUROCAT 

Guide 1.4. 2013). 

Classification of CHD is a challenging task as such defects are anatomically, clinically, 

epidemiologically, and developmentally heterogeneous. Building classification and 

analysis focusing only on phenotype can lead to too many groups with too few cases for 

any meaningful risk factor estimation (Clark 2001). 

CHD classification and analysis in aetiological studies requires a balance of 

developmental, anatomical, and epidemiological approaches, with the objective of 

creating a risk estimate which is precise and unbiased, enhancing statistical power, and 

eventually giving useful results for prevention (Botto et al. 2007)  An ideal methodology  
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for grouping will be founded on protecting the homogeneity of subgroups. Consideration 

of case homogenieity is extremely useful in human teratogenesis studies (Botto et al. 

2007). Homogenous CHD conditions can be identified and grouped using specific code 

to search datsets. 

Coding has been defined by BINOCAR as: 

“the assignment of an alphanumeric code to an individual congenital anomaly, 

using the appropriate reference list and the individual anomaly description” 

(Wreyford et al. 2015).  

Using codes simplifies the analysis of the dataset and allows comparisons with other 

datasets using the same coding classification (Wreyford et al. 2015). 

Written text which is unstandardised is difficult to deal with in terms of data analysis, and 

so coding is important as it standardises the text so that it can be used and analysed for 

the purpose of research and surveillance. Conversion of a text diagnosis into a code is 

very difficult and might result in the wrong code being used. Discrepancies of accuracy 

and precision of the information delivered by health professionals should be dealt with in 

each coding system (EUROCAT Guide 1.4. 2013). 

There are a number of different classification and coding systems for CHD which were 

created at different times and for different purposes. Based on the literature highlighted 

by experts in the field (Professor Dolk and Dr Loane from EUROCAT), and the 

subsequent discussion in RBHSC, the following classification and coding systems were 

identified as those which are most commonly referred to in literature relating to CHD 

classification. 

2.1.5.1 International Classification of Diseases (ICD-9, ICD-10) 

The principle diagnostic classification in use throughout the world is the International 

Classification of Diseases (ICD), produced by the WHO (WHO 2016b).  

ICD codes have been used in health research for studying disease pattern, patterns of care, 

and outcomes of disease. It has been used in inclusion and exclusion criteria to identify a 

specific diagnosis needed in research (O’Malley et al. 2005).  
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ICD-9 was published in 1978 and is still in use in different parts of the world. For CHD, 

in some parts of the USA the more precise 6-digit code Clinical Modification (CM) 

version ICD-9-CM which assigns codes to procedures and diagnoses associated with 

hospital visits (Correa et al. 2007) was used until 2015 when the ICD-9 was abandoned 

in USA. Categories and subcategories are available in the range of 3-5 digits. The main 

ICD9 codes for CHD are 745-747 (CDC 2015). 

ICD-9 may cause a considerable number of errors and imprecisions, for instance, using a 

code for an individual anomaly where the anomaly could more accurately be classified 

using a different code which is unavailable in ICD-9 (Cronk et al. 2003; Frohnert et al. 

2005; Strickland et al. 2008). This has led to the launch of different CHD codes by the 

WHO in 1992 to replace the old congenital codes used in ICD-9 (CDC 2015). 

Some of the problems with ICD-9 have been addressed in ICD-10, which was endorsed 

in 1990; for example, pulmonary arterial atresia and pulmonary arterial stenosis have 

distinctive codes in ICD-10. ICD-10 includes 73 individual codes to classify CHD 

compared to 29 codes in ICD-9. ICD-10 codes are currently used in 115 states and 

available in 43 languages (Franklin et al. 2017). 

The ICD-10 codes still have limitations and are increasingly viewed by paediatric 

cardiologists as insufficient for depicting numerous CHD (Houyel et al. 2011). The 

repeated reporting of the items “unspecified” with the suffix number .9 or “other” with 

the suffix number .8 is a major limitation of ICD-10, as using them indicates a lack of 

specificity. Another example of limitation in ICD-10 is that “small” VSD has no explicit 

code (“small” VSDs are defined as “VSD dimension less than half the size of the aortic 

annulus diameter” (Taylor and Eldem 2015)). It also cannot differentiate less complicated 

forms of defects from those with heterotaxy or with more complex arrangements (Houyel 

et al. 2011).  

The lack of specificity in ICD-10 has been recognized by the British Paediatric 

Association (BPA), and under the auspices of the International Pediatric Association, the 

BPA published an application of ICD-10 for paediatrics, with the exclusion of those 

diagnostic categories not usually found in children (Crawshaw 1995). This application 

uses a fifth digit to provide greater specificity (WHO 2016b).  
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This involves a combination of more detailed subdivision of categories of diagnoses 

which are important to paediatricians. BPA extensions should be utilized where they 

exist, and their utilization is one way of measuring the quality of the data (Wreyford et 

al. 2015). The ICD-10-BPA code is available on the EUROCAT website 

(http://www.eurocat-network.eu/content/EUROCAT-Q-Chapter-2008.pdf) for free 

download. 

Despite their limitations, the ICD-9 and ICD-10 codes have been used in epidemiological 

surveillance, central government returns, and for billing purposes (Franklin et al. 2017). 

2.1.5.2 The European Paediatric Cardiac Code (EPCC) 

The complex nature of CHD and the ambiguous wording used in international listings 

have raised concerns about the accuracy of CHD coding (Franklin et al. 2002). The EPCC 

was published by the Association for European Pediatric Cardiology in 2000. A Long 

List, which is defined as:  

“a comprehensive hierarchical system of coding and classification for the 

diagnosis and treatment of cardiac disease” (Franklin et al. 2002), 

containing 3876 essential terms was used to create a condensed Short List containing less 

essential terms. Complete cross-mapping between Short and Long Lists has been 

performed to allow utilization of both lists within the same database if needed (Franklin 

et al. 2002). To facilitate use of the data by central governments, the EPCC was cross-

mapped to ICD-9 and ICD-10, as central governments usually use ICD listings (Franklin 

et al. 2008).  

When enhanced detail for audit and research is needed and inclusion into the electronic 

patient record is required, use of the Long List is preferable. For audits of workload of 

specialists in paediatric cardiology, and everyday use by clinicians who do not require 

detailed diagnosis or for whom inputting a detailed diagnosis might be very time 

consuming, use of the Short List is preferable (Franklin et al. 2002). The Short List is 

comprehensive, having “collective terms” which would allow coverage of all 

eventualities without the need for the Long List (Franklin et al. 2002). The European 

Paediatric Cardiac Code is available on the website of the Association for European 

http://www.eurocat-network.eu/content/EUROCAT-Q-Chapter-2008.pdf
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Paediatric Cardiology (http://www.aepc.org/european-paediatric-cardiac-codi/) for free 

download.  

In the United Kingdom, information on CHD procedures and diagnostic data for all 

patients in paediatric cardiac centres are required to be submitted to the United Kingdom 

Paediatric Central Cardiac Audit Database to allow data analyisis specifically for each 

centre (Pagel et al. 2013). The data are submitted using the codes of the Short List of the 

EPCC (Franklin et al. 2002). EPCC is not widely used to allow international comparisons 

between results of different studies, it is also has large number of codes which may 

complicate research and analysis (Houyel et al. 2011). 

2.1.5.3 The International Paediatric and Congenital Cardiac Code (IPCCC) 

The International Society for Nomenclature of Paediatric and Congenital Heart Disease 

was formed in Canada in 2005 and developed the International Paediatric and Congenital 

Cardiac Code (IPCCC), a widely used international system of nomenclature for cardiac 

disease (Franklin et al. 2008). The system consists of a cross-map linking different 

systems of classification such as ICD-10 and ICD-9, as well as Short Lists from the 

European Paediatric Cardiac Coding (EPCC) (Giroud et al. 2015). 

In the IPCCC, each individual lesion is coded with a six-digit numerical code. The system 

uses a Long List which details all known abnormalities arranged in 318 different terms 

and codes. The IPCCC has different versions of the Short List with different content based 

on the service users (Franklin et al. 2017). Short Lists which are designed to be used for 

audit and research purposes are similar to the Short List of the EPCC (Franklin et al. 

2008).  

The precision of the Long List represents one of the advantages of the IPCCC, and using 

IPCCC has an advantage over ICD-10 as it can differentiate between different AVSD 

variants with common atrioventricular junction. However, with more than 10,000 codes, 

it is too complex for use by clinicians and in research (Houyel et al. 2011). Therefore, it 

is not always used and more often health administrators use ICD-9 or ICD-10 (Franklin 

et al. 2017).   

http://www.aepc.org/european-paediatric-cardiac-codi/
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The unavailability of an up-to-date single nomenclature system has led to combined 

efforts between the WHO and the International Nomenclature Society to create a new 

ICD-11 that is globally accepted (Franklin et al. 2017). The limitations of the ICD-10 

codes, including its limited ability to produce standard, accurate diagnoses that can be 

incorporated simply into electronic health records, has been addressed in ICD-11 

(Franklin et al. 2017). Another limitation that is addressed in ICD-11 is inclusion of 

textual definitions, as for the first time the new system produces “Tabular Lists”, which 

helps different users to use the system for different purposes, including administrative 

and clinical (Tudorache et al. 2010). The system is inclusive as it was developed with 

input from experts all over the world. The CHD codes used in the new system have 

societal endorsement and are up to date, resulting in an increase from 73 codes to 318 

codes. By producing a “cluster code” using extension codes, the ICD-11 is able to insert 

clinical details into a primary diagnosis (Franklin et al. 2017).  Categories, strengths, and 

limitations of different CHD codes (ICD-10-BPA, EPC, and IPCC codes) are summarized 

in Table 2.1. ICD-10 has been used here as it is used in EUROCAT and is used in this 

study, The CHD codes available in RBHSC which were used in this  study use ICD-10 

as well as EPC codes.
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Table 2.1: Categories, strengths, and limitations of different CHD codes (ICD-10-BPA, EPC, and IPCC codes) 

  

 

Codes 

ICD-10-BPA (73 codes) EPCC  (203 terms) IPCCC 

(Chapter 20-28) Short list 

Categories 1. Q20 (Congenital malformations of 

cardiac chambers and 

connections). Includes 9 

subcategories. 

1. Abnormalities of position and 

connection of heart. (It includes 31 

subcategories.) 

318 different terms and codes. 

2. Q21 (Congenital malformations of 

cardiac septa). Includes 7 

subcategories. 

2. Tetralogy of Fallot and variants. (It 

includes 7 subcategories.) 

 

3. Q22 (Congenital malformations of 

pulmonary and tricuspid valves). 

Includes 9 subcategories. 

3. Abnormalities of great veins. (It 

includes 18 subcategories .) 

 

4. Q23 (Congenital malformations of 

aortic and mitral valves). Includes 

7 subcategories. 

4. Abnormalities of atriums and atrial 

septum. (It includes 12 

subcategories .) 

  

5. Q24 (Other congenital 

malformations of heart). Includes 

9 subcategories. 

5. Abnormalities of atrioventricular 

valves and atrioventricular septal 

defect. (It includes 29 subcategories 

.) 

  

6. Q25 (Congenital malformations of 

great arteries). Includes 10 

subcategories. 

6. Abnormalities of ventricles and 

ventricular septum. (It includes 28 

subcategories .) 

  

7. Q26 (Congenital malformations of 

great veins). Includes 9 

subcategories.  

7. Abnormalities of ventriculo-arterial 

valves and great arteries. (It includes 

62 subcategories .) 
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8. Q27 (Other congenital 

malformations of peripheral 

vascular system). Includes 7 

subcategories. 

8. Abnormalities of coronary arteries, 

arterial duct and pericardium; 

arteriovenous fistulae. (It includes 

16 subcategories .) 

  

9. Q28 (Other congenital 

malformations of circulatory 

system). Includes 6 subcategories. 

    

      Strength  Produced by WHO and used 

internationally and widely. 

 Detailed diagnostic 

categories of interest to 

paediatricians.   

 Incorporates most 

syndromes. 

 It has more specific 

information from coded data. 

 Their usage constitutes one 

measure of data quality.  

 More specific than ICD-10. 

 Detailed diagnostic categories. 

 Cross-mapped to ICD-9 and 

ICD-10 in order to facilitate 

returns to national and 

international requirements. 

 The short list is used by United 

Kingdom Pediatric Central 

Cardiac Audit Database. 

  

 Precision and exhaustiveness. 

 Used globally and incorporated 

into ICD-11 

 Long and short lists allow users to 

use the system for different 

purposes. 

 Short lists are designed to be used 

for audit and research purposes. 

Limitations  Words used not always 

preferred by paediatricians. 

 Many inaccuracies and non-

specificity. 

 Cannot differentiate less 

complicated forms of defects 

from those with more 

complex arrangements. 

 Elimination of diagnoses not 

commonly encountered in 

children. 

 Not widely used to allow 

international comparisons. 

 Large number of codes 

complicates research and 

analysis.  

  

 Not widely used to allow 

international comparisons. 

 More than 10,000 codes, 

complicating in research and 

analysis.  

  

IPCCC: International Paediatric and Congenital Caediac Code, ICD: International Classification of Diseases, BPA: British Paediatric Association, EPCC: European Paediatric Cardiac 

Code, EUROCAT: European Surveillance of Congenital Anomalies, CHD: Congenital Heard Disease, WHO:  World Health Organisation.
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2.1.5.4 Anatomic and Clinical Classification of Congenital Heart Disease (ACC-CHD) 

(Houyel’s classification) 

This classification is a reorganisation of the existing IPCCC Long List and it 

accommodates ICD-10. The principal motivation of ACC-CHD is to use anatomical, 

clinical and surgical management criteria to rearrange CHD into a manageable number 

of categories. It is also intended to facilitate both the coding process and the analysis of 

the data in clinical and epidemiological studies. This classification is useful in research 

on risk factors for CHD as it has been used to assess the association of assisted 

reproductive technologies and CHD (Tararbit et al. 2011).  

In this classification the abnormalities have been grouped into 10 main categories and 23 

subcategories (Table 2.2), based on a multi-dimensional approach including clinical sense 

and anatomy. The ACC-classification, “Anomalies of atrioventricular junctions and 

valves”, incorporates three subcategories based on the atrioventricular valve type 

included, i.e. mitral, tricuspid valves or common atroventricular valve, which is found in 

atrioventricular septal defect (AVSD) (Houyel et al. 2011). Atrioventricular valvar atresia 

was not included in this subcategory, instead it has been placed with the functionally 

univentricular hearts group. This is because its fundamental feature is severe hypoplasia 

in one of the two ventricles, regardless of the atrioventricular junction anatomy (Houyel 

et al. 2011). 

In fact, in the ACC-CHD classification, all forms of  ventricular hypoplasia are entirely 

grouped within functionally univentricular hearts, based on the fact that they have similar 

clinical management, while in the IPCCC, ventricular hypoplasia (left or right) are 

incorporated in the abnormalities of the ventricles group (Houyel et al. 2011).  

The ACC-CHD has been applied to the EPICARD study (Houyel et al. 2011), which is a 

prospective cohort population-based study. The study population were all children with 

CHD born in the urban area of Greater Paris, France, between 2005 and 2008 (almost 

300,000 births). The classification is comprehensive, as using one or two codes is 

sufficient to include more than 93% of all CHD cases; 79.5% of the study population 

(2867 cases of CHD) are assigned to only one code and 14.1% to 2 codes (Houyel et al. 

2011). 
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Table 2.2: Distribution of the percentage of CHD cases in the ten categories of the 

anatomic and clinical classification of congenital heart diseases (ACC-CHD) in the 

EPICARD study and percentage of CHD cases within each category when using 

one code (Total N=2867). Adapted from (Houyel et al. 2011).  

 

Groups  % of each of 

the 10 

categories in 

EPICARD 

study 

% of CHD 

cases detected 

when using one 

code 

1.  Ventricular septal defects  52 89.6 

2. Anomalies of the ventricular outflow tracts (ventriculo-

arterial connections)  

19.6 71.8 

3. Anomalies of the atrioventricular junctions and valves  7.4 74.2 

4. Anomalies of the atria and interatrial communications  6.3 87.4 

5. Anomalies of the extrapericardial arterial trunks  5.9 46.1 

6. Functionally univentricular hearts  5.5 63.3 

7.  Heterotaxy, including isomerism and mirror-imagery  1.3 2.7 

8. Anomalies of the venous return  1.1 90 

9. Complex anomalies of atrioventricular connections  0.45 38.5 

10.  Congenital anomalies of the coronary arteries  0.3 100 

EPICARD: Future Development of Children Suffering from Congenital Heart Diseases 

2.1.5.5 National Birth Defects Prevention Study (NBDPS) classification 

The NBDPS is one of the biggest studies looking at the causes of congenital anomalies 

among infants in the United States (Reefhuis et al. 2015). The purpose of the NBDPS is 

to assess environmental and genetic factors that are related to the development of 

congenital anomalies (CDC 2017).  

To make comparisons between studies and draw valid conclusions it is important to know 

whether CHD is isolated or non-isolated, an approach which has been considered in 

various studies (Botto et al. 2000; Wren et al. 2000; Pradat et al. 2003; Browne et al. 

2007) but which is not yet universal (Ul Haq et al. 2011; Abqari et al. 2016). According 

to NBDPS, an isolated CHD case is one without an extracardiac anomaly, while a non-

isolated CHD case is one with an extracardiac anomaly that is not a known related 

anomaly (Reefhuis et al. 2015), while in EUROCAT isolated is a non-chromosomal case 

without an additional major non-cardiac anomaly (Garne et al. 2011). 
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Classification of each CHD case was based on phenotype (anatomy) complexity, the 

presence or absence of extracardiac anomalies and the type of extracardiac malformation. 

Phenotype represents the basis of this classification, but epidemiological and 

developmental evidence is also considered (Botto et al. 2007). A brief explanation of 

NBDPS classification is shown in Figure 2.2. According to NBDPS definition, simple 

CHD “typically are anatomically discrete or a well recognized single entity” such as TOF 

or VSD. While associations are defined as “common, uncomplicated combination of 

CHD” such as combination of TOF and AVSD (Botto et al. 2007). In this study the terms 

single CHD and multiple CHD were used and they mean simple CHD and associations, 

respectively. 

There are certain cases of CHD that are excluded in NBDPS, including isolated PDA, 

patent foramen ovale, rare CHD including double outlet left ventricle and mitral stenosis, 

bicuspid aortic valve, and cardiomyopathy. 
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Figure 2.2: Explanation of NBDPS classification (modified from Botto et al.  2007) 

VSD: Ventricular Septal Defect 

Risk estimation of CHD can be further improved by specifying the CHD homogeneity 

into additional subgroups such as complex, simple, and associated. This is the approach 

which is used in NBDPS classification and which is highly recommended (Botto et al. 

2007). 

2.1.5.6 European Surveillance of Congenital Anomalies (EUROCAT) classification: 

EUROCAT includes the following subgroups related to CHD: one including all CHD, 20 

specified CHD subgroups (with mitral valve anomalies group having 2 ICD10-BPA 

codes, Q232 and Q233), and a severe CHD subgroup including 17 specified CHD 
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subgroups. In this system, most ICD10 codes for CHD (Q20-Q26) are included in a 

specified CHD subgroup and all the specified CHD subgroups are in the severe CHD 

subgroup, except VSD/ASD and pulmonary valve stenosis (PVS) (Garne and Addor 

2013; EUROCAT Guide 1.4. 2013) (Table 2.3). 

Table 2.3: EUROCAT major subgroups of CHD (EUROCAT Guide 1.4. 2013)  

EUROCAT Subgroups  ICD10-BPA 

CHD Q20-Q26 

Comments: 

Exclude PDA and peripheral pulmonary 

artery stenosis with GA < 37 weeks 

Severe CHD  Q200, Q201, Q203, Q204, Q212, Q213, 

Q220, Q224, Q225, Q226, Q230, Q232, 

Q233, Q234, Q251, Q252, Q262 

Common arterial truncus  Q200 

Double outlet right ventricle  Q201 

Transposition of great vessels  Q203 

Single ventricle  Q204 

Ventricular septal defect Q210 

Atrial septal defect Q211 

Atrioventricular septal defect Q212 

Tetralogy of Fallot  Q213 

Triscuspid atresia and stenosis  Q224 

Ebstein’s anomaly  Q225 

Pulmonary valve stenosis  Q221 

Pulmonary valve atresia  Q220 

Aortic valve atresia / stenosis  Q230 

Mitral valve anomalies  Q232, Q233 

Hypoplastic left heart  Q234 

Hypoplastic right heart  Q226 

Coarctation of aorta  Q251 

Aortic atresia / interrupted aortic arch  Q252 

Total anomalous pulmonary venous return  Q262 

PDA as only CHD in term infants (GA +37 weeks)  Q250 Comment: Live births only 

Peripheral pulmonary artery stenosis (GA +37 

weeks) 

Q256 

ICD: International Classification of Diseases, BPA: British Paediatric Association, EUROCAT: European 

Surveillance of Congenital Anomalies, CHD: Congenital Heart Disease, PDA: Patent Ductus Arteriosus, 

GA: Gestational Age 
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In the EUROCAT grouping minor congenital heart conditions are excluded unless they 

are present with another non-minor CHD. The EUROCAT list of minor CHD which is 

shown in Table 2.4 is not exhaustive. 

Table 2.4: List of minor CHD in EUROCAT (EUROCAT Guide 1.4. 2013) 

Cardiovascular Specified ICD10-BPA if 

present 

Absence or hypoplasia of umbilical artery, single umbilical artery  Q270 

Functional or unspecified cardiac murmur   

Patent ductus arteriosus if GA < 37 weeks  Q250 if GA < 37 weeks 

Patent or persistent foramen ovale  Q2111 

Peripheral pulmonary artery stenosis  Q256 if GA < 37 weeks 

Persistent left superior vena cava  Q261 

Persistent right aortic arch  Q2541 

ICD: International Classification of Diseases, BPA: British Paediatric Association, GA: Gestational Age 

 

In the EUROCAT grouping, detailed clinical outcomes are difficult to describe as this 

requires a more clinically oriented classification, so to estimate the burden of the disease 

in EUROCAT in general terms, cases are further classified as follows:   

1. Non-chromosomal: Cases without a chromosomal syndrome (Codes Q90-93, 

Q96-99 excl. Q936)  

2. Isolated CHD: Non-chromosomal cases without an additional major non-cardiac 

anomaly.  

3. Severe CHD, which comprise 17 anomalies summarized in Table 2.3. The severity 

of each CHD subtype was classified according to the perinatal mortality rate.  

The major strengths and limitations of the different CHD classifications are summarized 

in Table 2.5.
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Table 2.5: Strengths and limitations of different types of CHD classifications: 

  National Birth Defects 

Prevention Study (NBDPS) 

classification  

European Surveillance of Congenital 

Anomalies (EUROCAT) classification 

Anatomic and Clinical Classification of 

Congenital Heart Disease ACC-CHD 

(Houyel’s) 

Strengths Separation of isolated and non-

isolated forms.  

Distinction between simple, 

associated, and complex forms 

of CHD increase case 

homogeneity, and possibly 

improve risk estimation. 

Uses a 6-digit ICD-9-CM code. 

  

 

 

 

Used for epidemiologic surveillance of 

congenital anomalies in Europe. 

Simple and based on major abnormalities. 

Only major abnormalities are considered.  

Differentiates between cases, genetic syndromes 

and microdeletions. 

 It rearranges the Long List of the existing 

IPCCC and it accommodates ICD-10-BPA 

Manageable number of categories.  

It facilitates the coding process and the analysis 

of the data in clinical and epidemiological 

studies.  

This classification has been used in a population-

based study of the association of assisted 

reproductive technologies and CHD (Tararbit et 

al. 2011).  

Useful for studies that aim to evaluate the 

outcomes and prognostic factors of patients with 

CHD. 

79.5% of the study population are assigned to 

one code and only 14.1% to 2 codes. 
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Limitations Mainly developmentally 

oriented. 

Need combination of caution 

and expert opinion to classify 

cases. 

Not widely used. 

Excludes PDA if isolated 

regardless of gestational age at 

delivery. 

In comparison to EPCC, the EUROCAT 

classification provides less detailed information 

on each case. 

Not clinically oriented 

 Major codes may be used to classify minor 

anomalies such as patent foramen ovale and this 

may inflate the prevalence.             

It only includes codes Q20-Q26. 

Not widely used. 

Need caution and expert opinion to classify 

cases. 

Problem with classification in case of multiple 

CHD 

IPCCC: International Paediatric and Congenital Caediac Code, ICD: International Classification of Diseases, BPA: British Paediatric Association, 

CM: Clinical Modification, EPCC: European Paediatric Cardiac Code, EUROCAT: European Surveillance of Congenital Anomalies, CHD: Congenital Heart Disease, PDA: Patent 

Ductus Arteriosus. 
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Chapter 3: Review of the literature on 

protective and risk factors for CHD  

 

In this chapter, the literature on both protective and risk factors for CHD will be discussed, 

with particular focus on socioeconomic and demographic factors, urban/rural distribution, 

and MHM taken in the pre-conceptional period and/or in the first trimester of pregnancy. 

The chapter will conclude by presenting the conceptual framework of this study. 

In order to identify what is already known about the risks for CHD that are included in 

this study, four separate reviews were undertaken. The aim of the first was generally to 

identify the main risk and protective factors for CHD rather than identify studies. This 

step enabled the researcher to identify the variables needed for the study and to complete 

all governance and ethical forms based on evidence. The second, third, and fourth reviews 

were conducted specifically to identify studies focusing on socioeconomic factors 

associated with risk of CHD, urban/rural residence as a risk factor for CHD, and MHM 

as a risk factor for CHD, respectively. 

                3.1 Risk factors for CHD 

To identify risk and protective factors for CHD, a search strategy was devised in 

discussion with the subject librarian at UU using MEDLINE, Embase, and Google 

Scholar. A scoping search for grey literature was undertaken using Google Scholar. The 

scoping search identified non-English language materials, dissertations and unpublished 

studies. Non-English language materials were not included as translation was not possible 

due to time constraints. Dissertations and unpublished studies were not included as they 

are not peer reviewed and therefore less rigorous than the published studies. Moreover, it 

has been found that including these types of studies rarely has an impact on the findings 

from the review (Hartling et al. 2017). Studies were included if they were published in 

peer-reviewed, scientific journals, in the English language, during the period 2000-2016. 

Only studies on humans were included and no authors were contacted. Google Scholar is 

a web-based search engine (Zientek et al. 2018) which typically retrieves an 
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unmanageably high number of studies; therefore, only the first 100 articles were assessed 

for relevance, an approach which has been used in previous studies (McFadden et al. 

2012; Stevenson et al. 2016; Bates et al. 2017). 

The key words used were “congenital heart defects”, “congenital heart disease”, 

“congenital heart defect”, “pregnancy”, “first trimester”, “early pregnancy”, 

“preconception care”, “periconception”, “preconception”, “pregnancy”, “pregnant”, 

“maternal exposure”, “maternal”, “gestation”, “risk factors”, “noninherited”, 

“environment”, “controlled”, “environment design”, “protective”, “risk”, “cause”, 

“etiology”, “aetiology”. The keywords which were linked using Boolean connectors in 

order to identify literature are included in Appendix 5. The reference lists of papers that 

met the criteria were then checked for seminal works regardless of publication year to 

identify risk factors which were not identified in the search period. The 5890 articles from 

MEDLINE, 8734 articles from Embase, and the first 100 articles from Google Scholar 

were checked by examining titles and extract to identify risk and protective factors for 

CHD rather than studies. Nineteen main risk factors were identified. A narrative review 

on the risk and protective factors for CHD based on studies which have key data and clear 

longitudinal study design are summarised in Sections 2.1.2 and 3.2 to 3.12. 

3.2 Socioeconomic and demographic factors 

Health is determined not only by individual lifestyles and characteristics, such as age, 

ethnicity, and sex, but also by genetics and environmental factors such as living place, 

environment, education level, income, an individual’s relationships with others, and 

access to and use of health care services, all of which have a considerable effect on 

individual health (WHO nd). Those factors affecting health have been summarised by 

Dahlgren and Whitehead (2007) in their eponymous model (Figure 3.1), which plots the 

link between people, surroundings, and health. According to this model, the determinants 

of health are organised into a number of layers which might affect individual health. The 

outer layer represents the general socioeconomic, cultural and environmental conditions 

which interact with other layers such as constitutional factors 

(an inherent characteristic of the person) and individual lifestyle factors which may lead 
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to ill-health. The Dahlgren-Whitehead model (2007) informed the development of the 

conceptual framework for this study as it is a well known model. This approach has been 

used to identify a range of risk factors upon which health policy could be implemented 

(Zhang and Xu 2019; Steinke 2019). 

 

 

Figure 3.1: The Dahlgren-Whitehead model (Dahlgren and Whitehead 2007). 

3.2.1 Socioeconomic status at individual and area levels 

Studies looking at CHD and socioeconomic status (SES) have tended to use one or two 

measures of SES at the individual level (compositional measures) or area level 

(contextual/environmental measures); these include Egbe et al. (2014) and Agha et al. 

(2011), respectively. Individual measures of SES relate to characteristics of individuals 

such as their level of education and employment status while area-level measures refer to 

characteristics of the individual’s environment such as neighbourhood and geography 

(Shavers 2007).  
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Both measures have fundamental strengths and limitations. For example, occupation may 

not be a suitable measure of SES for teenage mothers, those who change their career  and 

those who have limited work experience (Duncan et al. 2002). Use of standard 

occupational classification systems in studies involving women are based on occupations 

in which men more frequently are employed and potentially are subject to occupation 

discrimination based on gender (Stier and Yaish 2014). The variable used to measure 

education in numerous studies captures formal education and may ignore other types of 

learning which may possibly influence SES (Shavers 2007). Also, some individual SES 

data are particularly difficult to gather; the non-response rate for income variables, for 

example, is greater than the non-response rate for other variables (Kirby and Edward 

1998). 

The strengths of using individual SES measures depend on the measure used. For 

example, education level is easy to measure, practical, convenient, and fairly stable 

beyond early adulthood. Occupation is less unstable than income, and indicates 

environmental and working conditions (Shavers 2007).   

When individual-level SES measures are not available, area-level SES measures created 

by using census data have been widely used as proxies for the former (Krieger 1992; 

Diez-Roux et al. 2001; Narla et al. 2015). In addition to being easily allocated to 

individuals, they have the advantage of assessing women’s SES more effectively than 

individual measures because they avoid certain limitations such as inaccurate income 

data, changes in occupation, and difficulties with ascertaining an individual’s level of 

education from administrative data. Area-level measures might be useful for area wide 

planning.  

However, area-level SES data (which use postcode and census data) can vary widely 

depending on the length of time between the collection and use of this data, movement 

patterns into and out of the region, business closures and start-ups, and unemployment 

rates. Area-level measures do not usually correlate well with individual measures 

(Demissie et al. 2000; Marra et al. 2011). It may not be suitable to use area-level SES as 

the only proxy of individual-level SES without considering the study setting (Pardo-

Crespo et al. 2013).  
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3.2.1.1 NI Multiple Deprivation Measure 

For the first time in NI, the NI Multiple Deprivation Measure (NIMDM) (NISRA 2010) 

has been used in this study to assess the association between mother’s SES and CHD. 

NIMDM is a spatial measure of deprivation, identifying small area concentrations of 

multiple deprivation (NISRA 2010). To achieve this, information relating to individuals 

is aggregated and presented at the level of the small geographical areas known as Census 

Output Areas (COAs) and Super Output Areas (SOAs) (NISRA 2010). The 5,022 COAs 

each have an approximate population of 350 people and the 890 SOAs each have a 

population of approximately 2,000 people (NISRA 2010). NIMDM comprises seven 

domains: income, employment, health, education, proximity to services, living 

environment and crime and disorder (NISRA 2010).   

3.3 SES measures and risk of CHD 

Mueller and Parcel (1981) have defined SES as:  

“the relative position of a family or individual on a hierarchical social structure, 

based on their access to or control over wealth, prestige and power”. 

SES includes various domains; for example, occupational status, educational level, and 

income are dimensions of SES (Braveman et al. 2005). SES is a major determinant of 

health, and association between the two has been extensively documented in both 

developing and developed countries (Chen et al. 2002; Marmot 2005). SES is a 

comprehensive measure in the health field, which Adler and Newman (2002) have 

suggested underlies three main determinants of health: environmental exposure, health 

behaviour, and health care (Adler and Newman 2002). 

A literature review and  meta-analysis have shown that low maternal SES was associated 

with a higher CHD risk among offspring (Yu et al. 2014). That review included studies 

using a single domain as a measure of SES. By contrast, rather than focus on one domain 

such as income or education, the current study was interested in SES as an overall 

concept; therefore, a further review was needed. As explained previously, SES is based 

on social structure and is a combination of different domains rather than only one. 

Because this study uses NIMDM as a measure of SES, it makes sense to discuss results 
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within that wide definition of SES in the literature. Hence, different studies were included 

in this review which differs from Yu et al. (2014) in terms of the timeframe, search 

strategy and search terms employed. 

A review of the literature of published papers was undertaken to identify risk of CHD due 

to SES. English-language papers, published from January 2000 to December 2017, were 

included in the search. The search strategy was devised in discussion with the subject 

librarian at UU using the key words “congenital heart defects”, “congenital heart disease”, 

“congenital heart defect”, “pregnancy”, “first trimester”, “early pregnancy”, 

“preconception care”, “periconception”, “preconception”, “pregnancy”, “pregnant”, 

“maternal exposure”, “maternal”, “gestation”, “sociodemographic”, “socioeconomic 

factors”, and “socioeconomic”. The search strategies and keywords which were linked 

using Boolean connectors in order to identify literature are included in Appendix 6. 

The search was carried out in three databases: MEDLINE, Embase, and Google Scholar. 

Citation searching of relevant articles along with a scoping search for grey literature 

search were undertaken using Google Scholar. The scoping search identified non-English 

language materials, dissertations and unpublished studies. Non-English language 

materials, dissertations, and unpublished studies were not included for the reasons 

outlined in section 3.1. Studies were included if they were published in peer-reviewed, 

scientific journals, in the English language, between 2000 and 2017. 

For Google Scholar the search was modified to fit the search functionality of the resource, 

which does not have the same search functionality as an academic database. Main terms 

such as “congenital heart disease”, “pregnancy”, and “socioeconomic status” were used.  

Following the removal of duplicates, the 217 studies were checked by examining titles 

and abstracts. After applying inclusion and exclusion criteria, 187 articles were rejected. 

A study was excluded if SES was measured by a single factor such as occupation, income, 

or education. Studies were excluded if they were commentaries, reviews, or editorials. 

Studies which had no key data or clear longitudinal study design were also excluded. 

After review of the full text, a further 23 articles were excluded. Further citation searching 

was then undertaken, and another two articles were added. Nine articles in total were 
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included in the review. No authors were contacted. The sequence of steps through which 

these nine articles were identified is described in Figure 3.2. 

 

 

Figure 3.2: Flow diagram of the sequence of identification of articles from 

literature for SES as a risk factor for CHD. 

 

The review revealed conflicting information regarding the association between SES and 

CHD in the literature (Table 3.1). Six of the studies in Table 3.1 are not included in the 

study by Yu et al. (2014). Of the 9 studies included, 5 studies showed no statistically 

significant association between CHD and SES and the other studies found mixed results. 

One UK study by (Vrijheid et al. 2000) using the Carstairs index found that low SES had 

no statistically significant association with combined CHD, or cardiac chambers and 

connections, cardiac valves, and great arteries and veins malformations. However, in the 

same study, low SES was statistically associated with malformation of cardiac septa 
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(Vrijheid et al. 2000). Results from other studies have shown that the association with 

CHD may vary across different subtypes of CHD and that low SES is associated with 

increased risk of certain subtypes of CHD, but the association is not significant 

(Carmichael et al. 2003b; Pawluk et al. 2014). No risk has been shown by other studies 

(Yang et al. 2008; Carmichael et al. 2009). There is also evidence that low SES is 

associated with low risk of all CHD, with a CHD incidence of 9.6/1000 livebirths in 

lowest income class compared to 11.1/1000 livebirths in the highest income class (P 

value=0.004) (Egbe et al. 2014). A Danish study using data from the Danish National 

Birth Cohort and using EUROCAT criteria for congenital anomalies showed that low 

paternal and maternal socio-occupational status had a modest association with CHD in 

infants but that the association was not statistically significant (Varela et al. 2009). While 

there is low social inequality in Denmark and health care access is free (including prenatal 

screening and TOP) and this is comparable to the situation in the UK, these results should 

be treated with caution when looking at countries with high social inequality. 

Results from the NBDPS database showed that lower maternal education was not 

statistically significantly associated with an increased risk of dextro-transposition of great 

arteries (dTGA) and TOF (Yang et al. 2008). In the same study, maternal and paternal 

education, household income, and occupation were measured individually and then 

combined to produce a household SES index (Yang et al. 2008). Household SES was 

significantly positively associated with dTGA (Yang et al. 2008). A population-based 

study in California reported that low area-level and individual-level SES were associated 

with increased risk of dTGA and reduced risk of TOF (Carmichael et al. 2003b).  

Numerous issues impede the ability to draw a firm conclusion from this literature. The 

main issues are inconsistency in the study findings which might be imputed to variation 

in study methods, including variation in SES measures and the data analysis methods used 

in the studies. Some of the earlier studies, such as that of  Vrijheid et al. (2000) in the UK 

covering the period 1986-1993, and that of the Carmichael et al. (2003b) study in the 

USA covering the period 1987-1989, were conducted prior to FA supplementation; a 

recent meta-analysis has shown that FA supplementation reduces the risk of CHD (Feng 

et al. 2015a), so the effect of FA supplementation should be adjusted for. Only a few 

studies such as Carmichael et al. (2009) in California and Agha et al. (2011) in Canada 
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have explored the confounding impact of FA supplementation on the association between 

SES and CHD, but the effect modification impact of other factors has not been assessed. 

The various confounding factors such as FA supplementation used in the individual 

studies could affect comparisons and effect sizes between studies (Carmichael et al. 

2003b; Carmichael et al. 2009).  

There are variations in the definition of the study populations used in different studies. 

For example, some research studied CHD among total births (live and stillbirths) and 

TOPFA (Carmichael et al. 2009), whereas others used data only on live births (Agha et 

al. 2011). This may have an impact on association measures, making it difficult to 

interpret the different research results.  

As discussed in Chapter 2, there are different classifications of CHD. In some studies, 

however, the type of CHD classification used was not reported (Vrijheid et al. 2000; 

Carmichael et al. 2003b; Carmichael et al. 2009; Agha et al. 2011), creating difficulties 

in comparisons of the findings, especially when it comes to CHD subtypes.  

Broad groupings of CHD into combined CHD may also have hindered the ability to 

analyse associations for specific CHD subtypes by diluting significant associations with 

certain subtypes. Some authors assessed CHD as one group (Vrijheid et al. 2000; Agha 

et al. 2011) while in other studies, specific CHD subtypes such as truncus arteriosus 

(Pawluk et al. 2014), TOF and dTGA or VSD (Carmichael et al. 2003b; Carmichael et 

al. 2009) are assessed as isolated subtypes of CHD. Furthermore, other factors such as 

completeness of case ascertainment could further complicate and contribute to difficulties 

in agreeing on a valid conclusion; studies with case ascertainment which might not be 

complete and (Egbe et al. 2014) lead to less accurate conclusions than studies with 

complete case ascertainment (Carmichael et al. 2009; Agha et al. 2011). 

From the literature and previous discussion, the question of the potential association of 

SES with CHD remains open and requires further investigation. 
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Table 3.1: Studies examining the association between maternal SES and CHD 

Author, 

year/Country/Data 

collection period  

Methodology Sample size Results and statistical 

measures 

Strengths and limitations 

1. Vrijheid et al. 2000 

 

UK 

 

1986-1993 

Case-control study 

 UK registers 

 

Diagnostic code 

ICD-10 

Isolated CHD 

 

Chromosomal 

anomalies included 

 

Studies among live 

and stillbirth and 

pregnancy 

termination 

 

Measure of SES: 

Area-level Carstairs 

deprivation index 

858 cases and 1764 

controls 

 

 

All cardiac anomalies n=230, 

AOR=1.59 (95% CI, 0.98-2.59) 

 

Malformations of cardiac 

chambers and connections n=30, 

AOR=1.94 (95% CI, 0.53-7.13) 

 

Malformations of cardiac septa, 

n=135, AOR=2.82 

(95% CI, 1.43-5.56) 

 

Malformations of cardiac valves, 

n=74, AOR=1.49 (95% CI, 0.66-

3.36)  

 

Malformations of great arteries 

and veins, n=77, AOR=1.04 

(95% CI, 0.48-2.23) 

Strengths: 

 Data from registers 

 Adjustment for the following 

variables: maternal age, year of 

birth, study region and distance 

from landfill sites 

 

Limitations: 

 Possibility of ascertainment bias 

 Small sample size for subgroup 

analysis. 

 

2. Carmichael et al. 2003b 

 

USA (California) 

 

1987-1989 

Population-based, 

case-control study 

Interview on average 

3.7 years after birth 

date 

 

Live, stillbirth and 

elective termination 

Birth defects database 

696 cases and 734 

controls 

 

 

Neighbourhood SES and dTGA: 

OR=2.6 (95% CI, 0.90-7.50) 

 

Neighbourhood SES and TOF:  

OR=0.4 (95% CI, 0.1-1.4) 

Strengths: 

 Population-based study 

 Good case ascertainment 

 Low non-participation rate (3%) 

 Adjusted for race-ethnicity, 

cigarette smoking, 

multivitamin/mineral supplement 

intake, and binge drinking 
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Chromosomal CHD 

excluded 

 

All cases diagnosed 

in the first year of 

birth 

 

Used both individual 

and neighbourhood-

level measures 

 

Used pathogenic 

classification scheme 

of Clark to classify 

CHD 

 SES measured at both the 

individual and area level 

 

Limitations: 

 Limited sample size 

 Possibility of recall bias 

 Results might have been affected 

by residual confounding 

 

3. Yang et al. 2008 

 

USA 

 

1997-2000 

Case-control study 

National Birth 

Defects Prevention 

Study (NBDPS) 

Singleton liveborn 

infants, foetal deaths, 

foetuses diagnosed 

prenatally and 

terminated. 

Chromosomal 

abnormalities 

excluded 

 

Isolated and non-

isolated CHD 

 

2,551 non-malformed and 

1,841 cases (conotruncal 

heart defects, n=397) 

 

 

Conotruncal heart defects 

(n=397) 

 

 

Low SES and TOF: 

AOR=1.0 (95% CI, 0.5-2.0) 

 

Low SES and Dextro 

transposition of the great 

arteries:  

AOR=1.5 (95% CI, 0.6-3.4) 

 

250 cases of TOF 147 cases of 

dTGA 

Strengths: 

 Large sample size 

 Complete ascertainment of cases 

and controls 

 Adjusted for the following: 

ethnicity of the mother, age, 

gravidity, residency, FA 

supplement, obesity, smoking, and 

binge drinking 

 Follow-up period of diagnosis up 

to 2 years after delivery 

 

Limitations: 

 Interview study with possibility of 

recall bias 
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Maternal and 

paternal individual 

and household SES 

 Participation rates of 68.7% for 

controls and 70.8% for cases 

4. Carmichael et al. 2009 

 

USA (California) 

 

1999-2004 

 

 

Population-based, 

case-control study 

Livebirth and 

stillbirth and 

terminated cases 

Chromosomal cases 

excluded  

 

Interview 6 weeks 

after the infants 

estimated due date. 

 

Using area-based 

SES measures  

 

BPA coding system 

 

277 conotruncal heart 

defects and 617 non 

malformed control  

 

 

 

 

Household-level SES index 

based on addresses from early 

pregnancy (worst SES) and d-

transposition of the great arteries 

(dTGA):  

OR=1.4 (95% CI, 0.5-3.9)  

 

Household-level SES index 

based on addresses from early 

pregnancy (worst SES) and 

TOF:  

OR=1.5 (95% CI, 0.6-3.8). 

 

Neighbourhood-level SES index 

(worst SES) and d-transposition 

of the great arteries (dTGA):  

OR=0.6 (95% CI, 0.4-1.1)  

 

Neighbourhood-level SES index 

(worst SES) and TOF:  

OR=0.9 (95% CI, 0.6-1.5) 

 

142 cases of dTGA  

176 cases of TOF  

Strengths: 

 Population-based control 

 Good case ascertainment 

 Adjustment for intake of FA, 

maternal race-ethnicity, body mass 

index, smoking, and binge drinking 

 

Limitations: 

 Possibility of recall bias 

 Possibility of selection bias 

 SES measures are so limited as it 

does not include occupation  

 Limited sample size to certain 

comparisons  

 Missing data issue which was not 

well specified 
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5. Kuciene and Dulskiene 

2009 

 

Lithuania 

 

1999-2005 

 

Population-based, 

case-control study 

CHD (interview time 

not specified 

 

CHD subtypes (not 

specified) 

 

Codes used (not 

specified) 

 

Chromosomal 

excluded or included 

(not specified) 

187 newborns (cases; no 

further specification) and 

643 (controls). 

 

 

Low and moderate maternal 

education and CHD: OR=3.43 

(95% CI, 1.54-7.64) 

 

Housewives and CHD: 

AOR=2.34 (95% CI, 1.34-4.10) 

 

Primary education and CHD: 

AOR= 3.43 (95% CI, 1.54-7.64) 

Secondary education and CHD:  

AOR=1.56 (95% CI, 1.00-2.45) 

Strengths: 

 First study of its kind in Lithuania  

 Good case ascertainment  

 Adjustment for education, stress. 

hazardous occupation exposure, 

maternal age at delivery, 

occupation, marital status, maternal 

health, and gravidity 

 

Limitations: 

 Small sample size 

 Possibility of recall bias  

 Income was not included in SES 

measures 

6. Varela et al. 2009 

 

Danish National Birth 

Cohort  

 

1997-2002 

Population-based, 

cohort study 

Danish National 

Birth Cohort 

between 1997 and 

2002 

 

High, middle and 

low socio-

occupational status 

group 

Singleton livebirths; 

diagnosis within the 

first year of birth 

 

Interview at 6-10 

weeks of gestation 

81,435 liveborn children 

All CHD  

CHD (n=505 cases) 

 

 

Middle group:  

OR=1.4 (95% CI, 1.0-1.9)  

 

High group:  

OR=1.6 (95% CI, 1.3-2.0) 

Strengths: 

 Population-based cohort study  

 Data collected prospectively  

 Large sample covering 50% of all 

general practitioners in Denmark 

 Adjusted for mother’s and father’s 

age, parental smoking, BMI, 

alcohol consumption, FA 

supplements 

 

Limitations: 

 Low participation rate (60%)  

 Limited sample size prevents 

subgroup analysis 
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ICD-10 code 

 

Chromosomal and 

syndromes excluded 

 

EUROCAT criteria 

used for 

classification 

 

Individual measures 

of SES  

 

7. Agha et al. 2011 

 

Canada  

 

1994-2007 

Population-based 

cohort 

The Hospital 

database obtained 

from Discharge 

Abstract Database 

which linked to 

Ontario Diabetes 

Database and the 

Registered Persons 

Database 

 

All CHD diagnosed 

within the first year 

of life 

 

Area-level 

socioeconomic 

indicators for each 

1,871,760 liveborn 

children 

 

CHD (n=28,302) 

 

Children born in low SES areas 

had significantly higher rates of 

CHD:  

RR=1.20 (95% CI, 1.15-1.24) 

Strengths: 

 Population-based linked data 

 Good ascertainment of cases 

 Adjustment for DM, mother age, 

infant sex, FA supplements, and 

education 

 

Limitations: 

 Data on race and ethnicity not 

collected 

 Unclear whether chromosomal 

CHD were excluded 
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child based on 

postcode address 

Overall CHD, severe 

and non-severe CHD 

 

ICD-9 and ICD-10 

 

Unclear whether 

cases with 

chromosomal CHD 

were excluded 

8. Egbe et al. 2014 

 

USA: Nationwide 

Inpatient Sample (NIS) 

database  

 

2008 

Population-based, 

cohort study 

All live births up to 

one month of age 

 

All CHD 

 

ICD-9 code 

One diagnosis per 

patient. 

 

Socioeconomic 

classes based on 

income; median 

income less than 

$39,000=poorest, 

median income 

greater than 

$63,000=highest 

Individual measures 

of SES 

Cohort of 13,093 

newborns with CHD 

  

 

 

CHD incidence of 9.6/1000 

livebirths in lowest income class 

compared to 11.1/1000 

livebirths in the highest income 

class 

 

P value=0.004 

Strengths: 

 Largest population-based study in 

USA  

 

Limitations: 

 Case ascertainment incomplete  

 Exclusive for neonates 

 No confounders control 

 To deal with multiple comparisons 

Bonferroni correction was applied 

with P value cut-off at 0.03 
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Whether 

chromosomal CHD 

is excluded or not is 

not mentioned 

 

9. Pawluk et al. 2014 

 

Argentina 

 

1992-2001 

Population-based, 

case-control study 

 

Propensity score 

technique used 

Data from Latin-

American 

Collaborative Study 

of Congenital 

Malformations 

Truncus arteriosus, 

ASD, VSD 

Codes (not 

mentioned) 

 

Chromosomal 

exclusion (not 

mentioned) 

Family 

socioeconomic level 

index and individual 

SES level used 

3786 live newborns with a 

single malformation and 

13,344 controls 

 

 

Lower SES and VSD: OR=1.38; 

P<0.05  

 

Lower SES and Truncus 

arteriosus:  

OR=0.86; P value not significant 

 

ASD sample did not allow 

estimation 

Strengths: 

 Population-based study  

 Control for paternal and maternal 

age, gravidity, parental sibship, 

maternal and paternal native 

descent, medication usage, fertility 

treatments, number of antenatal 

care visits, different father, 

exposure to acute and chronic 

conditions, and number of months 

that parents have lived together  

 

Limitations: 

 Small sample size that prevented 

analysis for CHD subgroup such as 

ASD 

 Possibility of ecological fallacy 

bias 

 Possibility of residual confounders 

effect  

 Multiple testing issue  

Legend: AOR=adjusted odds ratio, ASD=atrial septal defect, CHD=congenital heart disease, CI=confidence interval, dTGA=d-transposition of the great arteries, 

ICD=international classification of disease, OR=odds ratio, SES=socioeconomic status, TOF=tetralogy of Fallot, VSD=ventricular septal defect. 
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3.4 Maternal age 

The literature showed that advanced and younger maternal ages were positively 

associated with increased risk of non-chromosomal CHD. Some studies showed an 

increased risk with advanced maternal age (Reefhuis and Honein 2004; Miller et al. 

2011), while another study reported that mother’s age <20 years was also shown to 

increase the risk of CHD among offspring (Loane et al. 2009). An interesting UK study 

showed that older maternal age is not associated with increased risk of CHD (Best and 

Rankin 2016); however, the authors imputed this finding to the fact that CHD is more 

prevalent among babies of mothers who live in deprived areas (Vrijheid et al. 2000), and 

the older mothers (aged ≥35) in this study were less likely to live in deprived areas, 

suggesting that deprivation is an important factor to consider when assessing maternal 

age and risk of CHD (Best and Rankin 2016).  

3.5 Race and ethnicity 

Racial/ethnic variations in the risk of CHD have been reported. Compared with white 

infants, black infants were found to have decreased prevalence of CHD, and Asian infants 

have increased risk of VSD (Correa et al. 1991; Egbe 2015). The literature has shown 

that infants of non‐Hispanic black mothers have a higher prevalence of TOF than infants 

of non‐Hispanic white mothers (Canfield et al. 2006), although previous studies have 

shown no significant difference (Botto et al. 2001b; Carmichael et al. 2004). Studies from 

the UK showed that CHD was significantly higher in people from black and Asian ethnic 

backgrounds than in the white population (Agadoorappa et al. 2011; Knowles et al. 2016). 

Social and cultural differences and genetic susceptibilities may all have contributed to the 

observed ethnic variations in CHD risk (Egbe 2015).  
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3.6 Urban/rural measures, urban/rural residency and risk of CHD 

3.6.1 Urban and rural measures 

Classification of areas into urban versus rural can be made by several measures, although 

there is no consensus on which is best (Hall et al. 2006). Various definitions of urban/rural 

residency have been used in different studies, including density of  population or 

closeness to urban centres (Tikkanen and Heinonen 1992; Langlois et al. 2009b; Wu et 

al. 2014). The definition used has not been mentioned at all in some studies (Bassili et al. 

2001; Zen et al. 2011), however, and this has led to difficulties in comparing studies. 

Researchers in health policy have found that the two most commonly used definitions 

have resulted in very different areas being classified as “rural” (Andrew et al. 2007).  

The Health and Wellbeing in Rural Areas Report has shown that social and economic 

factors such as poverty and access to transport have a disproportionate impact on people’s 

health, whether they live in urban or rural areas (Local Government Association and 

Public Health England 2017). Economic level, occupational exposure, education, access 

to health care, availability of health care providers and lifestyle are more likely to differ 

between people who live in urban areas and those in rural areas (Local Government 

Association and Public Health England 2017). This might create health risks specific to 

rural communities. 

3.6.2 Urban/rural residency and risk of CHD 

To identify the risk of CHD due to urban/rural status, a review was undertaken of the 

literature published in the English language from 1990 to 2017. The search strategy was 

devised in discussion with the subject librarian at UU using the key words “congenital 

heart defects”, “congenital heart disease”, “congenital heart defect”, “pregnancy”, “first 

trimester”, “early pregnancy”, “preconception care”, “periconception”, “preconception”, 

“pregnancy”, “pregnant”, “maternal exposure”, “maternal”, “gestation”, “rural health”, 

“rural population”, “hospitals, rural”, “rural health services”, “urban health”, “hospitals, 

urban”, “urban population”, “urban health services”, “rural” and “urban”. The search 
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strategies and the keywords which were linked using Boolean connectors in order to 

identify literature are included in Appendix 7. 

The search was carried out in three databases: MEDLINE, Embase, and Google Scholar. 

Citation searching of relevant articles along with a scoping search for grey literature were 

undertaken using Google Scholar. The scoping search identified non-English language 

materials, dissertations and unpublished studies. Non-English language materials, 

dissertations, and unpublished studies were not included for the reasons outlined in 

section 3.1. Studies were included if they were published in peer-reviewed, scientific 

journals, in the English language, during the period 1990-2017. 

After removal of duplicates, the 549 studies were checked by examining titles and 

abstracts. After applying inclusion and exclusion criteria, 533 articles were rejected. 

Studies were excluded if they were commentaries, reviews, editorials. Studies which had 

no key data or clear longitudinal study design were also excluded. After reviews of the 

full text, a further 6 articles were excluded. Further citation searching was then 

undertaken, and another article was added. The final number of articles included in the 

review was eight. No authors were contacted. The sequence of steps through which 

articles were identified is described in Figure 3.3. 
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Figure 3.3: Flow diagram sequences of identification of articles from literature 

for urban/rural  residency as risk factors for CHD. 

 

The literature examining the association between urban/rural distribution and CHD is 

summarised in Table 3.2. 

Of eight studies in total, three showed that rural residence was significantly associated 

with increased risk of CHD (Bassili et al. 2001; Cedergren et al. 2002a; Zen et al. 2011), 

two showed no differences in the risk between urban or rural areas (Tikkanen and 

Heinonen 1991a; Tikkanen and Heinonen 1992), two studies showed that urban residence 

was significantly associated with CHD (Grech et al. 1999; Wu et al. 2014). One study by 

Langlois (Langlois et al. 2009b) showed conflicting results based on measures of 

urban/rural classification used; rural residence had a significant association with ASD or 

VSD when using the percentage of lands growing crops, however this may be due to 

higher exposure to pesticides in those areas than other areas. When using other measures 
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of urban/rural classification the study did not show any significant association. In that 

study, rural residence was shown to have a significant protective association with VSD 

when using different measure of urban/rural classification (Langlois et al. 2009b).  

Studies assessing the association between urban/rural residence and CHD were conducted 

in various countries, including China, USA, Brazil, Sweden, Egypt, Malta, and Finland 

(Table 3.2). These studies differed in their design and sample size. Case-control studies 

conducted in rural areas in Egypt and Brazil associated rural residence with a statistically 

significant increased risk of both combined CHD and CHD subtypes. Although the 

studies had a high case ascertainment, these findings were based only on hospital data 

involving a small sample size, and there is the possibility that the results are biased due 

to multiple testing. The literature also showed that the definition of urban/rural 

classification varied between studies and in most of the studies, urban/rural measures 

were not described. 

The association between living in an urban area and CHD may be related more to 

detection than to aetiology, as the health services in urban areas are expected to be more 

advanced than those in rural areas and therefore contain more sophisticated diagnostic 

facilities, which may make detection of different subtypes of CHD more likely. It is well 

recognised that measured prevalence of VSD, especially mild VSD, increases with the 

use of sensitive diagnostic techniques such as echocardiography (Khoury and Erickson 

1992; Wren et al. 2000). Furthermore, research has shown that prenatal health care is less 

likely to be used in rural areas (Liu et al. 2006; Muggli et al. 2006). However, in Sweden, 

another case-control study demonstrated an association between rural residency and 

increased risk of severe CHD (Cedergren et al. 2002a). It has been suggested that the 

association between living in a rural area and increased risk of CHD could be caused by 

certain factors in the rural environment (Langlois et al. 2009b) such as agricultural 

practices and especially the use of fertilisers (Jin et al. 2016) and pesticides (Rappazzo et 

al. 2016). 

As previously noted, some studies have shown an increased risk of CHD in urban areas. 

This finding has been imputed to high road traffic density in cities, as road traffic density 

has been reported to increase the risk of CHD (Cordier et al. 2004). ASD, VSD and other 

CHD have been associated with urban air pollution (Ritz et al. 2002; Gilboa et al. 2005).  
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As the above discussion demonstrates, there is increasing evidence in the literature of an 

association between rural residence and CHD, however further studies are needed. 
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Table 3.2: Literature examining the association between maternal urban/rural residence and CHD. 

Author, 

Year/Country/Covering 

years 

Methodology Sample Size Results and Statistical Measures Strengths and Limitations 

1. Tikkanen and 

Heinonen 1991a  

 

Finland 

 

1982-1984 

 

 

 

 

 

 

 

Population-based, case-

control study from 

Finnish register of 

congenital malformations 

or the children’s cardiac 

register 

Cases diagnosed within 

the first year of life. 

 

Interview conducted 3 

months maximum after 

delivery. 

 

Excludes CHD with 

genetic and chromosomal 

anomaly. 

 

PDA included if still 

present 28 days after 

birth. 

 

Definition of 

Urban/Rural: Not defined 

573 cases and 1,055 

controls. 

 

Sample of 199,000 

births, including 

stillbirths 

 

 

 

No rural/urban differences 

(estimates not stated), but 43.2% 

of CHD cases were in rural areas, 

41.2% of controls were in rural 

areas, 56.7% of CHD cases were 

in towns and 58.8% of controls 

were in towns 

Strengths: 

 Population-based registry 

data 

 Good case ascertainment 

 Adjustment for maternal 

age, alcohol consumption, 

and organic solvents 

exposure 

 Risk not confounded by 

risk factors of other 

anomalies 

 

Limitations: 

 Possibility of recall bias 

 Incomplete reporting of 

CHD cases 

 Results may have been 

affected by low CHD 

detection rate 

 Small sample size  

 No control for important 

confounders 

 

 Multiple testing issue 
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 Possibility of 

misclassification of 

exposure 

2. Tikkanen and 

Heinonen 1992 

 

Finland 

 

1982-1983 

 

Population-based, case-

control study. 

Questionnaire used during 

the first 3 months after 

delivery. 

 

CHD diagnosed after 20 

weeks’ gestation up to 

one year of age 

 

CHD cases are obtained 

from Finnish Register of 

Congenital Malformations 

and Children's Cardiac 

Register. 

CHD with extracardiac 

anomalies were excluded. 

Definition of 

Urban/Rural: 

Urban residence defined 

as a town with >50000 

inhabitants 

90 cases and 756 

controls 

 

 

Equal in urban and rural areas-  

 

Chi square test p > 0.01 not 

significant 

Strengths: 

 Population-based data 

 Good ascertainment of 

cases 

 

Limitations: 

 Multiple testing issue 

 Possibility of recall bias 

 

 

3. Grech et al. 1999 

 

Malta 

 

1990-1994 

Cohort of live births 

diagnosed in the first year 

of life. 

 

Data from Maltese 

Paediatric 

24,136 live births (208 

cases of CHD) 

 

 

Living in industrialised area and 

risk of CHD: OR=1.38 (95% CI, 

1.05-1.80); P=0.03 

Strengths: 

 Population-based study 

 Good case ascertainment 

 

Limitations: 
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Cardiology Database 

 

PDA excluded in preterm 

babies if or those needing 

surgery before 3 months 

of age 

 

Definition of 

Urban/Rural: Not defined 

 

Industrialised area 

compared with rural area 

 

 No adjustment for major 

confounders 

4. Bassili et al. 2001 

 

Egypt 

 

1995-1997 

Matched case-control, 

hospital-based study 

based on systematic 

random sampling 

using interviews 

 

In Alexandria 

CHD diagnosed at 0-15 

years of age  

 

Termination, stillbirth, 

and neonatal deaths 

excluded 

 

Definition of 

Urban/Rural: Not defined 

894 cases and 894 

controls  

 

 

CHD and rural residence: 

AOR=3.00 (95% CI, 2.27-3.95) 
Strengths: 

 First data from Egypt and 

one of the few reports from 

Africa 

 Clinical diagnosis validated 

by echocardiogram 

 Power calculation for 

sample size was performed 

 Adjustment for birth order, 

parental age, consanguinity, 

prenatal exposure to drugs, 

sex hormones, family 

history, metabolic disorders 

in mothers, and parental 

occupations 

 

Limitations: 
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 Only governmental hospital 

in urban areas; possibility 

of referral bias 

 Mother’s interview brings 

risk of recall bias 

 Selection bias                                                                

 Exposures occurring before 

the 8th week of gestation, 

while certain types of CHD 

develop at a later stage such 

as some stenosis and some 

types of muscular VSD 

 Multiple comparison 

 

5. Cedergren et al. 

2002a 

 

1996 

 

Sweden 

Case-control study 

 

For all births 

CHD diagnosed at less 

than 1 year of age 

 

CHD excluded PDA and 

single umbilical artery 

 

Data collected at first 

antenatal care visit 

 

Definition of 

Urban/Rural: Not defined, 

but municipality codes 

used for geographic 

location 

In Ostergotland 

county (n=75242), 

in other counties, 

(n=100525) 

 

Infants with CHD in 

Ostergotland county 

(n=1031), in reference 

counties (n=1177) 

 

 

Comparing rural to urban and city:  

AOR=1.39 (95% CI, 1.07-1.81) 
Strengths: 

 Register data validated 

using medical records 

 Data collected 

prospectively 

 

Limitations: 

 No control for confounders 

 Multiple testing issue 
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6. Langlois et al. 

2009b 

 

USA: Texas Birth 

Defects Registry 

 

1999-2003 

 

Retrospective cohort 

study 

 

Active surveillance 

system 

 

Includes live births, 

stillbirths and 

terminations 

 

Information on residence 

taken at time of delivery. 

 

Using ICD-9 based on 

British Paediatric 

Association code 

 

Definition of 

Urban/Rural: Four 

different classifications 

and definitions 

 

The rural urban 

continuum code (RUCC)  

ranging from 1 to 9, 

where 1 represents the 

most urban areas 

(population < 1 million) 

and 9 represents the most 

rural (least urbanized) 

areas (population < 2500) 

5515 ASD cases and 

6586 VSD cases from 

1,625,945 live births  

 

 

Comparing rural to urban for ASD 

or VSD 

 

For all ASD: 

Using RUCC: ARR=1.09, (95% 

CI, 0.97-1.22) 

 

Using UIC: ARR= 1.04, (95% CI, 

0.90-1.18) 

 

Using RUCA: ARR=0.94, (95% 

CI, 0.80-1.09), grouped by primary 

code 

 

Using RUCA: ARR=0.99, (95% 

CI, 0.84-1.16), grouped by 

secondary code 

 

Using percentage of lands growing 

crops: 

50% or more versus <15%: 

ARR=1.98, (95% CI, 1.73-2.26), 

grouped by natural breaks.  

36% or more versus <12%: 

ARR=1.37, (95% CI, 1.25-1.49), 

grouped by quartiles 

 

For all VSD: 

Using RUCC: ARR=0.85, (95% 

CI, 0.76-0.94) 

 

Strengths: 

 Population-based dataset 

using active surveillance 

system with sufficient 

number of ASD and VSD 

cases  

 Adjustment for sex, year of 

birth, and multiple births 

 

Limitations: 

 Time of cardiac diagnosis 

not mentioned 

 Multiple measures of 

urban/rural have been used 

 Possibility of 

misclassification 
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and not near to metro 

service 

 

Urban influence code 

(UIC) also use population, 

city/town size and 

proximity to metro service 

 

Rural urban commuting 

area (RUCA) based on the 

standard Bureau of 

Census for 2000 

 

County-based measure,  

based on the proportion of 

the area used only to grow 

crops 

Using UIC: ARR= 0.82, (95% CI, 

0.72-0.93) 

 

Using RUCA: ARR=0.93, (95% 

CI, 0.71-1.20), grouped by primary 

code 

 

Using RUCA: ARR=0.90, (95% 

CI, 0.75-1.27), grouped by 

secondary code 

 

Using percentage of lands growing 

crops: 

50% or more versus <15%: 

ARR=1.43, (95% CI, 1.08-1.85), 

grouped by natural breaks  

36% or more versus <12%, 

ARR=1.04, (95% CI, 0.88-1.23). 

7. Zen et al. 2011 

 

Brazil 

 

Aug 2005-Feb 

2007 

Case-control study 

 

Hospital-based study from 

southern Brazil 

Standard interviews used 

Definition of 

Urban/Rural: Not 

mentioned 

250 cases and 303 

controls 

 

 

Rural location and CHD:  

OR=3.01 (95% CI, 1.63-5.57) 
Strengths: 

 Good case ascertainment 

 Power calculation was 

conducted for sample size 

 

Limitations: 

 Small sample size and 

insufficient data to 

determine a risk 

 Multiple testing issue 

 Possibility of recall bias 
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8. Wu et al. 2014 

 

China 

 

2008-2012 

Cohort study  

Guangdong province 

hospital-based registry 

(58 hospitals), children 

who are born in hospital 

within 7 days of delivery 

 

Codes used were not 

mentioned 

 

Includes live births and 

stillbirths 

Definition of 

Urban/Rural: 

Not defined 

 

 

1,005,052 births, of 

which 5268 cases 

were diagnosed as 

CHD  

 

 

Urban residency and CHD: 

RR=1.64 (95% CI, 1.58-1.71) 

 

Strengths: 

 Population-based study 

 Reliable and representative 

birth defect registry data 

with strict quality controls 

 No adjustment for potential 

confounders 

 

Limitations: 

 Births of cases outside the 

hospital were not included 

 Follow-up for the first 6 

days of life only 

Legend: ARR=adjusted relative risk, CHD=congenital heart disease, CI=confidence interval, OR=odds ratio, PDA=patent ductus arteriosus, RR=relative risk, risk, 

RUCA=rural urban commuting area, RUCC=rural urban continuum code, UIC=urban influence code. 
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3.7 Lifestyle factors 

3.7.1 Smoking 

Maternal cigarette smoking has been examined as a possible risk factor for developing 

CHD in offspring, with conflicting results. The Baltimore-Washington Infant Study 

(BWIS) database has not identified a significant positive association between 

periconceptional maternal cigarette smoking and CHD, and this has been demonstrated 

in all categories of smoking; for example, smoking 1-10 cigarettes per day is associated 

with AOR of 1.11 (95% CI, 0.96-1.28) when compared with not smoking (Alverson et 

al. 2011). However, the NBDPS database has identified an increased risk of specific 

subtypes of CHD development in offspring of pregnant mothers who smoke cigarettes. 

Light and moderate smoking are associated with significantly increased risk of ASD 

(AOR=2.02, 95% CI, 1.47-2.77 and AOR=1.78, 95% CI, 1.05-3.01, respectively). 

Interestingly, heavy smoking showed no significant association with ASD (AOR=2.35, 

95% CI, 0.92-6.00) (Malik et al. 2008).  

It is not easy to reach an agreed conclusion from studies as there are inconsistencies in 

the definition of exposure and exposure categories, as well as the exposure window. 

BWIS, for example, employed the categories ‘1-10’, ‘11-20’, ‘21-39’, and ‘≥40’ 

cigarettes per day, and defined the exposure window as the first trimester of pregnancy 

(Alverson et al. 2011), whereas NBDPS employed the categories ‘light’ (1-14 cigarettes 

per day), ‘moderate’ (15-25 cigarettes per day), and ‘heavy’ (>25 cigarettes per day), and 

defined the exposure window from one month before pregnancy until the end of the first 

trimester (Malik et al. 2008). 

A Swedish study found a statistically significant association between maternal smoking 

and CHD (AOR=1.09, 95% CI, 1.01-1.19), but the significance disappeared when infants 

with isolated PDA were removed from the analysis (AOR=1.07, 95% CI, 0.98-1.17) 

(Källen 1999). The study showed a positive association with different CHD subtypes such 

as ASD (AOR=1.63, 95% CI, 1.04-2.57) and defined smoking categories as smoking and 

no smoking (Källen 1999). The variation in results may also reflect methodological 

differences between the studies, for example, control of confounding. In the BWIS the 
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confounders adjusted for are family history of CHD, maternal age, BMI, and infant race, 

whereas in the Swedish study the adjustment was for year of birth, education, parity, and 

maternal age. The data collection period also differed; for example, data on smoking were 

reported prospectively in the first antenatal care visit at 10 to 12 weeks’ pregnancy in the 

Swedish study (Källen 1999), whereas it was reported retrospectively after delivery in the 

BWIS and NBDPS data (Malik et al. 2008; Alverson et al. 2011). A recent meta-analysis 

showed a positive association between maternal smoking during pregnancy and risk of 

CHD and some CHD subtypes, for CHD group (RR=1.11; 95% CI, 1.02-1.21) and for 

septal defects (RR=1.44; 95% CI, 1.16-1.79) (Lee and Lupo 2013). 

3.7.2 Alcohol consumption  

Research on the association between maternal alcohol consumption during early 

pregnancy and CHD has yielded conflicting results. While two large studies demonstrated 

a significant relationship between maternal alcohol consumption and CHD (Mateja et al. 

2012; O’Leary et al. 2013), other studies showed no significant relationship (Cedergren 

et al. 2002b; Malik et al. 2008) 

Methodological differences between the studies affected the interpretation of the different 

results. For example, in some studies the exposure was in early pregnancy (Carmichael 

et al. 2003a; Williams et al. 2004; Mateja et al. 2012), whereas in others the exposure 

window was not specified (Botto et al. 2000; van Beynum et al. 2010). Some studies 

reported an adjusted estimate (McDonald et al. 1992), while other studies reported only 

unadjusted estimates (Mateja et al. 2012). More recently, two meta-analyses suggested 

that alcohol consumption in pregnancy has no association with increased risk of CHD 

(Yang et al. 2015; Wen et al. 2016). Positive associations were found, however, between 

alcohol consumption and certain subtypes of CHD (Yang et al. 2015). 
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3.7.3 Illicit drugs  

Determining the rate of actual use of marijuana during pregnancy is challenging, as the 

research in this area is limited. Voluntary patient reporting and random drug screening 

represent the main sources of information for research in this area (Viteri et al. 2015). 

Data from the UK showed that there is a statistically significant association between illicit 

drug use and CHD (OR = 1.89; 95% CI, 1.09-3.25) (Petersen et al. 2016). However, data 

from the NBDPS study suggested that maternal use of cannabis in the periconceptional 

period was not associated with increased risk of CHD (van Gelder et al. 2009). The usage 

of cannabinoids during pregnancy appeared to double the risk of VSD in newborns based 

on data from the National Center on Birth Defects and Developmental Disabilities 

(Williams et al. 2004). 

The BWIS data showed that maternal and paternal cocaine use was associated with 

increased risk of CHD, and VSD specifically (Ferencz 1997). Maternal cocaine use was 

associated with an increased risk of CHD (AOR= 11.6; 95% CI, 0.89-151.5) (Shaw et al. 

1991) and increased risk of heterotaxy (OR=3.7; 95% CI, 1.3-10.7) (Kuehl and Loffredo 

2002). The wide CI reported in these studies, which indicates a high degree of uncertainty 

regarding the accuracy of results, may be imputed to small sample size or underreporting. 

A meta-analysis has revealed that maternal cocaine use in pregnancy was not significantly 

associated with increased risk of CHD (Lutiger et al. 1991). However, again this may be 

due to the fact that the use of cocaine is rare or underreported, which has led to the 

questioning of some study results (Martin and Khoury 1992). 

3.7.4 Caffeine 

The Food and Drug Administration in the USA recommended limiting caffeine intake 

during pregnancy, due to concern that caffeine ingestion in pregnancy could lead to CHD 

(Jenkins et al. 2007). However, other research, including the NBDPS study, showed no 

significant association between caffeine intake during pregnancy and CHD (Tikkanen 

and Heinonen 1992; Browne et al. 2007).  
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3.8 Maternal lifestyle and obstetric risk factors 

3.8.1 Abortion/miscarriage 

Studies have reported conflicting findings on the association between prior history of 

abortions or miscarriage and the risk of CHD in offspring. It is important to take this risk 

into consideration as 12-22% of all clinically recognized pregnancies end in abortion 

(Everett 1997; García-Enguídanos et al. 2002), and a recent meta-analysis demonstrated 

that offspring of women with a history of abortion were at a 24% higher risk of developing 

CHD (Feng et al. 2015b). A history of spontaneous abortion increases the risk to 18%, 

while induced abortion increases the risk to 58% (Feng et al. 2015b).  

3.8.2 Parity 

A distinction should be made between gravidity and parity, as their definition is slightly 

different in different communities (Wernli et al. 2009) and their definition should be clear 

to erase any confusion which might lead to questioning of the results of studies related to 

them (Tidy 2017). In the UK, gravidity is defined as “the number of times that a woman 

has been pregnant” and parity is defined as:  

“the number of times that she has given birth to a foetus with a gestational age of 

24 weeks or more, regardless of whether the child was born alive or was stillborn” 

(Tidy 2017).   

In the clinical context, parity is written in a format that shows gravidity, understanding of 

the writing format helps to identify if a pregnant woman has a history of previous 

miscarriage or not. 

The association between parity (comparing highest to the lowest) and CHD has been 

assessed in a recent meta-analysis to show RR of 1.20 (95% CI, 1.10–1.31) (Feng et al. 

2014). In subgroup analysis where a dose-response meta-analysis was performed, CHD 

risk increased by 6% per live birth (Feng et al. 2014). 

Recurrent risk for CHD has been investigated in various studies (Lie et al. 1994; Mueller 

and Schwartz 1997; Glinianaia et al. 2017). Using population-based data from the UK 
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covering the period 1985-2010, Glinianaia et al. (2017) found that there was an increased 

relative risk of recurrence of similar CHD in a baby born in the second pregnancy if the 

woman previously gave birth to a baby with CHD (RR=3.61; 95% CI, 2.68-4.85). The 

authors acknowledged that genetic factors might be involved in increasing this risk 

(Glinianaia et al. 2017).  

3.8.3 Obesity 

The offspring of nondiabetic, obese pregnant women were found to have a significantly 

increased risk of CHD (Mills et al. 2010). A meta-analysis has found an association 

between maternal obesity and an increased risk of CHD (Stothard et al. 2009) and a recent 

meta-analysis demonstrated a positive association between increased maternal BMI and 

offspring with CHD (Cai et al. 2014). This association was present both for all CHD 

combined and for CHD subtypes and the study was able to demonstrate a dose-response 

effect between moderate and severe obesity in pregnancy and CHD.  

The mechanisms which explain the relationship between increased maternal BMI and 

CHD are unclear, but women who are obese may have diabetes mellitus (DM), and DM 

is a known risk factor for CHD (Garne et al. 2012b). Another possible explanation for the 

association between obesity and CHD is that pregnant mothers who are obese may have 

increased FA requirements. It has been shown that, with increasing weight during 

pregnancy, the daily dose of  FA must be increased to prevent anomalies (Mojtabai 2004; 

Nilsen et al. 2008), and the Royal College of Obstetricians and Gynaecologists 

recommends 5 mg of FA daily in early pregnancy for obese women (Modder 2010). 

Maternal BMI can affect antenatal detection of CHD, and Khoury et al. (2009) found a 

higher antenatal detection of CHD among obese women in comparison to women with 

normal BMI (AOR=3.20; 95% CI, 2.0-4.9). That might have affected the results of any 

study basing its estimation only on antenatal diagnosis of CHD. However, these findings 

disagree with Best et al. (2012), who found no significant association between obese BMI 

and antenatal detection of CHD in comparison to normal BMI (AOR=0.84; 95% CI, 0.45-

1.56). This disagreement may be due to various factors. The Best et al. (2012) study has 

insufficient power to detect effect, but it may be due to the fact that BMI was self-
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reported, and it has been found that 20% of women report a lower BMI than their actual 

one (Rankin et al. 2010), and that approximately 33% of the data on BMI were missing 

(Best et al. 2012). This disagreement may also be due to CHD misclassification in obese 

women, it was found that the rate of inadequate ultrasound scan to detect CHD is 

significantly higher in obese women than in normal weight women (Uhden et al. 2011). 

3.8.4 Chronic maternal conditions 

The increased risk of CHD among the offspring of women with chronic conditions has 

been reported in various studies looking at conditions such as epilepsy (Vereczkey et al. 

2014), asthma (Källén and Olausson 2007; Lin et al. 2009), hypothyroidism (Browne et 

al. 2009; Grattan et al. 2015),  maternal hypertension (Ramakrishnan et al. 2015), and 

phenylketonuria (Levy et al. 2001; Rouse and Azen 2004).  

In Canada, using population-based data from more than 2 million mothers covering the 

period 2002-2010, it was found that women with DM type 1 and DM type 2 showed an 

increased risk of CHD developing in their offspring (AOR=4.65 (95% CI, 4.13-5.24) and 

AOR=4.12 (95% CI, 3.69-4.60), respectively). Maternal hypertension and connective 

tissue disorders have also been shown to increase the risk of developing CHD in offspring 

(AOR=1.81 (95% CI, 1.61-2.03) and AOR=3.01 (95% CI, 2.23-4.06), respectively). 

Maternal CHD during pregnancy was associated with increased risk of CHD in offspring 

(AOR=9.92; 95% CI, 8.36-11.8). Other chronic conditions associated with increased risk 

of CHD in offspring were epilepsy and mood disorders (AOR=1.41; 95% CI, 1.16-1.72), 

and thyroid disorders (AOR=1.45; 95% CI, 1.26-1.67) (Liu et al. 2013).  

Pre-existing DM (Type 1 and 2 DM and not gestational DM) as a risk factor for CHD has 

been assessed. A consistent significant association between pre-existing DM has been 

demonstrated in various studies (Loffredo et al. 2001; Correa et al. 2008; Garne et al. 

2012b). The reason underlying the relationship between DM and CHD is not well 

understood, however it is suggested that hyperglycaemia plays a crucial part (Correa et 

al. 2008). 

Studies which looked at the association between maternal chronic conditions and 

increased risk of CHD have varied in terms of the geographical distribution and chronic 
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condition definition. One study in Canada was based on ICD-10 (Liu et al. 2013) and a 

study in Taiwan used ICD-9 (Chou et al. 2016), while the classification was not specified 

in a Hungarian study (Vereczkey et al. 2014). Controls were selected in different ways, 

for example, being malformed or not malformed (Vereczkey et al. 2014). Time period 

and sample size for the data used also varied. For example, a sample of 20,158 covering 

the period 1997-2004 (Correa et al. 2012) and a population of 1,538,189 covering the 

period 2005-2008 (Agopian et al. 2012). The studies also differed in terms of their design 

(case-control or cohort) (Liu et al. 2013; Vereczkey et al. 2014), and in terms of the 

confounders included (Liu et al. 2013; Vereczkey et al. 2014).  

3.8.5 Acute maternal conditions 

Although rubella infection during pregnancy is associated with various subtypes of CHD 

in offspring (Gibson and Lewis 1952; Campbell 1961), CHD can be almost eliminated 

by rubella immunization for women of childbearing age (Cochi et al. 1989). Studies 

including the BWIS, reported a significant association between febrile illnesses during 

the early pregnancy and increased risk of CHD (Botto et al. 2001a; Oster et al. 2011). A 

recent meta-analysis estimated an increased risk of developing CHD in offspring through 

exposure to maternal fever during the first trimester (OR=1.54; 95% CI, 1.37-1.74) 

(Dreier et al. 2014).  

Factors which might potentially account for the differences between reports include 

variations in the definition of exposure to fever ≥101°F (Oster et al. 2011), the lack of a 

specific definition (Botto et al. 2001a), and the application of a broader temperature range 

(i.e., ≥ 38°C/100.4°F) (Tikkanen and Heinonen 1991b). 

The flu-associated fever influenza was also a risk factor for certain CHD subtypes (Oster 

et al. 2011). A recent meta-analysis showed that first trimester maternal influenza 

exposure was associated with an increased risk of CHD (AOR=1.56; 95% CI, 1.13-2.14) 

(Luteijn et al. 2014). However, a recent Danish population-based cohort study did not 

replicate the relationship between maternal fever during pregnancy and CHD (Sass et al. 

2017). Finally, it has been suggested that fever and infection can alter apoptosis (Edwards 
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1998; Roulston et al. 1999), a mechanism known to be implicated in cardiac development 

(Watanabe et al. 1998). This mechanism could explain how fever causes CHD. 

3.8.6 Environmental exposure 

A meta-analysis has shown some evidence for an association between ambient air 

pollution, which is a: 

 “harmful complex mixture of air pollutants emitted from industries, households, 

cars and trucks that have the effect on human health” (WHO 2018c)  

and increasing CHD risk (Vrijheid et al. 2011). The meta-analyses showed that nitrogen 

dioxide (NO2) exposure had a statistically significant association with coarctation of the 

aorta and TOF (OR=1.17 with a 95% CI of 1.00-1.36 and OR=1.20 with a 95% CI of 

1.02-1.42, respectively). It also showed that sulphur dioxide (SO2) exposure had a 

statistically significant association with coarctation of the aorta and TOF (OR=1.07 with 

a 95% CI of 1.01-1.13 and OR=1.03 with a 95% CI of 1.01-1.05 respectively). Moreover, 

exposure to particulate matter 10 (PM10) was associated with an increased risk of ASD 

(OR=1.14; 95% CI, 1.01-1.28) (Vrijheid et al. 2011). The significant association between 

NO2 concentrations and coarctation of the aorta (OR =1.20, 95% CI, 1.02, 1.41) has been 

repeated in another meta-analysis (Chen et al. 2014). However, there are difficulties in 

drawing conclusions from studies due to different factors, one of which is the 

classification used in each study. For example, VSD were regarded variously as one group 

(Dadvand et al. 2011) or four groups (Strickland et al. 2009), or were excluded (Dolk et 

al. 2010a).  

Studies have reported that maternal exposure to solvents and paints is associated with 

CHD (Gilboa et al. 2012; Gong et al. 2017). Solvents consist of a mixture of chemicals, 

the composition of which varies among different preparations, making them difficult to 

compare. 

Maternal exposure to agricultural pesticides has been associated with an increased risk of 

CHD (Rappazzo et al. 2016). The association of pesticide exposure and increased risk of 

CHD subtypes was found in various studies (Carmichael 2014; Rocheleau et al. 2015). 
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However, data from NBDPS were not able to find association of pesticides with overall 

CHD (Rocheleau et al. 2015).   

The association between living near hazardous waste sites and the risk of CHD has been 

assessed. One study from the USA found an increased risk of truncus arteriosus but no 

increased risk of conotruncal heart defect (Langlois et al. 2009a) but the small sample 

size makes the validity of this result questionable, while another USA study found no 

association with CHD (Orr et al. 2002). A study from Italy has shown that populations 

residing in industrially contaminated sites have a higher risk of developing CHD (Santoro 

et al. 2017). A study from England has shown that residing near incinerators in Cumbria 

was associated with higher risk of CHD (Dummer et al. 2003). The variation in the 

findings from these studies may be due to difficulties in definition and ascertainment of 

exposure. 

3.9 Paternal factors and CHD 

Paternal smoking has been associated with increased risk of CHD (Cresci et al. 2011) and 

paternal smoking during early pregnancy is associated with increased risk of different 

subtypes of CHD such as septal defects, isolated conotruncal heart defects, and left 

ventricular outflow tract obstructions (Deng et al. 2013).  

The relation between advanced paternal age and the risk of CHD has been assessed in 

different studies with conflicting results. In Denmark, Su et al. (2015) found no 

association between advanced paternal age and CHD, but it showed that older paternal 

age (>45 years) is associated with increased risk of PDA. In Poland, advanced paternal 

age was associated with CHD (Materna-Kiryluk et al. 2009).  

BWIS data has shown an association between fathers reporting marijuana use and an 

increased risk of VSD among their infants (Ewing et al. 1997). BWIS data showed that 

maternal and paternal cocaine use is associated with increased risk of CHD, and with 

VSD specifically (Ferencz 1997).  

Paternal exposure to certain chemicals such as phthalates, polychlorinate, or to 

alkylphenolic compounds was associated with increased risk of CHD in offspring 
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(Snijder et al. 2012). A study using NBDPS data showed that certain paternal occupations 

such as farmers are not associated with increased risk of VSD, while occupations such as 

mechanics and petroleum and chemical workers are associated with increased risk of 

ASD (Desrosiers et al 2012). 

Paternal occupation such as forestry and logging workers as a risk factor for CHD showed 

significant association with CHD in British Columbia, while it did not show any 

significant association using NBDPS data from the USA (Olshan et al. 1991; Desrosiers 

et al 2012). 

3.10 Medications and CHD 

3.10.1 Folic acid and folic acid antagonists and the risk of CHD 

Numerous studies have focused on the association between periconceptional FA 

supplementation and the risk of CHD. Almost all have shown a protective effect of FA 

during early pregnancy and CHD (Scanlon et al. 1998; Bean et al. 2011; Li et al. 2013; 

Csáky-Szunyogh et al. 2014a). Only two studies provide no evidence of folate being a 

protective factor for CHD (Werler et al. 1999; Bower et al. 2006) (see Appendix 8). 

The findings from a recent meta-analysis suggested that maternal folate intake in early 

pregnancy is significantly associated with a decreased CHD risk (Feng et al. 2015a). 

Furthermore, a reduction in CHD risk is associated with intake of  multi-vitamins 

containing FA during early pregnancy (Botto et al. 1996; Czeizel 1998).  

The importance of FA has been underlined in UK clinical practice. A higher dose is 

recommended for pregnant women taking any form of medications to treat epilepsy 

(NICE Guidelines 2014a), and for women with diabetes or at high risk of NTD among 

their offspring, 5 mg of FA a day is recommended (NICE Guidelines 2014b). 

The need for deoxyribonucleic acid (DNA) synthesis by the rapidly proliferating tissues 

which are crucial for foetal growth and development justifies the increasing folate needs 

during pregnancy (Greenberg et al. 2011). Impaired folate metabolism has been found to 

affect cardiac neural crest cell formation and migration and it has been suggested that this 
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might interfere with heart development (Wild et al. 1997; Boot et al. 2003; Tierney et al. 

2004; van Beynum et al. 2006). Impaired FA transport has led to extensive death of 

apoptotic cells in the developing heart (Tang et al. 2004).  

An antagonist is defined as a “drug or chemical substance 

that interferes with the physiological action of another” (American Heritage Dictionary 

of the English Language 2016b). FA antagonists include anti-epileptic agents, and 

dihydrofolate reductase inhibitors (DHFRI) such as sulfamethoxazole-trimethoprim. The 

teratogenicity of folate antagonists in humans is a well-established issue  which has been 

reported since 1952 when aminopterin was shown to induce abortion (Thiersch 1952). 

The literature showed that in three out of the four studies that assessed the association 

between FA antagonists and CHD, usage of all FA antagonists are associated with an 

increased risk of CHD (Hernández-Díaz et al. 2000; Hernández-Díaz et al. 2003; Matok 

et al. 2009) but this was not the case in Meijer et al.’s (2005) study (Table 3.3). The 

failure to show evidence of association with CHD in that study might be due to the low 

number of exposed cases (only five cases), small sample size that might not have the 

power to detect the difference, or the fact that in the DHFRI group the treatment course 

is usually short. The issue of sample size is supported by the fact that a positive 

association has been shown with the antiepileptic group, which includes the five cases as 

there were no cases in DHFRI group.  
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Table 3.3: Studies showing an association of intake of FA antagonists during early 

pregnancy and CHD in offspring. 

Author/s, year of 

publication 

Country / 

Study period / 

Design / Sample size 

FA antagonists Risk of CHD 

1. Hernández-Díaz 

et al. 2000 

USA: Slone study 

 

1976-1998 

 

Case-control study; 

2nd to 3rd month of 

pregnancy 

 

3870 CHD cases 

8387 controls 

Group 1: 

dihydrofolate 

reductase inhibitors 

(DHFRI), including 

aminopterin, 

methotrexate, 

sulfasalazine, 

pyrimethamine, 

triamterene, and 

trimethoprim 

Group 2: primarily 

antiepileptic drugs, 

include 

carbamazepine, 

phenytoin, primidone, 

and phenobarbital 

All FA antagonists: 

RR=2.1 (95% CI, 1.5-

3) 

 

DHFRI with no 

multivitamin 

supplementation: 

RR=7.7 (95% CI, 2.8-

21.7) 

 

DHFRI with 

multivitamin 

supplementation: 

RR=1.5 (95% CI, 0.6-

3.8) 

Antiepileptic drugs: 

RR=2.2 (95% CI, 1.4-

3.5) 

Antiepileptic drugs 

and multivitamin 

supplementation: 

RR=2.3 (95% CI, 1.1-

4.7) 

 

2. Hernández-Díaz 

et al. 2003 

USA: Slone study 

 

1976-1998 

 

Case crossover and 

case-time-control; 

2nd to 3rd month of 

pregnancy 

3,870 cases  

8,387 control infants  

DHFRI 

Antiepileptic 

Case-control: OR=2.3 

(95% CI, 1.4-3.9) 

 

Case-crossover: 

OR=1.0 (95% CI, 0.5-

2.0) 

 

Case-time-control: 

OR=2.9 (95% CI, 1.2-

7.2) 

 

3. Meijer et al. 2005 Northern 

Netherlands: 

EUROCAT 

 

1997-2002 

 

First 10 weeks after 

LMP 

 

DHFRI (examples: 

methotrexate, 

sulfasalazine, 

triamterene, 

pyrimethamine and 

trimethoprim) 

Mainly antiepileptics 

(carbamazepine, 

phenobarbital, 

OR=1.19 (95% CI, 

0.43-3.28) for all FA 

antagonists 

 

Exposed number=5 

OR=4.77 (95% CI, 

1.28-17.86) for 

antiepileptic group 
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815 cases  

1402 controls 

phenytoin, primidone, 

valproic acid and 

lamotrigine) 

Exposed number=5 

 

There was no 

exposure to DHFRI 

4. Matok et al. 2009 Israel 

 

1998-2007 

 

First trimester 

Retrospective cohort 

 

n= 84,823 

FA antagonists as one 

category, and then 

subdivided into 

DHFRI, and ‘other FA 

antagonists’ which 

include mainly 

antiepileptics 

(carbamazepine, 

phenytoin, 

lamotrigine, 

primidone, valproic 

acid and 

phenobarbital), and 

cholestyramine 

For FA antagonists as 

one group: 

OR=1.76 (95% CI, 

1.05-2.95)  

 

For DHFRI: 

OR=2.25 (95% CI, 

1.29-3.92) 

 

For other FA 

antagonists: OR=0.73 

(95% CI, 0.18-2.93) 

 

Legend: CHD=congenital heart disease, DHFRI=dihydrofolate reductase inhibitors, FA=folic acid, 

OR=odds ratio, RR=relative risk. 

  

3.11 Other medications and CHD 

The literature search identified a great number of studies investigating various classes of 

medications as risk factors for CHD. As almost 55% of pregnancies are unintended 

(Wellings et al. 2013), some women will inevitably expose their foetus to medications 

before realising they are pregnant. Likewise, it will be necessary to prescribe medication 

in the treatment of some pregnant women. Indeed, the use of prescribed medications 

during the first trimester of pregnancy is estimated to be 80% (Mitchell et al. 2011).  

Studies on the relation between maternal use of medications and CHD development have 

yielded conflicting results. Medications such as antibacterials (Crider et al. 2009), 

antithyroids (Andersen and Laurberg 2014), nonsteroidal anti-inflammatory drugs 

(Marsh et al. 2014), some of the antihypertensives (Yakoob et al. 2013), antiepileptic 

drugs (Ban et al. 2015), retinoic acid (Lammer et al. 1985), thalidomide (Smithells and 

Newman 1992), fluconazole (Alsaad et al. 2015), and antiasthmatics (Garne et al. 2016) 

have been mentioned in the literature as risks for CHD. However, MHM are the most 

common category of medications mentioned in the literature about medications taken in 

pregnancy (Furu et al. 2015; Huybrechts et al. 2016). 
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3.12 MHM and CHD 

In this study, the term MHM refers to those medications used to treat a mental illness, 

disorder, or condition. This term has been used in some studies (Maantay and Maroko 

2015; Colón et al. 2016) to mean medications that are prescribed to treat a mental illness, 

disorder, or condition. 

Mental health disorders represent the most common chronic condition in pregnancy 

(Chatterjee et al. 2008; Jølving et al. 2016). Researchers at Queen’s University Belfast 

revealed that almost one fifth of pregnant women in NI reported a history of mental 

disorders (Queen’s University Belfast 2018).  

The Health Improvement Network (THIN) database in the UK, which covers 6% of the 

population in the UK, has shown that the prevalence of depression, anxiety and serious 

mental illness is around 9%, 4% and 0.1% respectively among women 9 months before 

pregnancy. This prevalence decreased to approximately 5% (for depression), 3% (for 

anxiety) and 0.09% (for serious mental illness including bipolar disorder, schizophrenia, 

or other related psychotic disorders) during pregnancy (Ban et al. 2012). 

The use of MHM, and especially antidepressants, has been found to be on the increase in 

pregnancy over the last two decades (Cooper et al. 2007). The National Institute for 

Health and Care Excellence (NICE) acknowledges significant limitations on the data 

available concerning the risks of MHM use in pregnancy (NICE 2015).  

The Canadian Mental Health Association (2017) has defined mental illness as “an illness 

that affects that way people think, feel, behave, or interact with others”, while mental 

health:  

“is about mental wellbeing, emotions, thoughts, feelings, ability to solve problems 

and overcome difficulties, social connections, and understanding of the 

surrounded world”.  

To identify the risk of CHD due to MHM, a review of the literature of published papers 

was conducted. The search strategy was devised in discussion with the subject librarian 

at UU. The keywords which were linked using Boolean connectors in order to identify 

literature are included in Appendix 9. The key words used in the research were: 



102 

 

 

“pregnancy”, “first trimester”, “early pregnancy”, “prenatal exposure”, “periconception”, 

“environmental exposure”, “maternal exposure”, “gestation”, “antidepressant”, 

“neuroleptic”, “anxiolytic”, “hypnotic”, “sedative”, “tranquilizer”, “antipsychotic”, 

“antimanic”, “congenital heart defect”, “congenital heart malformation”, “congenital 

heart disease”, “congenital heart anomalies”,  “antidepressive agents”,  “antipsychotic 

agents”, “anti-Anxiety Agents”, “hypnotics and sedatives”, “antimanic”, “agents”, 

“antidepressive”, “antipsychotic”, “antianxiolyitic”, “hypnotic”, “antimanic”, and 

“hypomanic”.  

The search was carried out covering the period 2005-2017 in four databases: MEDLINE, 

Embase, Psychinfo, and Google Scholar. Citation searching of relevant articles along with 

a scoping search for grey literature were undertaken using Google Scholar. The scoping 

search identified non-English language materials, dissertations and unpublished studies. 

Non-English language materials, dissertations, and unpublished studies were not included 

for reasons outlined in section 3.1. Studies were included if they were published in peer-

reviewed, scientific journals, in the English language, during the period 2005-2017. 

Following the exclusion of duplicates, the first relevant 950 studies were checked by 

examining titles and abstracts. After applying inclusion and exclusion criteria, 898 

articles were rejected. Studies were excluded if they were commentaries, reviews, 

editorials, or involved animal subjects. Studies which had no key data or clear 

longitudinal study design were excluded. After review of the full text, a further 12 articles 

were excluded. Further citation searching was then undertaken and another two articles 

were added. A total of 42 articles were included in the review. No authors were contacted. 

The sequence through which these articles were identified is described in Figure 3.4. 
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Figure 3.4: Flow diagram of the identification of articles from the literature on 

MHM as risk factors for CHD.           

 

Of the 42 studies investigating the association between MHM and CHD, most were 

population-based cohort studies (Wogelius et al. 2006; Cole et al. 2007b; Cole et al. 

2007a; Davis et al. 2007; Källén and Otterblad Olausson 2007; Diav-Citrin et al. 2008; 

Einarson et al. 2008; Einarson et al. 2009; Merlob et al. 2009; Pedersen et al. 2009; 

Wichman et al. 2009; Colvin et al. 2010; Kornum et al. 2010; Reis and Kallen 2010; 

Colvin et al. 2011; Malm et al. 2011; Jimenez-Solem et al. 2012; Nordeng et al. 2012; 

Habermann et al. 2013; Reis and Kallen 2013; Ban et al. 2014b; Ban et al. 2014a; 

Huybrechts et al. 2014; Berard et al. 2015; Huybrechts et al. 2016). A far smaller number 

were case-control studies (Alwan et al. 2007; BarOz et al. 2007; Louik et al. 2007; Alwan 

et al. 2010; Bakker et al. 2010; Csaky-Szunyogh et al. 2013; Polen et al. 2013; Louik et 

al. 2014). Five were case-malformed studies (Bakker et al. 2010; Csáky-Szunyogh et al. 
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2014b; Knudsen et al. 2014; Wemakor et al. 2015; Boyle et al. 2016), and nine were data-

linked studies (Bérard et al. 2007; Oberlander et al. 2008; Colvin et al. 2010; Colvin et 

al. 2011; Reis and Kallen 2013; Ban et al. 2014b; Ban et al. 2014a; Berard et al. 2015; 

Furu et al. 2015). Most studies (11, including two from NBDPS) were conducted in the 

USA (Alwan et al. 2007; Cole et al. 2007b; Cole et al. 2007a; Davis et al. 2007; Louik 

et al. 2007; Wichman et al. 2009; Alwan et al. 2010; Polen et al. 2013; Huybrechts et al. 

2014; Louik et al. 2014; Huybrechts et al. 2016). Six were conducted in Sweden 

(Wogelius et al. 2006; Källén and Otterblad Olausson 2007; Lennestal and Kallen 2007; 

Reis and Kallen 2008; Reis and Kallen 2010; Reis and Kallen 2013). Seven studies were 

multicentre studies including five studies which used EUROCAT data (Bakker et al. 

2010; De Jonge et al. 2013; Knudsen et al. 2014; Wemakor et al. 2015; Boyle et al. 2016) 

and another two studies (Diav-Citrin et al. 2008; Furu et al. 2015). Another four studies 

were conducted in Canada (BarOz et al. 2007; Oberlander et al. 2008; Einarson et al. 

2009; Berard et al. 2015), a further three were conducted in the UK (Margulis et al. 2013; 

Ban et al. 2014a; Ban et al. 2014b). Three studies were conducted in Denmark (Pedersen 

et al. 2009; Kornum et al. 2010; Jimenez-Solem et al. 2012) and two were conducted in 

Australia (Colvin et al. 2010; Colvin et al. 2011). The literature reviewed also included 

one study each from Finland, Hungary, Norway, Israel, Germany, and from the 

Worldwide Teratology Information Service (Einarson et al. 2008; Merlob et al. 2009; 

Malm et al. 2011; Nordeng et al. 2012; Habermann et al. 2013; Csáky-Szunyogh et al. 

2014b). 

No study looked at MHM as a group, perhaps because it is not common practice to put 

MHM into a single group, as they comprise different subgroups of medication. However, 

grouping them together will give an idea of the impact of this group of medication on the 

risk of CHD. SSRI were examined as a group in 19 studies (Wogelius et al. 2006; Alwan 

et al. 2007; Davis et al. 2007; Källén and Otterblad Olausson 2007; Louik et al. 2007; 

Oberlander et al. 2008; Merlob et al. 2009; Pedersen et al. 2009; Wichman et al. 2009; 

Colvin et al. 2010; Kornum et al. 2010; Jimenez-Solem et al. 2012; Nordeng et al. 2012; 

Margulis et al. 2013; Reis and Kallen 2013; Huybrechts et al. 2014; Knudsen et al. 2014; 

Furu et al. 2015; Wemakor et al. 2015). Bupropion was examined in five studies (Cole et 

al. 2007a; Einarson et al. 2009; Alwan et al. 2010; Huybrechts et al. 2014; Louik et al. 

2014), antipsychotics in three studies (Habermann et al. 2013; Boyle et al. 2016; 



105 

 

 

Huybrechts et al. 2016), tricyclic antidepressant in three studies (Davis et al. 2007; Reis 

and Kallen 2010; Huybrechts et al. 2014), and serotonin-norepinephrine reuptake 

inhibitor (SNR) in two studies (Lennestal and Kallen 2007; Huybrechts et al. 2014). Only 

seven studies (Merlob et al. 2009; Pedersen et al. 2009; Kornum et al. 2010; Huybrechts 

et al. 2014; Knudsen et al. 2014; Furu et al. 2015; Wemakor et al. 2015) showed 

significant association with CHD or CHD subtypes.  

It is also crucial to consider sample size and statistical power issues. Even in a population-

based study, a lack of statistical significance does not invalidate the results, as this could 

mean simply that the statistical power was low (Nayak 2010), or  that the number of cases 

exposed to certain medications or the number of outcomes is too small for an association 

with CHD to be detected or ruled out (Alwan et al. 2010; Colvin et al. 2010). Also, not 

all studies including population-based studies have sufficient statistical power to 

demonstrate a statistically significant association. For example, the authors of a study 

using NBDPS data stated that their research:   

“had <50% chance (statistical power) to detect a statistically significant 

association even for the more common CHD” (Polen et al. 2013). 

Results from the three largest epidemiologic studies available to date have also yielded 

inconsistent results. A study in Sweden (Reis and Kallen 2008) found a significant 

association between subtypes of MHM and CHD, the German study reported a 1.5-2 fold 

increase in the risk for atrial and ventricular septal defects (Habermann et al. 2013), 

whereas  a large, population-based study in the USA showed no association at all 

(Huybrechts et al. 2016). 

Six studies found no significant association with CHD (Einarson et al. 2009; Kornum et 

al. 2010; Malm et al. 2011; De Jonge et al. 2013; Ban et al. 2014b; Wemakor et al. 2015), 

compared to three studies showing a significant association (Diav-Citrin et al. 2008; 

Pedersen et al. 2009; Furu et al. 2015). Exposure to venlafaxine has shown a positive 

association with septal heart defects in one study (Polen et al. 2013) and no statistically 

significant association in another study (Furu et al. 2015).  

Numerous issues were raised by this literature; for example, the studies may be prone to 

confounding by indication, which occurs when a “drug is used to treat a disease that is in 

the causal pathway of the outcome of interest” (Olsen et al. 2010a, p.110). Explained 
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simply and in the context of this study, individuals who are exposed to drugs may 

experience a contrary outcome (i.e. CHD) because they are more ill than others, and this 

outcome might have occurred due to the mental health issue rather than the medication. 

Residual confounding occurs when “bias remains after confounding has been adjusted for 

as much as possible” (Rothman et al.2008), and it was noted in several studies (Csáky-

Szunyogh et al. 2014b; Furu et al. 2015 ; Berard et al. 2015;   Boyle et al. 2016; 

Huybrechts et al. 2016.(    

Another issue is the variation in the selection of the appropriate reference category. For 

example, some studies compare the cases exposed to SSRI with a control group which is 

not exposed to any SSRI (Davis et al. 2007) and some to different MHM, e.g. exposure 

to bupropion compared to another antidepressant (Cole et al. 2007a). Some studies 

compare the outcome with a healthy population and some compare the outcome with a 

malformed population (Knudsen et al. 2014; Boyle et al. 2016). With non-malformed 

controls, there is a probable under-ascertainment of exposure status across a range of 

variables depending on when exposure data were collected, but using case-malformed 

control would lessen this exposure under-ascertainment. 

Recall bias is expected when exposure data is collected retrospectively (Csáky-Szunyogh 

et al. 2014b), To avoid the issue of recall bias, administrative databases are being used 

more often; this provides the opportunity to use prospectively collected data on 

medication exposure, and also increases the statistical power of the study (Berard et al. 

2015). 

Studies have used different coding and classification schemes for CHD (Parker et al. 

2010; Knudsen et al. 2014). As explained in detail in Chapter 2 of this thesis, studies 

using different CHD codes and classifications have the potential to produce different 

results. Different exposure periods have also been adopted, with some studies using the 

month before the first day of the last menstrual period and up to 90 days after that 

(Kornum et al. 2010; Knudsen et al. 2014). Some, for example, began the exposure 

window from three months before pregnancy and use the date of delivery (assuming a 

pregnancy period of 280 days) in order to determine the exposure during the first 

trimester, without regard to preterm labour (Wemakor et al. 2015). 
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Some studies did not adjust for important confounders such as diabetes and SES, 

smoking, or alcohol; moreover, the factors adjusted for vary between the studies (Kornum 

et al. 2010; Huybrechts et al. 2014). In some of these studies, different medications were 

assessed at the same time and subgroup analyses were performed, leading to multiple 

testing issues and potential chance findings, as many studies should have adjusted for 

multiple testing but did not (Csaky-Szunyogh et al. 2013; Furu et al. 2015). This was 

justified by the authors of these studies on the grounds that it is preferable to leave 

multiple testing without adjustment so as not to lose some significant clinical 

associations. Publication bias also is expected; for example, studies which are not written 

in English are not easy to find, and studies which do not show positive association are 

also less likely to be published (Song et al. 2010).  

Notably when several studies whose results were not significant were found in the 

literature, combining data and conducting a meta-analysis from these studies and using 

larger sample sizes may enable detection of significant results. Meta-analyses are needed 

to determine whether there is publication bias in the case of the use of different MHM 

during pregnancy and CHD (Zhang et al. 2013). 

It is also notable that studies looking at MHM as a risk factor for CHD cannot determine 

cause and effect and there is a need to consider causation by using different criteria such 

as Bradford-Hill criteria (these criteria are discussed in Chapter 6.) 

As underlying mental health illness such as mood disorders have been shown to 

significantly increase risk of CHD (Liu et al. 2013), it would be useful to account for this 

in the analysis. However, several studies have not adjusted for underlying mental health 

illness (Reis and Kallen 2010; Csáky-Szunyogh et al. 2014b; Wemakor et al. 2015; Boyle 

et al. 2016). 
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             Table 3.4: Literature on MHM in early pregnancy and risk of CHD. 

Author, year, study site, data 

collection period 

 

 

Study design Sample size Medications 

Statistical 

measures 

(OR/RR/HR), 

adjusted/crude, CI 

and P value 

Strengths and 

limitations 

1. Wogelius et al. 2006 

 

Sweden 

 

1998-2010 

 

Population-based 

cohort study 

1051 women with an 

SSRI prescription and 

150,780 women with no 

SSRI prescription 

 SSRI  1.4% of SSRI users 

and 1% of non-users 

had CHD 

 

OR=16.10 (95% CI, 

13.42-19.30) 

 

 

Strengths: 

 Population-based 

study 

 Large sample size 

 

Limitations: 

 No adjustment for 

confounders 

 Possibility of drug 

exposure 

misclassification 

2. Louik et al. 2007 

 

USA 

Slone Epidemiology Center 

Birth Defects Study 

 

1993-2004 

Case-control study 3724 subjects, 100 

exposed to SSRI 

SSRI (Fluoxetine, 

Sertraline, 

Paroxetine, 

Citalopram) 

Paroxetine 

CHD overall: 

OR=1.2 (95% CI, 

0.9-1.6) 

 

Right ventricular 

outflow tract 

obstruction defects: 

OR=3.3 (95% CI, 

1.3-8.8) 

 

6 exposed subjects 

 

Strengths: 

 Population-based 

study 

 

Limitations: 

 Possibility of 

recall bias 

 No adjustment for 

important factors 

such as depression 

 Non-response rate 

is 39% 
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3. Alwan et al. 2007  

 

USA (8 states) 

National Birth Defects 

Prevention Study (NBDPS)  

 

1997-2002 

 

Case-control study 9622 cases of infants with 

major birth defects and 

4092 control cases 

 

Interview within 6 

months of expected date 

of delivery to obtain 

exposure information 

SSRI (any 

exposure) 

(Fluoxetine, 

Sertraline, 

Paroxetine, 

Citalopram) 

No significant 

association 

 

Conotruncal heart 

defects: AOR=1.3 

(95% CI, 0.9-2.1) 

 

Septal heart defects:  

AOR 1.1 (95% CI, 

0.7-1.6) 

 

Strengths: 

 Population-based 

study 

 Cases carefully 

defined 

Adjustment for 

ethnicity, obesity, 

smoking, income 

 

Limitations: 

 Possibility of recall 

bias 

 No adjustment for 

depression. 

4. Davis et al. 2007 

 

USA  

 

1996-2000 

Cohort study 1602 full-term infants  

 

805 exposed to SSRI, 167 

exposed to TCA and 182 

exposed to paroxetine 

  

49669 full-term infants 

were not exposed to 

antidepressants 

Tricyclic 

Antidepressants 

(TCA)  

SSRI  

 

Other 

antidepressants  

TCA 2 cardiac 

events  

 

SSRI 17 cardiac 

events 

 

Paroxetine was not 

associated with an 

increased risk for 

CHD  

Strengths: 

 Large sample 

cohort 

 Low chance of 

recall bias 

 

Limitations: 

 No information on 

potential 

confounders 

 Actual medication 

taken unclear 

 Possibility of drug 

exposure 

misclassification 

 No case 

ascertainment 
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5. Cole et al. 2007a 

 

USA 

 

1995-2004 

 

Cohort study Cohort,  

1213 infants exposed to 

bupropion compared with 

antidepressant exposure 

in 4743 infants 

Bupropion For CHD, the 

AOR=0.97 (95% 

CI, 0.52-1.80) in 

comparison to other 

antidepressants 

Strengths: 

 Population-based 

study 

 Low possibility of 

recall bias 

 

Limitations: 

 No adjustment for 

clinic prescription 

practice 

 No consideration 

for populations 

which are not 

insured 

 Possibility of 

misclassification 

of exposure due to 

the fact that 

exposure window 

does not depend 

on the date of the 

last menstrual 

period 

 14% of infants 

were not included 

6. Cole et al. 2007b 

 

USA: 

United Healthcare Claims 

database 

 

1995-2004  

Cohort study 5752 total 

 

815 exposed to paroxetine 

 

Paroxetine Paroxetine 

(monotherapy) and 

CHD:  

AOR=1.46 (95% 

CI, 0.74-2.89) 

  

Strengths: 

 Large sample 

size 

 Good data 

quality 

 

Limitations: 
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 Paroxetine (mono or 

polytherapy): 

AOR=1.68 (95% 

CI, 0.95-2.97) 

 Possibility of 

confounding 

by indication 

7. Lennestal and Kallen 2007 

 

Sweden 

 

1995-2004 

 

Cohort study Total population 

(n=860,215), 732 women 

using the drugs 

28 infants exposed 

to serotonin-

noradrenaline 

reuptake inhibitor 

[SNRI]- 

noradrenergic 

reuptake inhibitor 

[NRI] 

5 infants with VSD; 

2 with ASD; 4 with 

PDA; 1 with 

pulmonary 

hypoplasia 

Any CHD: 

AOR=0.96 (95% 

CI, 0.81-1.11) 

 

Strengths: 

 Good quality drug 

information. 

 Adjustment for 

smoking, BMI, 

number of previous 

miscarriages, 

mother’s age, year 

of birth, and parity 

 

Limitations: 

 Possibility of 

misclassification 

bias 

 Drug dose, 

amount, and 

duration of usage 

are missing 

8. Källén and Otterblad 

Olausson 2007 

 

Sweden 

(Swedish Medical Birth 

Register) 

 

1995-2004 

Cohort study 6,555 infants exposed to 

SSRI 

Paroxetine 1174, non-

teratogenic controls, 

n=1174 

SSRI 

 

 

Paroxetine 

No significant 

association between 

SSRI and CHD  

 

 

VSD and/or ASD: 

OR=1.63 (95% CI, 

1.05-2.53) 

 

Strengths: 

 Population-based 

study 

 Large sample size 

 Information has 

been taken 

prospectively from 

interviews 
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Any CHD: 

OR=0.97 (95% CI, 

0.77-1.21) 

 

VSD and/or ASD: 

OR=1.10 (95% CI, 

0.84-1.44) 

 

Paroxetine and any 

CHD: OR=1.63 

(95% CI, 1.05-2.53) 

 Adjustment for 

smoking, BMI, 

number of 

previous 

miscarriage, 

mother age, year of 

birth, and parity 

 

Limitations: 

 Drug usage 

reporting was 

incomplete 

 A significant 

amount of 

information re 

underlying 

medical cause 

is missing 

 Data missing for 

infants born in 

2004 and 

hospitalised in 

2005 

 Medications to 

which subjects 

were exposed may 

have been 

misclassified 

 Multiple testing 

issue 
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9. Bérard et al. 2007 

 

Canada 

 

1997-2003 

Nested case-

control design 

1,403 women, 24 cases of 

CHD 

 

Exposure to paroxetine 

compared to exposure to 

other antidepressants 

Paroxetine Paroxetine and 

CHD: AOR=1.38 

(95% CI, 0.49-3.92) 

 

Other SSRI: 

OR=0.89 (95% CI, 

0.28–2.84) 

compared with the 

use of non-SSRI 

antidepressants 

  

When considering 

the dose 

(>25 mg/day of 

paroxetine), a dose-

response 

relationship was 

observed: 

AOR=3.07 (95% 

CI, 1.00-9.42) 

Strengths: 

 Population-based 

registry data 

 Adjustment for 

chronic 

comorbidities and 

usage of specific 

medications, SES, 

urban/rural 

residency, mother 

age, marital and 

insurance status, 

gestational age, 

multiple birth, 

gender, birth 

weight, year of 

birth, history of 

abortion 

 Consideration 

given to the effect 

of dose taken 

 

Limitations: 

 No adjustment for 

smoking status, 

FA intake, alcohol 

use, pregnancy 

weight gain, and 

over-the-counter 

medication use 

 Possibility of 

misclassification 
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due to use of 

prescribed data for 

medication usage 

10. Diav‐Citrin et al. 2008 

 

Israel-Italy-Germany 

 

1994-2005 

Cohort drawn from 

3 different 

countries which are 

members of the 

European Network 

of Teratology 

Information 

Services 

463 paroxetine exposed 

 

346 fluoxetine exposed  

1467 non-exposed 

controls 

Paroxetine 

Fluoxetine 

Paroxetine: 

AOR=2.66 (95% 

CI, 0.80-8.90)  

 

Fluoxetine: 

AOR=4.47 (95% 

CI, 1.31-15.27) 

Strengths: 

 Multicentre study 

with similar 

methodology used 

in each of 3 

countries 

 100% response 

rate 

 Ascertainment of 

medication intake 

via prospective 

interview, 

decreasing the 

possibility of recall 

bias 

 Adjustment for 

smoking, 

gravidity, parity, 

gestational age at 

initial contact, and 

maternal age 

 

Limitations: 

 Cases lost to 

follow-up and 

possibility of 

selection bias 
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 Lack of CHD case 

ascertainment 

 No SES data 

11. Einarson et al. 2008 

 

Worldwide teratology 

information services 

 

2006-2006 

Cohort 1174 cases from the 

teratology information  

 

2205 cases from 

previously published 

studies 

  

1174 unexposed   

Paroxetine  For paroxetine vs 

non-exposed: 

OR=1.1 (95% CI, 

0.36-2.78) 

Strengths: 

 Multicentre 

population study 

 Prospectively 

ascertained 

confirmation of 

drug exposure, 

thereby reducing 

recall bias 

 Ascertainment of 

CHD diagnosis 

 

Limitations: 

 Time of diagnosis 

was not 

standardised 

between different 

centres 

 Relatively small 

sample size 

 Teratology 

information 

services are 

usually contacted 

by a section of the 

population which 

is not reflective of 

the general 

population 
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12. Reis and Kallen 2008  

 

Sweden 

 

1995-2004 

Cohort study 570 women, 576 infants 

(total births: n=958,729 

Dixyrazine  

 

Prochlorperazine  

 

Lithium (79 

women)  

For all congenital 

anomalies, of which 

most are caused by 

CHD: 

OR=1.52 (95% CI, 

1.05-2.19) 

 

Exclusion of infants 

exposed to 

anticonvulsants 

reduced the OR only 

slightly 

Strengths: 

 Population-based 

study using 

register data 

 Data collected 

prospectively 

 Good 

ascertainment of 

diagnosis 

 Adjusted for year 

of birth, previous 

miscarriage, 

smoking, mother’s 

age, and parity 

 

Limitations: 

 Small sample size 

 Possibility of 

residual 

confounders 

13. Oberlander et al. 2008 

 

Canada 

 

1998–2001 

Cohort study n=119,547 

 

Exposed to SSRI: n=2625 

 

Non-exposed: n=107,320 

SSRI  

 

Benzodiazepines  

SSRI+ 

Benzodiazepines: 

adjusted risk 

difference=1.18% 

(95% CI, 0.18-

2.18%)  

 

SSRI monotherapy: 

adjusted risk 

difference=0.21% 

(95% CI, -0.14-

0.55%) 

Strengths: 

 Population-based, 

linked data 

 Adjustment for 

maternal illness, 

mother’s age, 

number of prenatal 

care visits, average 

number of visits to 

clinicians in the 

year before 

pregnancy, and 
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VSD: 

RD=0.10% (95% 

CI, -0.12-0.33%) 

 

Citalopram (n=3):  

adjusted risk 

difference=2.49% 

(95% CI, 0.54-

7.89%)  

 

average number of 

diagnoses of 

depression in the 

year before 

pregnancy 

 

Limitations: 

 No verification of 

the exact time of 

diagnosis. 

 Verification 

technique (echo or 

otherwise) not 

specified 

 No adjustment for 

other factors such 

as diabetes, 

smoking, or BMI 

14. Wichman et al. 2009  

 

USA 

 

1993-2005 

Cohort study SSRI:  

n=808 

  

Unexposed: 

n=24,406 

SSRI (group) 0.4% developed 

CHD in exposed vs 

0.8% in unexposed 

(P=0.23) 

 

VSD 0.0% in 

exposed vs 0.1% in 

unexposed (P>0.99) 

Strengths: 

 Population-based 

study 

 Low possibility of 

selection bias 

 

Limitations: 

 Power inadequate 

to identify small 

association 

 No adjustment for 

clinical or 

demographic 

information 
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 Possible 

misclassification 

bias for medication 

exposure  

15. Einarson et al. 2009 

 

Canada 

 

Data collection period not 

specified 

Cohort study 928 women, matched to 

928 unexposed women 

bupropion (113), 

citalopram (184), 

escitalopram (21), 

fluvoxamine (52), 

nefazodone (49), 

paroxetine (148), 

mirtazapine (68), 

fluoxetine (61), 

trazodone (17), 

venlafaxine (154), 

sertraline (61) 

No significant 

association (no 

estimation shown) 

Strengths: 

 Prospective data 

collection 

 Pregnancy 

outcome registry 

in Toronto  

 Adjustment for 

alcohol, tobacco, 

and concurrent 

drug use 

 

Limitations: 

 Issues with the 

sample size 

 Data collection 

period not 

specified 

 Evidence not 

stated 

16. Pedersen et al. 2009 

 

Denmark 

 

1996-2003 

Cohort study 493,113 children 

(exposed and unexposed 

number not clear) 

SSRI 

 

 

 

Sertraline 

 

 

Citalopram 

 

Septal heart defects:  

OR=1.99 (95% CI, 

1.13- 3.53) 

 

OR=3.25 (95% CI, 

1.21-8.7) 

 

OR=2.52 (95% CI, 

1.04-6.10) 

Strengths: 

 Population-based 

study 

 Good 

ascertainment for 

drugs exposure 

 Adjustment for 

potential 
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Fluoxetine 

 

 

More than one type 

of SSRI 

 

OR=1.34 (95% CI, 

0.33-5.41) 

 

OR=4.70 (95% CI, 

1.74-12.7) 

confounding 

factors 

 Complete follow-

up of live born 

infants 

 

Limitations: 

 Possibility of 

misclassification 

bias for medication 

exposure 

 Confounding by 

indication should 

have been 

considered 

17. Merlob et al. 2009 

 

Israel  

 

2000-2007 

Cohort 235 newborns exposed to 

SSRI and 67,636 

unexposed. 

 

 

SSRI RR=2.17 (95% CI, 

1.07-4.39) with 

CHD 

Strengths: 

 Prospective design 

 Standard 

questionnaire 

 Data from single 

centre 

 

Limitations: 

 Low sample size 

 No adjustment for 

potential 

confounders such 

as mother’s body 

mass index and 

race 
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18. Bakker et al. 2010 

 

Netherlands: 

EUROCAT 

 

1997-2006 

Case-malformed 

control study 

678 cases and 615 

malformed controls 

children 

Paroxetine CHD:  

AOR=1.5 (95% CI, 

0.5-4.0) 

 

ASD:  

AOR=5.7 (95% CI, 

1.4-23.7). 

Strengths: 

 Population-based 

registry data 

 Prospective data 

collection of drugs 

that were verified 

by the mother 

 Possibility of non-

differential 

misclassification of 

exposure due to 

usage of malformed 

controls 

 Adjustment for 

smoking, alcohol, 

gravidity, 

pregnancy 

outcome, body 

mass index, folic 

acid usage, 

diabetes, epilepsy, 

year of birth, 

mother’s age, and 

education level 

 

Limitations: 

 Multiple testing 

tissue 

 Possibility of 

residual 

confounders 
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19. Reis and Kallen 2010 

 

1995-2007 

 

Sweden 

Cohort study 14 821 women with  

15017 infants, compared 

with 1062190 women 

with 1236053 infants. 

Paroxetine 

 

 

TCA 

All CHD:  

OR=1.66 (95% CI, 

1.09-2.53) 

 

Any CHD: 

OR=1.63 (95% CI, 

1.12-2.36) 

 

VSD and/or ASD: 

OR=1.84 (95% CI, 

1.13-2.97) 

Strengths: 

 Population-based 

study using 

register data 

 Prospective 

exposure 

 Adjustment for 

year of delivery, 

parity, body mass 

index, smoking, 

mother’s age, 

preterm birth, and 

birth weight 

 

Limitations: 

 Residual 

confounders 

should have been 

considered 

20. Alwan et al. 2010 

 

National Birth Defects 

Prevention Study (NBDPS) 

 

USA  

 

1997-2004 

 

Case-control study 6853 cases of major CHD 

were compared with 5869 

control cases  

Bupropion Left outflow tract 

CHD:  

AOR=2.6 (95% CI, 

1.2-5.7; P=0.01) 

 

All CHD: 

AOR=1.4 (95% CI,  

0.8-2.5) 

Strengths: 

 Population-based 

study 

 Good 

ascertainment of 

diagnosis 

 Large sample size 

 Adjustment for 

mother’s age, 

obesity, smoking, 

alcohol, folic acid 

income plurality, 

parity, and income 
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Limitations: 

 Possibility of 

recall bias 

 Confounding by 

indication should 

be considered 

 Small number of 

exposed cases in 

some 

subcategories 

reduces the power 

of the study 

 Results cannot be 

easily compared 

with other studies 

21. Colvin et al. 2010 

 

Western Australia 

 

2002-2005 

Cohort study 1126 cases with CHD, of 

which 9 were exposed to 

paroxetine and 887 were 

unexposed  

Paroxetine CHD: 

OR=1.4 (95% CI, 

0.7-2.7) 

Strengths: 

 Population-based 

linked data 

 Avoidance of 

selection and recall 

bias 

 

Limitations: 

 Sample size 

limitation 

 Confounding by 

indication should 

be considered 

 Possibility of 

misclassification 

of exposure to 

paroxetine. 
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22. Kornum et al. 2010 

 

Denmark 

 

1991-2007 

Cohort study 2,062 women with SSRI 

prescription redemption; 

16 infants had CHD 

 

Compared to women with 

no SSRI prescription 

redemption 

SSRI 

Sertraline 

Fluoxetine 

Paroxetine 

Citalopram 

Escitalopram 

 

 

 

 

 

 

 

     

CHD: 

OR=1.7 (95% CI, 

1.1-2.5) 

                   

Sertraline: 

OR=3.0 (95% CI, 

1.4-6.4) 

 

Fluoxetine: 

OR=1.9 (95% CI, 

0.8-4.3) 

 

Paroxetine: 

OR=0.5 (95% CI, 

0.1-3.6) 

 

Citalopram: 

OR=1.1 (95% CI, 

0.5-2.7) 

 

Escitalopram: 

OR=3.3 (95% CI, 

0.8-13.4) 

Strengths: 

 Population-based 

data from registry 

 Adjustment for the 

following potential 

confounders:  

smoking, mother’s 

age, birth order 

 

Limitations: 

 Possibility of 

detection bias  

 Possibility of 

misclassification 

of SSRI exposure 

 Possibility of 

confounding by 

indication 

 Residual 

confounders 

should have been 

considered 

23. Malm et al. 2011 

 

Finland 

 

1996-2006 

Retrospective 

cohort study 

Mother and child pairs 

116 exposed to fluoxetine 

8137 not exposed  

 

SSRI 

 

 

 

OR=1.29 (95% CI, 

1.07-1.55) 

 

AOR=1.09 (95% 

CI, 0.90-1.32) 

Strengths: 

 Population-based 

study 

 Use of registry-

linked data 

 Large sample size 

 High-quality data 

with registry 

coverage of 
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approximately 

100% of the 

population 

 Adjustment for 

mother’s age, 

marital status, year 

of pregnancy 

ending, parity, 

smoking, co-

exposure to other 

medication, and 

pre-existing 

diabetes 

 

Limitations: 

 Possibility of 

exposure 

misclassification 

 No validation data 

on the CHD 

register 

 Confounding by 

indication and 

residual 

confounders 

should have been 

considered 

 

24. Colvin et al. 2011 

 

Australia 

Cohort Total (n=96 968)  

30 exposed to SSRI 

661 unexposed 

SSRI  SSRI and CHD: 

AOR=1.60 (95% 

CI, 1.10-2.31) 

Strengths: 

 Population-based 

linked data 
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2002-2005 

 

 
 Avoidance of 

recall and selection 

bias 

 Large sample size 

 Adjustment for 

mother’s age, 

ethnicity, smoking, 

parity, multiple 

birth, and SES 

 

Limitations: 

 No adjustment for 

alcohol 

 Possibility of 

confounding by 

indication or 

residual 

confounders 

25. Nordeng et al. 2012 

 

Norway 

 

1999-2005 

Cohort 63,395 women; 699 

exposed to 

antidepressants 

SSRI 

 

CHD: 

OR=1.51 (95% CI, 

0.67-3.43) 

 

Major CHD: 

AOR, 1.51 (95% CI, 

0.67–3.43) 

Strengths: 

 Large sample size 

 Adjustment for 

maternal depression 

level, mother’s age, 

use of psychotropic 

drugs, and parity 

 

Limitations: 

 Possibility of 

information bias 

and recall bias 
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26. JimenezSolem et al. 2012 

 

Denmark 

  

1997-2009 

 

Retrospective 

cohort study 

7845 total CHD cases 

 

77 exposed to SSRI, of 

which 13 paused their use 

of SSRI during pregnancy  

 

7755 unexposed to SSRI 

SSRI 

 

Tricyclic 

antidepressants 

 

Other 

antidepressants 

 

For the exposed: 

OR=2.01 (95% CI, 

1.60-2.53) 

 

For those who 

paused treatment: 

OR=1.85 (95% CI, 

1.07-3.20) 

 

Tricyclic 

antidepressants: 

AOR=1.33 (95% 

CI, 0.42-4.15) 

 

Other 

antidepressants: 

AOR=0.99 (95% 

CI, 0.51-1.91)  

Strengths: 

 Population based 

 Register based  

 Large sample size 

 Selection and 

recall bias are 

eliminated 

 A possible 

confounding by 

indication is 

addressed by 

assessing the risks 

associated with 

paused exposure to 

SSRI during 

pregnancy 

 Adjustment for 

mother’s age, 

parity, BMI, co-

medications, 

education, income, 

and smoking 

 

Limitations: 

 Observational 

design 

 Residual 

confounding 

should have been 

considered 

 Possibility of 

detection bias 
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 Unclear how the 

study deals with 

mothers with 

diabetes or taking 

antiepileptics 

27. Polen et al. 2013 

 

USA: NBDPS 

 

1997-2007 

Case-control study 8016 controls with no 

CHD (8002 unexposed, 

14 exposed) 

 

1760 cases of conotruncal 

heart defects (1754 

unexposed, 6 exposed) 

 

3639 cases of septal heart 

defects (3621 unexposed, 

18 exposed) 

 

1453 cases of left 

ventricular outflow tract 

obstruction (1444 

unexposed, 9 exposed) 

Venlafaxine Conotruncal heart 

defects: 

AOR=1.9 (95% CI, 

0.6-5.3) 

 

Septal heart defects: 

AOR=3.0 (95% CI, 

1.4-6.4) 

                           

Left ventricular 

outflow tract 

obstruction: 

AOR=3.3 (95% CI, 

1.2-8.2) 

Strengths: 

 Population-based 

study 

 Adjustment for 

mother’s age and 

ethnicity 

 

Limitations: 

 Small sample size  

 Possibility of recall 

bias 

 Residual 

confounders may 

have affected the 

results 

 Confounding by 

indication should 

have been 

considered 

28. De Jonge et al. 2013 

 

Northern Netherlands 

(EUROCAT) 

 

1998-2008 

Case-control study 873 cases of CHD  

 

29,223 population 

controls  

 

Paroxetine 

 

              

 

Fluoxetine  

CHD overall: 

RR 2.03 (95% CI, 

1.14-3.62) 

 

CHD overall: 

RR 1.2 (95% CI, 

0.53-4.1) 

Strengths: 

 Population-based 

study 

 Registry data used 

 Good 

ascertainment of 

CHD cases 
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 Complete 

pharmacy records 

 

Limitations: 

 Coverage of the 

registry is not 

complete 10% 

 Unable to adjust 

for potential 

confounders such 

as diabetes 

 Possibility of 

misclassification 

of exposure and 

selection bias 

29. Reis and Kallen 2013 

 

Sweden 

  

1995-2008 

 

Cohort  Total cohort of  

1,290,672 mothers 

 

10,511 infants exposed 

SSRI drugs but no other 

central nervous system 

(CNS)-active drug 

 

1000 infants exposed to 

benzodiazepines but no 

other CNS-active drug 

 

406 infants exposed to 

both SSRI and 

benzodiazepines but no 

other CNS-active drug 

 

All SSRI without 

sedative/hypnotic 

 

Benzodiazepine 

without SSRI 

    

SSRI with 

sedative/hypnotic 

All SSRI: 

OR=1.01 (95% CI, 

0.84-1.21) 

 

SSRI without 

sedative/hypnotic: 

OR=0.99 (95% CI, 

0.82-1.21) 

 

Benzodiazepine 

without SSRI: 

OR=1.30 (95% CI, 

0.75-2.24) 

 

SSRI with 

sedative/hypnotic: 

Strengths: 

 Large sample size 

 Registry-linked 

data 

 Prospective data 

collection on 

medication 

 Adjustment for 

year of birth, 

maternal age, body 

mass index, parity, 

and smoking 

 

Limitations: 

 Possibility of 

misclassification 

of exposure 



129 

 

 

The comparison group is 

women not exposed to the 

drug group under 

investigation 

OR=0.92 (95% CI, 

0.40-1.82) 
 Residual 

confounders 

should be 

considered 

 Confounding by 

indication should 

have been 

considered 

30. Margulis et al. 2013 

 

UK: The Clinical Practice 

Research Datalink (CPRD) 

 

1996-2010 

Propensity-score 

matched cohorts 

3,046 SSRI users 

 

8,991 non-users 

SSRI CHD overall: 

OR=1.00 (95% CI, 

0.50-2.00) 

 

Septal defects: 

OR=1.15 (95% CI, 

0.46-2.87) 

Strengths: 

 Population-based 

data 

 Validated CHD 

diagnosis 

 Data linked to 

avoid recall bias 

 Adjustment for 

body mass index, 

mother’s age at 

delivery, year of 

delivery, marital 

status, deprivation 

index, family 

history of 

anomalies, pre-

existing diabetes 

mellitus, alcohol, 

smoking, and 

mental health 

condition 

diagnosis 

 

Limitations: 
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 Possibility of 

residual 

confounding by 

depression severity 

 Risk of detection 

bias 

 Possibility of 

misclassification 

of exposure 

 Concerns about the 

missing values in 

the variables used 

in the propensity 

score 

31. Habermann et al. 2013 

 

Germany 

 

Teratology Information 

Service 

 

1997-2009 

Cohort study 430 pregnancies exposed 

to second-generation 

antipsychotic agents 

compared to  

213 exposed to first-

generation antipsychotic 

agents and to 1014 using 

other medications not 

known to be teratogenic 

Second-generation 

antipsychotic 

AOR=3.21 (95% 

CI, 1.34-7.67) 
Strengths:  

 Population-based 

study 

 Prospective 

collecting of 

information 

 

Limitations: 

 Not fully adjusted 

for potential 

confounders 

 Small, possibly 

unrepresentative 

sample size 
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32. Louik et al. 2014 

 

USA-BDS (Boston, 

Philadelphia, Toronto, San 

Diego, New York, 

Massachusetts) 

 

2003-2010 

 

Case-control study Slone Epidemiology 

Centre  

8611 nonmalformed 7913 

infants with CHD 

Bupropion Bupropion alone: 

VSD:  

AOR=2.5 (95% CI, 

1.3-5.0)  

 

Bupropion with 

other 

antidepressants: 

AOR=1.6 (95% CI, 

1.0-2.8) 

Strengths: 

 Population-based 

study 

 

Limitations: 

 Possibility of 

residual 

confounding 

 Selection bias 

should have been 

considered 

 Confounding by 

indication should 

have been 

considered 

33. Huybrechts et al. 2014    

 

USA (46 States) 

 

2000-2007 

Cohort 949,504 eligible 

pregnancies 

 

6403 infants with CHD 

(unexposed) 

  

580 infants with CHD 

(exposed) 

SSRI 

 

Tricyclic 

antidepressants  

 

SNRIs 

 

Bupropion 

 

Other 

antidepressants 

 

SSRI: 

RR=1.25 (95% CI, 

1.13-1.38) 

 

Tricyclic 

antidepressants:  

RR=0.98 (95% CI, 

0.72-1.32) 

 

SNRIs: 

RR=1.51 (95% CI, 

1.20-1.90) 

 

Bupropion: 

RR=1.19 (95% CI, 

0.95-1.49) 

 

Strengths: 

 Large, population-

based study 

 Adjustment for 

underlying 

depression and 

factors associated 

with 

 

Limitations: 

 Potential exposure 

and outcome 

misclassification 

 Incomplete 

information 

existed for 

lifestyle factors, 
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Other 

antidepressants: 

RR=1.46 (95% CI, 

1.16-1.83) 

 

No association after 

adjustment for other 

factors including 

depression’ 

such as smoking, 

obesity, and 

substance use, 

which may have 

influenced the risk 

 Information on 

missing data is 

lacking 

34. Knudsen et al. 2014 

 

Denmark EUROCAT data 

 

1995-2008 

Case- malformed 

study 

72,280 registered 

pregnancies  

 

845 pregnant women 

exposed to SSRI 

 

546 children or foetuses 

with CHD (11 exposed to 

SSRI) 

SSRI (all) SSRI and Ebstein’s 

anomaly:  

AOR=35.31 (95% 

CI, 3.21-399.43) 

 

SSRI and 

hypoplastic right 

heart:  

AOR=8.62 (95% 

CI, 1.01-73.61) 

 

When studying 

specific SSRI, the 

increased risk of 

CHD did not reach 

statistical 

significance (data 

not shown) 

Strengths: 

 Population-based 

study 

 High case 

ascertainment 

 Low risk of recall 

and selection bias 

 Confounding by 

indication was 

addressed 

 Adjustment for 

year of conception, 

income, education, 

country of origin, 

marital status, 

mother’s age, 

smoking, contact 
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with the 

psychiatric service, 

use of insulin 

and/or 

antiepileptics 

 

Limitations: 

 Limited sample 

size, leading to 

lack of statistical 

power 

 Possibility of 

misclassification 

of exposure 

 Residual 

confounders 

should have been 

considered 

 Possibility of 

teratogen non-

specificity bias 

with case-

malformed control 

design 

35. Ban et al. 2014b 

 

UK 

 

1990-2009 

Cohort study 349,127 live-born 

singletons 

 

2,646 CHD cases  

 

112 mothers with 

depression 

 

SSRI 

 

 

 

 

 

 

 

Overall CHD: 

AOR=1.14 (95% 

CI, 0.89-1.45) 

Unmedicated 

depression: 

AOR=1.04 (95% 

CI, 0.76-1.41) 

 

Strengths: 

 Population-based, 

linked data and 

low risk of recall 

and selection bias 

 Enables 

comparison of the 

risks posed by 
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68 with SSRI alone, 20 

with tricyclic 

antidepressants and 2 

with both 

Tricyclic 

antidepressants 

 

 

 

 

 

Paroxetine 

 

 

 

 

 

 

Fluoxetine 

 

 

 

 

 

 

Citalopram 

 

 

 

 

 

 

Sertraline  

 

 

 

AOR=1.03 (95% 

CI, 0.65-1.63) 

Unmedicated 

depression: 

AOR=0.90 (95% 

CI, 0.54-1.50) 

 

AOR=1.78 (95% 

CI, 1.09-2.88) 

Unmedicated 

depression: 

AOR=1.67 (95% 

CI, 1.00-2.80) 

 

AOR=0.84 (95% 

CI, 0.55-1.30) 

Unmedicated 

depression: 

AOR=0.79 (95% 

CI, 0.49-1.26) 

 

AOR=1.13 (95% 

CI, 0.70-1.82) 

Unmedicated 

depression: 

AOR=1.02 (95% 

CI, 0.61-1.70) 

 

AOR=1.52 (95% 

CI, 0.78-2.96) 

Unmedicated 

depression: 

unmedicated and 

medicated 

depression 

 Adjustment for 

mother’s age, year 

of birth, 

deprivation, 

maternal smoking, 

body mass index, 

diabetes, 

hypertension, 

asthma, and 

epilepsy 

 

Limitations: 

 Multiple testing 

issue 

 Insufficient 

sample size power 

for subgroup 

analysis 
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Escitalopram 

AOR=1.39 (95% 

CI, 0.70-2.74) 

 

AOR=1.15 (95% 

CI, 0.36-3.65) 

Unmedicated 

depression: 

AOR=1.09 (95% 

CI, 0.34-3.50) 

36. Ban et al. 2014a 

 

UK 

The Health Improvement 

Network (THIN) 

 

1990-2010 

Cohort study 2642 CHD cases with no 

depression or anxiety 

 

149 cases with 

depression/anxiety and no 

drug exposures 

 

Diazepam (n=12) 

  

Temazepam (n=4) 

 

Zopiclone (n=6) 

Diazepam  

 

 

 

 

 

Temazepam  

 

 

 

 

 

Zopiclone  

AOR=1.34 (99% 

CI, 0.63-2.86) 

Unmedicated: 

AOR=1.29 (99% 

CI, 0.60-2.80) 

 

AOR=1.40 (99% 

CI, 0.39-5.05) 

Unmedicated: 

AOR=1.31 (99% 

CI, 0.35-4.92) 

 

AOR=1.93 (99% 

CI, 0.66-5.66) 

Unmedicated: 

AOR=2.03 (95% 

CI, 0.69-6.02) 

Strengths: 

 Large population-

based study 

 Prospective data 

 Linked data 

excluding recall 

and selection bias 

 Use of 99% CIs 

minimises the 

potential risk of 

false positive 

results due to 

multiple testing 

 Adjusted for 

mother’s age, 

index of 

deprivation, 

smoking, and 

body mass index 

 

Limitations: 
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 Potential 

confounding by 

indication 

 Possibility of 

exposure 

misclassification 

 Covers only 5% of 

UK population 

37. Csáky-Szunyogh et al. 

2014b 

 

Hungary 

 

1980-1996 

Case-control 

study; malformed 

and matched 

controls also used 

302 live-born cases with 

left-ventricular outflow 

tract obstruction 

 

38,151 population 

controls without 

congenital anomalies and 

4,130 mothers of 

population controls 

(exposed) 

 

20,750 malformed 

controls and 2,492 

mothers of malformed 

controls (exposed) 

 

469 matched controls, and 

38 mothers (exposed) 

 

38 mothers of CHD cases 

(exposed) 

 

Diazepam Population controls: 

OR=1.19 (95% CI, 

0.82-1.67) 

 

Malformed 

controls: 

OR=1.05 (95% CI, 

0.73-1.49) 

 

Matched controls: 

OR=1.63 (95% CI, 

0.99-2.70) 

Strengths: 

 Population-based 

dataset in an 

ethnically 

homogeneous 

population 

 Good 

ascertainment of 

exposure 

 Adjustment for 

employment 

status, mother’s 

age, birth order 

 

Limitations: 

 Incomplete 

ascertainment of 

left-ventricular 

outflow tract 

obstruction 

 Possibility of 

recall bias 

 Multiple testing 

issue 
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 Possibility of 

confounding by 

indication or 

residual 

confounders 

38. Wemakor et al. 2015 

 

EUROCAT 

12 registries in 12 European 

countries 

 

1995-2009 

 

 

 

 

Case-malformed 

study 

12,876 babies/foetuses 

with CHD  

 

17,083 malformed 

controls 

SSRI 

             

 

 

 

 

 

 

 

 

 

 

 

 

 

Fluoxetine 

             

 

Paroxetine 

 

 

Citalopram 

 

 

Sertraline 

         

CHD overall: 

AOR=1.41 (95% 

CI, 1.07-1.86) 

 

Severe CHD: 

AOR=1.56 (95% 

CI, 1.02-2.39), 

particularly TOF 

AOR=3.16 (95% 

CI, 1.52-6.58)  

 

Ebstein’s anomaly 

AOR=8.23 (95% 

CI, 2.92-23.16) 

 

AOR=1.43 (95% 

CI, 0.85-2.40) 

 

AOR=1.53 (95% 

CI, 0.91-2.58)  

 

AOR=1.45 (95% 

CI, 0.79-2.65)  

 

AOR=1.51 (95% 

CI, 0.73-3.12) 

Strengths: 

 Large sample size  

 Population-based 

data 

 Good quality 

registry data 

 Prospective date 

and use of 

malformed 

control, 

eliminating the 

possibility of 

recall bias 

 Adjustment for 

registry 

 

Limitations: 

 Confounding by 

indication should 

be considered 

 Multiple testing 

issue 

 Insufficient 

sample size power 

for subgroup 

analysis 
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Escitalopram 

 

 

AOR=1.10 (95% 

CI, 0.41-2.95) 

 Possibility of 

teratogen non-

specificity bias 

with case-

malformed control 

design 

39. Berard et al. 2015 

 

Canada 

 

1998-2010 

Cohort study 18,493 pregnancies 

 

For CHD: 

10 exposed to sertraline 

 

51 exposed to non-

sertraline SSRI 

 

28 exposed to non-SSRI 

 

344 unexposed 

Sertraline 

 

 

 

Non-sertraline 

SSRI 

 

 

 

Non-SSRI 

antidepressants 

 

 

Sertraline and CHD: 

ARR=1.16 (95% CI, 

0.62–2.19)  

 

Non-sertraline SSRI 

and CHD: 

ARR=1.10 (95% CI, 

0.82-1.48) 

 

Non-SSRI 

antidepressants and 

CHD: 

ARR=0.91 (95% CI, 

0.62-1.34) 

Strengths: 

 Population-based 

data 

 Large among of 

data from 

registries 

 Linked 

administrative and 

clinical databases 

 Validated data 

 Adjustment for 

indication by 

using 

unmedicated 

depressed women 

 Adjustment for 

diabetes, asthma, 

hypertension, 

other co-

medication use, 

mother’s age, and 

SES 

 

Limitations: 
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 Residual 

confounding should 

be considered 

 Lack of information 

on FA intake, 

smoking and 

alcohol intake 

 Multiple testing 

issue 

 Insufficient power 

for subgroup 

analysis 

40. Furu et al. 2015 

 

Nationwide health registers 

from Sweden, Norway, 

Finland, Denmark, and 

Iceland 

 

1996-2010 

 

Cohort study, 

including sibling-

controlled design 

Total population of 2.3 

million live births 

 

Unexposed to SSRI: 

26745 births. 

 

Exposed to any 

SSRI=564 

  

Fluoxetine=106  

 

Citalopram=176  

 

Paroxetine=53  

 

Sertraline=109  

 

Escitalopram=46  

 

Venlafaxine=40 

SSRI 

 

 

Fluoxetine 

 

 

Citalopram 

 

 

Paroxetine 

 

 

Sertraline 

 

 

Escitalopram 

 

 

Venlafaxine 

 

AOR 1.15 (95% CI, 

1.05-1.26) 

 

AOR 1.34 (95% CI, 

1.10-1.63) 

 

AOR 1.15 (95% CI, 

0.98-1.34) 

 

AOR 1.30 (95% CI, 

0.96-1.75) 

 

AOR 1.13 (95% CI, 

0.93-1.38) 

 

AOR 0.83 (95% CI, 

0.60-1.16) 

 

AOR 1.14 (95% CI, 

0.82-1.57) 

Strengths: 

 Multi-country, 

population-based 

study  

 Linked data 

reduces selection 

and recall bias 

 Low risk of recall 

and selection bias 

 Adjustment for 

smoking, diabetes, 

mother’s age, use 

of teratogenic 

medications, year 

of birth, birth 

order, and country 

of residence 

 

Limitations: 
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For sibling control 

analysis 

 

For any CHD 

AOR=0.92 (95% 

CI, 0.72-1.17) 

 

 Possibility of 

misclassification 

of exposure 

 Residual 

confounding 

should be 

considered 

 Multiple testing 

issue 

 Insufficient power 

for sibling 

analysis due to 

small sample size  

41. Boyle et al. 2016 

 

EUROCAT  

 

1982-2011 

 

  

Case-malformed 

control study 

5644312 births 

 

Number of Ebstein’s 

anomaly was 264 of 

which 9 were exposed  

Psycholeptic 

 

 

 

 

 

Antidepressants  

 

 

 

 

SSRI 

 

 

 

 

 

 

Ebstein’s anomaly 

and non-cardiac 

control: 

AOR=4.50 (95% 

CI, 1.64-12.3) 

 

Ebstein’s anomaly 

and cardiac control: 

AOR=4.95 (95% 

CI, 1.79-13.7) 

 

Ebstein’s anomaly 

and non-cardiac 

control: 

AOR=6.00 (95% 

CI, 2.76-13.0) 

 

Ebstein’s anomaly 

and cardiac control:  

Strengths: 

 Population-based 

register data 

 Large sample size. 

 Good and standard 

ascertainment of 

cases and 

exposure 

 Adjustment for 

year of birth, 

country, and 

mother’s age 

 

Limitations: 

 Confounding by 

indication should 

be considered 
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Antidepressants or 

a psycholeptic 

drugs or mental 

illness or both 

AOR=6.04 (95% 

CI, 2.75-13.2) 

 

Ebstein’s anomaly 

and non-cardiac 

control: 

AOR=5.24 (95% 

CI, 1.91-14.4) 

 

Ebstein’s anomaly 

and cardiac control: 

AOR=5.35 (95% 

CI, 1.93-14.9) 

 

Ebstein’s anomaly 

and non-cardiac 

control: 

AOR=2.80 (95% 

CI, 1.42-5.51) 

 

Ebstein’s anomaly 

and cardiac control: 

AOR=2.64 (95% 

CI, 1.33-5.21) 

 Residual 

confounding 

should be 

considered 

 Possibility of 

teratogen non-

specificity bias 

due to case-

malformed control 

design 

 Ebstein’s anomaly 

may occur after 

the first trimester, 

yet data re 

medications use 

during later 

periods were 

unavailable and 

therefore were not 

considered 

42. Huybrechts et al. 2016 

 

USA 

 

2000-2010 

               

 

Cohort study 1,360,101 pregnant 

women 

  

1,331,910 unexposed 

(15405 CHD cases) 

Antipsychotics Typical 

antipsychotics: 

ARR=0.75 (95% CI, 

0.39-1.43) 

 

Atypical 

antipsychotics: 

Strengths: 

 Population-based 

 Large sample size 

 Validation of 

diagnosis of CHD 

 Adjustment for 

year of birth, race, 

mother’s age, 
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ARR=1.06 (95% CI, 

0.90-1.24) 

 

Aripiprazole: 

ARR=0.93 (0.64-

1.37)  

 

Quetiapine: 

ARR=1.07 (0.85-

1.35)  

 

Risperidone: 

ARR=1.26 (0.88-

1.81)  

 

Ziprasidone: 

AOR=0.85 (0.44-

1.63)  

 

Olanzapine: 

ARR= 0.99 (0.64-

1.53) 

treatment 

indications, 

multiple 

pregnancy, 

smoking, 

comedication, 

mother’s 

comorbidity 

 

Limitations: 

 Potential for 

misclassification 

and selection bias 

 Possibility of 

residual 

confounders 

 No adjustment for 

obesity, body 

mass index, 

alcohol, smoking, 

and other drug 

abuse 
Legend: AOR=adjusted odd ratio, ARR=adjusted relative risk, CHD=congenital heart disease, NRI=noradrenergic reuptake inhibitor, OR=odd ratio, PDA=patent ductus 

arteriosus, RR=relative risk, SES=socioeconomic status, SNRI=serotonin-noradrenaline reuptake inhibitor, SSRI=selective serotonin reuptake inhibitors, TCA=tricyclic 

antidepressants, VSD=ventricular septal defects 
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3.13 Conceptual framework 

Public health literature often employs a conceptual framework to help organise and 

explain the results of empirical research.  In this study, a conceptual framework has been 

used to illustrate the relationship between the various elements. This framework is 

summarised in Figure 3.5. Informed by the literature outlined in this chapter, it includes 

the main risk factors identified in Chapters 2 and 3 which were assessed in this study. 

As previously discussed, the risk of a child developing CHD may be affected by the 

mother’s SES, urban or rural residency, maternal sociodemographic characteristics and 

behaviours, and exposure to MHM in early pregnancy. These are the main risk factors for 

CHD that were assessed in this study.  

The literature indicates that the main maternal variables that may influence the prevalence 

of CHD are family history of CHD/congenital anomaly, chromosomal disorders, mother’s 

age, maternal smoking, alcohol consumption, parity, history of previous 

abortion/miscarriage, obesity, FA intake, anti-FA supplement prescription, and present 

pregnancy problems such as chronic or acute illness. These are included in the conceptual 

framework. Paternal factors such as age and environmental exposure (for example, to 

ambient air pollutants or hazardous waste sites) are also included in the conceptual 

framework as they were found in the literature. However, they were not assessed as such 

data were not found in the datasets used in this study.  

As highlighted in the literature, a number of researchers have proposed that multifactorial 

aetiology is the underlying cause of CHD (Blue et al. 2012). According to this hypothesis, 

the main risk factors which have been assessed in this study may work with other factors 

to determine the level of risk. 

The prevalence of CHD might be affected by factors related to the foetus, such as 

singleton/twin births (Best and Rankin 2015), birth weight (Petrossian et al. 2015), gender 

(Amel-Shahbaz et al. 2014), being small for gestational age (SGA) (Malik et al. 2007), 

and preterm birth (Tanner et al. 2005; Laas et al. 2012). Multiple birth status potentially 

affects intrauterine growth and carries a higher risk of premature birth (Dudenhausen and 
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Maier 2010). Those factors were included in the conceptual framework and were included 

in the multivariable analysis. 

Low SES can lead to unhealthy behaviours and lifestyle (Kramer et al. 2000), which may 

increase the risk of CHD. Research has shown that both advanced and younger maternal 

age are positively associated with increased risk of non-chromosomal CHD in offspring 

(Loane et al. 2009; Miller et al. 2011). 

The use of MHM during pregnancy may be influenced by various factors such as  whether 

or not the pregnancy was planned (Lupattelli et al. 2015), and planned pregnancies 

represent only 55% of all pregnancies (Wellings et al. 2013). Unplanned pregnancy may  

be associated with an increased likelihood of dangerous behaviour in early pregnancy 

such as smoking (Wellings et al. 2013), and  women with unplanned pregnancies are at 

risk of lower educational attainment (Wellings et al. 2013), and preterm labour 

(Mohllajee et al. 2007),  which are all associated with a higher risk of CHD.  

The use of MHM during pregnancy may also be influenced by the woman’s beliefs about 

and behaviours in relation to medications (Lupattelli et al. 2015). The type of medication, 

the dose, and the duration of exposure can all affect the outcome of the pregnancy (Syme 

et al. 2004; Konijnenberg 2015). Prescription of MHM also varies according to SES, 

being higher in the low SES population (Bonnot et al. 2017). 

The public health impact of CHD on a population will depend on the prevalence (Perez 

and Künzli 2009) and its financial impact on both families and the health system. As 

previously discussed (Chapter 1, Section 1.4), some CHD conditions necessitate a greater 

number of surgical operations, and therefore incur greater financial costs (Simeone et al. 

2015) and family stress; the quality of life for the child, parents and family also will be 

affected (Arafa et al. 2008; Gregory et al. 2018). This may impact on levels of perinatal 

and infant mortality (Bonnet et al. 1999; Khoshnood et al. 2005), the development of 

future neurodevelopmental problems (Marino et al. 2012)  and an increase in the 

population of adults with CHD (Marelli et al. 2014). Mothers with CHD need special 

follow-up support in pregnancy because they have a higher risk of giving a birth to a baby 

with CHD in the future (Greutmann and Pieper 2015).  
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The study will focus on the variables for which data are available and are expected to be 

of high quality in terms of completeness. The variables used from this framework are 

tested in chapter 5 and summarised in chapter 7 (Figure 7.1).
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Figure 3.5:  The conceptual framework for this study. The main risks are highlighted in yellow and the main outcomes are shown in red, while the 

blue text shows the implications of CHD.  
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Chapter 4: Methodology 

4.1 Introduction 

This chapter provides an overview of the study design used and a rationale for the 

methodology selected. It describes the study population, study period, data linkage, and 

terminology used in the study. It also describes the statistical analysis employed and 

considers the ethical issues raised by the study.  

4.2 Critique of different methodologies and justification of the chosen 

methodology  

Various research methodologies and study designs have been used in the field of 

epidemiology to answer questions relating to CHD. Choosing a suitable study design is 

critical as a badly planned study may produce false results, and problems with the study 

design cannot be fixed by collecting a large amount of data (Petrie and Sabin 2013). The 

aims of the study are not the only determinant of study design; ethical considerations and 

available resources also must be considered when designing a study (Gopichandran et al. 

2016). 

Meta-analyses have been used extensively in the field of CHD epidemiology to assess 

prevalence and risk or protective factors (van der Linde et al. 2011; Feng et al. 2015b; 

Feng et al. 2015a; Yang et al. 2015). Some scholars contend that teratogenicity studies 

using meta-analyses have been able to accurately predict the findings of large, cohort 

studies performed in the future (Etwel et al. 2014). Nevertheless, when data from a meta-

analysis shows a potential safety issue, for example, an increased risk of CHD associated 

with specific type of medication, there will be issues about this conclusion due to potential 

confounding factors (Bar-Oz et al. 2007). 

Cross-sectional studies which describe the health of a population in relation to CHD are 

typically used to estimate the group’s current health status, and this type of study has been 
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used widely in determining the prevalence of CHD or mortality due to CHD within 

populations (Billett et al. 2008; Oyen et al. 2009a; Cambra et al. 2014). For CHD trend 

assessment, repeated cross-sectional studies are needed at different points in time; this 

approach can be useful for the generation of hypotheses and health care planning (Manja 

and Lakshminrusimha 2014), and has been used to assess the trend in the prevalence of 

CHD. Hypotheses about causation typically come from descriptive cross-sectional studies 

and are often examined in analytical studies (Parab and Bhalerao 2010). The occurrence 

of CHD can be measured using either prevalence rates or incidence rates. To achieve the 

first objective of this study, which was to assess prevalence and mortality, a cross-

sectional study design has been used. The rationale for using prevalence rates was 

outlined in Chapter 1 (Section 1.3.1). 

Randomised studies have been used to assess outcomes of surgery for patients with CHD 

but most clinical trials have not conformed to accepted standards of reporting (Drury et 

al. 2018). For ethical reasons, pregnant women are often excluded from participating in 

randomised clinical studies (Sheffield et al. 2014). Because animal studies and research 

on the exposure of humans to medication during pregnancy have limited value in terms 

of their contribution to reaching a valid conclusion in the field of teratogenicity, the 

ethical way to cover the knowledge gap is to use observational data (Berard and Sheehy 

2014). Observational data mainly comes from cohort or case control studies (both of 

which are longitudinal studies) in which the researcher does nothing to influence the 

outcome, but only notes what occurs (Petrie and Sabin 2013). According to the literature, 

for maternal risk factor studies which look mainly at the relationship between SES, 

urban/rural residence, maternal sociodemographic characteristics and behaviours, and 

MHM and CHD (Objectives 2, 3 and 4), various epidemiological study designs have been 

used, the most prevalent being cohort or case control studies, as demonstrated in Chapter 

3. 

Case-control studies enable the study of CHD  (Yang et al. 2008; Zen et al. 2011; Louik 

et al. 2014), and may also allow potential confounders to be controlled for (Clemow et 

al. 2014). However, case-control studies have certain limitations. For example, data are 

often collected retrospectively, which can lead to recall bias in the form of selective 

memory, particularly when a subject’s offspring is not healthy. In general when the 
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methodology is retrospective, the results may be biased in the direction of adverse 

outcomes (Kennedy et al. 2004). 

In the hierarchy of epidemiological studies, cohort studies, the design adopted in this 

study and in several previous studies of risks of CHD (Langlois et al. 2009b; Wichman 

et al. 2009; Egbe et al. 2014), are considered less reliable than randomised studies but  

more reliable than case-control studies (Wang and Attia 2010) because exposure-related 

information is usually obtained soon after the exposure. Cohort studies therefore are less 

liable to bias and have more statistical power than case-control studies, particularly when 

performing multivariable analysis (Muriel 2018). 

Because participants in a cohort study do not yet have an outcome at the time of 

recruitment, the temporality between outcome and exposure is clearly defined. 

Prospective cohort studies are time consuming and costly, whereas retrospective cohort 

studies tend to be relatively quicker and cheaper (Setia 2016), because the data are 

instantly available (Song and Chung 2010). This is especially valid when there are 

different databases linked together. 

NI was a suitable setting in which to conduct this study as there is a clear referral pathway 

for patients with suspected CHD, who are referred to a single centre for the diagnosis and 

management of CHD, and where their diagnosis is ascertained by cardiologists (McBrien 

et al. 2009). NI has data resources which are available to researchers through the HBS 

established by the BSO for Health and Social Care (BSO 2015), and there is a growing 

awareness of the significant potential for researchers to maximise the use of 

administrative and clinical data (Habl et al. 2016). Experienced staff from the EUROCAT 

central registry based at UU were involved in supervising this study. 

With these considerations in mind, a population-based, linked cohort was employed to 

answer the study questions as it was less liable to bias as the maternity information is 

collected prospectively, has more statistical power, is relatively quicker and cheaper, and 

has been used before in studies to assess risk factors and CHD. Linkage to secondary data 

sources gave the opportunity to assess different risk factors for the majority of mothers 

giving birth in NI. As this was the first time this approach was used in NI, Objective 5 of 
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this study was to assess the feasibility and added value of using linked clinical and 

administrative databases for public health research.  

4.3 Data access and BSO  

The BSO is the main data custodian which was required to give specific permission for 

the HBS to hold HeartSuite database (HSD) (see Section 4.4.1 for details) files for the 

purpose of this study meaning that all the information has been accessed with their 

permission and according to their guidelines. 

BSO founded the HBS for HSC with the target of enabling non-identifiable data to be 

safely shared and accessed, thereby expanding data utilisation and the benefits for the 

health service of using this data, involving public health monitoring, service planning and 

commissioning (BSO 2015). The HBS facilitates access to HSC data for ethically 

approved studies (BSO 2015).  

4.4 Data sources 

In administrative database research, the study data are retrieved from an administrative 

data set representing individuals or a whole population, therefore, to understand the study 

cohort it is essential to include a description of this administrative data (Schneeweiss 

2007). This description should clearly distinguish the study cohort included in the data 

set and explain how each database was created, as the purpose of creating such databases 

is not primarily research, and the accuracy and completeness of a data set may be strongly 

influenced by the purpose for which it was created (van Walraven and Austin 2012).  

The data in this study have been sourced from the HeartSuite database (HSD), the NI 

Maternity Information System (NIMATS), the Enhanced Prescribing Database (EPD), 

the General Register Office (GRO) Registered Stillbirths and Registered Deaths, and the 

Central Postcode Directory (CPD). All data were accessed in HBS. 
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4.4.1 HSD (2005-2014) 

HeartSuite is mainly a clinical database (although it includes administrative components 

such as ICD codes) which holds individual records of all diagnosed cases of CHD in NI. 

It is operated and maintained by the Paediatric Cardiology Department of RBHSC. All 

demographic data are manually input to the HSD, which is not available in the regional 

data warehouse. Data warehouse is defined as:   

“a subject-oriented, non-volatile, integrated, and time variant collection of data in 

support of management’s decisions” (Data Warehouse Website 2017).  

HeartSuite is a completely cohesive patient management system that is specifically 

designed for cardiothoracic surgery and paediatric cardiology. In this exceptionally 

complicated field, HeartSuite is an adaptable and continuously developing system which 

provides an on-line electronic medical record while also recording and generating 

information in actual time on all phases of a patient’s care. The majority of the UK 

specialist Paediatric Cardiac centres use HeartSuite, which enables comprehensive 

clinical audit information to be gathered (HeartSuite 2015).  

HeartSuite was designed at the request of principal UK cardiac paediatric clinicians at 

hospitals in Glasgow and Edinburgh initially, and has since been installed in Birmingham 

Children’s Hospital, Southampton General Hospital, Guy’s Hospital in London, Bristol 

Children’s Hospital and subsequently at the RBHSC in 2004 (HeartSuite 2015). 

In the current study, a decision was made to use ICD10 variables as using the ICD10 

codes enables the results to be more easily compared with and interpreted in relation to 

those from regional and international studies. Moreover, the team was more familiar with 

these codes. 

The variables from the HSD that were requested for the current study are available in the 

HBS application form (for details see Appendix 10). 

4.4.2 NIMATS (2010-2014) 

NIMATS is an electronic clinical database used by Health and Social Care Trusts to 

record details of women seeking maternity care in NI. It includes details of the current 
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and any past pregnancies and records whether a woman gave birth to a live-born or 

stillborn baby. Only records of resident mothers were extracted for use in the current 

study. The variables from NIMATS that were requested for the study are described in the 

HBS application form (for details see Appendix 10). 

4.4.3 EPD (2010-2014) 

The EPD includes information on all drugs that have been prescribed by General 

Practitioners and redeemed by patients in NI. It was created to facilitate payment to 

pharmacies for the medications they distribute, which are provided free of charge to 

patients in NI. Although designed for payment, payment databases, have been widely 

used in health services research (Glance et al. 2006; Parker et al. 2006). This includes the 

EPD, which has been used in previous studies (Bradley et al. 2012; Wemakor et al. 2014). 

While the people of NI do not pay for their prescriptions, there is a cost to the health 

service which pays for the prescriptions, hence the EPD is accurate. The list of variables 

and medications requested from the EPD for the current study are listed in HBS 

application form (for details see Appendix 10). 

This study adopts the definitions of MHM provided by the British National Formulary 

(BNF), which includes Chapter 4.1 Hypnotics and Anxiolytics, Chapter 4.2 Drugs Used 

in Psychoses and Related Disorders, and Chapter 4.3 Antidepressants Drugs.  

4.4.4 GRO: Registered stillbirths and deaths 

The GRO maintains a record of all aggregated stillbirths and all aggregated deaths in the 

first year of life for infants registered in NI to mothers who are resident in NI. The annual 

number of stillbirths due to CHD and deaths due to CHD between 2005 and 2014 was 

obtained from the GRO website. 

The CPD classifies postcodes in NI as urban/rural (2005-2014). Urban/Rural 

classification looked at settlements as defined by the Department of Environment (DOE) 

Area Planning Settlement Development Limits. Settlements in NI are classified into eight 

bands (A-H), urban/rural areas based on a settlement population of more or less than 
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5,000, and level of service provision. Five bands (A to E) are regarded as urban; the 

remaining three bands (F to H) are regarded as rural. Relevant services include GP, post 

office, council leisure centres and public transport. The patient’s postcode from the HSD 

was joined to the most recent CPD, which, at the time of collection was November 2016, 

to facilitated assignment of urban/rural classification in this study. The HSD contained 

11,410 patients, of which 8,638 had a postcode (76%). The CPD contains information on 

urban/rural status, and this was also added to the file for analysis. Seven patients had a 

postcode that was not in the CPD.  

The deprivation quintile, from 1 (most deprived) to 5 (least deprived) was calculated from 

the NIMDM 2010 SOA rank (NISRA 2010). Deprivation SOA ranks were assigned from 

patient postcodes using CPD. The CPD also contains a total of 890 SOAs. This 

information was added to the HSD by joining on the postcode. The SOA allowed a 

deprivation SOA rank to be assigned to each patient. This rank was then converted into a 

quintile using 1-178 = quintile 1, 179-356 = quintile 2, etc., which was provided by HBS.  

4.5 Data linkage studies 

Use of existing administrative and clinical databases to conduct research has become 

common (Curzon et al. 2008; Karamlou et al. 2008). In the absence of a single 

comprehensive source of data, integrating information gathered from multiple sources is 

advantageous (Astolfi et al. 2013). This approach has helped to overcome certain research 

barriers such as unavailability of all variables needed for a study in a single data source. 

While linking administrative and clinical records has proved to be of value in public 

health research (Jutte et al. 2011), prior to this study, this approach had not been applied 

in investigating the association between different maternal risk factors including 

medications and CHD among children in NI. 

Data linkage is defined as: 

“a process of pairing records from two files and trying to select the pairs that 

belong to the same entity” (Winglee 2005).  

Data linkage is a vital tool in observational research, but it can be associated with different 

kinds of error; for example, a number of cases will link and a number may not link 
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(Bohensky et al. 2010). Errors can occur due to false negatives or false positives. False 

negatives can be explained as “data [that] do not link due to missing or inaccurate data”, 

while false positives can be explained as “unrelated records [that] are mistakenly linked” 

(Bohensky et al. 2010). 

Using more than one variable, such as health and care number and date of birth to link 

the different files can help to mitigate against false negatives and false positives. It is also 

important to have accurate and complete data. There should be clear temporal/spatial 

relationship between two variables in order for them to be successfully linked (Bohensky 

et al. 2010). Rates of false negatives and false positives must be reported to enable 

assessment of bias due to linkage errors (Bohensky et al. 2010). 

This study involved two linked datasets:  

a. Prevalence study (2005-2014): This is a baby-based study in which HSD data 

were linked to NIMDM and CPD data for the years 2005-2014 to enable the study 

cohort to be related to area socioeconomic deprivation and urban/rural distribution 

respectively. Aggregated deaths and stillbirths due to CHD were obtained from 

the GRO website (Objectives 1 and 2). 

b. Maternal risk factors study (2010-2014): This is a mother-based study in which 

HSD data were linked to NIMATS, CPD, and EPD data for the years 2010-2014. 

The study used data extracted from NIMATS for all women resident in NI who 

gave birth during the period 2010-2014 (Objectives 3 and 4). 

4.5.1 Key terms related to data and data linkage 

A number of key terms in the field of data and data linkage should be understood. The 

following definitions are provided by the Department of Public Health (University of 

Western Australia): 

Identifier is defined as “a name or code that refers to an individual” (Kelman et al. 2002), 

the individual’s Health and Care Number (HCN)/unique number are examples of 

identifiers. 
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Identified data is defined as:  

“data that includes an identifier that is sufficient, within a specific context, to 

allow decoding to accurately produce the name of a specific individual” (Kelman 

et al. 2002). 

Re-identifiable or ‘pseudonymised’ or potentially identifiable data are:  

“[d]ata that have had individual identifiers coded, encrypted or concatenated in a 

way that renders the identification of an individual difficult but not strictly 

impossible” (Kelman et al. 2002). 

Confidentialised data:  

“have been degraded by being subjected to a process to ‘blur’ the information 

itself, to greatly reduce, but not entirely remove, the potential to identify 

individuals” (Kelman et al. 2002).  

This can be achieved by, for example, aggregating postcodes into groups or altering date 

of birth to the first day of the month.  

De-identified or anonymized data are:  

“[d]ata that have had identifiers and identifying details removed using a method 

to guarantee that an individual cannot be re-identified” (Kelman et al., 2002).  

Aggregated data is defined as: 

“Data containing information about individuals that have been combined such that 

only grouped information is provided” (Kelman et al. 2002). 

Data custodian is defined as: 

“an agency or organisation, usually in the public sector, that is responsible for the 

management and use of collected information about individuals” (Kelman et al. 

2002). 

4.5.2 Linking HSD and NIMATS 

NIMATS contains the unique Health and Care Number (HCN) for mothers and their 

babies. The HSD contains the HCN/hospital number for children with CHD. For cases in 

HSD with no HCN, the data warehouse in the HBS used the Patient Administration 

System (PAS), which contains the HCN/old hospital number for mothers and children to 

link these two datasets. All identifiable information (HCN/hospital numbers) were then 

removed and an anonymised file was provided to the researcher. This process is 

summarised in Figure 4.1. 
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Figure 4.1: Simplified illustration of the process of data linkage using common 

identifiers between HSD and NIMATS. 

 

The HBS report on the outcome of linking HSD with NIMATS showed that 1,429 out of 

1605 (89%) of the infant HCNs in HSD could be matched to NIMATS. 176 cases (11%) 

were not linked for different reasons, for example, 56 of the HCNs in HSD were NULL 

and 8 were present but invalid. Also, the variable INFANT_HCN was blank for 638 cases 

in the initial NIMATS extract. Other reasons for the number of unlinked cases may also 

be due to issues arising from the data completeness in NIMATS as NIMATS did not 

cover the whole of NI until October 2010. 

4.5.3 Linkage of NIMATS/HSD and EPD 

An extract from the EPD, which contains detailed information in relation to NI 

prescriptions issued in primary care and redeemed by patients, was prepared by the HBS. 
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This extract only includes data for NI-resident mothers registered in NIMATS for the 

period 2010-2014 and is only specific to each mother's Exposure Window (EW), where 

EW = date of Last Menstrual Period (LMP) - 30 days and date of LMP + 90 days, using 

the date of each medication prescription according to the medication list (for medication 

list see HBS form in Appendix 10).  

The EW begins 30 days prior to the first day of the woman’s LMP to enable medication 

prescriptions taken immediately before conception and possibly taken in early pregnancy 

to be included. This timing has been used in the design of various studies (Crider et al. 

2009; Kornum et al. 2010; Knudsen et al. 2014; Furu et al. 2015) and is consistent with 

the advice that obese women (i.e. with a BMI≥30 kg/m2) who want to become pregnant 

should take 5 mg of FA every day beginning no less than one month before pregnancy 

and continuing throughout the first 3 months of pregnancy (Centre for Maternal and Child 

Enquiries 2010). 

The first trimester is the first three months of pregnancy (McGraw-Hill Concise 

Dictionary of Modern Medicine. nd), it starts from the first day of LMP. This is the period 

during which heart development takes place. Heart development completes at around 8 

weeks from conception (Sadler 2011), and hence 10 weeks from LMP as, on average, 

conception occurs 2 weeks after the first day of the LMP (Gangestad et al. 2016). This 

first trimester period has also been used in different studies (Ban et al. 2014a; Marsh et 

al. 2014; Hansen et al. 2015). Moreover, a Swedish study comparing data identified from 

a prescription register with interview data on antidepressant drug use during pregnancy 

concluded that prescription data should not include prescriptions prescribed earlier than 

1 month before the first date of the LMP (Källén et al. 2011). 

The researcher linked the EPD with the NIMATS/HSD using a common identifier 

(study_id) for both files. The results for matched and unmatched observations are 

summarised in Table 4.1. Of the 96233 pregnancies in the NIMATS/HSD file (called the 

master file), 36,827 pregnancies (38.27%) were not linked to the EPD file. Those were 

regarded as mothers who did not redeem medications during the exposure period. 

Mothers may not redeem medications during the exposure period either because they are 

not prescribed a medication or they are prescribed a medication but they decide not to 
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redeem it. Of the 59,406 pregnancies in the EPD file (called the using file), 0 pregnancies 

were not linked (0%). 

Table 4.1: The number of observations that matched after linking the NIMATS/HSD file 

and EPD file. 

Result Number of observations 

Not matched 36,827 

            From master file (NIMATS/HSD)            36,827 (_merge==1) 

            From using file (EPD)                               0 (_merge==2) 

Matched                                                   59,406 (_merge==3) 

Total (matched and not matched) 96,233 
_merge is the variable generated by Stata when combining the 2 files (NIMATS/HSD and EPD). _merge 

=1 means that an observation comes from NIMATS/HSD file, _merge=2 means the observation comes 

from EPD file, _merge=3 means it comes from both files.  Adding together all values of _merge gave the 

total number of data in the files indicating that linking was performed successfully.       

The flow of data from the various data sources used in this study is summarised in Figure 

4.2. 
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Figure 4.2: Summary and flow of data from the data sources used in this study
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4.6 Study population and study period 

4.6.1 Study design 

This was a longitudinal population-based cohort study based on secondary data analysis 

of linked datasets (HSD, NIMATS, and EPD) for the period 2005-2014.  

4.6.2 Study population 

The study population includes all live births and aggregated stillbirths registered to 

mothers residing in NI during the period 2005-2014. There were an estimated 1,477 cases 

of CHD from a population of 246,127 births based on NI birth statistics and CHD 

estimates of 60 per 10,000 total births based on the British Isles Network Of Congenital 

Anomaly Registers (BINOCAR) (Springett et al. 2014) (Objectives 1 and 2). As the 

NIMATS database did not cover the whole of NI until October 2010, 729 cases of CHD 

were estimated for the NIMATS cohort (2010-2014), out of 121,525 births (Objectives 3 

and 4). These details are summarised in Table 4.2. 
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Table 4.2: Total number of births and estimated number of CHD cases in NI, 2005-

2014 

Year Total number of births in NI Estimated 

number of 

CHD cases 

(Objectives 

1 and 2) 

Estimated 

number of 

births 

registered 

in 

NIMATS 

(Objectives 

3 and 4) 

Estimated 

number of 

CHD 

(Objective 

3) 

For mothers who are resident in NI 

Live births Stillbirths Total 

2005 22,328 89 22,417 134.5 - - 

2006 23,272 89 23,361 140.2 - - 

2007 24,451 102 24,553 147.3 - - 

2008 25,631 115 25,746 154.5 -  - 

2009 24,910 119 25,029 150.2 - - 

2010 25,315 105 25,420 152.52 21,924* 131.5 

2011 25,273 91 25,364 152.2 25,364 152.2 

2012 25,269 106 25,375 152.3 25,375 152.3 

2013 24,277 110 24,387 146.3 24,387 146.3 

2014 24,394 81 24,475 146.9 24,475 146.9 

Total 245,120 1007 246,127 1476.8 121,525 729.2 

*3496 excluded (January-September 2010 for Western Trust) 

4.6.3 Sample size and power calculation 

This was a population-based study. The sample used in this study was drawn from two 

populations, the total number of children with CHD born between 2005 and 2014 (from 

HSD) and the total number of pregnancies during the period 2010-2014 (from NIMATS).    

Deciding the size of the sample which should be used in a study is one of the challenges 

of designing a statistical study (Biau et al. 2008). Drawing precise and accurate 

conclusions is only possible if the sample is sufficient and has adequate power to show a 

valid estimate. In general, a larger sample size is associated with greater study power and 

more precise estimates (Nayak 2010). The power of the study and the sample size required 

to show a valid estimate have been calculated in this study based on each objective. 
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Objective 1: To determine the prevalence of and trends in CHD in NI, including the CHD 

clinical spectrum and infant mortality due to CHD, for the period 2005-2014. 

Achieving this objective did not involve a trial to find an effect, rather it entailed 

calculating the prevalence and the confidence interval, which suggests the appropriate 

level of ‘confidence’ in the accuracy of the estimate 

Objective 2: To investigate if there are socioeconomic and urban/rural differences in the 

occurrence of CHD during the period 2005-2014.  

The total sample size for the cohort (2005-2014) was 246,127. The prevalence of CHD is 

0.6 % (Springett et al. 2014). The urban population represents 66% of the total NI 

population (Department for Social Development 2016). 

Table 4.3 shows sample size calculations based on two different estimations of the 

prevalence of CHD among the rural population (0.3% and 0.9%). Using nQuery to 

calculate the study power, a two-group χ2 test with a 0.050 two-sided significance level 

will have 99% power to detect the difference between a Group 1 proportion, π1, of 0.006 

and a Group 2 proportion, π2, of 0.003 (OR=0.498) when the sample size is 162,444 and 

83,683 respectively (total sample size = 246,127). If the prevalence of CHD in rural areas 

increases to 0.009, the OR detected will be 1.505 and the study power will remain 99%. 

For the SES power of study calculation, the above principles for sample size calculation 

can be applied but no sample size calculation was performed. As there was a large sample 

size, it was expected that the power of the study was sufficient to show a valid estimate. 

 

 

 

 

 



163 

 

 

Table 4.3: Sample size calculation considering different rates of CHD prevalence in 

rural areas in the study population by using a two-group χ2 test of equal proportions 

(OR=1). 

  CHD prevalence in 

rural area= 0.3% 

CHD prevalence in 

rural area= 0.9% 

Test significance level, α 0.05 0.05 

1- or 2-sided test? 2 2 

Group 1 proportion, π1+ 0.006 0.006 

Group 2 proportion, π2++ 0.003 0.009 

OR, Ψ = π 2 (1 - π1) / [π1 (1 - π2)] 0.498 1.505 

Power (%) 99 99 

n1 162444 162444 

n2 83683 83683 

Ratio: n2 / n1 0.515 0.515 

N = n1 + n2 246127 246127 

+Group 1 proportion is the proportion of CHD in the population. 

++ Group 2 proportion is the proportion of CHD in rural areas. 

Objective 3: To assess the contribution of maternal sociodemographic characteristics and 

behaviours as risk factors for CHD during the period 2010-2014.                                               

The same principles for sample size calculation can be applied here but no sample size 

calculation was performed. As there was a large sample size, it was expected that the 

power of the study was sufficient to show a valid estimate. 

Objective 4: To investigate the relationship between MHM taken in the pre-conceptional 

period and in the first trimester of pregnancy and CHD, 2010-2014.                                   

The total sample size for the cohort (2010-2014) was 121,525. The prevalence of CHD is 

0.6 % (Springett et al. 2014). The estimated exposures to MHM in the study population 

are shown in Table 4.4. 
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Table 4.4: Sample size calculation for Objective 4 considering different MHM 

exposures in the study population by using a two-group x2 test of equal proportions 

(OR=1).  

 3% 

exposure 

5% 

exposure 

8% 

exposure 

15% exposure 

Test significance level, α 0.05 0.05 0.05 0.05 

1- or 2-sided test? 2 2 2 2 

Group 1 proportion, π1 0.006 0.006 0.006 0.006 

Group 2 proportion, π2 0.01 0.01 0.01 0.01 

OR, Ψ = π2 (1 - π1) / [π1 (1 - π2)] 1.673 1.673 1.673 1.673 

Power ( % ) 80 93 98 99 

n1 117879 115449 111803 103296 

n2 3646 6076 9722 18229 

Ratio: n2 / n1 0.031 0.053 0.087 0.176 

N = n1 + n2 121525 121525 121525 121525 

 

Using nQuery to calculate the study power showed that if 5% of pregnant women are 

exposed to MHM during the first trimester, including one month before the start of the 

pregnancy, and the OR/RR is 1.67, and a two-group χ2 test with a 0.050 two-sided 

significance level is carried out, the study will have 93% power to detect the difference 

between a Group 1 proportion, π1, of 0.006 and a Group 2 proportion, π2, of 0.010 (OR 

of 1.67) when the sample sizes are 115,449 and 6,076 respectively (total sample size = 

121,525). If the exposure to MHM increases to 8% or 15%, then the power of the study 

will increase to 98% and 99% respectively. 

4.7 Statistical analysis 

Descriptive and inferential statistics were employed in the presentation and interpretation 

of the data using STATA version 13.                                                 
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4.7.1 Definitions  

The stillborn child and perinatal mortality were defined in section 1.5. 

The infant mortality rate is defined as “an estimate of the number of infant deaths for 

every 1,000 live births” (CDC 2016). 

The neonatal period is defined as the period that “begins with birth and ends 28 complete 

days after birth” (WHO 2006). Neonatal deaths can be divided into early neonatal deaths, 

defined as “death occurring during the first seven days of life (0-6 days)”, and late 

neonatal deaths, defined as “death occurring after the seventh day but before the 28th day 

of life (7-27 days)” (WHO 2006). 

Post-neonatal mortality is defined as “deaths among infants aged 28-364 days” (CDC 

2012).  

The rates for these measures are calculated as follows: 

Perinatal mortality rate related to CHD = (number of deaths within the first 7 days of 

life due to CHD) + (number of stillbirths diagnosed with CHD prenatally or at post 

mortem in a specific year) X (1000/number of total births in that year). Day 1 in obstetric 

practice = Day 0 in paediatric practice, therefore perinatal deaths due to CHD = (stillbirths 

due to CHD) + (deaths due to CHD 0-6 days). 

Neonatal mortality rate related to CHD = (number of deaths among neonates due to 

CHD in specific year) X (1000/number of live birth in that year). Day 1 in obstetric 

practice = Day 0 in paediatric practice, therefore neonatal deaths due to CHD = (deaths 

due to CHD 0-6 days) + (deaths due to CHD 7-27 days). 

Post-neonatal mortality rate related to CHD = (number of deaths among post-neonates 

due to CHD in specific year) X (1000 / number of live birth in that year). Day 1 in obstetric 

practice = Day 0 in paediatric practice, therefore post-neonatal deaths due to CHD = 

deaths due to CHD at 28-364 days. 

Infant mortality (death under one year of age) due to CHD in a specific year = (number 

of infant deaths due to CHD in the specific year) / (total number of live births in the 
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specific year). Day 1 in obstetric practice = Day 0 in paediatric practice, therefore infant 

deaths due to CHD = (deaths due to CHD at 0-6 days) + (deaths due to CHD at 7-27 days) 

+ (deaths due to CHD at 28-364 days). 

The spectrum of the disease was described in this study as the proportion of different 

subtypes of CHD (based on Houyel’s (Houyel et al. 2011) or EUROCAT groupings 

(EUROCAT Guide 1.4. 2013), whether severe or not, single or multiple, associated with 

chromosomal/genetic syndromes). Trends over 10 years were then assessed for the 

prevalence of CHD cases diagnosed within year of age. 

The statistics on births (live, still birth and total) and deaths in NI used in this study were 

sourced from NISRA website, which provides statistics on vital events registered by the 

GRO for NI (Chapter 5, Table 5.1). The information from NISRA is considered to be of 

high quality and is used by the UN and European Union for international comparisons. 

Objective 1: To determine the prevalence of and trends in CHD in NI, including the CHD 

clinical spectrum and infant mortality due to CHD, for the period 2005-2014. 

The prevalence and frequency of CHD cases registered in HSD were described based on 

year of birth for each year from 2005 to 2014 and as the total for all years 2005-2014. A 

trend analysis was then performed. All prevalence calculations were based on live births 

as HSD includes only live births. 

Live birth prevalence of CHD (per 1,000 live births) was calculated as follows: 

Live birth prevalence = (number of CHD cases (LB) / number of total LB) X 1,000 in a 

specific year. 

The 95% confidence intervals were calculated using the Poisson distribution as per 

EUROCAT practice (Bégaud et al. 2005). 

Infant mortality due to CHD and stillbirths due to CHD were based on the aggregate 

number of deaths and stillbirths due to CHD within the first year of a life among children 

born to mothers resident in NI and registered in each calendar year. This information is 

available from the GRO website and was used to calculate perinatal/neonatal/post-
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neonatal/infant mortality rates due to CHD. Deaths due to CHD in HSD were described 

based on year of death in HSD for the years 2005-2014, and the most common subtypes 

of CHD that cause death were described. A trend analysis was also performed. Deaths 

resulting from CHD were defined as those cases in which CHD was identified as the 

underlying cause of death. These cases were extracted using the International 

Classification of Disease (ICD-10) codes (Q20-Q28). 

Objective 2: To assess evidence for socioeconomic and urban/rural differences in 

occurrence of CHD. 

Using the HSD file, analysis of CHD prevalence among different NIMDM and 

urban/rural residency covering the year 2005-2014 was performed using logistic 

regression analysis by calculating OR with 95% confidence intervals and P value. 

Bivariate (unadjusted) analysis, and multivariable analysis to adjust for 

confounders/effect modifiers were also used. 

Objective 3: To assess the contribution of maternal sociodemographic characteristics and 

behaviours as risk factors for CHD, 2010-2014. 

Sociodemographic characteristics of the mother which were NIMDM, urban/rural 

residency, age of the mother, obesity, and behaviour characteristics which were smoking 

and alcohol drinking were assessed as risk factors for CHD. Unadjusted analyses were 

performed followed by an adjusted analysis using logistic regression by calculating OR 

with 95% confidence intervals and P value.  

Objective 4: To investigate the relationship between MHM taken in the pre-conceptional 

period and in the first trimester of pregnancy and CHD (2010-2014). 

OR with 9v5% confidence interval and P value were used as the association between 

exposure to MHM and the outcome of CHD. In the case of rare outcomes, the OR is an 

excellent estimate of the risk ratio (Rothman, 2008). Calculation of OR is straightforward: 
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OR = a/b ÷ c/d = ad/bc 

Table 4.5 shows the OR calculation for the association of various risk factors based on 

exposure to the specified risk. 

Table 4.5: Calculation of OR. 

 CHD + CHD - Total 

Risk exposure + A B a + b 

Risk exposure - C D c + d 

Total a + c b + d a + b + c + d 

 

As OR is the key measure in the models, a multiplicative model (logistic regression) was 

then performed to assess risk factors, confounders and effect modification. Crude models 

were performed and assessed to obtain the best model fit using STATA. Model building 

was performed by using a mixture of forward and backward model building techniques 

using the ‘linktest’ and ‘estat gof’ commands in STATA to choose the best model fit. 

4.7.2 Logistic regression 

As there is a binary outcome of interest (CHD or not) and a number of explanatory 

variables, logistic regression was used. For the logistic regression equation, an iterative 

process called maximum likelihood rather than ordinary least squares regression was 

used. An OR value greater than one suggests increased odds of developing the disease, 

and a value under one suggests decreased odds of developing the disease (Szumilas 2010). 

As the logistic regression model is fitted on a log scale, the effect is multiplicative on the 

odds of the disease (Petrie and Sabin 2013). 

For developing CHD, the null hypothesis has been tested on the basis that the odds of 

having CHD among those with specific risk exposure are the same as with those with no 

specific risk exposure.  
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4.7.3 Missing data 

For the maternal risk factors study, complete subject analysis was adopted. Subjects with 

missing data in any potential confounders were excluded from the adjusted analysis; no 

imputation was conducted in this study. Potential confounders/risks considered to be 

maternal risk factors for CHD in offspring (Objective 3), such as smoking, have not been 

used if it has more than 10% missing values; given that 10% is the cut-off figure above 

which statistical analysis is likely to be biased (Bennett, 2001), there was no need for 

multiple imputation. Several other factors influenced the decision not to use multiple 

imputation in this study. First, the data were accessed late in the doctoral research process 

and subsequent time constraints prevented the use of multiple imputation. Also, the 

EUROCAT study, which was the main source of guidance in this study, does not impute 

missing data, and no other study of the risk of CHD reported in the literature did so. 

Moreover, imputation itself is not always accurate; a study from the UK demonstrated 

that imputation for confounders such as smoking and alcohol produced results that were 

not comparable with reality (Marston et al. 2010). 

For the prevalence study, the main outcome data was almost complete, and all subjects 

were included. A sensitivity analysis was performed for those risk factor variables for 

which more than 10% of values was missing. A missing rate of 5% or less is considered 

to be insignificant (Schafer 1999), and Bennett (2001)stated that when more than 10% of 

data are missing then the statistical analysis is likely to be biased. For this reason, 

variables with missing values of more than 10% were not used in the study, and sensitivity 

analysis was based on that figure. 

4.7.4 Inclusion and exclusion criteria for each data set 

For HSD: 

Inclusion criteria: 

 Registered CHD cases in HSD in the period 2005-2014. 

 In relation to duplicates when using the Echo results file (one of the files of HSD), 

only the cases with the date of first diagnosis were included. 

 The record with the earliest date of entry only. 
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Exclusion criteria: 

 Non-NI residence as indicated by postcode. 

 

For NIMATS: 

Inclusion criteria: 

 Registered mothers in NIMATS in the period 2005-2014. 

 For multiple pregnancies, only the pregnancy related to the infant with CHD was 

included; if there were no cases of CHD, only the most recent pregnancy was 

included, 

Exclusion criteria: 

 Non-NI residence as indicated by postcode. 

 

For EPD 

Inclusion criteria: 

 Mothers resident in NI and registered in NIMATS in the period 2010-2014. 

 Medication specific to each mother's EW.  

 Medication redeemed based on the drug list given to the HBS based on EPD, not 

NIMATS. 

Exclusion criteria: 

 Medications redeemed outside the EW. 

4.7.5 Inclusion and exclusion criteria for the whole dataset 

Inclusion criteria  

For prevalence study: 

 Cases of CHD registered in HSD during the period 2005-2014. 

For maternal risk factors study: 

 Pregnancies to NI-resident mothers registered in NIMATS during the period 

2010-2014. 
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 Prescriptions identified by specific BNF codes (see Appendix 10) and issued and 

redeemed within the EW for each woman. 

Exclusion criteria: 

For prevalence study:   

 Cases of CHD for non-resident mothers (i.e. those whose address/postcode is 

outside NI at the time of their child’s birth). 

For maternal risk factors study: 

 Pregnancy registered in NIMATS to non-resident mothers (i.e. those whose 

address/postcode is outside NI at the time of their child’s birth). 

4.7.6 Study outcomes 

 Diagnosis of CHD by using ICD10 variables contained a value between Q20.0 and 

Q26.9, except for minor CHD cases (Q25.0, Q25.6, Q26.1, (Q21.11 if 

EPC=05.03.01), or (Q25.41 if EPC=09.28.15)). This was used to enable use of 

EUROCAT grouping. 

 Chromosomal and genetic syndromes were excluded by excluding cases 

corresponding to codes Q90.0-Q93.0, Q96.0-Q99.9, Q44.71, Q61.90, Q74.84, 

Q75.1, Q75.4, Q75.81, Q87, Q93.6, and D82.1. 

 CHD as a cause of stillbirth or neonatal death (Objective 1). 

4.7.7 Exposures for maternal risk factors study 

 Exposure to quintiles 1-5, lowest SES versus the highest SES.  

 Exposure to or living in urban or rural areas.  

 Exposure to other maternal sociodemographic and behavioural risk factors (listed in 

Appendix 10, section C). 

 Exposure to MHM (listed in Appendix 10, section C). 
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Exclusion criteria for maternal risk factors study:  

 As the aetiology for CHD cases among infants with known chromosomal and 

genetic anomalies is already known, it has been suggested that these cases be 

excluded (Garne et al. 2012a). This is the approach adopted in this study. 

 Maternal exposure to AEDs, insulin, antidiabetic drugs, Vitamin A, Isotretinoin, 

Tretinoin. 

 Single minor CHD cases according to EUROCAT list of minors (Table 2.4). 

 Pregnancies that end with stillbirths. 

Derived predictors: 

Derived predictors were created, namely previous miscarriage and SGA, as there is 

evidence in the literature that previous miscarriage is associated with CHD, OR = 1.24 

(95% CI 1.11-1.38) (Feng et al. 2015b), therefore the parity variable was used to derive 

the previous miscarriage variable as follows:  parity is written in a certain format that 

shows number of pregnancies and number of births. The format is usually written as P 

number1+ number2. Number2 = 0 when there is no history of previous miscarriage. When 

only one number is written, this also indicates no history of miscarriage. This method was 

followed when writing the syntax to derive the previous miscarriage variable. 

The algorithm used for SGA classification is included within the syntax used for analysis 

in this study (Appendix 11). A table was constructed based on this algorithm to create the 

SGA-derived variable (Appendix 12). An additional derived variable was created from 

family history of congenital anomalies and family history of CHD. Family history of 

congenital anomalies’ and ‘family history of CHD were combined into one variable. 

4.8 Ethics and governance 

Before providing the data to the researcher, the HBS ensured the requesting organisations 

were compliant with the Data Protection Act (DPA) and that researchers were aware of 

the relevant DPA policies and procedures in place.  
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The DPA safeguards the rights of individuals (data subjects), principally by placing 

responsibility on those who decide why and how the data will be processed. The DPA 

defines eight principles (reduced to 6 in the 2018 version) regarding the processing of 

personal data of identifiable living people. Those principles are discussed in the context 

of this study in section 6.3.  

Importantly for researchers, the DPA provides some exemptions for personal data that 

are processed only for research. Furthermore, the DPA applies only to sensitive personal 

data, it does not apply to all research data gathered from participants, and most 

importantly, the DPA does not apply to anonymized data (Corti et al. 2014). 

The study is handled in accordance with UU’s Research Governance Policy 

(https://www.ulster.ac.uk/__data/assets/pdf_file/0003/331878/Policy-Human-Research-

V5.pdf), and the UU Code of Practice for professional integrity in the Conduct of 

Research (https://www.ulster.ac.uk/__data/assets/pdf_file/0005/59837/conduct-of-

research.pdf).     

To ensure that ethical and governance issues were adequately addressed, Data Access 

Agreements with Belfast Health and Social Care Trust (BHSCT) were signed by the HBS 

and UU (June and August 2016 respectively) as required by the Department of Health 

(DoH) and in accordance with the HSC protocol for sharing service information for 

secondary purposes (August 2012).  

As HSD is not part of the data warehouse, HBS agreed to load a temporary file from HSD 

into their data warehouse for this data linkage study, pending Data Access Agreements, 

NHS-REC approval, and HBGB approval.  The extraction of all cases from HSD was 

performed by the HSD information officer based on an agreed variable list. The BHSCT 

transferred the extracted clinical data from HSD securely to HBS. 

Analysis was undertaken in a safe setting in the HBS, a research access agreement and a 

disclosure policy agreement were signed, obliging the researcher not to attempt to identify 

individuals. The researcher completed Safe Researcher training delivered by the HBS in 

May 2016.  To protect patient confidentiality, the HBS applied statistical disclosure 

https://www.ulster.ac.uk/__data/assets/pdf_file/0003/331878/Policy-Human-Research-V5.pdf
https://www.ulster.ac.uk/__data/assets/pdf_file/0003/331878/Policy-Human-Research-V5.pdf
https://www.ulster.ac.uk/__data/assets/pdf_file/0005/59837/conduct-of-research.pdf
https://www.ulster.ac.uk/__data/assets/pdf_file/0005/59837/conduct-of-research.pdf
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control to all outputs before providing them in an approved format to the researcher. Only 

anonymised data were analysed.  

The agreement also stated the principles to be followed when disclosing and using service 

user information, encapsulated in the Code of Practice and Good Practice Principles, DPA 

Principles and Caldicott Principles. For further details, see the Data Access Agreement 

form (Appendix 13) and the HBS application form (Appendix 10). 

Various organisations were involved in obtaining ethical and governance approval for the 

purpose of conducting this study. Applications were submitted to three separate 

regulatory bodies for permission to receive data to conduct this study: Honest Broker 

Governance Board (HBGB) (see Appendix 10 for HBGB application form), the Institute 

of Nursing and Health Research (INHR) Governance Filter Committee, UU (see 

Appendix 14 for the research protocol), and the NHS Research Ethics Committee (NHS-

REC) (see Appendix 15 for the NHS-REC application form).  

Ethical approval was granted from the INHR Governance Filter Committee, UU (22 June 

2015). Ethical approval for proportionate review was received from NHS-REC on 27 

February 2017. HBGB approval was granted on 2 March 2017. 
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Chapter 5: Results 

This chapter is organised into 4 main sections based on the first 4 objectives of the study. 

Descriptive and inferential statistics are used in the presentation and interpretation of the 

results. 

5.1 Prevalence and trends of CHD in NI, including the CHD clinical 

spectrum and infant mortality due to CHD (2005-2014) 

For this objective, results are presented in two main subsections: the first is the prevalence 

and trends of CHD and the clinical spectrum using EUROCAT and Houyel classifications 

of CHD, and the second is infant mortality due to CHD. 

5.1.1 Prevalence and trends of CHD in NI, including the CHD clinical spectrum 

(2005-2014) 

5.1.1.1 Prevalence and trends 

A total of 11,410 children with suspected CHD were born in NI during the period 2005 - 

2014 and were referred from different hospitals in NI to RBHSC for further investigation 

and plan of management. Of that number, 7578 were not subsequently diagnosed with 

CHD and 3832 were diagnosed with CHD. Of those diagnosed with CHD, 451 cases 

(11.77%) were associated with chromosomal abnormalities and syndromes, and 534 cases 

(13.94%) were single minor CHD. These cases of single minor CHD and CHD associated 

with chromosomal abnormalities were excluded from the analysis, giving a total of 2,847 

CHD cases to be analysed (Table 5.1). 

Of those 2,847 live birth CHD cases, 2,142 (75.24%) were single or simple. Using the 

NBDPS classification, simple defects typically are anatomically discrete (e.g., muscular 

VSD with no other cardiac involvement) or a well-recognized single entity (e.g., TOF, 

hypoplastic left heart syndrome). A further 705 (24.76%) were multiple cases. There were 

550 cases (19.32%) with severe CHD and 2,297 (80.68%) which were not severe. Of the 

CHD cases, 2,324 (81.63%) were diagnosed within the first year of life, and 523 cases 

(18.37 %) were diagnosed after the first year of life. Just over half (1,478 cases, 51.91%) 
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were male; 1,319 (46.33%) cases were female, and 50 cases (1.76%) were unknown or 

missing (Table 5.1). 

The total live birth population from which the prevalence was estimated and the frequency 

of the different categories of CHD which have been used to calculate the different 

prevalences of CHD are shown in Table 5.2. For the period 2005-2014, the prevalence of 

CHD was 11.61 per 1000 live births (95% CI 11.02-12.05) and varied from 10.66 (95% 

CI 9.37-12.07) in 2006 to 13.65 (95% CI 12.24-15.18) in 2009 (Table 5.3). 

The prevalence per 1000 live births among those who were diagnosed within the first year 

of life was 9.48 (95% CI 9.10-9.87) and varied from 7.75 (95% CI 6.64-8.99) in 2005 to 

11.60 (95% CI 10.29-13.04) in 2014. The prevalence of single CHD was 8.74 per 1000 

live births (95% CI 8.37-9.12) and varied from 7.97 (95% CI 6.84-9.23) in 2005 to 10.36 

(95% CI 9.13-11.70) in 2009, whereas the prevalence of multiple CHD was 2.88 per 1000 

live births (95% CI 2.67-3.10) and varied from 2.41 (95% CI 1.84-3.11) in 2007 to 3.29 

(95% CI 2.62-4.09) in 2009. The prevalence of severe CHD was 2.24 per 1000 live births 

(95% CI 2.06-2.44) and varied from 1.73(95% CI 1.25-2.34) in 2013 to 2.57 (95% CI 

1.98-3.28) in 2009. The prevalences among females and males were 11.03 per 1000 live 

births (95% CI 10.44-11.64) and 11.77 per 1000 live births (95% CI 11.18-12.39) 

respectively (Table 5.3). Prevalence varied among females from 9.80 (95% CI 8.11-

11.75) per 1000 live births in 2007 to 13.54 (95% CI 11.55-15.78) per 1000 live births in 

2009, and among males from 9.83 (95% CI 8.13-11.77) per 1000 live births in 2006 to 

13.20 (95% CI 11.29-15.35) per 1000 live births in 2009. 

Prevalence of CHD diagnosed within the first year of life did show an increasing trend 

(IRR=1.03, 95% CI 1.02-1.05, P<0.01) (Table 5.3). Analysis using Poisson regression 

has shown that there was a trend of an increased prevalence of CHD diagnosed within the 

first year of life over the period 2005-2014, with a calendar year being treated as a linear 

variable (P<0.01). The prevalence of diagnosed CHD within the first year of life increased 

49.68% over the study period, from 7.75 per 1000 live births in 2005 to 11.60 per 1000 

live births in 2014 (Table 5.3; Figure 5.1). When the time of diagnosis was not limited to 

within the first year of life, then no significant specific trend was detected in the CHD 

prevalence (Table 5.3; Figure 5.2) 
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5.1.1.2 CHD clinical spectrum 

Using the EUROCAT classification, VSD represents 31.14% of the single CHD cases, 

ASD represents 39.50%, PVS 8.31%, aortic valve insufficiency 4.44%, TOF 2.61%, 

transposition of great vessels 1.40%, atrioventricular septal defect 1.07%, hypoplastic left 

heart 1.12%, coarctation of aorta 1.17%, other specified malformations of heart 1.31%, 

and other unspecified malformations of heart 3.83%. VSD and ASD prevalence were 2.72 

and 3.45 per 1000 live births respectively. Each case was counted once (Table 5.4).  

Grouping of CHD based on Houyel’s classifications has shown that VSD represents 

31.28% of the single CHD cases, anomalies of the ventricular outflow tracts (ventriculo-

arterial connections) including TOF represent 38.80%, anomalies of the atria and 

interatrial communications (IAC) represent 21.66%, anomalies of the atrioventricular 

junctions and valves represent 2.61%, functionally univentricular hearts represent 1.63%, 

complex anomalies of atrioventricular connections represent 1.12%, anomalies of the 

extrapericardial arterial trunks represent 0.98%, anomalies of the venous returns represent 

0.98%, and heterotaxy and congenital anomalies of the coronary arteries represent 0.93% 

of single CHD cases (Table 5.4).  

Clinicians within the research team classified the multiple CHD cases which were 

diagnosed with multiple ICD10 codes into one or more Houyel’s groups, and this resulted 

in 295 different combinations. Of those 295 different combinations, 110 (37.29) were 

classified into a single Houyel’s group and one hundred and eighty-five (62.71%) were 

classified into two or more Houyel’s groups.  
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Table 5.1: Number and proportion of CHD cases in NI (2005-2014) showing single/multiple CHD, CHD based on severity, CHD based on age 

at diagnosis, CHD based on gender, single minors CHD, CHD with chromosomal abnormalities and syndromes in HSD. 

CHD Frequency 

(n) 

Percentage Single/Multiple 

(n) 

Percentage Severity 

(n) 

Percentage Age at 

diagnosis 

(n) 

Percentage Gender 

(n) 

Percentage 

CHD 2847 74.30% Single CHD 

(2,142) 

75.24% 

 

 

Not 

severe 

CHD 

(2297) 

80.68% 

 

 

Diagnosis 

within the 

first year 

of life 

(2324) 

81.63% Male 

(1,478) 

51.91% 

 

Female 

(1,319) 

46.33% 

 Unknown 

or missed 

(50) 
1.76% 

Multiple CHD 

(705) 

24.76% Severe 

CHD 

(550) 

19.32% Diagnosis 

after one 

year of  

life (523) 

18.37%   

Single Minors 

CHD 

(Excluded) 

534 13.94%            

CHD with 

Chromosomal 

abnormalities 

and syndromes 

(Excluded) 

451 11.77%               

Total 3,832                

 



179 

 

 

Table 5.2: Total number of live births by gender and CHD (by type single/multiple status, severity, gender distribution, and age at diagnosis) in 

NI (2005-2014).  

Year Live 

births 

Live 

births 

female 

Live 

births 

male 

All 

CHD 

cases 

Single Multiple Severe* Less 

severe 

Male 

with 

CHD 

Female 

with 

CHD 

Diagnosed before 

1st year of birth 

(for all single and 

multiple) 

2005 22,328 10,987 11,341 246 178 68 46 200 134 108 173 

2006 23,272 11,262 12,010 248 187 61 48 200 118 121 188 

2007 24,451 11,935 12,516 279 220 59 55 224 157 117 217 

2008 25,631 12,427 13,204 295 212 83 61 234 143 144 235 

2009 24,910 12,111 12,799 340 258 82 64 276 169 164 270 

2010 25,315 12,398 12,917 285 216 69 57 228 156 127 227 

2011 25,273 12,448 12,825 283 221 62 61 222 138 140 228 

2012 25,269 12,270 12,999 298 218 80 55 243 156 139 255 

2013 24,277 11,889 12,388 270 209 61 42 228 142 124 248 

2014 24,394 11,851 12,543 303 223 80 61 242 165 135 283 

TOTAL 245,120 119,578 125,542 2,847 2,142 705 550 2,297 1,478 1,319 2324 

 * Rating based on EUROCAT severity grouping. 
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Table 5.3:  CHD prevalence and trends by (single/multiple status, severity, gender, diagnosed within first year of life) per 1000 live births in NI 

(2005-2014). 

Year Prev. 

of LB 

CHD 

95% CI Prev. 

of 

sing. 

CHD 

95% CI Prev. 

of 

mult. 

CHD 

95% CI Prev  

of 

seve. 

CHD 

95% CI Prev. 

of 

CHD 

male 

95% CI Prev. 

of 

CHD  

fem. 

95% CI Prev. 

of all 

CHD 

diag. 

in 1st 

year of 

birth 

95% CI 

2005 11.02 9.98-12.48 7.97 6.84-9.23 3.05 2.37-3.86 2.06 1.51-2.75 11.82 9.90-13.99 9.83 8.06-11.87 7.75 6.64-8.99 

2006 10.66 9.37-12.07 8.04 6.92-9.27 2.62 2.01-3.67 2.06 1.52-2.73 9.83 8.13-11.77 10.74 8.92-12.84 8.08 6.94-9.32 

2007 11.41 10.11-12.83 9.00 7.85-10.27 2.41 1.84-3.11 2.25 1.69-2.93 12.54 10.66-14.67 9.80 8.11-11.75 8.87 7.73-10.14 

2008 11.51 10.23-12.90 8.27 7.20-9.46 3.24 2.58-4.01 2.38 1.82-3.06 10.83 9.13-12.76 11.59 9.77-13.64 9.17 8.03-10.42 

2009 13.65 12.24-15.18 10.36 9.13-11.70 3.29 2.62-4.09 2.57 1.98-3.28 13.20 11.29-15.35 13.54 11.55-15.78 10.84 9.58-12.21 

2010 11.26 9.99-12.64 8.53 7.43-9.75 2.73 2.12-3.45 2.25 1.71-2.92 12.08 10.26-14.13 10.24 8.54-12.19 8.97 7.84-10.21 

2011 11.20 9.93-12.58 8.74 7.63-9.98 2.45 1.88-3.14 2.41 1.85-3.10 10.76 9.04-12.71 11.25 9.46-13.27 9.02 7.89-10.27 

2012 11.79 10.49-13.21 8.63 7.52-9.85 3.17 2.51-3.94 2.18 1.64-2.83 12.00 10.19-14.04 11.33 9.52-13.38 10.09 8.89-11.41 

2013 11.12 9.83-12.53 8.61 7.48-9.86 2.51 1.92-3.23 1.73 1.25-2.34 11.46 9.65-13.51 10.43 8.68-12.44 10.22 8.98-11.57 

2014 12.42 11.06-13.09 9.14 7.98-10.42 3.28 2.60-4.08 2.50 1.91-3.21 13.15 11.22-15.32 11.39 9.55-13.48 11.60 10.29-13.04 

TOTAL 11.61 11.02-12.05 8.74 8.37-9.12 2.88 2.67-3.10 2.24 2.06-2.44 11.77 11.18-12.39 11.03 10.44-11.64 9.48 9.10-9.87 

P value 

for 

trends 

0.27                       <0.01   

IRR 

and 

95% CI 

1.01 0.99-1.01                     1.03 1.02-1.05 

IRR=incidence rate ratio, Prev.=Prevalence, sing=single, mult=multiple, seve=severe, diag=diagnosed, fem=female, LB=livebirth 
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Figure 5.1: Trends in the prevalence of CHD for all cases and for those diagnosed 

within the first year of life in NI (2005-2014). 

 

 

Figure 5.2: Trends in the prevalence of CHD in different categories and subgroups 

in NI (2005-2014).
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Table 5.4: Subtypes of single CHD in NI (2005-2014) based on EUROCAT and Houyel’s classifications. 

EUROCAT Houyel’s 

CHD subtype Frequency Percentage Prevalence CHD subtype Frequency Percentage 

Atrial septal defect 846 39.50% 3.45 Ventricular septal defects 670 31.28% 

Ventricular septal defect 667 31.14% 2.72 Anomalies of the ventricular outflow tracts (ventriculo-

arterial connections) including TOF 

831 38.80% 

Pulmonary valve stenosis 178 8.31% 0.73 Anomalies of the atria and interatrial communications 

(IAC) 

464 21.66% 

Aortic valve insufficiency 95 4.44% 0.39 Anomalies of the atrioventricular junctions and valves 56 2.61% 

Tetralogy of Fallot 56 2.61% 0.23 Functionally univentricular hearts 35 1.63% 

Transposition of great vessels 30 1.40% 0.12 Complex anomalies of atrioventricular connections 24 1.12% 

Atrioventricular septal defect 23 1.07% 0.10 Anomalies of the extrapericardial arterial trunks 21 0.98% 

Hypoplastic left heart 24 1.12% 0.10 Anomalies of the venous return  21 0.98% 

Coarctation of aorta 25 1.17% 0.01 Congenital anomalies of the coronary arteries and 

Heterotaxy 

20 0.93% 

Other malformations of pulmonary artery  18 0.84% 0.07       

Aortic valve atresia/stenosis 17 0.79% 0.07       

Other malformations of aorta  13 0.61% 0.05       

Mitral insufficiency 15 0.70% 0.06       

Dextrocardia 12 0.56% 0.05       

Other malformations of tricuspid valve 13 0.61% 0.05       

Other specified malformations of heart 28 1.31% 0.11       

Other unspecified malformations of heart 82 3.83% 0.33       

Total single CHD 2,142 100% 8.74   2,142 100% 
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5.1.2 Infant mortality due to CHD (2005-2014) 

For the period 2005-2014, the total number of births was 246,127, comprising 245,120 

live births and 1,007 stillbirths (Table 5.5). There were 18 stillbirths due to CHD, while 

the total number of perinatal deaths due to CHD was 45. The total number of neonatal 

deaths due to CHD was 46 and the total number of post-neonatal deaths due to CHD was 

32. The total infant mortality due to CHD was 78 in that period. The total number of 

stillbirths and infant deaths due to CHD was 96. The neonatal and infant mortality rates 

due to CHD were 0.19/1000 births (95% CI 0.14-0.25) and 0.32 (95% CI 0.25-0.40), 

respectively (Table 5.5). 

Stillbirths contributed to 19% of the total mortality due to CHD in the first year of life. 

Neonatal mortality accounted for 48% of the total mortality due to CHD in the first year 

of life (Table 5.6). Stillbirths due to CHD represented 1.79% of all stillbirths in NI during 

the specified period. 

Mortality data from HSD using the variable age at death (AGE_AT_DEATH_IN_DAYS) 

has shown that for the period 2005-2014, there were 63 deaths among children who were 

live born with CHD, of whom 33 (52%) had multiple CHD and 30 (48%) had single CHD. 

This number is less than the number of the infant mortality due to CHD registered in the 

GRO for the same period (78 deaths) which means that this variable is not complete in 

HSD. The data were of poor quality for the cause of death variable (CAUSE_OF_DEATH) 

as it was written as free text and very sparsely populated.
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Table 5.5: Perinatal, neonatal, and infant mortality related to CHD in NI (2005-2014). 

Year Live 

Births 

SB Total 

births 

SB  

due 

to 

CH

D   

Deaths 

due to 

CHD 

0-6 

days 

Deaths 

due to 

CHD 

7-27 

days 

Post 

neonatal 

deaths 

due to 

CHD 

28-364 

days  

Perina-

tal 

deaths 

due to 

CHD 

Neona-

tal 

deaths 

due to 

CHD 

0-27 

days 

Infant 

deaths 

due to 

CHD 

0-364 

days 

Perinatal 

mortality rate 

due to CHD/ 

per 1000 births 

and 95% CI  

Neonatal 

Mortality rate 

due to CHD/ 

per 1000 live 

births 

and 95% CI 

Post neonatal 

mortality rate 

due to CHD/ 

per 1000 live 

births 

and 95% CI  

Infant 

mortality rate 

due to 

CHD/per 1000 

live births and 

95% CI 

2005 22,328 89 22,417 1 2 1 5 3 3 8 0.13 (0.03-0.39) 0.13 (0.03-0.39) 0.22 (0.07-0.52) 0.36 (0.15-0.71) 

2006 23,272 89 23,361 1 4 0 2 5 4 6 0.21 (0.07-0.5) 0.17 (0.05-0.44) 0.09 (0.01-0.31) 0.26 (0.09-0.56) 

2007 24,451 102 24,553 1 3 3 3 4 6 9 0.16 (0.4-0.42) 0.25 (0.09-0.53) 0.12 (0.03-0.36) 0.37 (0.17-0.70) 

2008 25,631 115 25,746 2 0 3 3 2 3 6 0.08         

(0.001-0.28) 

0.12  

(0.02-0.34) 

0.12  

(0.02-0.34) 

0.23 

 (0.09-0.51) 

2009 24,910 119 25,029 2 4 3 2 6 7 9 0.24  

(0.09-0.52) 

0.28  

(0.11-0.58) 

0.08         

(0.001-0.29) 

0.36  

(0.17-0.69) 

2010 25,315 105 25,420 0 5 4 5 5 9 14 0.20 (0.06-0.46) 0.36 (0.16-0.67) 0.20 (0.06-0.46) 0.55 (0.30-0.93) 

2011 25,273 91 25,364 4 2 1 3 6 3 6 0.24 (0.09-0.51) 0.12 (0.02-0.34) 0.12 (0.02-0.34) 0.24 (0.09-0.52) 

2012 25,269 106 25,375 3 4 3 3 7 7 10 0.28 (0.01-0.57) 0.28 (0.11-0.57) 0.12 (0.02-0.35) 0.40 (0.19-0.72) 

2013 24,277 110 24,387 3 1 0 2 4 1 3 0.16  

(0.04-0.42) 

0.04 

(0.001-0.23) 

0.08  

(0.001-0.30) 

0.12  

(0.03-0.36) 

2014 24,394 81 24,475 1 2 1 4 3 3 7 0.12 (0.03-0.36) 0.12 (0.03-0.36) 0.16 (0.04-0.42) 0.29 (0.12-0.59) 

Total 245,120 1,007 246,127 18 27 19 32 45 46 78 0.18 (0.13-0.24) 0.19 (0.14-0.25) 0.13 (0.09-0.18) 0.32 (0.25-0.40) 

SB=Stillbirths 

Post neonatal deaths=Deaths among infants aged 28-364 days. Neonatal deaths=Deaths among infants aged 0-27 days. Perinatal deaths=Stillbirths plus deaths in 

infants aged 0-6 days. Infant deaths= deaths among infants aged 0-364 days.
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Table 5.6: Total number and percentage of stillbirths/deaths due to CHD in NI 

(2005-2014). 

  Stillbirths 

due to 

CHD   

Deaths due 

to CHD 

within 0-6 

days 

Deaths 

due to 

CHD 

within 7-

27 days 

Total 

neonatal 

deaths due 

to CHD 

within 0-27 

days 

Post-neonatal 

deaths due to 

CHD 

Total  

CHD 

deaths 

Total 

number 

18 27 19 46 32 96 

% of the 

total 

deaths 

19% 28% 20% 48% 33%  

 

In this study, the perinatal mortality rate varied between 0.08 (95% CI 0.001-0.28) and 

0.28 (95% CI 0.01-0.57) per 1000 total births and the infant mortality rate varied between 

0.12 (95% CI 0.03-0.36) and 0.55 (95% CI 0.30-0.93) per 1000 live births (Table 5.5). 

The data clearly reflect instability, with no specific pattern in the rate of CHD mortality 

in the first year of life during the period 2005-2014. However, in the year 2013, there was 

a decrease in the pattern of infant mortality related to CHD (Figure 5.3). 

 

 



186 

 

 

 

 

 Figure 5.3: CHD mortality rates per 1000 births in NI (2005-2014). 

Perinatal mortality rate related to CHD = (number of stillbirths due to CHD+ number of deaths due 

to CHD in the first 0-6 days of life) in specific year X (1000/number of total births in that year). 

Neonatal mortality rate related to CHD = (number of deaths due to CHD among infants aged 0-27 

days in specific year) X (1000/number of live births in that year).  

Post-neonatal mortality rate related to CHD = (number of deaths due to CHD among infants aged 

28-364 days in specific year) X (1000 / number of live births in that year).  

Infant mortality rate related to CHD = (number of deaths due to CHD among infants aged 0-364 in 

a specific year) X (1000/ number of live births in that year).  
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5.2 Impact of SES and urban/rural residency on CHD occurrence in 

NI (2005-2014) 

The second study objective was to investigate if SES and urban/rural residency had an 

impact on occurrences of CHD, 2005-2014. In HSD, there were 11,410 suspected cases 

of CHD, of which 534 related to a single minor CHD and 451 related to chromosomal 

syndromes. The file for the analysis was 11,410 cases. Of these, 2,847 were CHD cases 

and 8,563 were non-CHD cases according to EUROCAT classification.  

5.2.1 Socioeconomic differences and CHD occurrence 

Four hundred and one CHD cases were found in the least deprived quintile (Quintile 5); 

a further 579 were found in the most deprived quintile (Quintile 1). Twenty-four percent 

of the values for the variable NIMDM were missing. The chi-squared test has shown 

differences in the occurrence of CHD between different quintiles of deprivation (P<0.01) 

(Table 5.7). 

Table 5.7: Distribution of CHD in NI (2005-2014) by NIMDM quintile using chi-

squared test and P value.  

NIMDM quintile No CHD CHD  Total Pearson 

Chi2 test 

P value 

Quintile 5 (Least 

deprived) 

1,040 401 1,441 10.55 <0.01 

Quintile 4 1,190 458 1,648   

Quintile 3 1,138 506 1,644   

Quintile 2 1,204 492 1,696   

Quintile 1 (Most deprived) 1,631 579 2,210   

Total  6,203 2,436 8,639   

 

Using logistic regression to measure the strength of the association between NIMDM and 

CHD has shown that there was no significant association between living in the most 

deprived area in comparison to living in the least deprived area and CHD. Both crude and 

adjusted models (when adjusting for year of birth, gender, urban/rural residency, and age 
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at diagnosis) have shown no significant association of living in the most deprived area in 

comparison to living in the least deprived area based on NIMDM and CHD (it actually 

showed that living in the most deprived area was less likely to be associated with CHD, 

but this was not statistically significant) OR=0.92 (95% CI=0.79-1.07; P=0.28) and 

AOR=0.97 (95% CI=0.82-1.14; P=0.70) respectively (Table 5.8). 

Table 5.8: Association between NIMDM quintile and CHD in NI (2012-2014) using 

crude and adjusted OR. 

 

NIMDM quintile OR P 

value 

95% CI AOR* P 

value 

95% CI 

Quintile 5  

(Least deprived) 

1.00           

  

Quintile 4 1.00 0.98 0.85-1.17 0.99 0.90 0.83-1.17 

Quintile 3 1.15 0.07 0.99-1.35 1.14 0.12 0.97-1.36 

Quintile 2 1.06 0.47 0.91-1.24 1.05 0.55 0.89-1.24 

Quintile 1 

(Most deprived) 

0.92 0.28 0.79-1.07 0.97 0.70 0.82-1.14 

*AOR=adjusted odds ratios for urban/rural residency, year of birth, gender, and age at diagnosis.

   

5.2.1.1 Sub-sensitivity analysis to deal with missing values 

To address the issue of missing data, a sub-sensitivity analysis was conducted. For the 

years 2012-2014, there were 120 missing values (Table 5.9). As this represents only 4.4% 

of the data, the quality of this data can be regarded as good in terms of data completeness 

which is defined as: 

 “A measure that indicates whether the information submitted contains the 

complete set of mandatory data items” (CDC 2013).  

The sub-sensitivity analysis identified 2012-2014 as the best years in terms of data 

quality. 
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Table 5.9: Frequency and percentage of missing values for the NIMDM variable in 

HSD (2005-2014). 

Year Total Missed values for NIMDM Classification % of all missing 

All No CHD CHD  

2005 1,360 528 473 55 39% 

2006 1,420 547 474 73 39% 

2007 1,303 488 421 67 37% 

2008 1,327 403 346 57 30% 

2009 1,263 352 283 69 28% 

2010 1,065 216 183 33 20% 

2011 956 117 89 28 12% 

2012 1,024 54 43 11 5% 

2013 889 47 # # 5% 

2014 803 19 # # 2% 

Total 11,410 2,771 2,360 411 24% 

 # Disclosure control by the researcher for numbers less than 10, as per the process laid out by 

HBS. 

Further analysis was conducted, restricted to the years with the best data quality (2012-

2014), and the chi-squared test showed no differences in the occurrence of CHD between 

different quintiles of deprivation (P=0.16) (Table 5.10). Using logistic regression to 

measure the strength of the association between NIMDM and CHD has shown that both 

crude and adjusted models showed no significant association between living in the most 

deprived area relative to living in the least deprived area and CHD OR=0.99 (95% 

CI=0.77-1.29; P=0.96) and AOR=1.07 (95% CI=0.81-1.41; P=0.63) respectively (Table 

5.11). 
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Table 5.10: Distribution of CHD in NI (2012-2014) in different NIMDM quintiles 

using chi-squared test and P value. 
 

NIMDM 

quintile 

No CHD CHD Total Pearson Chi2 

test 

P value 

Quintile 5 (Least 

deprived) 

296 137 433 6.62 0.16 

Quintile 4 346 150 496   

Quintile 3 311 184 495   

Quintile 2 351 164 515   

Quintile 1 

(Most deprived) 

450 207 657   

Total  1,754 842 2,596   

 

Table 5.11: Association between NIMDM quintile and CHD in NI (2012-2014) using 

crude and adjusted OR. 

 

NIMDM quintile OR P value 95% CI AOR* P value 95% CI 

Quintile 5  

(Least deprived) 

1.00      

Quintile 4 0.93 0.65 0.71-1.24 0.88 0.40 0.66-1.18 

Quintile 3 1.28 0.08 0.97-1.68 1.19 0.23 0.89-1.60 

Quintile 2 1.01 0.95 0.77-1.33 1.01 0.97 0.75-1.34 

Quintile 1  

(Most deprived) 

0.99 0.96 0.77-1.29 1.07 0.63 0.81-1.41 

*AOR=adjusted odds ratio. 

5.2.1.2 Association between NIMDM quintile and subtypes of CHD 

Analysis of the occurrence and the strength of association between different subtypes of 

CHD and living in different NIMDM areas revealed discrepancies when the results from 

data covering the years 2005-2014 were compared with the results from data covering the 

years 2012-2014 (not shown here). As the quality of data is better in the years 2012-2014, 

these data were used to assess the difference in occurrence and the strength of association 

in subtypes of CHD. 
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VSD 

The results have shown that NIMDM is associated with no significant difference in the 

occurrence of VSD in different quintiles (P=0.41) (Table 5.12). Both crude and adjusted 

models showed no significant association between living in the most deprived area and 

VSD in comparison to living in the least deprived area and VSD, with OR=0.62; (95% 

CI=0.38-1.01; P=0.054) and AOR=0.68 (95% CI=0.41-1.12; P=0.13) respectively (Table 

5.13) (The results actually showed that living in the most deprived area is less likely to 

be associated with VSD, but this was not statistically significant). 

Table 5.12: Distribution of VSD in NI (2012-2014) by NIMDM quintile using chi-

squared test and P value.  

NIMDM quintile No VSD VSD Total Pearson 

Chi2 test 

P 

value 

Quintile 5 (Least deprived) 294 37 331 3.99 0.41 

Quintile 4 341 35 376   

Quintile 3 309 34 343   

Quintile 2 351 37 388   

Quintile 1 (Most deprived) 448 35 483   

Total 1743 178 1921   

# Disclosure control by the researcher for numbers less than 10, as per the process laid out by 

HBS. 

Table 5.13: Association between NIMDM quintile and VSD in NI (2012-2014) using 

crude and adjusted OR.  

 

NIMDM quintile OR P 

value 

95% CI AOR* P 

value 

95% CI 

Quintile 5 (Least 

deprived) 

1.00      

Quintile 4 0.82 0.41 0.50-1.33 0.78 0.32 0.47-1.28 

Quintile 3 0.87 0.59 0.53-1.43 0.82 0.45 0.50-1.36 

Quintile 2 0.84 0.47 0.52-1.36 0.82 0.42 0.50-1.34 

Quintile 1 (Most 

deprived) 

0.62 0.054 0.38-1.01 0.68 0.13 0.41-1.12 

*AOR=adjusted odds ratios for gender, year of birth, urban/rural residency, and age at diagnosis. 
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ASD 

The results have shown that there was no significant difference in the ASD occurrence in 

different NIMDM quintiles (P=0.70) (Table 5.14). Both crude and adjusted models 

showed no significant association between living in the most deprived area and ASD in 

comparison to living in the least deprived area and ASD, with OR=1.08 (95% CI=0.73-

1.60; P=0.69) and AOR=1.18 (95% CI=0.78-1.77; P=0.43) respectively (Table 5.15). 

Table 5.14: Distribution of ASD in NI (2012-2014) by NIMDM quintile using chi-

squared test and P value 

 

NIMDM quintile No ASD ASD Total Pearson 

Chi2 test  

P value 

Quintile 5  

(Least deprived) 

288 47 335 2.19 0.70 

Quintile 4 337 62 399   

Quintile 3 299 65 364   

Quintile 2 342 62 404   

Quintile 1  

(Most deprived) 

441 78 519   

Total  1707 314 2021   

 # Disclosure control by the researcher for numbers less than 10, as per the process laid out by 

HBS. 

 

Table 5.15: Association between NIMDM quintile and ASD in NI (2012-2014) using 

crude and adjusted OR. 

 

NIMDM quintile OR P 

value 

95% CI AOR* P value 95% CI 

Quintile 5  

(Least deprived) 

1.00     

  

      

  

Quintile 4 1.13 0.57 0.75-1.70 1.04 0.86 0.68-1.59 

Quintile 3 1.33 0.17 0.89-2.00 1.28 0.25 0.84-1.97 

Quintile 2 1.11 0.62 0.74-1.67 1.12 0.59 0.74-1.72 

Quintile 1  

(Most deprived) 

1.08 0.69 0.73-1.60 1.18 0.43 0.78-1.77 

*AOR=adjusted odds ratios for gender, year of birth, urban/rural residency, and age at diagnosis. 
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PVS 

The results have shown that NIMDM is associated with no significant difference in 

occurrence in relation to PVS (P=0.29) (Table 5.16). Both crude and adjusted models did 

not show a significant association between living in the most deprived area and PVS in 

comparison to living in the least deprived area and PVS (OR=2.62; 95% CI=0.87-7.92; 

P=0.09) and (AOR=3.00; 95% CI=0.97-9.26; P=0.06) respectively (Table 5.17). 

Table 5.16: Distribution of PVS in NI (2012-2014) by NIMDM quintile using chi-

squared test and P value. 

#Disclosure control by the researcher for numbers less than 10, as per the process laid out 

by HBS. 

 

Table 5.17: Association between NIMDM quintile and PVS in NI (2012-2014) using 

crude and adjusted OR.  

 

NIMDM quintile OR P value 95% CI AOR* P value 95% CI 

Quintile 5  

(Least deprived) 

 1.00     

  

      

  

Quintile 4 1.71 0.39 0.51-5.74 1.65 0.42 0.49-5.60 

Quintile 3 2.39 0.15 0.74-7.69 2.36 0.16 0.72-7.73 

Quintile 2 1.26 0.72 0.35-4.52 1.25 0.73 0.35-4.52 

Quintile 1  

(Most deprived) 

2.62 0.09 0.87-7.92 3.00 0.06 0.97-9.26 

*AOR=adjusted odds ratios for gender, year of birth, urban/rural residence, and age at 

diagnosis. 

 

NIMDM quintile No PVS PVS Total Pearson 

Chi2 test  

P value 

Quintile 5  

(Least deprived) 

295 # # 4.97 0.29 

Quintile 4 345 # #   

Quintile 3 309 10 319   

Quintile 2 350 # #   

Quintile 1  

(Most deprived) 

450 16 466   

Total 1749 44 1793   
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Severe CHD 

The results have shown that NIMDM was associated with no significant difference in 

occurrence of severe CHD (P=0.84) (Table 5.18). Neither the crude nor the adjusted 

model showed a significant association between living in the most deprived area and 

severe CHD in comparison to living in the least deprived area and severe CHD, with 

OR=0.95 (95% CI=0.57-1.59; P=0.85) and AOR=1.03 (95% CI=0.61-1.75; P=0.91), 

respectively (Table 5.19). 

Table 5.18: Distribution of severe CHD in NI (2012-2014) by NIMDM quintile. 

 

Table 5.19: Association between NIMDM quintile and severe CHD in NI (2012-2014) 

using crude and adjusted OR. 

 

NIMDM quintile OR P 

value 

95% CI AOR* P value 95% CI 

Quintile 5  

(Least deprived) 

1.00      

Quintile 4 0.86 0.58 0.49-1.49 0.81 0.46 0.45-1.43 

Quintile 3 1.16 0.58 0.68-1.98 1.11 0.71 0.64-1.93 

Quintile 2 0.94 0.81 0.54-1.61 0.93 0.80 0.53-1.62 

Quintile 1  

(Most deprived) 

0.95 0.85 0.57-1.59 1.03 0.91 0.61-1.75 

*AOR=adjusted odds ratios for gender, year of birth, urban/rural residence, and age at diagnosis. 

NIMDM quintile No CHD Severe 

CHD 

Total Pearson 

Chi2 test  

P value 

Quintile 5  

(Least deprived) 

296 27 323 1.44 0.84 

Quintile 4 346 27 373   

Quintile 3 311 33 344   

Quintile 2 351 30 381   

Quintile 1  

(Most deprived) 

450 39 489   

Total 1754 156 1910   
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5.2.2 Urban/rural residency and CHD occurrence 

Of the 2,847 CHD cases, 1,537 were from urban areas (53.99%), 897 (31.51%) were from 

rural areas, and 413 (14.51%) were not classified. Twenty-four percent of the values for 

the urban/rural residency variable were missing. The chi-squared test showed significant 

differences in the occurrence of CHD between the two areas (P<0.01) (Table 5.20).    

Table 5.20: Distribution of CHD in NI (2005-2014) in urban/rural residency using 

chi-squared test and P value. 

 

Area of 

residence 

No CHD CHD  Total Pearson 

Chi2 test 

P value 

Urban 4,160 1,537 5,697 12.01 <0.01 

Rural 2,042 897 2,939   

Total 6,202 2,434 8,636   

 

Using logistic regression to measure the strength of the association between urban/rural 

residency and CHD showed that there was significant positive association between living 

in rural areas and CHD (OR=1.19; 95% CI=1.08-1.31; P<0.01). When adjusting for year 

of birth, gender, NIMDM, and age at diagnosis, the positive association between 

urban/rural residency and CHD was no longer statistically significant (OR=1.12; 95% 

CI=1.00-1.25; P=0.06) (Table 5.21). 

Table 5.21: Association between urban/rural residency and CHD in NI (2005-2014) 

using crude and adjusted OR. 

 

Area of 

residence 

OR P value 95% CI AOR* P-value 95% CI 

Urban 1.00      

Rural 1.19 <0.01 1.08-1.31 1.12 0.06 1.00-1.25 

*AOR=adjusted odds ratios for NIMDM, year of birth, gender, and age at diagnosis. 

5.2.2.1 Sub-sensitivity analysis to deal with missing values 

To address the issue of missing data, a sub-sensitivity analysis was conducted. For the 

years 2012-2014, there were 120 missing values (Table 5.22 shows the frequency and 
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percentage of missing values for urban/rural residency in HSD for the period 2005-2014). 

As this represents only 4.4% of the data, the quality of the data can be regarded as good 

in terms of data completeness. The sub-sensitivity analysis identified the years 2012-2014 

as the best years in terms of data quality. 

Table 5.22: The frequency and percentage of missing values for urban/rural 

residency in HSD (2005-2014). 

Years Total Missing values of urban/rural 

residency 

% of all missing 

  All No CHD CHD  

2005 1360 530 474 56 39% 

2006 1420 547 474 73 39% 

2007 1303 488 421 67 37% 

2008 1327 403 346 57 30% 

2009 1263 352 283 69 28% 

2010 1065 216 183 33 20% 

2011 956 118 89 29 12% 

2012 1024 54 43 11 5% 

2013 889 47 # # 5% 

2014 803 19 # # 2% 

Total 11410 2774 2361 413 24% 

# Disclosure control by the researcher for numbers less than 10, as per the process laid out by 

HBS. 

Further analysis of differences in the occurrence of CHD in urban/rural residency and the 

strength of the association between urban/rural residency and CHD using data for years 

2012-2014 has shown similar results to those covering the period 2005-2014. The chi-

squared test showed differences in the occurrence of CHD between urban/rural areas 

(P=0.01) (Table 5.23). 

Using logistic regression to measure the strength of the association between urban/rural 

residency and CHD showed a significant positive association between living in rural areas 

and CHD (OR=1.25; 95% CI=1.05-1.48; P=0.01). When adjusting for year of birth, 

gender, NIMDM, and age at diagnosis, the positive association between living in 
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urban/rural areas and CHD did not reach statistical significance (AOR=1.21; 95% 

CI=1.00-1.47; P>0.05) (Table 5.24). 

 

Table 5.23: Distribution of CHD in NI (2012-2014) in urban/rural residency using 

chi-squared test and P value. 

 

Area of residence No CHD CHD Total Pearson 

Chi2 test 

P value 

Urban 1,173 520 1,693 6.57 0.01 

Rural 581 322 903   

Total 1,754 842 2,596   

 

Table 5.24: Association between urban/rural residency and CHD in NI (2012-2014) 

using crude and adjusted OR. 

 

Area of 

residence 

OR P value 95% CI AOR* P value 95% CI 

Urban 1.0      

Rural 1.25 0.01 1.05-1.48 1.21 >0.05 1.00-1.47 

*AOR=adjusted odds ratios for NIMDM, gender, year of birth, and age at diagnosis. 

5.2.2.2 Association between urban/rural residency and subtypes of CHD 

VSD 

The results have shown that the occurrence of VSD differs with urban or rural residency 

(P=0.02) (Table 5.25). Using logistic regression to measure the strength of the association 

between urban/rural residency and VSD has shown a significant positive association 

between living in rural areas and VSD (OR=1.44; 95% CI=1.05-1.97; P=0.02). This 

positive association did not reach statistical significance after adjustment for year of birth, 

gender, NIMDM, and age at diagnosis (AOR=1.34; 95% CI=0.95-1.88; P=0.10) (Table 

5.26). 
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Table 5.25: Distribution of VSD in NI (2012-2014) in urban/rural residency using 

chi-squared test and P value. 

 

Area of 

residence 

No VSD VSD Total Pearson 

Chi2 test  

P value 

Urban 1,173 97 1,270 5.26 0.02 

Rural 581 70 651   

Total 1,754 167 1,921   

# Disclosure control by the researcher for numbers less than 10, as per the process laid out by 

HBS. 

Table 5.26: Association between urban/rural residency and VSD in NI (2012-2014) 

using crude and adjusted OR.  

 

Area of residence OR P 

value 

95% CI AOR* P value 95% CI 

Urban 1.0      

Rural 1.44 0.02 1.05-1.97 1.34 0.10 0.95-1.88 

*AOR=adjusted odds ratios for NIMDM, gender, year of birth, and age at diagnosis. 

ASD 

The results have shown a difference in the occurrence of ASD between urban and rural 

residency (P<0.05) (Table 5.27).  

Using logistic regression to measure the strength of the association between urban/rural 

residency and ASD has shown a significant positive association between living in rural 

areas and ASD (OR=1.33; 95% CI=1.04-1.73; P=0.02). This positive association did not 

reach statistical significance after adjustment for year of birth, gender, NIMDM, and age 

at diagnosis (AOR=1.30; 95% CI=0.99-1.72; P=0.06) (Table 5.28). 
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Table 5.27: Distribution of ASD in NI (2012-2014) in urban/rural residency using 

chi-squared test and P value. 

 

Area of 

residence 

No ASD ASD Total Pearson Chi2 

test  

P value 

Urban 1,173 162 1,335 3.97 <0.05 

Rural 581 105 686   

Total 1,754 267 2,021   

 # Disclosure control by the researcher for numbers less than 10, as per the process laid out by 

HBS. 

Table 5.28: Association between urban/rural residency and ASD in NI (2012-2014) 

using crude and adjusted OR.  

 

|*AOR=adjusted odds ratios for NIMDM, gender, year of birth, and age at diagnosis. 

PVS 

The results have shown no difference in the occurrence of PVS between urban or rural 

residency (P=0.72) (Table 5.29). 

Using logistic regression to measure the strength of the association between urban/rural 

residency and PVS showed that there is no statistically significant association between 

living in rural areas and PVS (OR=1.15; 95% CI=0.62-2.15; P=0.65). When adjusting for 

year of birth, gender, NIMDM, and age at diagnosis, there is no statistically significant 

association between living in urban/rural areas and ASD (AOR=1.36; 95% CI=0.68-2.74; 

P=0.39) (Table 5.30). 

 

 

 

 

 

Area of 

residence 

OR P value 95% CI AOR* P value 95% CI 

Urban 1.0      

Rural 1.33 0.02 1.04-1.73 1.30 0.06 0.99-1.72 
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Table 5.29: Distribution of PVS in urban/rural residency in NI (2012-2014) using 

chi-squared test and P value. 

 

# Disclosure control by the researcher for numbers less than 10, as per the process laid out by 

HBS. 

 

Table 5.30: Association between urban/rural residency and PVS in NI (2012-2014) 

using crude and adjusted OR. 

 

Area of 

residence 

OR P value 95% CI AOR* P value 95% CI 

Urban 1.0      

Rural 1.15 0.65 0.62-2.15 1.36 0.39 0.68-2.74 

*AOR=adjusted odds ratios for NIMDM, gender, year of birth, and age at diagnosis. 

Severe CHD 

The results have shown no significant difference in occurrence of severe CHD between 

urban and rural residency (P=0.48) (Table 5.31). Both crude and adjusted models showed 

no significant association between living in a rural area and severe CHD in comparison 

to living in an urban area and severe CHD, with OR=1.13 (95% CI=0.80-1.59; P=0.48) 

and AOR=1.13 (95% CI=0.77-1.65; P=0.54), respectively (Table 5.32). 

Table 5.31: Distribution of severe CHD in NI (2012-2014) in urban/rural residency 

using chi-squared test and P value. 

Area of residence No CHD Severe 

CHD 

Total Pearson Chi2 

test  

P value 

Urban 1,173 100 1,273 0.50 0.48 

Rural 581 56 637   

Total 1,754 156 1,910   

 

Area of residence No PVS PVS Total Pearson 

Chi2 test  

P value 

Urban 1,173 25 1,198 0.31 0.72 

Rural 581 14 595   

Total 1,754 39 1,793   



201 

 

 

 

Table 5.32: Association between urban/rural residency and severe CHD in NI (2012-

2014) using crude and adjusted OR. 

 

Area of 

residence 

OR P value 95% CI AOR* P value 95% CI 

Urban 1.0      

Rural 1.13 0.48 0.80-1.59 1.13 0.54 0.77-1.65 

*AOR=adjusted odds ratios for NIMDM, gender, year of birth, and age at diagnosis. 

Statistical testing was conducted to determine whether NIMDM leads to confounding or 

effect modification of the association between rural residency and CHD. The results 

revealed that NIMDM has a confounding effect on the association between urban/rural 

residency and CHD (OR=1.19 in the bivariate model, compared to OR=0.95 when 

NIMDM is included in the model) (Table 5.33). NIMDM was also shown to have a 

modifying effect on the association between urban/rural residency and CHD, as within 

different categorries of NIMDM the associations between rural residency and CHD were 

significantly different (P <0.01) (Table 5.33). 

Table 5.33: Confounder and effect modification effects due to NIMDM on the 

association between urban/rural residency and CHD. 

CHD OR P 

value 

95% CI 

Urban/rural   

Urban 1.00  

Rural 1.19 <0.01 1.08-1.31 

Urban/rural and CHD controlled 

for NIMDM 

OR = 0.95, 95% CI=0.74-1.24, P=0.73 

Urban/rural and CHD among 

different NIMDM 

 

Quintile 5  

(Least deprived) 

1.00   

Quintile 4 1.18 0.34 0.84-1.66 

Quintile 3 1.62 0.01 1.15-2.26 

Quintile 2 0.96 0.81 0.68-1.34 

Quintile 1  

(Most deprived) 

1.53 0.06 0.98-2.39 

P<0.01 
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5.3 The contribution of maternal sociodemographic characteristics and 

behaviours as risk factors for CHD (2010-2014) 

The findings on the contribution of maternal sociodemographic characteristics and 

behaviours are presented in this section, which begins by describing the dataset. The 

association between the main covariates and CHD as revealed through bivariate 

(unadjusted) analysis is then presented, followed by an assessment of the strength and 

direction of the association using multivariable analysis (to enable adjustment for 

multipple risk factors) with the best fitting model. 

5.3.1 Dataset description 

Of the 96,233 pregnancies in the original NIMATS/HSD and EPD linked file, 94,804 

were cases without CHD (98.52%), and 1,429 CHD cases (1.48%). There were 222 cases 

associated with chromosomal anomalies and syndromes which were excluded from the 

analysis. A further 264 pregnancies which resulted in stillbirths (where the cause of the 

stillbirth was not known) were excluded, as were another 1,685 cases in which the 

pregnant woman was on vitamin A, anti-diabetic, or anti-epileptic medication. The final 

file therefore includes 94,067 pregnancies including 1,162 CHD cases. The flow of data 

is shown in Figure 5.4. The total number of excluded cases produced by adding the totals 

from the different exclusion categories differs from the total number of cases by five due 

to the fact that five of the cases which were exposed to the above-mentioned medications 

were also associated with chromosomal anomalies and syndromes.  
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Figure 5.4: Medications and MHM prescriptions in the study population of exposed pregnancies 

in NI during the period 2010-2014. 
#The number has been suppressed as per the process laid out by HBS, as it is possible to calculate the 

missing cell values by using the OR and totals. 
CHD=Congenital Heart Disease, MHM=Mental Health Medication, FA=Folic Acid, SSRI=Selective Serotonin 

Reuptake Inhibitors. 

5.3.2 CHD in the NIMATS/HSD and EPD linked file 

Out of the 94,067 pregnancies, there were 1,162 cases of CHD, of which 813 (69.97%) 

were single CHD cases and 349 (30.03%) were multiple cases. There were 92,905 cases 

without CHD (98.76%). The most common type of CHD was ASD at 324 cases (27.88%), 

followed by VSD (271 cases, 23.32%), PVS (69 cases, 5.94%), aortic valve insufficiency 

(26 cases, 2.24%), and TOF (25 cases, 2.15%), coarctation of aorta (12 cases, 1.03%). 

There were 11 cases each of atrioventricular septal defect (AVSD) (0.95%), transposition 

of great vessels (0.95%), and hypoplastic left heart (0.95%). The total number of cases 

involving all other CHD subtypes was 53 (6.52%). Other CHD subtypes which were not 
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specified in this study due to disclosure control include common arterial truncus, tricuspid 

atresia and stenosis, pulmonary valve atresia, total anomalous pulmonary venous return, 

mitral valve anomalies, and double outlet right ventricle. Some of the subtypes from the 

EUROCAT list of major CHD were not found in NIMATS/HSD for analysis; these were 

hypoplastic right heart (HRH), Ebstein’s anomaly, single ventricle, and aortic 

atresia/interrupted aortic arch. 

5.3.3 Association between the main covariates and CHD 

Covariates related to the mother have been examined for evidence of statistically 

significant association with CHD using the OR, 95% CI, and P value. These covariates 

are gestational age at the time of the woman’s first antenatal appointment booking, 

urban/rural residency, NIMDM status, parity, mother’s age at booking, unplanned 

pregnancy, family history of CHD or/and congenital abnormalities and syndromes, 

mother’s BMI, mother’s smoking, alcohol consumption, mother’s present medications 

from NIMATS, gestational age at delivery (whether term or preterm delivery), multiple 

birth, and mother’s redemption of medications from EPD (Table 5.34). 

Other derived covariates (history of previous miscarriage and SGA) were assessed for 

association with CHD and were used in building the best fitting model. Covariates related 

to the baby such as low birth weight (LBW) (birth weight<2500g), gender, congenital 

anomalies recorded in the labour summary, and child’s year of birth have all been used 

to build the best fitting model. 

Women who booked their first antenatal appointment after 14 weeks of pregnancy 

represent 8.4% of the study population and had an increased risk of their offspring 

developing CHD (P=0.02). There was no evidence of significant association between 

urban/rural residency or NIMDM quintile and increased risk of CHD (P>0.05) (Table 

5.34). 

In terms of parity (number of births), the study results have shown strong evidence of an 

association between mother’s parity of 1, 2, and 3 and decreased risk of developing CHD 

(P<0.05). Parity of 4 or grand multipara showed positive association with CHD but it was 
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not significant (P>0.05). Mother’s age at booking showed no evidence of association with 

CHD (P>0.05). Women’s ages were grouped into six categories, none of which 

demonstrated association when they were compared with the baseline age group 25-29 

years. 

Another predictor that showed strong evidence of positive association with CHD is family 

history of CHD or congenital abnormalities and syndromes. The positive association is 

statistically significant and increased with those with a history of CHD only, those with 

a history of congenital abnormalities and syndromes only, and those with a history of both 

(P<0.01). The positive association with CHD also increased significantly in pregnant 

mothers who smoke (P<0.01), and among women who have given birth following less 

than 37 weeks of gestation (P<0.01). Mother’s usage of medications in pregnancy (based 

on self-reported data taken from NIMATS), and usage of folic acid (FA) and vitamins or 

any other medications showed no significant association with CHD (P>0.05). Multiple 

births in comparison to single birth showed a significantly positive association with CHD 

(P<0.01). 

Pregnancy that is not planned, different levels of BMI, and alcohol consumption did not 

show any significant association with CHD (P>0.05). Using the EPD file showed that 

MHM has no significant association with CHD (P=0.40). In contrast, FA antagonists and 

MHM taken with FA have shown a significantly increased risk of developing CHD 

(P<0.05). However, FA supplement alone showed no significant protective association 

with CHD (P>0.05). 
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Table 5.34: Association between pregnant mothers’ covariates and CHD in NI 

(2010-2014) using OR and 95% CI (bivariate analysis). 

 Covariate No 

CHD  

CHD  Total Crude 

OR  

95% CI P 

value 

1. Gestational age at booking   

≤14 weeks 85,126 1,043 86,169    

>14 weeks 7,779 119 7,898 1.25 1.03-1.51 0.02 

Missing 0 0 0    

Total 92,905 1,162 94,067    

2. Urban/rural residency  

Urban 59,637 746 60,383    

Rural 31,999 414 32,413 1.03 0.92-1.17 0.58 

Missing # # 1,271    

Total # # 94,067    

3. NIMDM2010  

Quintile 5  

(Least deprived) 

14,167 180 14,347    

Quintile 4 17,880 218 18,098 0.96 0.79-1.17 0.68 

Quintile 3 18,971 259 19,230 1.07 0.89-1.30 0.46 

Quintile 2 19,529 225 19,754 0.91 0.74-1.10 0.33 

Quintile 1  

(Most deprived) 

21,157 279 21,436 1.04 0.86-1.25 0.70 

Missing # # 1,202    

Total # # 94,067    

4. Parity  

P0 (Nulliparous) 33,071 469 33,540    

P1 33,852 403 34,255 0.84 0.73-0.96 0.01 

P2 16,888 173 17,061 0.72 0.61-0.86 <0.01 

P3 5,932 64 5,996 0.76 0.59-0.99 0.04 

P4 1,764 28 1,792 1.12 0.76-1.64 0.57 

≥ P5 (Grand multipara) 970 17 987 1.24 0.76-2.01 0.39 

Missing # # 436    

Total # # 94,067    
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5. Age at booking  

25-29 years 25,968 342 26,310    

20-24 years 14,863 167 15,030 0.85 0.71-1.32 0.09 

30-34 year 28,919 370 29,289 0.97 0.84-1.13 0.70 

35-39 years 15,280 186 15,466 0.92 0.77-1.11 0.39 

40+ years 3,091 36 3,127 0.88 0.63-1.25 0.49 

<20 years 4,738 58 4,796 0.93 0.70-1.23 0.61 

Missing # # 49    

Total # # 94,067    

6. Unplanned pregnancy  

Planned 63,938 792 64,730    

Unplanned 26,535 330 26,865 1.004 0.88-1.14 0.95 

Missing 2,432 40 2,472    

Total 92,905 1,162 94,067    

7. History of CHD/congenital 

abnormalities and syndromes 

 

No history of CHD/congenital 

abnormalities and syndromes 

81,641 841 82,482    

Only history of CHD 6,310 237 6,547 3.65 3.15-4.22 <0.01 

Only history of congenital 

abnormalities and syndromes 

4,593 68 4,661 1.44 1.12-1.84 <0.01 

History of CHD and congenital 

abnormalities and syndromes 

361 16 377 4.30 2.60-7.13 <0.01 

Missing 0 0 0    

Total 92,905 1,162 94,067    

8. Mother’s BMI  

Normal 44,395 541 44,936    

Overweight 26,041 329 26,370 1.04 0.90-1.19 0.61 

Obese 15,027 186 15,213 1.02 0.86-1.20 0.86 

Morbidly obese 1,924 22 1,946 0.94 0.61-1.44 0.77 

Underweight 2,033 31 2,064 1.25 0.87-1.80 0.23 

Missing 3,485 53 3,538    

Total 92,905 1,162 94,067    

9. Mother's smoking  
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No 77,453 933 78,386    

Yes 15,383 228 15,611 1.23 1.06-1.42 <0.01 

Missing # # 70    

Total # # 94,067    

10. Alcohol consumption  

No 91,910 1,149 93,059    

Yes 914 12 926 1.05 0.59-1.86 0.87 

Missing # # 82    

Total # # 94,067    

11. Mother’s present medication 

(NIMATS) 

 

None 5,103 51 5,154 1   

FA and vitamins 68,878 849 69,727 1.23 0.93-1.64 0.15 

Other medications 18,924 262 19,189 1.39 1.02-1.87 0.03 

Missing 0 0 0    

Total 92,905 1,162 94,067    

12. Gestational at delivery in weeks  

≥ 37 weeks (Term) 86,240 943 87,183    

<37 weeks (Preterm) 6,587 218 6,805 3.03 2.61-3.51 <0.01 

Missing # # 79    

Total # # 94,067    

13. Multiple birth  

Single 89,732 1,085 90,817    

Multiple 3,173 77 3,250 2.01 1.59-2.54 <0.01 

Missing 0 0 0    

Total 92,905 1,162 94,067    

14. Exposure to medications in EPD  

No exposure 36,195 456 36,651    

FA and Vitamin 9,883 120 10,003 0.96 0.79-1.18 0.72 

FA antagonists # # 192 2.56 1.13-5.80 0.02 

MHM 815 13 828 1.27 0.73-2.21 0.40 
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MHM and FA and vitamins 497 12 509 1.92 1.07-3.42 0.03 

MHM and others 2,730 37 2,767 1.08 0.77-1.51 0.67 

MHM and non- interested 

combination 

2,831 41 2,872 1.15 0.83-1.59 0.40 

Other medications 39,765 480 40,245 0.95 0.84-1.09 0.52 

Missing 0 0 0    

Total 92,905 1,162 94,067    

# Disclosure control by the researcher for numbers less than 10, as per the process laid out by 

HBS. 

MHM=mental health medication; FA=folic acid. 

 

Other covariates related to the baby were examined (Table 5.35). There was strong 

evidence of positive association between LBW (birth weight<2500 g) and CHD (P<0.01) 

and between the diagnosis of congenital anomalies recorded on the labour summary sheet 

and CHD (P<0.01). Gender difference showed no statistically significant evidence of 

association with CHD (P>0.05). Year of birth also showed evidence of strong association 

with CHD, with a statistically significant positive association with those born in 2011, 

2012, 2013, and 2014 in comparison to those born in 2010 (P<0.01).  

 

 

 

 

 

 

 

 

 

 



210 

 

 

 

Table 5.35: Association between covariates related to baby at birth and CHD in NI 

(2010=2014) using OR and 95% CI. 

 Covariate No 

CHD 

CHD  Total OR 

crude 

95 % CI 

  

P value 

  

1. Low birth weight (<2500g)  

No 87,552 971 88,523    

Yes 3,684 134 3,818 3.28 2.73-3.94 <0.01 

Missing 1669 57 1726    

Total 92,905 1,162 94,067    

2. Gender  

Male 47,460 609 48,069    

Female 45,427 553 45,980 0.95 0.84-1.07 0.37 

Missing 18 0 18    

Total 92,905 1,162 94,067    

3. Congenital anomalies 

recorded on labour form 

 

No 92,045 1,040 93,085    

Yes 860 122 982 12.56 10.29-15.32 <0.01 

Missing 0 0 0    

Total 92,905 1,162 94,067    

4. Baby's year of birth  

2010 12,532 216 12,748 1   

2011 15,616 205 15,821 0.76 0.63-0.92 <0.01 

2012 19,422 259 19,681 0.77 0.64-0.93 <0.01 

2013 21,824 233 22,057 0.62 0.51-0.75 <0.01 

2014 23,511 249 23,760 0.61 0.51-0.74 <0.01 

Missing 0 0 0    

Total 92,905 1,162 94,067    

# Disclosure control by the researcher for numbers less than 10, as per the process laid out by HBS. 
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Derived predictors were created, namely previous miscarriage and SGA, as there is 

evidence in the literature that previous miscarriage has an association with CHD (Feng et 

al. 2015b). The parity variable was used to derive the previous miscarriage variable (the 

syntaxes used in this study, including those for creating the derived variables are 

contained in Appendix 11). The current data shows evidence of positive association 

between previous miscarriage and CHD (P<0.05). SGA showed strong evidence of 

positive association with CHD (P<0.05) (Table 5.36). 

Table 5.36: The association between previous miscarriage/SGA and CHD in NI 

(2010-2014) using OR and 95%. 

  No CHD  CHD  Total OR crude 95% CI P value 

1. Previous 

miscarriage 

  

No 803 67,230 68,033       

Yes 351 25,247 25,598 1.16 1.03-1.32 0.02 

Missing # # 436       

Total # # 94,067       

2. SGA   

No SGA 83,513 991 84,504       

SGA 8,964 163 9,127 1.53 1.30-1.81 <0.01 

Missing # # 436       

Total # # 94,067       

SGA=small for gestational age. 

# Disclosure control by the researcher for numbers less than 10, as per the process laid out by 

HBS. 

5.3.4 Association between the main covariates and CHD using the best fitting 

model 

Different models were built using forward and a mixture of forward and backward model-

building techniques and the best fitting model was chosen (Table 5.37). 

The model which best fits the study data includes urban/rural residency, age at booking, 

mother’s smoking, alcohol consumption, history of previous miscarriage, SGA, family 
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history of CHD or congenital anomalies, taking medication during pregnancy, diagnosis 

of congenital anomalies during pregnancy, and planned pregnancy (Table 5.37). 

Regarding urban/rural distribution, the adjusted odds of CHD among offspring of mothers 

who lived in rural areas during pregnancy is 1.05 (95% CI 0.92-1.19; P>0.05) compared 

to those mothers who lived in urban areas during pregnancy, however, the positive 

association was not statistically significant (Table 5.37). 

Mothers whose age at booking was 20-24 had a statistically significant decreased risk of 

having babies with CHD compared with mothers in the 25-29 age group (P<0.05). There 

was no statistically significant evidence of increased or decreased risk of CHD among 

women of other age groups compared to the 25-29 age group. Mother’s smoking was 

shown to be significantly positively associated with CHD (P<0.05).  

Analysis of SGA showed evidence of significantly increased odds of developing CHD 

(P<0.05). History of CHD or CHD with congenital abnormalities and syndromes showed 

a statistically significant positive association with CHD (P<0.05). History of congenital 

abnormalities and syndromes alone had no statistically significant association with CHD 

(P>0.05). 

Medications from EPD are categorised into non-medication, FA and vitamin, FA 

antagonists, MHM, MHM with other group, and other medications (other medications are 

any medication that is not FA, FA antagonists, or MHM). Analysis of redeemed 

prescriptions indicated no statistically significant evidence of increased odds of 

developing CHD among any of these categories except for FA antagonists (P<0.01). 

MHM as a group have failed to show significant association with CHD (P>0.05). 

Congenital anomalies recorded on the mother’s labour form in NIMATS was 

significantly associated with developing CHD (P<0.05). 

History of miscarriage, unplanned pregnancy or alcohol consumption all showed no 

significant association with CHD (P>0.05).  
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Table 5.37: Association between different risk factors and CHD in NI (2010-2014) 

using OR, 95% CI, and P value based on the best model fit (Multivariable analysis). 

Covariates AOR* 95% CI P value 

 

1. Urban/rural residency       

Urban 1.00     

Rural 1.05 0.92-1.19 0.45 

2. Age at booking       

25-29 1.00     

20-24 0.80 0.66-0.97 0.03 

30-34 1.00 0.85-1.16 0.97 

35-39 0.90 0.75-1.09 0.29 

40+ 0.85 0.59-1.22 0.39 

<20 0.86 0.63-1.16 0.31 

3. Mother's smoking       

No 1.00     

Yes 1.19 1.02-1.40 0.03 

4. Alcohol consumption       

No 1.00     

Yes 0.95 0.52-1.74 0.88 

5. History of miscarriage       

No history 1.00     

History of miscarriage 1.13 0.99-1.29 0.07 

6. SGA       

No 1.00     

Yes 1.41 1.18-1.68 <0.01 

7. History of CHD/congenital abnormalities and 

syndromes 

      

No history of CHD/congenital abnormalities and 

syndromes 

1.00     

Only history of CHD 3.63 3.13-4.23 <0.01 

Only history of congenital abnormalities and 

syndromes 

1.29 0.99-1.68 0.06 

History of CHD and congenital abnormalities and 

syndromes 

4.16 2.47-6.98 <0.01 

8. Exposure to medications in EPD       
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No exposure 1.00     

FA and vitamin 0.99 0.80-1.22 0.92 

FA antagonists 3.14 1.38-7.16 0.01 

MHM 1.17 0.65-2.10 0.60 

MHM and FA and vitamin 1.83 1.01-3.30 0.047 

MHM and others 0.95 0.67-1.35 0.76 

MHM and non-interested combination 1.02 0.72-1.43 0.92 

Other medications 0.88 0.76-1.03 0.12 

9. Congenital anomalies recorded on labour form       

No 1.00     

Yes 12.20 9.90-15.05 <0.00 

10. Unplanned pregnancy       

Planned pregnancy 1.00     

Unplanned pregnancy 0.97 0.84-1.12 0.72 

 MHM=mental health medication; FA=folic acid.  

*Adjusted for urban/rural residency, age at booking, mother’s smoking, history of miscarriage, 

small for gestational age, history of CHD/congenital abnormalities and syndromes, exposure to 

medications from EPD, diagnosis of congenital anomalies during pregnancy, and planned 

pregnancy. 

 

 

It should be noted that adjustment for the best fitting model variables had no impact on 

the variables in the bivariate model for CHD, with no statistically significant change of 

OR observed in different risk factors of the study. Regarding urban/rural residency, the 

odds of CHD among offspring of mothers who lived in a rural area during pregnancy 

compared to those who lived in an urban area were greater in the multivariable model 

than in the bivariate model (1.05 versus 1.03), but did not reach statistical significance in 

either model. History of previous miscarriage showed a significant positive association 

with CHD in the bivariate model and no significant association with CHD in the adjusted 

model (P=0.02 versus P=0.07, respectively). A statistically significant positive 

association with CHD was found in both models in relation to mother’s smoking and 

congenital anomalies recorded on the labour form in NIMATS (P<0.05). The positive 

association of alcohol consumption and unplanned pregnancy with CHD was not 

statistically significant in both models (P>0.05). 
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The family history of CHD/congenital abnormalities and syndromes variable showed a 

statistically significant positive association with CHD in all the variable categories in the 

bivariate model (P>0.05), but history of congenital abnormalities and syndromes did not 

show a statistically significant positive association in the adjusted models (P>0.05).  

The redemption of medications variable produced similar results in both models. The FA 

antagonists showed a statistically significant positive association with CHD in the crude 

and adjusted models (P<0.05).  

Mother’s age of 20-24 at time of booking was shown to have a statistically significant 

protective effect for CHD (P = 0.03) in the adjusted model. This compares to no 

statistically significant protective effect in the bivariate analysis (P=0.09).  

The most statistically significant maternal sociodemographic risk factor in the adjusted 

model was the family history of both CHD and congenital abnormalities and syndromes 

(OR=4.16; 95% CI=2.47-6.98; P<0.01). History of CHD only was the second most 

statistically significant maternal risk factor in the model (OR=3.63; 95% CI 3.13-4.23; 

P<0.01). FA antagonists also had a significant impact on the model (OR=3.14; 95% CI 

1.38-7.16; P<0.01). Mother’s smoking showed statistically significant positive 

association with CHD (OR=1.19; 95% CI 1.02-1.40; P<0.05). Congenital anomalies 

recorded on the mother’s labour form in NIMATS showed statistically significant 

positive association with CHD (OR=12.20; 95% CI 9.90-15.05; P<0.01), however that 

was not a maternal risk factor for CHD.  

In the final model of the study, urban/rural residency was assessed as an effect modifier 

of the positive association between mother’s smoking and CHD. Using maximum 

likelihood estimation of the OR to compare the positive association between smoking and 

CHD by urban or rural residency revealed that there was evidence of significant effect 

modification (P for homogeneity=0.86) (Table 5.38). Therefore, it can be concluded that 

urban/rural residency did modify the effect of mother’s smoking on CHD, which can be 

further explained as that the significant positive association between mother’s smoking 

and CHD was shown in urban areas rather than in rural areas. 
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Table 5.38:  Comparing the OR, 95% CI, and p value of mother’s smoking and CHD 

based on urban/rural residency.  

Urban/rural 

residency 

OR P value 95% CI 

Urban 1.25 0.01 1.06-1.48 

Rural 1.24 0.13 0.93-1.65 

Mantel-Haenszel estimate controlling for urban/rural residency 

OR 95% CI P value P value for test homogeneity of ORs 

1.25 1.08-1.44 0.01 0.86 

 

5.4 Relationship between MHM taken in the preconceptional period 

and in the first trimester of pregnancy and CHD in NI (2010-

2014). 

The findings on the relationship between MHM taken in the preconceptional period and 

in the first trimester of pregnancy and CHD are presented in this section, which begins 

by describing the EPD and the final analysed file. The association between MHM and 

CHD is then presented, followed by an assessment of the strength and direction of the 

association using multivariable analysis with the best fit model when sample size allows. 

5.4.1 The EPD file 

There were 59,406 pregnant women in the EPD file, and the distribution of medication in 

this file was as follows: MHM as monotherapy (meaning a woman who had redeemed 

prescriptions for only 1 type of MHM) (n=834; 1.40%) (MHM is defined based on British 

National Formulary (BNF), it includes hypnotics, anxyolitics, drugs for psychoses and 

related disorders, and antidepressant drugs (table 5.39)), MHM and FA and/or vitamins 

(n=514; 0.87%), MHM and others (n=2799; 4.71%), MHM as polytherapy (which means 

a woman had redeemed prescriptions for more than 1 type of MHM) (n=2891; 4.87%), 

FA and vitamins (n=10,054; 16.92%), FA antagonists (n=194; 0.33%), other medications 

(n=23,483; 39.53%) (other medications are any medication that is not FA and vitamins, 

FA antagonists, or MHM), anti-diabetic prescription (n=804; 1.35%), antiepileptic 
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prescription (n=860; 1.45%), vitamin A (n=21; 0.04%), and other combinations of 

medications (n=16,952; 28.54%) (other combinations of medications are combinations of 

medications that are not MHM, FA and vitamins, or FA antagonists), see Appendix 16.  

The total number of pregnant women who redeemed MHM prescriptions was 7,038, 

representing 11.85% of all pregnant women who redeemed prescriptions in NI.  Of these, 

834 cases (11.85%) redeemed prescriptions for only one MHM; of which 635 (9.02%) 

redeemed prescriptions for antidepressants. 

For pregnancies exposed to monotherapy MHM, further splitting of medications was 

performed to create four main classifications based on the BNF as follows: (1) MHM as 

one group, (2) MHM as three groups, (3) MHM as ten subgroups, and (4) MHM as 

specific medications (Table 5.39).  

Table 5.39: MHM classification used in the study based on the British National 

Formulary (BNF).  

MHM Classification into 

3 groups  

Classification into 10 subgroups Specific 

medications 

Hypnotics and 

anxiolytics  

1.      Hypnotics  

2.      Anxiolytics  

3.      Barbiturates 

Specific 

medication 

(e.g. 

Fluoxetine) Drugs used in 

psychoses and 

related disorders  

4.      Antipsychotic drugs   

5.      Antipsychotic depot injections  

6.      Drugs used for mania and hypomania 

Antidepressant 

drugs 

7.      Tricyclic and related antidepressant drugs  

8.      Monoamine-oxidase inhibitors  

9.      SSRI  

10.  Other antidepressant drugs 

 

Data showed that citalopram was the most commonly redeemed single MHM (n=204; 

24.46%), followed by Fluoxetine (n=191; 22.90%) and Sertraline (n=110; 13.19%).  

5.4.2 Description of the final NIMATS/HSD and EPD linked file 

Of the 96,233 pregnant women who were found in the linked NIMATS/HSD and EPD 

files, 2,166 pregnancies were excluded from the analysis, including pregnancies on anti-

diabetic medication, anti-epileptic medication, or taking Vitamin A, pregnancies which 
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ended with stillbirths, and CHD cases with chromosomal anomalies and syndromes, 

giving a total of 94,067 cases for the final analysis. The final file for analysis included 

57,416 who had redeemed medications and 36,651 who had not redeemed medications 

during the exposure window. The flow of data is shown in Figure 5.4. 

Before anti-diabetic medications were excluded from the analysis, the association 

between them and CHD was checked; this showed a significantly positive association 

(OR=2.70; 95% CI=1.86-3.87; P<0.01).                                                                                                     

Of the pregnancies in the linked file, 828 pregnancies were exposed to monotherapy 

MHM. No estimation of risk effect has been performed if the cell with exposure has a 

number less than 3 as per practice in literature. Among women exposed to MHM, 625 

were exposed to antidepressants, while 203 redeemed prescriptions for hypnotics and 

anxyolitics or drugs used to treat psychoses and related disorders. Among antidepressant 

drugs, SSRI were the most frequently prescribed to women exposed to MHM (n=560). 

Of the medications in the SSRI group, Citalopram was most frequently prescribed as 

monotherapy MHM (n=202), followed by Fluoxetine (n=#1), Escitalopram (n=32), then 

Sertraline (n=110). 

Of the MHM in the hypnotics and anxyolitics class, diazepam was the most common 

medication prescribed (n=44). The flow of data regarding different medications and 

MHM in the study population was shown in Figure 5.4.  

 

 

 

 

 

 

1 The number has been suppressed as per the process laid out by HBS, as it is possible to 

calculate the missing cell values by using the OR and totals.  
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5.4.3 MHM and CHD 

In the final file for analysis (n=94,067), 6,976 (7.42%) pregnant women redeemed MHM 

(monotherapy or polytherapy or combined with other medications); 1,162 (1.24%) 

women gave birth to children with CHD, and 92,905 (98.76%) gave birth to children with 

no CHD (Table 5.40 and Figure 5.4). 

MHM as monotherapy showed no statistically significant association with CHD 

(AOR=1.17; 95% CI=0.65-2.10; P=0.60). MHM and FA and vitamins, and MHM and 

other medications also showed no statistically significant association with CHD, with 

AOR=1.82 (95% CI=1.00-3.29; P=0.048) and AOR=0.95 (95% CI=0.67-1.35; P=0.79) 

respectively. Likewise, MHM as polytherapy showed no statistically significant 

association (AOR=1.01, 95% CI=0.72-1.43; P=0.93).  

Drugs used to treat psychoses and related disorders showed a significant positive 

association with CHD (AOR=11.57; 95% CI=2.54-52.83; P<0.01). Exposure to 

antidepressant medication showed no significant association with CHD (AOR=1.30, 95% 

CI=0.68-2.47; P=0.43).  

Antipsychotics (a subcategory of drugs used to treat psychoses and related disorders) also 

demonstrated a significant positive association with CHD (AOR=13.28; 95% CI=2.85-

61.93; P<0.01). SSRI as a group showed no significant association with CHD 

(AOR=1.20; 95% CI=0.59-2.44; P=0.61) (Table 5.40). Likewise, Fluoxetine did not show 

a statistically significant association with CHD (AOR=2.14; 95% CI=0.87-5.22; P=0.10) 

(Table 5.40).  
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Table 5.40: Association between MHM, FA and vitamins, FA antagonists, or other medications and CHD in NI (2010-2014) using  

crude and adjusted OR and 95% CI. 

 

Medications No CHD CHD Total OR P value 95% CI AOR P value 95% CI 

No medication 36195 456 36651       

MHM monotherapy 815 13 828 1.27 0.41 0.73-2.21 1.17* 0.60 0.65-2.10 

MHM and FA and Vitamins 497 12 509 1.92 0.03 1.07-3.42 1.82* 0.048 1.00-3.29 

MHM and others 2,730 37 2,767 1.07 0.67 0.77-1.51 0.95* 0.79 0.67-1.35 

MHM polytherapy with only 

MHM 

2,831 41 2,872 1.15 0.40 0.83-1.59 1.01* 0.93 0.72-1.43 

FA and vitamins 9,883 120 10,003 0.96 0.72 0.79-1.18 0.97* 0.78 0.79-1.19 

FA antagonists # # # 2.56 0.02 1.13-5.80 3.08* <0.01 1.35-7.01 

Other medications # # # 0.95 0.52 0.84-1.09 0.89* 0.13 0.76-1.04 

Total 92,905 1,162 94,067       

Based on 3 groups of MHM  

Drugs used for psychoses and 

related disorders 

# # # 17.01 <0.01 4.87-59.39 11.57** <0.01 2.54-52.83 

Antidepressants 615 10 625 1.29 0.43 0.69-2,43 1.30** 0.43 0.68-2.47 

Based on 10 groups of MHM  

Antipsychotic # # # 19.84 <0.01 5.58-70.56 13.28** <0.01 2.85-61.93 

SSRI # # # 1.15 0.70 0.59-2.33 1.20** 0.61 0.59-2.44 

MHM specific medications  

Fluoxetine # # # 2.16 0.09 0.88-5.27 2.14*** 0.10 0.87-5.22 
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 # Disclosure control and exposure of more than three. The number has been suppressed as per the process laid out by HBS, as it is possible to calculate the 

missing cell values by using the OR and totals.           

* Adjusted for urban/rural residency, mother’s smoking, history of previous miscarriage, SGA, family history of CHD/chromosomal abnormalities, diagnosis 

of congenital anomalies in pregnancy, and planned pregnancy (best fit model).                                                                                   

 ** Adjusted for urban/rural residency, age at booking, mother’s smoking, alcohol consumption, history of previous miscarriage, SGA, family history of 

CHD/chromosomal abnormalities, diagnosis of congenital anomalies in pregnancy, and planned pregnancy (best fit model).                    

 *** Adjusted for mother’s age at booking, mother’s smoking, alcohol consumption, history of previous miscarriage, SGA, and planned pregnancy. 

Others=any other medication that is not FA, FA antagonists, or MHM. 

MHM=mental health medication; FA=folic acid; SSRI=Selective Serotonin Reuptake Inhibitors
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5.4.4 MHM and subtypes of CHD 

CHD as an outcome was assessed at three levels: all CHD, common subtypes of CHD 

(VSD, ASD and PVS), and severe CHD.  

ASD 

While MHM showed no statistically significant association with ASD (AOR=1.44; 

95% CI=0.53-3.93; P=0.48), MHM and FA did show a significant positive association 

with ASD (AOR=4.98; 95% CI=2.36-10.25; P<0.01). MHM and other medications 

also showed no statistically significant association with ASD (AOR=1.36; 95% 

CI=0.76-2.42; P=0.30). Both antidepressants and SSRI showed no statistically 

significant association with ASD, with AOR=1.44 (95% CI=0.46-4.57; P=0.53) and 

AOR=1.62 (95% CI=0.51-5.13; P=0.41) respectively (Table 5.41). 

VSD 

Due to sample size restriction, the only group that can be assessed for any association 

with VSD was ‘MHM and others’, which showed no statistically significant 

association with VSD (AOR=0.78; 95% CI=0.36-1.67; P=0.52) (Table 5.42). 

PVS 

The only MHM or medication group that can be assessed for association with PVS 

was MHM and others, which showed no statistically significant association with PVS 

(AOR=1.24; 95% CI=0.37-4.11; P=0.73) (Table 5.43).  

Severe CHD 

It was not possible to demonstrate whether there was an association between MHM 

and severe CHD due to sample size restriction. MHM and others showed a protective 

association with severe CHD, but that result was also not statistically significant 

(AOR=0.72; 95% CI=0.29-1.78; P=0.47) (Table 5.44). The numbers involved in each 
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subtype of severe CHD did not enable estimation of any association between MHM, 

whether specific or together or in a group, and CHD. 
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Table 5.41: Association between different groups or subgroups of MHM and ASD using crude and adjusted OR and 95% CI. 

Medications No ASD ASD Total OR P>z 95% CI AOR* P>z 95% CI 

Medications          

No medication 36,195 117 36,312 1.00      

MHM # # # 1.90 0.16 0.77-4.66 1.44 0.48 0.53-3.93 

MHM/FA # # # 4.98 <0.01 2.42-10.25 4.86 <0.01 2.34-10.09 

MHM/others 2,730 14 2,744 1.59 0.10 0.91-2.77 1.36 0.30 0.76-2.42 

Based on 3 groups of MHM  

Antidepressants # # # 1.51 0.48 0.48-4.76 1.44 0.53 0.46-4.57 

Based on 10 groups of MHM  

SSRI # # # 1.68 0.38 0.53-5.30 1.62 0.41 0.51-5.13 

# Disclosure control and exposure of more than three. The number has been suppressed as per the process laid out by HBS, as it is possible to calculate the 

missing cell values by using the OR and totals. 

* Adjusted for urban/rural residency, parity, age at booking, mother’s smoking, alcohol consumption, gender, single birth, history of previous miscarriage, 

family history of CHD/chromosomal abnormalities, and planned pregnancy (best fit model). 

Others=any other medication that is not FA, FA antagonists, or MHM. 

MHM=mental health medication; FA=folic acid; SSRI=Selective Serotonin Reuptake Inhibitors. 
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Table 5.42: Association between MHM/others and VSD using crude and adjusted OR and 95% CI. 

Medications No VSD VSD Total OR P>z 95% CI AOR* P>z 95% CI 

No medication 36,195 123 36,318 1.00      

MHM/others # # # 0.75 0.47 0.35-1.62 0.78 0.52 0.36-1.67 

# Disclosure control and exposure of more than three. The number has been suppressed as per the process laid out by HBS, as it is possible to calculate  

the missing cell values by using the OR and totals. 

* Adjusted for urban/rural residency, parity, age at booking, mother’s smoking, alcohol consumption, gender, single birth, history of previous  

miscarriage, family history of CHD/chromosomal abnormalities, and planned pregnancy (best fit model). 

Others=any other medication that is not FA, FA antagonists, or MHM. 

MHM=mental health medication; FA=folic acid. 

 

Table 5.43: Association between MHM/others and PVS using crude and adjusted OR and 95% CI. 

Medications No PVS PVS Total OR P>z 95% CI AOR* P>z 95% CI 

No medication 36,195 29 36,224 1.00       

MHM/others # # # 1.28 0.68 0.39 4.2 1.24 0.73 0.37 4.11 

The numbers available for the 3 groups, 10 subgroups, and MHM specific medications do not allow estimation. 

# Disclosure control and exposure of more than three. The number has been suppressed as per the process laid out by HBS, as it is possible to calculate the 

missing cell values by using the OR and totals. 

* Adjusted for urban/rural residency, parity, mother’s smoking, alcohol consumption, single birth, history of previous miscarriage, SGA, and planned pregnancy 

(best fit model). 

Others=any other medication that is not FA, FA antagonists, or MHM. MHM=mental health medication 
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Table 5.44: Association between MHM/others and severe CHD using crude and adjusted OR and 95% CI. 

Medications No 

CHD 

Severe 

CHD 

Total OR P>z 95% CI AOR* P>z 95% CI 

No medication 36,195 85 36,280         

MHM/others # # # 0.77 0.57 0.31 1.90 0.72 0.47 0.29 1.78 

# Disclosure control and exposure of more than three. The number has been suppressed as per the process laid out by HBS, as it is possible to calculate the 

missing cell values by using the OR and totals.                                                                                                                                                 

* Adjusted for urban/rural residency, parity, age at booking, mother’s smoking, alcohol consumption, gender, single birth, history of previous miscarriage, 

family history of CHD/chromosomal abnormalities, and planned pregnancy (best fit model).  

Others=any other medication that is not FA, FA antagonists, or MHM. 

MHM=mental health medication. 
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Chapter 6:  

The feasibility and added value of using 

linked clinical and administrative databases 

for public health research 

 

6.1 Introduction 

The use of existing administrative and clinical databases when conducting research has 

become common (Curzon et al. 2008; Karamlou et al. 2008). In the absence of a single 

comprehensive source of data, the integration of information gathered from multiple 

sources is advantageous (Astolfi et al. 2013). This approach has helped to overcome 

certain research barriers and linking administrative and clinical records has proved to be 

of value in public health research. Data linkage of multiple sources enables the 

establishment of a population surveillance system, making it possible to observe patterns 

and trends over time which are important for helping policy makers to understand how 

health policy can improve health (Christen and Goiser 2007; Hanlon et al. 2007; Kemm 

et al. 2010). Prior to this study, this approach has not been applied in paediatric CHD in 

NI. Data resources are available to researchers in NI and the significance of research that 

uses administrative and clinical data has been acknowledged (Habl et al. 2016).    

It is important to explain the difference between clinical and administrative data which 

are the main sources for healthcare data (David et al. 2007). The contents of 

administrative data are variable and mostly include diagnostic codes or ICD codes, 

mortality data, claims data, and demographic data (Ambroggio and Shah 2013; Bradley 

2013), while data such as vital signs, medical or surgical history are regarded as clinical 

data (Raghupathi and Raghupathi 2014). A database which could be clinical or 

administrative is defined as  
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“a collection of organised, related data, especially one in electronic form that can 

be accessed and manipulated by specialized computer software” (Random House 

Kernerman Webster's College Dictionary 2010). 

One objective of this study was to determine whether it was possible to access population-

linked data from one of the emerging data resources available in NI, that is HBS to answer 

research questions related to CHD specifically using HSD and NIMATS. It is important 

to write an overview of the researcher’s experience and the challenges faced in this area 

to alert interested researchers to the issues related to using administrative and clinical data 

in NI. The data used in this study refers particularly to the HSD, the NIMATS and the 

EPD. 

Having prepared the research protocol, discussed it within the research team in UU, and 

familiarised themselves with the required forms and guidelines which are all available on 

the HBS website, the researcher initiated communication with the principal statistician in 

HBS. The purpose of this early communication, which took the form of emails and 

meetings, was to explain the project, discuss the feasibility of the study protocol, and 

agree subsequent steps. Ongoing clarification of issues related to the variables was 

necessary as there was no available standard for variable format, definition, or quality and 

completeness. Clarification of these issues was important as they had been taken into 

consideration before applying for ethical and governance approval to begin the study.  

6.2 Databases and preparations to make this study feasible 

The databases which were used in this study are discussed in the following section 

regarding the variables used and data preparation by HBS which made this study feasible.  

6.2.1 HSD (2005-2014) 

The variables from the HSD that were requested for the current study and details of their 

completeness are described in Table 6.1. The quality of the data depends on its 

completeness and accuracy (Olsen et al. 2010a). The accuracy of the diagnostic variables 

in the HSD is expected to be high, especially when associated with a high percentage of 
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completeness. When a cardiologist makes a diagnosis, that information can be 

automatically inserted into the HSD by selecting the code corresponding to the disease 

from a drop-down menu, thereby streamlining the data capture process. The ease of this 

process is important, because the accuracy of certain information in clinical datasets 

diminishes as the actions required to transfer that data into the data set become more 

complex (van Walraven and Austin 2012).  

Some variables were of low quality as they had a very low rate of completeness, such as 

foetal diagnosis (20% completeness), and comorbidity present and catheterisation rating, 

both of which had 0% completeness (meaning neither variable had been completed in any 

case). None of these were used in the analysis. Other variables with <1% completeness 

have been used, such as the four additional variables to capture CHD diagnoses in 

Variable No. 14 (i.e. ICD10 [6-9]). A single case in the study may have up to nine ICD10 

codes and they are categorised into 9 ICD10 (ICD10 1 – 9) variables. A case with one 

ICD10 code is classified as a case of single CHD and a case with more than one ICD10 

code is classified as a case with multiple CHD and so all ICD10 variables have been used 

(even those with <1% completeness) to enable this classification. 

Four files were extracted from HSD and transferred securely to HBS and merged together 

to create a single file with one row per case using the patient’s unique HCN or hospital 

number. 
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Table 6.1 Description and completeness of variables from HSD used in the study 

Variable Description Completeness of 

data/comments 

1. 

PREVALENCE_STU

DY_ID 

A case number numbered from 1 to 

11,410. 

100% 

2.  

YEAR_OF_BIRTH 

Based on date of birth. 100% 

3. AGE_AT_DEATH_

YEARS 

Calculated from date of birth and date of 

death, where available. 

1% 

4. AGE_AT_DIAGN

OSIS_YEARS 

Calculated from date of birth and date of 

earliest echo. Where date of earliest echo 

was not available, earliest date of 

diagnosis (from the diagnosis table) was 

used instead. 

100% 

5. AGE_AT_PROCE

DURE_YEARS [1-5] 

Calculated from date of birth and 

procedure date. There are up to 5 separate 

variables for patients who have had 

multiple procedures. 

AGE_AT_PROCE

DURE_YEARS1 

(5%) 

AGE_AT_PROCE

DURE_YEARS2 

(1%) 

AGE_AT_PROCE

DURE_YEARS3 

(<1%) 

AGE_AT_PROCE

DURE_YEARS4 

(<1%) 

AGE_AT_PROCE

DURE_YEARS5 

(<1%) 

6. YEAR_OF_DEAT

H 

Based on year of death  (in HSD) 1% 

7. AGE_AT_DEATH_

IN_DAYS 

Calculated from date of birth and date of 

death, where available. Values include 

‘0-6 days’, ‘7-27 days’, ‘28-364 days’ 

and ‘not within first year’. 

1% 

8. CAUSE_OF_DEAT

H 

Free text. Very sparsely populated. <1% 

9. SEX Takes values ‘M’, ‘F’, ‘U’ or blank. 99.9% 

10. FETAL_DIAGNO

SIS 

Takes values ‘1’, ‘N’, ‘U’, ‘Y’ or blank. 20% 
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11. EPC1 [1-9] European Paediatric Cardiac code. Each 

diagnosis record had two EPC variables: 

EPC1 and EPC2. Duplicate diagnoses 

were recoded as additional variables and 

indicated by the second digit in the 

variable name. For example, EPC1 3 

indicates that a patient has 3 separate 

entries in the diagnosis table. Up to 9 

rows are available for each patient in the 

HeartSuite diagnosis table. 

EPC1 1    100%                         

EPC1 2    29%                           

EPC1 3     8%                              

EPC1 4     3%                            

EPC1 5     1%                           

EPC1 6     <1%                             

EPC1 7     <1%                          

EPC1 8     <1%                          

EPC1  9         <1% 

12.   EPC2 [1-9] These are the second European Paediatric 

Cardiac codes for each diagnosis record. 

For example, EPC2 3 gives the second 

EPC code value when a single patient has 

3 separate entries in the diagnosis table. 

EPC2 1        13%         

EPC2 2         6%          

EPC2 3         2%            

EPC2 4         1%         

EPC2 5          <1%      

EPC2 6          <1%      

EPC2 7          <1%      

EPC2 8          <1%      

EPC2 9          <1% 

13. ICD9 [1-9] International Classification of Diseases 

and Related Health Problems, edition 9. 

See EPC1 for explanation of ‘[1-9]’. 

ICD9 1          74% 

ICD9 2           21% 

ICD9 3             6% 

ICD9 4           3% 

ICD9 5           1% 

ICD9 6         <1% 

ICD9 7         <1% 

ICD9 8         <1% 

ICD9 9          <1% 

14. ICD10 [1-9] International Classification of Diseases 

and Related Health Problems, edition 10. 

See EPC1 for explanation of ‘[1-9]’. 

ICD10 1        80% 

ICD10 2          27%  

ICD10 3           8% 

ICD10 4          3% 

ICD10 5           1% 

ICD10 6        <1% 

ICD10 7       <1%   

ICD10 8       <1% 

ICD10 9       <1% 

15. DIAGNOSIS [1-5] Diagnosis variable from the HeartSuite 

procedures table. Originally coded using 

25 separate variables, concatenated here 

to prevent an excessive number of 

variables. Free text, including codes. Up 

to 5 separate variables are assigned to 

patients who have had multiple 

procedures. 

DIAGNOSIS 1       

5%     DIAGNOSIS 

2       1%   

DIAGNOSIS 3       

<1%   DIAGNOSIS 

4       <1% 

DIAGNOSIS 5       

<1%  

16. 

COMORBIDITY_PR

ESENT 

Blank values for all cases. 0% 

17. COMORBID_CO

NDITIONS [1-5] 

Comorbid conditions variable from the 

HeartSuite procedures table. Free text, 

COMORBID_CO

NDITIONS 1      1% 
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including codes. Up to 5 separate 

variables are assigned to patients who 

have had multiple procedures. 

COMORBID_CO

NDITIONS 2      

<1%    

COMORBID_CO

NDITIONS 3      

<1%   

COMORBID_CO

NDITIONS 4      

<1%   

COMORBID_CO

NDITIONS 5      

<1%   

18. PROC_DATE [1-

5] 

Procedure date variable from the 

HeartSuite procedures table. Up to 5 

separate variables are assigned to patients 

who have had multiple procedures. The 

first PROC_DATE variable contains the 

latest procedure. 

PROC_DATE 1        

5% PROC_DATE 

2        1% 

PROC_DATE 3        

<1% PROC_DATE 

4        <1% 

PROC_DATE 5        

<1% 

19. PROC_TYPE [1-5] Procedure type variable from the 

HeartSuite procedures table. Up to 5 

separate variables are assigned to patients 

who have had multiple procedures. The 

first PROC_TYPE variable contains the 

latest procedure. 

PROC_TYPE 1      

5% PROC_TYPE 2      

1% PROC_TYPE 3      

<1%  PROC_TYPE 

4      <1%  

PROC_TYPE 5      

<1% 

20. CATHETERISATI

ON_RATING 

Blank values for all cases. 0% 

21. URBAN_RURAL

_2015 

Urban rural classification based on 

NISRA’s Review of the Statistical 

Classification and Delineation of 

Settlements (March 2015). Assigned 

from patient postcode using the 

November 2016 Central Postcode 

Directory. 

76% within the 

linked file, which 

linked only cases 

with CHD 

(n=1429), of which 

1373 are complete, 

raising 

completeness to 

96.2%. 

22. NIMDM_2010_Q

UINTILE 

Deprivation quintile, from 1 (most 

deprived) to 5 (least deprived). 

Calculated from the NI Multiple 

Deprivation Measure 2010 Super Output 

Area rank. Super Output Areas were 

assigned from patient postcodes using the 

November 2016 Central Postcode 

Directory. 

76% within the 

linked file, which 

linked only cases 

with CHD 

(n=1429), of which 

1373 are complete, 

raising 

completeness to 

96.2%. 
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6.2.1.1 Data preparations by the Honest Broker Service for HeartSuite Data 

Notes for file preparation were given to the data provider (i.e. HBS) explaining how to 

merge the data into a single file for analysis before handing the final files to the researcher. 

The notes stated that for HSD (which has been transferred from RBHSC in 4 different 

files), when duplicate cases arise for which the values of variables differ, the most recent 

entry should be chosen. The first file (Echo results) was used as a proxy to identify the 

date of first diagnosis (n=34,092 records) as there were multiple rows per case and for 

each CHD case, a decision was made to take the first entry date for inclusion in the study 

file and to delete all other entries. The second file is diagnoses and comorbidity (n=16,422 

records). The notes stated that the third file, which is the cause of death (n=189 records), 

should be formatted so that one row is given per case. For the procedures file (the fourth 

file) (n=893 records), one row of data per case formatting was also requested.  

Staff at the HBS merged the four files using a composite ID variable consisting of the 

columns present in all four of the data tables: encrypted health and care number, and date 

of birth. The output file contains 11,410 rows and has one patient per row. 

The HBS staff produced the following details concerning the linked file:                               

The duplicate diagnoses were appended as additional variables to the relevant rows, i.e. 

EPC1 2, EPC2 2, ICD9 2 and ICD10 2 relate to that patient’s second diagnosis entry. 

Each patient could have up to nine diagnosis entries, although most had only one.  

For the Echo results file, taking the date of the earliest Echo for each ID reduced the 

number of rows from 34,092 to 11,425. Of 11,413 rows, 8,378 (73%) in the diagnosis file 

linked successfully to the Echo table. As the date of the first Echo is used with date of 

birth to calculate the age at diagnosis, the fact that 27% of patients in the diagnosis table 

did not have an Echo date was problematic. Rather than have approximately 3,000 null 

ages, date of first Echo was used where available, and earliest date of diagnosis, from the 

diagnosis table, was used when there was no Echo date. Consequently, all patients have 

a value for age at diagnosis. For 13 patients, the age at diagnosis was determined to be 

negative. In each case the recorded date of birth was less than the date of diagnosis. 
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Usually the difference is less than 1 month but the age calculation converts the values to 

‘-1’. For one patient, the age at diagnosis was ‘-2’; in this case, a date must have been 

entered incorrectly. 

For the date of death file, one duplicate row was removed, leaving 188 rows. Of these, 

145 rows (77%) were joined to diagnosis table, although the date of death was blank in 

12 of these rows. 

Once the four tables were combined, non-NI postcodes were excluded on the assumption 

that the individual lives outside NI when they were born, reducing the number of rows to 

11,410. Postcodes were available for 8,638 of the 11,410 patients (76%). This allowed 

urban/rural status and deprivation quintile to be assigned using the latest urban rural 

classification (2015). For a small number of patients (<10), a postcode was available but 

was invalid. In these cases, urban rural status appears as ‘00000’. Anonymous linked file 

was shared with the researcher within the safe haven (with all IDs removed).  

6.2.2 NIMATS (2010-2014) 

NIMATS is an electronic clinical database used by Health and Social Care Trusts to 

record details of women seeking maternity care in NI. It includes details of the current 

and any past pregnancies and records whether a woman gave birth to a live-born or 

stillborn baby. Only records of resident mothers were extracted for use in the current 

study. 

The variables from NIMATS that were requested for the study are described in Table 6.2, 

together with the completeness of each variable. Some variables showed a very low level 

of completeness and thus have not been used in the analysis, for example, 

Mother_Folic_Acid (10% completeness). 
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Table 6.2: Completeness and notes of variables in NIMATS  

Variable Notes Completeness of 

data/comments 

1.  STUDY_ID A case number numbered from 1 to 96,233. Allows 

data linkage to EPD data. 

100% 

2. MOTHER_ID A case number numbered from 1 to 94,545. Can be 

used to identify small number of multiple 

pregnancies where both? births involved CHD. 

100% 

3. PARITY  Number of times a woman has given birth >99% 

4. GEST_AT_BOOK

ING_WEEKS 

Gestational age at booking, measured in weeks. >99% 

5. AGE_AT_BOOKI

NG 

Mother’s age at booking, measured in years and 

grouped as follows: ‘<20’, ‘20-24’, ‘25-29’, ‘30-

34’, ‘35-39’, ‘40-44’, ‘45+’. 

>99% 

6. PLANNED_PRE

GNANCY 

Yes / No. 2,524 blanks. 97% 

7. FAMILY_CONG

EN_ABNORM_01_

CARDIAC 

Yes / No for family history of congenital anomalies 

of type ’01 - Cardiac’. 

100% 

8. FAMILY_CONG

EN_ABNORM_02_

CHROMOSOMAL 

Yes / No for family history of congenital anomalies 

of type ’02 - Chromosomal’. 

100% 

9. MOTHERS_BMI Mother’s body mass index. 3,596 missing cases 

due to mother’s height and/or weight missing. 

Height and weight were requested in the hope that 

additional BMI values could be calculated, but on 

inspection this variable contained values whenever 

both height and weight were recorded. 

96% 

10. SMOKING Cigarettes per day. >99% 

11. PARTNER_SM

OKING 

Cigarettes per day. 96% 

12. ALCOHOL Units per week. >99% 

13. MOTHER_FOLI

C_ACID_1 

Present medications – FA.  10% 

14. MOTHER_FOLI

C_ACID_2 

Patients were observed to have up to four values 

recorded against a single pregnancy. 

<1% 

15. MOTHER_FOLI

C_ACID_3 

 Patients were observed to have up to four values 

recorded against a single pregnancy. 

<1% 
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16. MOTHER_FOLI

C_ACID_4 

  Patients were observed to have up to four values 

recorded against a single pregnancy. 

<1% 

17. MOTHER_PRES

_MEDICATION_1 

Present medications – medications other than FA. 97% 

18. MOTHER_PRES

_MEDICATION_2 

Patients were observed to have up to eight values 

recorded against a single pregnancy. 

24% 

19. MOTHER_PRES

_MEDICATION_3 

 Patients were observed to have up to eight values 

recorded against a single pregnancy. 

5% 

20. MOTHER_PRES

_MEDICATION_4 

 Patients were observed to have up to eight values 

recorded against a single pregnancy. 

1% 

21. MOTHER_PRES

_MEDICATION_5 

 Patients were observed to have up to eight values 

recorded against a single pregnancy. 

<1% 

22. MOTHER_PRES

_MEDICATION_6 

 Patients were observed to have up to eight values 

recorded against a single pregnancy. 

<1% 

23. 

MOTHER_PRES_M

EDICATION_7 

 Patients were observed to have up to eight values 

recorded against a single pregnancy. 

<1% 

24. MOTHER_PRES

_MEDICATION_8 

 Patients were observed to have up to eight values 

recorded against a single pregnancy. 

<1% 

25. MENTAL_HEA

LTH_CODE_AND_

DESC_1 

Mental health disorders from previous medical 

history. 

Patients were observed to have up to five values 

recorded against a single pregnancy. 

95% 

26. MENTAL_HEA

LTH_YEAR_1 

Patients were observed to have up to five values 

recorded against a single pregnancy. 

The year variables are not clean  data 

16% 

27. MENTAL_HEA

LTH_CODE_AND_

DESC_2 

Mental health disorders from previous medical 

history. 

Patients were observed to have up to five values 

recorded against a single pregnancy 

1% 

28. MENTAL_HEA

LTH_YEAR_2 

Patients were observed to have up to five values 

recorded against a single pregnancy. 

The year variables are not clean  data 

1% 

29. MENTAL_HEA

LTH_CODE_AND_

DESC_3 

Mental health disorders from previous medical 

history. 

Patients were observed to have up to five values 

recorded against a single pregnancy 

<1% 

30. MENTAL_HEA

LTH_YEAR_3 

Patients were observed to have up to five values 

recorded against a single pregnancy. 

The year variables are not clean  data 

<1% 

31. MENTAL_HEA

LTH_CODE_AND_

DESC_4 

 Mental health disorders from previous medical 

history. 

Patients were observed to have up to five values 

recorded against a single pregnancy 

<1% 
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32. MENTAL_HEA

LTH_YEAR_4 

Patients were observed to have up to five values 

recorded against a single pregnancy. 

The year variables are not clean  data 

<1% 

33. MENTAL_HEA

LTH_CODE_AND_

DESC_5 

Mental health disorders from previous medical 

history. 

Patients were observed to have up to five values 

recorded against a single pregnancy 

<1% 

34. MENTAL_HEA

LTH_YEAR_5 

Patients were observed to have up to five values 

recorded against a single pregnancy. 

The year variables are not clean  data 

<1% 

35. CARDIO_CODE

_AND_DESC_1 

Cardiovascular condition from previous medical 

history, including Code 02: Congenital Heart 

Disease. 

99% 

36. CARDIO_CODE

_AND_DESC_2 

Patients were observed to have up to three values 

recorded against a single pregnancy. 

<1% 

37. CARDIO_CODE

_AND_DESC_3 

 Patients were observed to have up to three values 

recorded against a single pregnancy 

<1% 

38. STATUS_AT_BI

RTH 

Live or still. 16 blanks. >99% 

39. INFANT_BIRTH

_WEIGHT 

Measured in grams. 116 blanks >99% 

40. INFANT_GEND

ER 

F/M. 11 cases of I, 2 cases of U, 9 cases missing. >99% 

41. PRESENT_PRE

G_PROB_CODE_D

ESCRIPTION_1 

Antenatal summary information – present 

pregnancy problems code and description. 

Patients were observed to have up to nine values 

recorded against a single pregnancy. 

99% 

42. PRESENT_PRE

G_PROB_CODE_D

ESCRIPTION_2 

Antenatal summary information – present 

pregnancy problems code and description. 

Patients were observed to have up to nine values 

recorded against a single pregnancy. 

12% 

43. PRESENT_PRE

G_PROB_CODE_D

ESCRIPTION_3 

Antenatal summary information – present 

pregnancy problems code and description. 

Patients were observed to have up to nine values 

recorded against a single pregnancy. 

3% 

44. PRESENT_PRE

G_PROB_CODE_D

ESCRIPTION_4 

Antenatal summary information – present 

pregnancy problems code and description. 

Patients were observed to have up to nine values 

recorded against a single pregnancy. 

1% 

45. PRESENT_PRE

G_PROB_CODE_D

ESCRIPTION_5 

Antenatal summary information – present 

pregnancy problems code and description. 

Patients were observed to have up to nine values 

recorded against a single pregnancy. 

<1% 

46. PRESENT_PRE

G_PROB_CODE_D

ESCRIPTION_6 

Antenatal summary information – present 

pregnancy problems code and description. 

Patients were observed to have up to nine values 

recorded against a single pregnancy. 

<1% 
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47. PRESENT_PRE

G_PROB_CODE_D

ESCRIPTION_7 

Antenatal summary information – present 

pregnancy problems code and description. 

Patients were observed to have up to nine values 

recorded against a single pregnancy. 

<1% 

48. PRESENT_PRE

G_PROB_CODE_D

ESCRIPTION_8 

Antenatal summary information – present 

pregnancy problems code and description. 

Patients were observed to have up to nine values 

recorded against a single pregnancy. 

<1% 

49. PRESENT_PRE

G_PROB_CODE_D

ESCRIPTION_9 

Antenatal summary information – present 

pregnancy problems code and description. 

Patients were observed to have up to nine values 

recorded against a single pregnancy. 

<1% 

50. CONGEN_ABN

ORMALITY 

Flag variable for infant congenital abnormality (at 

birth). 

1% 

51. GEST_AT_DELI

VERY_WEEKS 

Gestational age at delivery, measured in weeks. 100% 

52. ADMITTED_TO

_NEO_NATAL_UN

IT 

Y/N. 100% 

53. OTHER_OP_PR

OCEDURES_CODE

_DESCRIPTION_1 

Other operative procedures code and description. 

Patients were observed to have up to three values 

recorded against a single pregnancy. 

97% 

54. OTHER_OP_PR

OCEDURES_CODE

_DESCRIPTION_2 

Other operative procedures code and description. 

Patients were observed to have up to three values 

recorded against a single pregnancy. 

<1% 

55. OTHER_OP_PR

OCEDURES_CODE

_DESCRIPTION_3 

Other operative procedures code and description. 

Patients were observed to have up to three values 

recorded against a single pregnancy. 

<1% 

56. BIRTHS_THIS_

PREGNANCY 

Number of births this pregnancy: 1, 2 or 3. 100% 

57. BIRTH_NUMBE

R 

Birth number: generally, 1, 2 or 3. 2 blanks. 1 

unusual value of ‘6’. 

>99% 

58. INFANT_YEAR

_OF_BIRTH 

Based on infant date of birth. 100% 

59. MDM_QUINTIL

E 

Deprivation quintile. 1 represents the most 

deprived quintile and 5 the least deprived. 

Calculated from the NI Multiple Deprivation 

Measure 2010 Super Output Area rank. Super 

Output Areas were assigned from patient postcodes 

using the November 2016 Central Postcode 

Directory. 

99% 

60. URBAN_RURA

L 

Urban rural classification based on NISRA’s 

Review of the Statistical Classification and 

Delineation of Settlements (March 2015). 

Assigned from patient postcode using the 

November 2016 Central Postcode Directory. 

99% 

61. HSD_CHD_flag This variable created by the HBS to flag cases 

which are CHD (1429 cases). 

100% 
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The purpose of the NIMATS database is to follow the mother during the antenatal period, 

hence it is expected to have a high degree of accuracy especially with regard to variables 

such as mother’s age, BMI, previous family history of chromosomal abnormalities and 

CHD, as midwives are inputting the required details into the system during the interview 

and most of the variables are for special concerns regarding case management and advice 

provided to the pregnant women. 

The NIMATS variables requested in this study were not available in a single table, 

therefore NIMATS data were extracted by the HBS into eight separate tables. These eight 

tables were then joined together by HBS staff to create one table containing all the 

variables requested. The tables were joined using the Health and Care Number of the 

mother (MOTHER_HCN) and the date of the booking interview 

(DATE_OF_BOOKING_INTERVIEW). Together these two variables uniquely 

identified a pregnancy. Multiple births were distinguished by the BIRTH_NUMBER 

variable.  

The data contained 119,165 rows. The NIMATS tables often contained more than one 

row for a given pregnancy when that pregnancy had different values for a given variable. 

For example, if the mother had more than one medication, each medication was recorded 

in a separate row. In order to provide a single table with one row per pregnancy where 

possible, staff at the HBS recoded values into additional variables e.g. 

MOTHER_PRES_MEDICATION_1 through MOTHER_PRES_MEDICATION_8, 

containing the (up to) eight different values present for each pregnancy in the Present 

Medications table from NIMATS. Each row generally relates to different mother.  

6.2.2.1 Data preparations by the Honest Broker Service for Northern Ireland Maternity 

Information System 

Under the guidance of the research team, the HBS took the following steps before handing 

the file to the researcher. For multiple pregnancies, only the infant with CHD was 

included; if there were no cases of CHD, only the most recent pregnancy was included, 

except where a mother had more than one infant with CHD, in which case both 
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pregnancies are included, and except in the case of multiple births, when all were 

included. After removing multiple pregnancies not involving more than one case of CHD, 

96,321 rows remained. Removing 88 rows due to non-NI postcodes produced the final 

NIMATS dataset containing 96,233 rows, including 1,204 with blank postcodes. A valid 

urban/rural status was assigned to 94,930 rows (99% of all rows) and a valid deprivation 

status was assigned to 95,000 rows (99% of all rows). For a relatively small number of 

patients (n=93), a postcode was available but was invalid. These appear as urban/rural 

status ‘00000’. 

The HBS advised that in order to include the baby’s HCN in the NIMATS dataset, a 

project modification form must be completed. This information was not specified in the 

initial application. Identifying cases in HSD which have only the child’s HCN is 

necessary, as doing so increases the linkage between HSD and NIMATS. 

Further clarification was requested by the HBS regarding multiple pregnancies. The HBS 

was asked to include only the baby with CHD; if no baby had CHD, the HBS included 

only the most recent delivery. In order to identify babies with CHD from the HSD the 

Principal Investigator produced syntax for the HBS to create a variable which can flag 

whether a mother has a child with CHD. For family history of CHD, the HBS explained 

that there are a number of codes available, including cardiac and chromosomal family 

history. It was agreed that the HBS would include both cardiac and chromosomal flags 

for family history of CHD and chromosomal family history. 

A MOTHER_ID may be used to identify the small number of multiple pregnancies where 

both births involved CHD. The STUDY_ID variable (number of all births) was a case 

number from 1 to 96,233, while the MOTHER_ID variable (number of mothers) was a 

case number from 1 to 94,545. Tabulating the two variables with the HSD_CHD_flag 

variable (which shows that CHD is involved in a birth) give the small number of multiple 

pregnancies where both births involved CHD. 

Like any other data, NIMATS data has its limitations. The high number of missing values 

in some variables can make it difficult to use these variables. The accuracy of the data 
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entry, their selection and quality, and the methods through which they were collected 

were sometimes impossible to validate, since data collection and compilation usually had 

not been done with the current research purpose in mind. Standard definitions for each 

variable were not available, and the data entry practice used by health care providers was 

not standard for some variables. The use of non-standardised texts made some variables 

difficult to understand and to analyse, as the text used depended on the personal 

preference of the person who entered the data. 

6.2.3 EPD (2010-2014) 

Although designed for payment, payment databases, have been widely used in health 

services research (Glance et al. 2006; Parker et al. 2006). This includes the EPD, which 

has been used in previous studies (Bradley et al. 2012; Wemakor et al. 2014). While the 

people of NI do not pay for their prescriptions, there is still a cost to the health service 

which pays for them, hence the EPD is accurate The notes about the variables requested 

for the study are in Table 6.3. 

Table 6.3: Variables and notes from EPD used in the study. 

Variable Notes 

1. STUDY_ID A case number from 1 to 96,233. Allows linkage 

to NIMATS data. 

2. NAME_FORM_STRENGTH Generic / brand name. Contains the name, form 

and strength of the medicinal product. 

3. FORM_DMD Medicinal product form / presentation, e.g. 

tablet, capsule etc. 

4. STRENGTH_DMD Medicinal product strength. The amount of the 

active ingredient that is present in each dosage. 

5. DISPENSED_QUANTITY_VALUE The quantity of tablets, capsules, liquid etc. 

dispensed. 

6. DDD Defined daily dose 

7. DDD_PER_UNIT Derived daily dose per quantity, calculated by 

the BSO. For use in calculation: 

(DDD_PER_UNIT * QUANTITY) / number of 

days.  

8. BNF_CHAPTER British National Formulary Chapter 

9. BNF_SECTION British National Formulary Section 
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10. BNF_PARAGRAPH British National Formulary Paragraph 

11. PRESCRIPTION_CATEGORY_IND Indicator of type of prescription. M = multiple 

dispensed, N = normal, R = repeat dispensed, S 

= substitute. 

12. ISSUE_DATE The date the prescription was dispensed by the 

pharmacy. 

13. SPECIFIED_MEDICATION Flag variable 0/1, indicating whether the 

prescribed medication was one of the 

medications specified in Section C2 of the 

project application form. Other medications 

were extracted to allow for consideration of co-

medications. 

14. EXPOSURE_TO_COMEDS_IN_EW Y / N. Exposure to co-medications during the 

exposure window. 

15. MULTIPLE_BNF_CODES_Y_N Y / N. Flag variable that identifies where a 

medication has more than one BNF code. 

16. MULTIPLE_BNF_CODES If MULTIPLE_BNF_CODES = Y, the BNF 

codes are listed here, separated by a semicolon. 

  

In the EPD file, there were 182 different types of MHM; this number includes different 

doses and different brand names for the same medication. These were collapsed into 49 

specific medications by grouping brand names and different doses of the same 

medications. (For the full list of 182 MHM and the collapsed 49 MHM, see Appendix 

17).  

6.3 Benefits and limitations of linking data 

Data linkage is the most cost-efficient way of obtaining information rapidly to guide 

policy (Hagger-Johnson 2016). Data linkage can also contribute to reducing the costs of 

new primary research (Christen and Goiser 2007; Flowers and Ferguson 2010).  

Linking data to obtain a final data file may improve the quality, integrity, and strength of 

the data (Christen and Goiser 2007; Kemm et al. 2010); for example, a variable might be 

available in a dataset with poor quality, and linking this data with another database which 

includes the same variable with a better quality would improve the final data file. This is 

the case with this study, as there was a high number of missing data on the postcode 

variable in HSD; however, when the postcode from NIMATS was used, the completeness 
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of data improved dramatically. Also, as there is a unique identifier for each case, data 

linkage allows identification of duplicates. 

There are different types of techniques for data linkage. In exact (deterministic) linking, 

a unique identifier is shared between the data sources. The success of this form of data 

linkage, which was used by HBS, depends on using accurate and complete identifiers. 

The advantage of exact matching is that the link is certain and simple to effect (Welcome 

Trust Report 2015). In this study, the privacy and confidentiality of individuals was 

protected because personal identifiers such as names were not available in the linked 

dataset analysed by the researcher (Holman et al. 2008). 

Conducting a data linkage study encourages cooperation between the different parties that 

are interested in the study (i.e., in the context of this study, the researcher, the clinicians 

and the data providers). Communication within the multidisciplinary team improves 

understanding and identification of current issues related both to the study and to future 

opportunities (Holman et al. 2008). All parties agreed that the research questions could 

not be clearly answered without data linkage (Hagger-Johnson 2016), and that data 

linkage would make the study more relevant to a greater number of parties. 

Funders from within and outside NI may be more likely to finance research which uses 

linked data from NI and therefore using data linkage may have commercial and 

competitive benefits for NI.  NI Chest, Heart and Stroke provided partial funding to cover 

the costs incurred by HBS in creating a linked, anonymised dataset, use of the safe haven 

in which to analyse the data, and the time taken for disclosure control checks prior to 

outputs leaving the safe haven. 

Linking data has some limitations. For example, if the linkage is required for a new study, 

to create a linked data file that is useful and ready for research requires personal skills 

such as leadership, perseverance, and inter-sectoral cooperation – traits that are not easily 

found in every researcher who is capable of carrying out the theoretical element of the 

study. Data linkage studies can also take time (Flowers and Ferguson 2010), not only to 

perform the technical linkage but also to fully identify and understand all the issues 
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related to the variables, especially when working with a large dataset and a high number 

of variables, as in this study. Some variables needed for the study might not be available 

at all and the information could be incomplete.  

 Although maintenance of privacy and confidentiality of the data has been recognised as 

a strength of a data linkage study, some risk of disclosure of individual information and 

other confidentiality issues remains (Flowers and Ferguson 2010).  In the case of HBS, a 

disclosure control applied to any number less than 10, which was not to be released from 

the safe haven or shown in the analysis. The researcher was obliged to follow these rules. 

It is important to emphasize that when undertaking research with human subjects, tension 

can arise between the need for data protection on the one hand and data sharing on the 

other. Corti et al. (2014) emphasized that even sensitive and confidential research data 

can be shared ethically and legally, as long as certain criteria are met. These criteria 

include anonymizing the data and controlling access to the data if necessary. 

General Data Protection Regulation and DPA  

The implementation, in May 2018, of the General Data Protection Regulation (GDPR) in 

the UK is based on the DPA (DPA 2018). “Everyone responsible for using personal data 

has to follow strict rules called data protection principles” (DPA 2018). There are 6 

principles. 

The first principle states that data should be “used fairly, lawfully and transparently” In 

this study, the data subject has not given consent to the processing (condition 1) but 

another condition was met (condition 5 (e)) as  

“the processing is necessary for the exercise of function of a public nature 

exercised in the public interest by a person” (DPA 2018).  

The data in this study were used for medical purposes which includes preventative 

medicine and medical research, and this is one of the conditions which allows lawful 

access of data.  

In determining whether the processing of personal data is fair and transparent, one should 

also consider the method by which it is obtained.  
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“Data is to be treated as obtained fairly and transparently if it consists of 

information obtained from a person who is authorised by an enactment to supply 

it” (DPA 2018),  

 

 which was the HBS in this study. The second principle is that data should be “used for 

specified, explicit purposes”. In this study the data were used for scientific research and 

statistical analysis of the data was carried to answer the research question 

The third principle is that data should be “used in a way that is adequate, relevant and 

limited to only what is necessary” and the data in this study “is suitable, relevant and not 

excessive in relation to the purpose for which it is processed” (DPA 2018). 

The fourth principle is that data should be “accurate and, where necessary, kept up to 

date”, the accuracy of the data depends on the variable used in this study and the study 

has considered that when dealing with the data in respect of the best expected accuracy 

(DPA 2018). The data were used for payments and case management in health settings, 

therefore it is expected to be accurate. 

The fifth principle is that data should “kept for no longer than is necessary” for the 

purpose for which it is processed and the duration of this study (two years) was specified 

in the HBS application form in order to get access to the data (DPA 2018).  

The final principle says that data should be:  

“handled in a way that ensures appropriate security, including protection against 

unlawful or unauthorised processing, access, loss, destruction or damage” (DPA 

2018).  

The HBS took and continue to take appropriate technical and organizational measures 

against unlawful processing or unauthorized use of personal data and keeps control over 

this data in their safe haven. There was disclosure control by the researcher for numbers 

less than 10, as per the process laid out by HBS. Outputs are not released by HBS if it 

carries any risk of disclosure.                       

The changes introduced by the GDPR make it clear that anonymized data are no longer 

regarded as personal data and no longer fall under GDPR (GDPR 2018, University of 

Oxford 2018; The British Psychological Society 2018).  It also highlighted that:  

“The principles of data protection should therefore not apply to anonymous 

information” (GDPR Recitals 2018). 
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These changes also highlight that the utmost effort should be made to keep data 

anonymous. To this end, new regulation has been included in the DPA (2018) which 

states that:  

“it is a criminal offence in cases where anyone uses anonymised data knowingly 

or recklessly to re-identify information that is de-identified personal data” (DPA 

2018, p. 20).  

The implications of these changes are that the researcher and the data provider should 

make every effort to keep the data anonymous, including ensuring a clear understanding 

of the importance of not attempting to re-identify any personal data. In this study, this 

involved training courses for the researchers which outlined these concepts and 

highlighted the importance of maintaining the anonymity of the data. During the study 

care was taken to ensure that all relevant legislation was complied with before the data 

could be used, and a strict set of conditions for data security was agreed between the 

researcher and the data custodian.  

The principles of data protection state that data should be dealt with lawfully and 

for a legitimate purpose; moreover, GDPR clarifies the legal basis for processing data, 

which should be because doing so is “in the public interest” rather than for the “legitimate 

interests” of a researcher which was an acceptable justification previously. This means 

that studies must clearly set out the public interest which will be served through accessing 

the required data. The purpose of this study is to guide public health action for prevention 

and service planning, therefore accessing the data is legal as the study is in the public 

interest (Data Protection and Research 2018).  

The relationship between GDPR and health related research has been highlighted by the 

Farr Institute Information Governance Working Group in 2018. The report stated that the 

GDPR “is the outcome of reaching a fair balance between data subjects’ rights and 

research community’s interests and that it provides for stringent data protection 

framework” and “the GDPR represents a model of other routes to lawful research beyond 

consent, such as those in the public interest”. The report also highlighted that a conduct 

of risk assessments by data custodians for their data systems to make sure that the data is 

kept anonymised should be performed (Farr Institute 2018). 
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Data sharing overview and attitude to data sharing in NI 

A recent report from the NI Life and Times (NILT) (Robinson and Dolk 2016) survey 

emphasised that health and social care data sharing and linking are essential in order to 

achieve advances in wellbeing, but that public confidence is crucial to achieving this end. 

The NILT survey reported that 87% of respondents believe that linked data by trusted 

parties should be allowed to be used by academic researchers (Robinson and Dolk 2016). 

6.4 Strengths and limitations of using clinical/administrative databases 

for public health research 

This study was a longitudinal cohort study and in the hierarchy of evidence, longitudinal 

studies are considered to be of good quality (Hagger-Johnson 2014). Using the 

administrative/clinical databases in this study was useful and conferred several benefits, 

one of the most important being that the drop-out rate was very low (Harron et al. 2014). 

In comparison to research based on primary data, research based on secondary data is less 

time consuming and more cost effective in relation to financial cost. Secondary data are 

already in existence and usually involve a large sample which is very helpful, especially 

when studying rare diseases, hence its relevance to the area of CHD. 

When recruiting participants for studies, bias may result from the fact that people with 

better education, higher SES, and better health are more likely to be recruited than the 

wider population (Chandola et al. 2003; Nishiwaki et al. 2005). With recruiting studies, 

it is also acknowledged that unhealthier individuals are more likely to drop out of follow-

up (Murphy et al. 2011). This can lead to biased estimates of association between risk 

factors and CHD, a situation which was avoided in this study by using routinely collected 

data samples.  

Some of the issues that arose in this study were related to the fact that the accuracy of the 

data entry, their selection and quality, and the methods through which they were collected 

were not under the control of the researcher and were sometimes impossible to validate, 

since data collection and compilation usually had not been done with the current research 
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purpose in mind. Standard definitions for each variable were not available, and the data 

entry practice used by health providers was not standard for some variables. As noted in 

Chapter 4, use of non-standardised texts made some variables difficult to understand and 

to analyse, as the text used depended on the personal preference of the person who entered 

the data. 

In an effort to verify the results of this study, checks were conducted on the data from 

NIMATS by comparing some descriptive results from the file with results from the 

Children’s Health report (Public Health Agency 2016) (Appendix 18).  

Six of the eight variables showed almost the same results from the study; the two variables 

which showed a recognisable difference were number of live births and stillbirths for the 

years 2010 and 2011. This most likely can be attributed to the fact that the project 

application requested that only the most recent delivery be retained for women with more 

than one pregnancy in the time period 2010-2014. 

Linked study data usually involves a large sample which may produce results with 

significant association. Statistically significant results should be discussed cautiously to 

highlight whether their significance is clinical or statistical. To distinguish between 

statistical and clinical significance, absolute and relative differences and CI was used in 

this study to help to compare the two populations (van Walraven and Austin 2012).  

When using clinical and administrative health data to study the prevalence of CHD and 

other risk factors, a key issue is the validity of the data. This has two aspects: the 

completeness and accuracy of the data, and the validity of the diagnoses (ICD codes). In 

the HSD file, both are presumed to be reliable enough to be used in this study as they are 

used to facilitate individual clinical management which is expected to be very accurate. 

It is important to note, however, that clinicians in RBHSC used EPCC in addition to ICD 

codes, whereas this study used ICD codes only (EPCC only to exclude minor CHD cases 

from the analysis), meaning that some additional clinical information related to CHD 

contained in EPCC is not included in this study. It may be useful for more clinically 

oriented studies to consider using EPCC to cover that gap. It is important to note that as 
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demonstrated in Tables 6.1 and 6.2, the completeness (coverage) of most of variables in 

the study is quite good.  

In conclusion, the data which are used in this study (routine clinical data from HSD and 

NIMATS and administrative EPD which were linked together) were relatively reliable, 

and also provided important information about the prevalence and risk factors of CHD in 

the whole NI. Moreover, the results were consistent with literature nationally and 

internationally.  

The research questions posed by this study have been answered by obtaining reliable, up-

to-date data on the prevalence of CHD in the first year of life for the whole of NI and 

assessing the association between specified risk factors and CHD. The principal features 

of this study are regular comprehensive linkage of different files covering the whole 

country and precise event definitions. The study demonstrates that data linkage using the 

unique personal identification code assigned for every person residing in NI is feasible. 

The results also clearly indicate that the approach used in this study for different file 

linkages and data analyses is feasible, as the study has been able to answer the research 

questions based on linking these data.  

From the previous descriptions of the databases and variables used and the preparations 

taken to overcome difficulties in dealing with these databases, we conclude that it was 

feasible and there was added value in using administrative and clinical databases in the 

field of public health taking HSD, NIMATS, and EPD as examples. 
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Chapter 7: Discussion and conclusions 

 

In this chapter, the findings from this study are discussed in four sections, based on the 

first four study objectives. The main results are outlined, their significance is explained 

and the factors which may have influenced them are identified. The discussion is 

supported with the most recent available evidence and ends by considering the 

implications of the study, drawing conclusions and making recommendations for further 

research. 

7.1 Prevalence of and trends in CHD in NI (2005-2014), including the 

CHD clinical spectrum and infant mortality due to CHD 

7.1.1. Prevalence of CHD and trends 

The data covering the years from 2005-2014 in NI have shown an overall prevalence of 

CHD diagnosed within the first year of life of 9.48 per 1000 live births. Over the study 

period, this figure increased from 7.75 per 1000 live births in 2005 to 11.60 per 1000 live 

births in 2014 in NI. The overall live birth prevalence of CHD was higher in NI than in 

the rest of the UK or Europe (where it was 4.97 and 6.18, respectively in the same period). 

The prevalence fluctuated throughout the study period, but showed a steadily increasing 

trend overall (P< 0.01).  

Because there is currently no surveillance system in NI regarding congenital anomalies 

(including CHD), these findings fill a knowledge gap related to the prevalence of CHD 

(Oster et al. 2013) among live births and provide further detail on the true CHD burden 

in NI. This study may therefore help policy makers to plan for health services. It also 

raises further questions as to the reasons for the trends which have been identified during 

the study. 
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The increasing trend in the prevalence of CHD in NI found in this study is at odds with 

results from Canada,  where a decreased trend in CHD prevalence has been shown, with 

most CHD subtypes decreasing in prevalence between 1990 and 2011 except for atrial 

septal defect (ASD), which increased significantly (Liu et al. 2016b). It has been suggested 

that the decreasing prevalence of CHD may be due to the folic acid (FA) fortification 

policy which was adopted in Canada in 1998. However, this explanation for the decreased 

trend in CHD prevalence is challenged by the results of another population-based study 

using data from EUROCAT registries, which found a descending trend in CHD 

prevalence from 2004 onwards (Khoshnood et al. 2013), although the mandatory FA 

fortification of food staples policy has not yet been applied in Europe (Bitzer et al. 2013). 

The decreased prevalence of CHD in the two studies in comparison to this study may be 

due to methodological differences; for example, in both the previous studies, prevalence 

was measured among total births while in this study it was measured only among live 

births. The decreasing trend in Europe is more likely to be due to the increase in prenatal 

diagnosis and subsequent TOP for the most severe CHD (Khoshnood et al. 2013). Other 

possible explanations for this decrease include reductions in risk factors for CHD for 

example, decreased prevalence of smoking during pregnancy in Canada (Liu et al. 

2016b), unreported intake of supplementary FA or usage of fortified food, and improved 

management of DM in pregnant women (Lisowski et al. 2010).  

The observed increase in the reported prevalence of CHD among live births in NI over 

time reported in this study may be due to a low standard of DM management such as 

glycemic control in pregnancy (Simeone et al. 2015), and increased risk factors for CHD 

in NI such as diabetes (Diabetes UK 2018). Moreover, the increase in the number of CHD 

cases may simply be a consequence of better diagnostic methods. Another possible 

explanation is that, except in very specific circumstances, TOP is not permitted in NI, 

which may have increased the numbers of diagnosed CHD after birth.  TOP is not allowed 

in a number of European countries such as Ireland (prior to the 2018 referendum relating 

to abortion), and it is expected that CHD prevalence in NI among live births will be close 

to that in Ireland (4 per 1000 live births) based on EUROCAT figures. However, the 

prevalence in NI is higher than that in Ireland, and this may be due to the fact that the 
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Irish figure came from registries that cover only 60% of the country which may have 

affected the accuracy of the results. It has been stated that promoting elective TOP can 

lead to a reduction in the prevalence of CHD at birth given that births which have been 

diagnosed with CHD and terminated will be excluded from the calculation. However, it 

is known that women in NI are travelling to other parts of the UK to terminate their 

pregnancy (Torney 2015). It is not known how many of those TOP cases have CHD but 

exclusion of these cases from the analysis may have affected the results. 

One explanation for the increasing prevalence of CHD is that survival of premature 

infants has improved over the last century, to which can be attributed an increase in live 

birth CHD and especially VSD live birth prevalence (Khairy et al. 2010). The trend may 

also be attributed to population differences related to ethnicity and different 

environmental exposures. That the prevalence of CHD is higher in NI than in the US (7.23 

per 1000 live births during the period 2000-2007) may also be due to ethnic, 

socioeconomic, and environmental variations. For example, in the USA there is a 

relatively larger number of people of African origin than in NI, and CHD is less common 

in this population  (Egbe 2015). 

7.1.2. CHD spectrum 

The spectrum of CHD in NI has been described in order to aid service planning by 

identifying the most common subtypes of CHD that services should target. It is also 

important to compare and contrast these results with others reported in the literature and 

to try to explain them. In this study, the most common subtypes of CHD were VSD, ASD 

and PVS, which together represent 78.95% of total CHD cases. Any public health policy 

to target CHD should focus on these three subtypes. Future research should seek to 

determine the specific risk factors for each of these subtypes as it has been shown that 

different CHD subtypes have different risk factors (Kovalenko et al. 2018). 

The three most common CHD together represent 55% of the total CHD cases worldwide 

(van der Linde et al. 2011), compared to 78.95% in this study.  Cases of ASD were most 

prevalent, comprising 39.50% of the total in this study (34% worldwide), followed by 
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VSD (31.14% in this study, 13% worldwide), while PVS represented 8.31% of cases in 

this study, compared to 8% worldwide (van der Linde et al. 2011). The noticeably higher 

percentage of ASD and VSD in this study in comparison to the worldwide data may be a 

consequence of using different diagnostic methods. Infant echocardiography might lead 

to bias towards small VSD/ASD lesions, which are likely to be corrected without 

intervention by a specific age. Inclusion of such self-correcting CHD subtypes in this 

study may have inflated the estimated prevalence of CHD. The study finding is 

comparable with EUROCAT results which have shown that 75% of CHD cases are VSD, 

ASD and PVS (Dolk et al. 2011).  

The comparative distribution of CHD in live births from this study and in various previous 

studies is presented in Table 7.1. The table shows data from studies of populations in 

Europe, Asia, Canada and worldwide. While the variation in these figures by subtype may 

reflect real differences between these populations, it could also be due to differences in 

the study period or the inclusion and exclusion criteria e.g. total prevalence versus live 

birth prevalence, a defect counted one or more or in the sensitivity of the diagnostic 

techniques employed. In all the studies, the prevalence of VSD, ASD, and PVS were the 

highest of all CHD subtypes.  
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Table 7.1: Comparative prevalence of the most common CHD subtypes in this study and 

a number of prior studies. 

CHD subtype 

 

 

 

 

Prevalence 

on livebirths 

in NI* 

excluding 

syndromes 

and 

chromosom

al anomalies 

Reller et al.  

2008* 

(MACDP) 

(Atlanta) 

 

(Reller et al. 

2008) 

 

Dolk et al. 

2009** 

(EUR-

OCAT) 

 

(Dolk et al. 

2010b) 

Van der 

Linde et al. 

(Worldwide

)* 

(van der 

Linde et al. 

2011) 

 

 

Wu et 

al.  

2010* 

(Asian 

popula

tion) 

(Wu et 

al. 

2010) 

 

 

Ventricular septal defect 2.72 4.18 3.06 3.10 4.01 

Atrial septal defect 3.45 1.31 2.05 2.50 3.23 

Pulmonary valve stenosis 0.73 0.55 0.40 0.60 1.22 

Tetralogy of Fallot 0.23 0.47 0.28 0.35 0.63 

Transposition of great vessels 0.12 0.23 0.35 0.35 0.21 

Atrioventricular septal defect 0.10 0.41 0.19 - 0.20 

Hypoplastic left heart 0.10 0.23 0.26 - 0.06 

Coarctation of aorta 0.01 0.44 0.34 0.35 0.25 

Aortic valve atresia/stenosis 0.79 0.11 0.14 - 0.16 

All CHD 8.74 8.14 7.05 9.10 13.08 

      *Prevalence per 1000 live births 

      **Non-chromosomal CHD prevalence per live birth, foetal death and TOPFA 

 

 7.1.3. Mortality due to CHD 

In this study, the perinatal mortality rate during the period 2005-2014 ranged between 

0.08-0.28 per 1000 births (Mean=0.18 per 1000); the infant mortality rate ranged between 

0.12-0.55 per 1000 live births (Mean=0.32 per 1000). 

Information on CHD mortality is important in order to monitor quality of care and for 

counselling parents in the pre- or postnatal period. Understanding perinatal mortality is 

important as it allows assessment of maternal health and care (Neonatal and Perinatal 

Mortality-WHO 2006). Perinatal mortality rate can also be used to monitor and improve 
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paediatric care (Carlo et al. 2010; Patel et al. 2017). Infant mortality is considered to be 

one of the crucial indicators of a nation’s health, because it is related to various factors 

such as maternal health, socioeconomic conditions, the quality of and access to health 

care, and the public health system (Olson et al. 2010). Assessing the rate of perinatal and 

infant mortality due to CHD specifically will help to monitor the quality of maternal and 

paediatric care. 

The data on perinatal mortality due to CHD clearly reflect that no specific pattern emerges 

in the rate of CHD mortality during the first year of life in the period 2005-2014. 

However, there was a dip in neonatal/infant mortality related to CHD in 2013; the data 

showed low CHD reporting in that year, as the data used in this study relates to the year 

in which the birth and death were registered rather than the year in which they occurred 

(NISRA 2015). More frequent use of TOP with severe CHD might be expected as some 

women go outside NI to terminate their pregnancy, which could lead to underreporting 

of CHD mortality  (Northern Ireland Council for Voluntary Action 2015). Reduced 

operative mortality for children with severe CHD may also explain the decrease in infant 

mortality in general.  

The infant mortality rate due to CHD is 0.32 per 1000 live births, which is comparable to 

the 0.38 figure which was found in the former Northern Health Region of England (Wren 

et al. 2012). The figures from this study are also comparable to the 0.36 figure which was 

found among the white population in the USA (Gilboa et al. 2010). The infant mortality 

rate due to CHD in this study is higher than the rate reported for England and Wales (0.15 

per 1000 births) (Knowles et al. 2012). This is may be due to better prenatal diagnosis of 

CHD and the permissibility of abortion in the rest of the UK. In England and Wales, CHD 

in foetus accounts for around 100-150 abortions each year (Department of Health and 

Social Care 2009). 

The results of this study are at odds with those of previous research which found a 

significant decline in infant mortality due to CHD (Gilboa et al. 2010). The current 

findings also conflict with the high figures of infant mortality related to CHD which have 

been shown in Denmark (0.76 in the period 1977-2005) (Olsen et al. 2010b) and China 
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(0.74 in the period 2003-2010) (Hu et al. 2014). Those two studies showed a high infant 

mortality rate and this may be due to the different time period and methodologies used in 

the studies. In China, the increasing trend in CHD mortality may be partly imputed to the 

rising CHD prevalence at birth as compared with developed countries such as NI.  

Improvement in early diagnosis could have contributed to the reduction in infant mortality 

from CHD (Abouk et al. 2017). Reduction in CHD mortality is generally attributed to 

better access to health care services and advances in surgical and medical therapeutics 

(Bernier et al. 2010).                                                                                                       

Perinatal mortality due to CHD is within the lower figures registered in the EUROCAT 

study (ranging from 0.07 in Italy to 0.38 in all other countries, except Ukraine where the 

rate is 0.93 per 1000) (Dolk et al. 2011). The perinatal mortality figure from NI is far 

lower than those from Ireland and Malta (0.37 to 0.38 per 1000), an unexpected finding 

given that those countries have a similar policy in relation to termination of pregnancy 

for foetal anomalies (TOPFA).  

The situation in NI is of interest due to the fact that it has a higher prevalence of CHD in 

live births but a lower perinatal mortality due to CHD in comparison to Ireland. Total 

prevalence of severe CHD in NI is higher than in Ireland (2.24 in NI versus 1.62 per 1000 

livebirths in Ireland) so severity of CHD cases may not explain this difference. Other 

possible explanations are better treatment outcomes, low autopsy rates, and/or inaccurate 

recording of the cause of death in NI. Although the CHD perinatal mortality is relatively 

low, it is suggested that any CHD perinatal mortality less than 0.4 per 1000 should be 

assessed in terms of its cause (Dolk et al. 2011c). 

Studies have shown that a number of factors are associated with CHD infant mortality 

(infant mortality due to CHD) (Wren et al. 2012), including SES (Kucik et al. 2014), 

race/ethnicity (Gilboa et al. 2010; Nembhard et al. 2011; Wang et al. 2013; Wang et al. 

2015), gender (Seifert et al. 2007; Gilboa et al. 2010), age of the child (Wang et al. 2010), 

LBW and preterm birth (Curzon et al. 2008), age at diagnosis (Eckersley et al. 2016), age 

at operation (Gerling et al. 2009), type and number of co-occurring congenital anomalies 
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(Cleves et al. 2003; Fixler et al. 2010), and prenatal detection of CHD (Bull 1999; 

Khoshnood et al. 2005). These factors were not assessed in this study as they were not 

available in the GRO archive of Registered Stillbirths and Registered Deaths. Only the 

aggregate number of deaths was available for this study; hence, further investigations are 

needed to clarify the factors of importance for infant death due to CHD. 

7.2 The role of socioeconomic and urban/rural differences in the 

occurrence of CHD in NI (2005-2014) 

7.2.1. SES and risk of CHD 

NI Multiple Deprivation Measures (NIMDM) were used in this study to assess the 

association between SES and CHD. The study has shown no statistically significant 

association between living in the most deprived areas relative to living in the least 

deprived areas and CHD (AOR=1.07; 95% CI=0.81-1.41; P=0.63). Similarly, there was 

no statistically significant association between living in different NIMDM quintiles and 

CHD. This pattern was the same for VSD (AOR=0.68; 95% CI=0.41-1.12; P=0.13), ASD 

(AOR=1.18; 95% CI=0.78-1.77; P=0.43), and PVS (AOR=3.00; 95% CI=0.97-9.26; 

P=0.06). The study did not show a statistically significant association between living in 

the most deprived areas and severe CHD in comparison to living in the least deprived 

areas and severe CHD (AOR=1.03; 95% CI=0.61-1.75; P=0.91). 

SES is a major determinant of health, and association between the two has been 

extensively documented (Chen et al. 2002; Marmot 2005). Adler and Newman have 

suggested that SES underlies three main determinants of health: environmental exposure, 

health behaviour, and health care (Adler and Newman 2002). It is important to know if 

SES has an effect on the occurrence of CHD, as this is important for policy planning, and 

it is also important to try to answer further questions related to this. As there is no evidence 

that differences in SES (based on area level measures) affect the occurrence of CHD in 

NI, there is no current need for preventative measures based on area level SES. 

Nevertheless, further studies based on individual measures might give different results. 
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These results are similar to those from other studies which showed no relationship 

between SES and risk of CHD (Yang et al. 2008; Carmichael et al. 2009). However, other 

research has shown that low SES is associated with low risk of  CHD (Egbe et al. 2014). 

The disagreements between this study and others may be due to differences in key 

features such as the study population, environmental exposure, methodology and the 

study period. The results from the current study need to be applied with caution to 

populations with much greater socioeconomic diversity.  

However, the findings of this study may be consistent with a finding from a recent meta-

analysis, which showed no clear relationship between SES and CHD in developed 

countries (Yu et al. 2014). One UK study using the Carstairs index found that low SES 

has no statistically significant association with CHD or CHD subtypes except 

malformation of cardiac septa (Vrijheid et al. 2000).  

The results from the current study also agreed with the findings from a Danish study in 

which there was less socioeconomic disparity within the population. Using data from the 

Danish National Birth Cohort (Varela et al. 2009) and using EUROCAT criteria for 

congenital anomalies, that study found no statistically significant association between low 

maternal socio-occupational status and CHD in infants (Varela et al. 2009). The health 

system in Denmark is similar to that of NI, in that access to health care and antenatal 

diagnostic facilities are available free of charge to all patients in both countries.  

7.2.2. Urban/rural residency and risk of CHD 

Rural residency was shown to have no statistically significant association with CHD 

(AOR=1.21; 95% CI=1.00-1.47; P>0.05). Similarly, there was no significant association 

between rural residency and VSD (AOR=1.34; 95% CI=0.95-1.88; P=0.10), ASD 

(AOR=1.30; 95% CI=0.99-1.72; P=0.06), and PVS (AOR=1.36; 95% CI=0.68-2.74; 

P=0.39). No statistically significant association was shown between living in a rural area 

and severe CHD in comparison to living in an urban area and severe CHD (AOR=1.13; 

95% CI=0.77-1.65; P=0.54). 
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It is important to acknowledge that there was no higher risk of developing CHD among 

infants whose mothers live in rural areas in comparison to urban areas. This finding 

indicates that there is no specific preventive policy that should be developed to target the 

population which live in rural areas to prevent CHD. These results were interesting as  

economic level, occupational exposure (such as being exposed to pesticides in rural 

areas), education, access to health care, availability of health care providers and lifestyle 

are likely to differ between people who live in urban areas and those in rural areas (Local 

Government Association and Public Health England 2017).  

The literature showed conflicting results regarding the association between rural or urban 

residency and CHD in offspring (Wu et al. 2014; Zen et al. 2011). The discrepancies in 

the literature may be due to the fact that these studies were conducted on different 

populations in different countries with different environmental exposure and with 

different methodologies. 

The increased risk of CHD in rural residency (rural residency classification was based on 

the percentage of lands growing crops) which was noticed in USA (Langlois et al. 2009b) 

may be due to higher exposure to pesticides in those areas than other areas which in turn 

increases the risk of CHD. It may also be due to the fact that people who live in rural 

areas are less likely to use health care than those who live in urban areas (Caldwell et al. 

2016). To assess if there is any difference in the utilisation of the health care system in 

NI by pregnant women, the data were checked for the effect of gestational age at booking 

between those who live in urban and rural areas in regard to developing CHD. No 

significant difference between the two groups was shown (P value for test homogeneity 

of OR=0.17). NI is a small geographical area in which rural areas are relatively close to 

urban areas, and the health care system is different from that in the USA. The results of 

this study agree with studies from Finland which showed no difference of the occurrence 

of CHD between urban and rural areas (Tikkanen and Heinonen 1991a; Tikkanen and 

Heinonen 1992). 
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7.3 The contribution of maternal sociodemographic characteristics 

and behaviours as risk factors for CHD (2010-2014) 

Several maternal behaviours and sociodemographic characteristics have been assessed 

for association with CHD. The best-fit model showed the following risks: urban/rural 

residency, mother’s age at first prenatal appointment, maternal smoking, maternal alcohol 

use, history of previous miscarriage, SGA, family history of CHD/congenital 

abnormalities and syndromes, medication use during pregnancy, congenital anomalies 

recorded on labour form, and unplanned pregnancy. 

Urban/rural residency showed no statistically significant association with CHD (P>0.05); 

this suggests that there may be no need to consider urban/rural residency as part of a wide 

comprehensive plan to tackle CHD. These results agreed with the results obtained from 

objective 2. This is reassuring as the data relating to Objective 3 covers different years 

and the urban/rural allocation of cases comes from different sources (taken at birth in 

NIMATS for Objective 3 and after diagnosis in HSD for Objective 2). For a detailed 

discussion of the literature on urban/rural residence risk and CHD, see Section 7.2.2. 

Regarding the mother’s age at time of booking, no statistically significant association was 

shown between older mothers (>40 years) and CHD (P>0.05). These results did not agree 

with the studies showing an increased risk with advanced maternal age (Reefhuis and 

Honein 2004; Miller et al. 2011). The lack of positive association between CHD and 

advanced maternal age reported in this study is consistent with current literature in the 

UK (Best and Rankin 2016). It may support the argument that there is no need to refer 

women for early echocardiography to detect CHD based on age, and may reassure older 

mothers that their age in itself does not confer additional risk of CHD (Best and Rankin 

2016). However, this finding could reflect the extra care taken by mothers in this age 

group to protect their pregnancy (Best and Rankin 2016). It should also be noted, 

however, that in Best and Rankin study (Best and Rankin 2016), maternal age was taken 

at birth while in this study it was taken at the time of booking and therefore more 

accurately reflects maternal age (during cardiac development) as a risk factor.  
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There was evidence in this study of a significant positive association between maternal 

smoking and CHD (P<0.05). This finding suggests that population-based prevention 

strategies targeting smoking cessation in pregnancy should highlight this message. A 

decrease in maternal smoking during pregnancy could result in decreased risk of CHD. 

The positive association of maternal smoking with CHD found in this study is consistent 

with findings from National Birth Defects Prevention Study (NBDPS). The NBDPS 

database identified an increased risk of developing specific subtypes of CHD in offspring 

of pregnant mothers who smoke cigarettes (Malik et al. 2008), and a recent meta-analysis 

showed a positive association between maternal smoking during pregnancy and risk of 

CHD (Lee and Lupo 2013). The mechanisms through which smoking may cause CHD 

are still be identified.  It has been postulated that maternal smoking has harmful effects 

on the development of the foetus; carbon monoxide and nicotine induce hypoxia and 

reduce the supply of essential nutrients to the embryo (Rooij et al. 2001; Alverson et al. 

2011). Additionally, common components of cigarette smoke such as polycyclic aromatic 

hydrocarbons are suspected teratogens in laboratory tests on humans and animals 

(Barbieri et al. 1986; Lupo et al. 2012).  

The study findings conflicted with the results from the Baltimore-Washington Infant 

Study (BWIS) database (Alverson et al. 2011), which did not identify a significant 

positive association between periconceptional maternal cigarette smoking and CHD 

(Alverson et al. 2011). Population and methodological differences may have contributed 

to this disagreement. 

No significant association with CHD was shown for alcohol in this study (P>0.05). While 

this result is important, as it suggests that any public health policy targeting CHD need 

not include advice to stop consuming alcohol in early pregnancy. It should not be 

interpreted as evidence that maternal drinking is safe, as it is known that prenatal exposure 

to low levels of alcohol, such as a single unit, can result in foetal alcohol syndrome (FAS) 

(Karunamuni et al. 2014). CHD was found in 54% of live born children with FAS 

(Karunamuni et al. 2014). Moreover, alcohol consumption while pregnant may influence 

Wnt/β-catenin signalling, which is important for normal gene activation and cardiac 

development (Serrano et al. 2010). The issue of alcohol dose has not been addressed in 
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this study, although evidence has shown that dose might affect the association between 

alcohol and CHD (Martínez-Frías et al. 2004). The result from this PhD study was based 

on 926 cases which reported consumption of alcohol in early pregnancy and only 12 of 

them gave birth to offspring with CHD. The small number of CHD cases among those 

who reported alcohol consumption may not have sufficient power to detect a possible 

association between alcohol consumption and CHD. Nevertheless, no significant 

association between alcohol consumption in pregnancy and CHD was found in two recent 

meta-studies with a large sample size; these findings are consistent with those of the 

current study (Yang et al. 2015; Wen et al. 2016).  

It should be mentioned that public health preventative policy for CHD would not be 

conducted based on a single study as the finding from a study could be a chance finding, 

and this applies to all the results of risk factors of CHD assessed in this study. 

History of miscarriage has no statistically significant association with CHD in this study 

(P>0.05). This is important information as it suggests exclusion of this group from any 

health preventative policy for CHD. It also reassures women with a history of 

miscarriage that this will not increase their risk of having a baby with CHD. Previous 

meta-analysis demonstrated that offspring of women with a history of abortion (whether 

spontaneous or induced) had a higher risk of developing CHD (Feng et al. 2015b), a 

finding which was not repeated in this study. While the mechanisms which explain the 

positive association between previous miscarriage and CHD are unclear, Knox and Clarke 

hypothesised that there is: 

 “teratogenic interaction between the developing embryo and pathological 

remnants of a previous pregnancy” (cited in Sheiner et al. 1998).  

SGA is significantly associated with CHD (P<0.05). This finding is important as it 

suggests that this group should be included in any health preventative policy for CHD. 

Particular attention should be given to the detection of CHD at birth. Screening 

procedures may include ultrasonographic evaluation in babies who are SGA, who have 

a higher risk of CHD. Data from NBDPS showed that mothers whose babies were SGA 

carried a higher risk for CHD  (Malik et al. 2007). The mechanism behind why this group 
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carries a higher risk of having an infant with CHD was not clear, but further studies may 

be needed to identify any causal relationship between the SGA and CHD. 

Family history of CHD/congenital abnormalities and syndromes is associated with 

increased risk of CHD (P<0.05). This finding has relevance for any preventative policy 

for CHD, such as pre-conceptional counselling for parents with a family history of CHD. 

The positive association of family history of CHD/congenital abnormalities and 

syndromes and CHD found in this study is consistent with those of other studies, 

including a study in Denmark which showed an increased risk of recurrence of CHD in 

first-degree relatives (Oyen et al. 2009b). In population-based, case control studies in 

Canada and USA, a family history of any CHD was associated with increased risk of 

CHD (Ferencz 1997; Fung et al. 2013). In the current study, family history was not 

specified to first-degree, second-degree, and third-degree relatives, each of which would 

be expected to carry a different risk of association with CHD. Moreover, father’s family 

history was not asked for, which may suggest that the current results are underestimated. 

The study has shown positive association between CHD and the use of FA antagonists 

(antiepileptic and DHFRI) group of medications in early pregnancy (P<0.05). This is an 

important finding which should inform any preventative policy for CHD. Clinicians in 

particular will be interested in this result as it may help to guide their prescription practice. 

This result is consistent with the findings from three previous studies that assessed the 

association between FA antagonists and CHD, which showed that usage of all FA 

antagonists is associated with an increased risk of CHD in three studies (Hernández-Díaz 

et al. 2000; Hernández-Díaz et al. 2003; Matok et al. 2009), but not with Meijer et al.’s 

(2005) study, which did not find an increased risk (Table 3.3). The failure to show 

evidence of significant association with CHD in that study may be due to the fact that the 

study did not have the power to detect the difference. This explanation is supported by 

the positive association that has been shown with the antiepileptic group, which includes 

five cases. It was not possible to assess the DHFRI group, which includes too few cases 

to enable analysis. 
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The pharmacological plausibility of this positive association makes this finding highly 

valid and acceptable. Impaired folate metabolism has been found to affect cardiac neural 

crest cell formation and migration and it has been suggested that this might interfere with 

heart development (Wild et al. 1997; Boot et al. 2003; Tierney et al. 2004; van Beynum 

et al. 2006). Impaired FA transport has led to extensive death of apoptotic cells in the 

developing heart (Tang et al. 2004).  

Congenital anomalies recorded on labour forms have shown positive association with 

CHD, but this is not a risk factor per se. These recorded congenital anomalies at labour 

depend mostly on antenatal diagnosis of any congenital anomalies. This finding may be 

important as it could indicate that those who are diagnosed with any congenital anomalies 

have a higher risk of eventually being diagnosed with CHD. That conclusion is consistent 

with the finding that CHD is the most commonly occurring congenital anomaly in Europe 

(Groen Henk et al. 2017), and it underscores the fact that CHD represents a major global 

health problem. Early diagnosis is important in providing an opportunity for early 

treatment and the prevention of disabilities and death (Olney et al. 2015). 

Unplanned pregnancy has been shown to have no significant association with CHD 

(P>0.05). This is an important finding, as there is a scarcity of studies that address this 

question. It should be noted, however, that  unplanned pregnancy may be more likely to 

be associated with certain behaviour in early pregnancy such as smoking, lower 

educational attainment (Wellings et al. 2013), and outcomes such as preterm labour 

(Mohllajee et al. 2007), all of which are associated with a higher risk of CHD. Other 

studies are needed to replicate the findings of this study, as findings from this study may 

be due to chance findings. 

FA supplementation showed no protective effect for CHD (P>0.05). This finding, which 

is based on data from two different sources (NIMATS and EPD), is surprising as most 

previous research has shown a protective effect for FA (Appendix 8) and there is a 

plausible biological mechanism to justify this protective effect. This finding calls into 

question any policy which aims to reduce CHD prevalence by imposing population based 

folic acid fortification in NI. However, this lack of protective effect should be received 
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with caution; as suggested by Hobbs et al. (2005), the absence of a protective association 

between FA and CHD cannot be asserted without further analysis of relevant 

environmental and genetic factors. Furthermore, the finding that FA antagonists are 

associated with increased risk of CHD may also indicate the importance of FA in CHD 

causation. The finding that FA had no protective effect also could be due to the 

misclassification of exposure, in that the level of FA required for individuals had already 

been attained; molecular techniques are needed to test this theory. However, it is possible 

that the finding could reflect a true absence of protective effect, as in fact has been shown 

by a number of studies that have found no significant protective effect of FA 

supplementation on CHD (Werler et al. 1999; Bower et al. 2006).  

There is a need to discuss FA supplementation and obesity as risks for CHD, although 

neither was included in the best-fit model, and although no evidence of either a positive 

or a negative association with CHD was found for either in the bivariate models, 

discussion of  FA supplementation and obesity risks is important  as  “Absence of 

evidence is not evidence of absence” as Carl Sagan has observed (Sagan nd). 

This study showed no statistically significant association between maternal obesity and 

risk of CHD (P>0.05). The implication of this important finding is that obesity inclusion 

in any prevention policy towards CHD needs to be discussed. However, it must be noted 

that this finding conflicts with previous literature in which obese pregnant women were 

found to have a significantly increased risk of CHD (Stothard et al. 2009; Mills et al. 

2010; Cai et al. 2014). Nevertheless, the findings of this study may be valid, as the 

mechanisms which explain the relationship between maternal obesity and CHD are 

unclear, although women who are obese may have DM, which is a known risk factor for 

CHD (Garne et al. 2012b). In fact, some researchers have argued that the positive 

association between obesity and CHD is not real and that CHD is actually caused by 

undetected type-2 DM (Scheen et al. 1995). On the other hand, the difference between 

the results of this study and those reported in the literature may be due to differences 

between the population studied or the methodology used.  
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In the bivariate analysis in this study, certain variables showed a statistically significant 

association with CHD. These variables were: gestational age at booking; gestational age 

at delivery, whether term or preterm; LBW; child’s year of birth; and multiple births 

(P<0.05). It was interesting to note that there had been statistically significant association 

between those factors and CHD. Those factors are not classified as maternal 

socioeconomic and behaviour factors, which are related to the objective examined in this 

section. Rather, they are categorised as factors related to the child, and they are important 

to know as they must be considered prior to the implementation of any preventative policy 

in relation to CHD. Given that some foetuses are more at risk of having CHD than others, 

considering these categories is essential to facilitate detection and prevention. 

The association between previously identified factors related to the foetus and CHD has 

been demonstrated in literature. There were significant differences in the occurrence of 

CHD among singleton/twin births (Best and Rankin 2015), birth weight (Petrossian et al. 

2015), being SGA (Malik et al. 2007), or preterm birth (Tanner et al. 2005; Laas et al. 

2012). Multiple birth status potentially affects intrauterine growth and carries a higher 

risk of premature birth (Dudenhausen and Maier 2010). Those factors were included in 

the conceptual framework, in the multivariable analysis and in the final conceptual 

framework. 

Later year of birth showed a significant positive association with CHD in all the years 

2011-2014 in comparison to 2010 (P<0.05). This finding indicates a decreased risk of 

CHD among the latest births, which may reflect decreasing trend in CHD prevalence 

which disagrees with the findings from the first objective of this study (Section 7.1), and 

with those from a population-based study in Canada (Fung et al. 2013).These 

discrepancies may be due to methodological differences between studies.  

Other variables were not shown to have a statistically significant association with CHD. 

These variables were parity, NIMDM, and gender. NIMDM as a proxy of SES, was 

discussed in Section 7.1.1. Environmental risk factors (biological or psychological), 

which are more prevalent in multiparous women in comparison to nulliparous women, 

have been proposed as a reason for the significant association between parity and CHD 
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(Feng et al. 2014). This finding is consistent with the literature. For example, a meta-

analysis showed no statistically significant association between parity (comparing highest 

to lowest) and CHD in studies conducted after 2010 (Feng et al. 2014). The literature on 

gender has shown conflicting results regarding its association with CHD (Fung et al. 

2013; Amel-Shahbaz et al. 2014). This study showed no significant association between 

gender and CHD, a finding that needs to be replicated in other well designed studies. 

Until then, gender should not be part of any preventative policy for CHD.  

It is also crucial to comment on the finding that taking antidiabetic medication during 

pregnancy is associated with CHD (OR=2.70; 95% CI=1.86-3.87; P<0.01). That finding 

is highly significant as it indicates that women who have DM should be at the heart of 

any preventative policy for CHD. This result aligns with the current literature, which has 

shown positive association between pre-existing diabetes and CHD (Loffredo et al. 2001; 

Correa et al. 2008; Garne et al. 2012b; Øyen et al. 2016). The possible causal mechanism 

for this positive association is poorly understood but the main hypothesis clarifying the 

positive association between maternal DM and CHD in offspring is that a teratogenic 

effect on the developing heart may be caused by excess glucose  (Cousins 1991). Excess 

glucose may lead to epigenetic changes that would affect gene expression in the 

developing embryo (Salbaum and Kappen 2011). The control of blood glucose in 

pregnancy could be a preventative measure for the development of CHD, and future 

research to assess the level of blood glucose level in pregnancy as a risk for CHD is 

needed. 

7.4 Relationship between MHM taken during the preconceptional 

period and/or in the first trimester of pregnancy and CHD (2010-

2014) 

In this section the association between MHM and CHD was discussed. Two types of 

association between MHM and CHD were expected in this study: 
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a.  A significant association between MHM, MHM subgroups, or specific MHM and 

CHD;  

b.  No significant association between MHM, MHM subgroups, or specific MHM 

and CHD. 

There is a gap in the risk of MHM use in pregnancy and CHD, NICE (2015) 

acknowledges significant limitations in relation to the data available concerning the risks 

of MHM use in pregnancy. Therefore, findings from this study will contribute to this 

field.  

7.4.1 Significant association between MHM, MHM subgroups, or specific MHM and 

CHD  

Drugs used to treat psychoses and related disorders were shown to have a significant 

positive association with CHD (AOR=11.57; 95% CI=2.54-52.83; P<0.01). 

Antipsychotics (a subcategory of drugs used to treat psychoses and related disorders, 

Table 5.39) also demonstrated a significant positive association with CHD (AOR=13.28; 

95% CI=2.85-61.93; P<0.01). These results are important because they contribute to the 

low number of studies that assessed the association between antipsychotic medications 

and CHD. These results are of special interest for clinicians and for pregnant women who 

are taking this type of medication. To the knowledge of the author of this thesis, there are 

limited population-based studies (in Germany, Europe, Sweden and USA) that assess the 

association between antipsychotics and CHD and they have shown significant increased 

risk of CHD  (Reis and Kallen 2008; Habermann et al. 2013; Boyle et al. 2016). 

The results of this study have a wide confidence interval which reflects low sample size 

which might not be sufficient to measure such association. This problem of wide CI was 

also noticed in the previous literature which assessed the association between 

antipsychotic medications and CHD. Combining the results from those studies and 

conducting meta-analysis may help to resolve this issue. There was only one study which 

showed no statistically significant positive association with CHD (Huybrechts et al. 

2016).  
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Pregnant women who have mental illness such as schizophrenia, major depressive 

disorder, or bipolar disorder may need antipsychotic medications for treatment, the 

current results underscore the risk of prescribing and intake of these medications during 

pregnancy. However, clinicians should discuss the risks and benefits with their patients 

when prescribing an antipsychotic medication. 

7.4.2 No significant association between MHM, MHM subgroups, or specific MHM 

and CHD  

MHM as monotherapy showed no statistically significant association with CHD 

(AOR=1.17; 95% CI=0.65-2.10; P=0.60). MHM and FA and vitamins, and MHM and 

other medications also showed no statistically significant association with CHD, with 

AOR=1.82 (95% CI=1.00-3.29; P=0.048) and AOR=0.95 (95% CI=0.67-1.35; P=0.79) 

respectively. Likewise, MHM as polytherapy showed no statistically significant 

association with CHD (AOR=1.01, 95% CI=0.72-1.43; P=0.93). These findings for 

MHM as a group are crucial as they may reduce fear of ill effects from MHM prescription 

during pregnancy, especially given the conflicting results in the literature on this issue.  

Exposure to antidepressant medication as a group showed no significant association with 

CHD (AOR=1.30, 95% CI=0.68-2.47; P=0.43). To the knowledge of the author of this 

thesis, there is no literature examining the specific association between CHD and 

antidepressants as a single group, however antidepressant subgroups such as SSRI were 

examined widely in the literature. There was no significant association of SSRI with CHD 

(AOR=1.20; 95% CI=0.59-2.44; P=0.61). The relation between SSRI and CHD has been 

widely assessed in the literature, with conflicting results. Results from studies in Europe 

have shown a significant positive association with CHD (Furu et al. 2015; Wemakor et 

al. 2015), but results from the UK have not shown association with CHD (Ban et al. 

2014b; Petersen et al. 2016), which aligns with the results from the current study. This 

suggests that the population in NI is more similar to the rest of the UK population than 

the European population.   
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 Fluoxetine did not show a statistically significant association with CHD (AOR=2.14; 

95% CI=0.87-5.22; P=0.10). These results are consistent with the literature. Six studies 

found no significant association with CHD (Einarson et al. 2009; Kornum et al. 2010; 

Malm et al. 2011; De Jonge et al. 2013; Ban et al. 2014b; Wemakor et al. 2015), 

compared to three studies showing a significant positive association (Diav-Citrin et al. 

2008; Pedersen et al. 2009; Furu et al. 2015). This difference in results may be due to 

different populations and different methodologies used, but it could also be due to chance 

findings. For the hypnotics and anxiolytics group of MHM, the study was not able to 

assess any evidence as the number of CHD cases exposed to these medications was less 

than three 

The literature review conducted as part of this study identified 19 studies that have 

assessed the association between SSRI and CHD. Many of these showed association 

between SSRI as a group and CHD (Colvin et al. 2011; Jimenez-Solem et al. 2012; 

Huybrechts et al. 2014; Furu et al. 2015; Wemakor et al. 2015). This study provides no 

evidence of such an association, as have a number of other studies (Alwan et al. 2007; 

Källén and Otterblad Olausson 2007; Nordeng et al. 2012; Reis and Kallen 2013). 

Furthermore, the results of this study are consistent with those from UK studies which 

have shown no association between SSRI as a group and CHD (Margulis et al. 2013; Ban 

et al. 2014b).  

It should be mentioned that results are not necessarily invalidated by lack of statistical 

significance, as this could mean simply that the statistical power was low (Nayak 2010), 

or that the number of cases exposed to certain medications or the number of outcomes is 

too small for an association with CHD to be detected or ruled out (Alwan et al. 2010; 

Colvin et al. 2010). Not all studies, including population-based studies, have sufficient 

statistical power to demonstrate a statistically significant association (Polen et al. 2013). 

This also applies to this study as the number of exposed cases are fewer when it comes to 

analysing specific subgroups or drugs, and subsequently the statistical power to detect or 

to refute any association may not be enough to reach a valid conclusion. 
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The non-confirmation of MHM subgroups and specific MHM could be a result of 

differences in the population or the methodological approach used in the current study 

compared to those of the other studies from which the associations were identified. 

However, a possible, simple explanation for this lack of confirmation of signals such as 

fluoxetine could be that the association found in the previous literature were not “true 

associations”.  

7.5 Strengths and limitations 

7.5.1 Strengths 

The present study has several strengths. This is the first study to use national clinical data 

that cover the entire population in NI to analyse both annual trends in prevalence and 

prevalence of CHD diagnoses in NI, about which there has been limited previous 

research. Selection bias was avoided in this study due to the usage of large population 

data that enabled the researcher to obtain valid prevalence and risk factor estimates. 

Detailed description of the prevalence estimates among CHD subgroups was possible due 

to the large sample size used in this study. Additionally, case ascertainment for CHD was 

high. All samples in HSD had undergone echocardiography by paediatric cardiologists 

who use the same Echo machines and following the same diagnostic criteria and therefore 

there was a limited chance of case misclassification.  

This is the first NI population-based study to explore trends in CHD-related death rates 

throughout the first year of life. Routine death registrations held by the GRO have been 

used and they are a reliable source of population-based data (Knowles et al. 2012). This 

is the first longitudinal study in NI which investigates if there are socioeconomic and 

urban/rural differences in occurrences of CHD, making use of the already available 

clinical and administrative data. For the first time in this study, the NIMDM (NISRA 

2010) has been used to assess the association between maternal SES and CHD in NI.  
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This study looked at a sample size of 95,067 pregnancies which gave birth in NI during 

the period 2010-2014 to investigate different risk factors for developing CHD related to 

maternal sociodemographic characteristics and behaviours using a data linkage approach 

and making use of already available clinical and administrative data. The large sample 

size enabled the study to have enough power to study CHD and estimate risks by using 

OR. This sample size allowed for elimination from the data set of cases exposed to some 

known teratogens such as antiepileptic/antidiabetic/vitamin A medication while still 

controlling for main confounders. Linking the data to EPD enabled the exclusion of 

pregnant mothers with a history of exposure to known teratogens, as the inclusion of 

pregnant mothers on those teratogenic exposures might have confounded the study 

results. In one hospital (RBHSC) in NI, all cases of CHD were diagnosed at any age by 

the same team, using the same diagnostic techniques, and were entered into one 

information system (HSD). 

The study was able to adjust for several significant confounders. NIMATS data, for 

example, is a rich source of potential confounders such as BMI, smoking and alcohol 

consumption, with a high level of completeness. NIMATS data were designed to identify 

during antenatal care certain risk factors for the mother and the foetus; identifying these 

factors is fundamental for proper clinical management of both mother and foetus. The 

researcher also was able to derive some other confounders which are not explicitly found 

in NIMATS, such as SGA and history of previous miscarriage. 

This is the first study in NI to investigate the relationship between CHD and MHM taken 

in the pre-conceptional period and/or in the first trimester of pregnancy using a data 

linkage approach and making use of the already available clinical and administrative data. 

In this study, due to the large sample size, MHM have been grouped into different 

categories to ensure that monotherapy medications (the use of a single drug to treat a 

particular disease) were compared to a non-exposed group, thereby ensuring that the 

findings were based on robust analysis. MHM was first analysed as one category, and 

then divided into 3 groups, 10 subgroups, and specific medications for further analysis 

(see table 5.39). 
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Recall bias is expected when exposure data is collected retrospectively (Csáky-Szunyogh 

et al. 2014b). Recall bias has been avoided in this study by using prospectively collected 

data on medication exposure (Berard et al. 2015), by using medication prescription 

records for pregnant women.   

The pregnant woman’s behaviour in response to pregnancy may change over time due to 

factors such as increase in knowledge and awareness, healthcare improvement, and 

availability of evidence. Pregnant women’s engagement in risky behaviour such as 

alcohol consumption and smoking also can change over time (Buck and Frosini 2016). 

There are many sociodemographic and lifestyle changes across space and time that could 

shape the results of any such studies. For example, MHM prescription pattern might be 

modified over time, with newer drugs emerging from research. Studies that do not take 

ongoing changes into account are likely to produce biased and invalid results. To address 

this issue, year of birth was accounted for when analysing the results of this study.  

7.5.2 Limitations 

However, as with any study, limitations should be considered, caution should be taken 

when comparing the results of this study with those of others due to differences between 

populations, study period, and methodologies. The definition of CHD differs from one 

study to another (Hoffman and Kaplan 2002), which has contributed to variations 

between studies in the estimated prevalence of CHD (Dolk et al. 2010b; Wu et al. 2010; 

Wu et al. 2014). However, EUROCAT methodology (which is used widely in Europe) 

has been followed in this study which makes the results from this study comparable.  This 

study mainly checked the prevalence of major CHD. PDA was excluded from the analysis 

in this study, despite the fact that PDA in term infants should be classified as a major 

CHD. Identifying term pregnancies was not possible in this part of the study, however, 

due to the lack of information about gestational age at delivery in HSD. Consequently, 

the estimated prevalence may have been underestimated.  

The prevalence measures in this study are based on live birth estimates and no estimation 

was calculated based on stillbirths and TOP. Ideally, in prevalence studies, all foetuses 
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with stillbirths and TOP including TOPFA should be included, specifying those who have 

CHD. TOPFA could not be included as TOPFA is not permitted in NI unless:  

“a woman’s life is at risk or where there is a risk of a serious and adverse long 

term or permanent effect on her physical or mental health” (Department of Health, 

Social Services and Public Safety 2016).  

Although accurate information about TOPFA in NI is not available, reports covering the 

period 2010-2014 have shown that some pregnant women travelled from NI to England, 

Scotland or Wales to have an abortion, including TOPFA. There were 4,652 abortions 

performed in England and Wales on women who had travelled from NI during the period 

2010-2014 (Torney 2015). It is not known how many of those cases have CHD but 

exclusion of these cases from the analysis may have affected the results. Stillbirths and 

TOP are more common among the severe CHD subtypes (Garne et al. 2005). The 

exclusion of TOP cases from the study will have implications for the analysis because if 

certain SES and urban/rural distribution increase the risk of CHD among TOP cases, the 

association between SES and urban/rural residency and risk of CHD will have been 

underestimated. Conversely, if certain SES and urban/rural distribution decrease the risk 

of CHD among TOP cases, the association between SES and rural/urban residency and 

risk of CHD will have been overestimated. 

The GRO registers deaths based on death certificate data which may entail issues for 

diagnosis accuracy. A review revealed that only 41% of UK physicians completed death 

certificates accurately (Horner and Horner 1998), and this problem is expected to persist 

as subsequent literature has highlighted problems with death certificates (Lakkireddy et 

al. 2004; Ravakhah 2006; McGivern et al. 2017). It has been shown that the vital statistics 

reported on death certificates should be updated to include autopsy results (Ravakhah 

2006). In NI, cause of death may already be known based on the clinical condition e.g., a 

cause may be written as severe CHD without performing an autopsy, however, autopsies 

are not usually performed for deaths, a limitation which was found in a study by Gilboa 

et al. (2010) which gave a similar infant mortality rate of 0.41 per 1000 livebirths, 

providing reassurance about the results of this study. More precise studies will rely on an 

ongoing surveillance system; however, this study was as precise as possible using 

available data.  One limitation of this study is that stillbirths were not included in the risk 
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factor analysis part of this study. To assess association with CHD, post-mortems needed 

to be performed for all cases of stillbirth to identify the cause of death including CHD, 

but this was not the practice in NI during the study period (post-mortem can only be 

carried out with parental consent). HSD does not include information about stillbirth 

cases which are diagnosed as CHD. That said, excluding stillbirths from the current study 

would be expected to have a minimal effect as stillbirth occurs in approximately 0.41% 

of cases in this study (based on data presented in Chapter 4, Table 4.6), and congenital 

anomalies account for only 8-18% of stillbirths (Stillbirth Collaborative Research 

Network 2011; Healthcare Improvement Scotland 2013). 

The study estimation does not consider severe CHD which results in miscarriage or 

ectopic pregnancy. The ectopic pregnancy rate in the UK is 11 per 1000 (Royal College 

of Obstetricians and Gynaecologists 2016) and 1 out of 4 pregnancies ends with 

miscarriage (Tommy’s 2018). However, it is not common practice to include them in 

studies as it is difficult to identify the cause of miscarriage or whether the foetus in an 

ectopic pregnancy had a heart problem or not. 

Another potential limitation of this study is that the data for the period 2010-2011 were 

significantly reduced when repeated births were excluded in the earliest years (e.g. 12,861 

versus 25,315 for the year 2010), but generally the risk factors would be the same for the 

mother, her age would be different depending on which child was included in the study. 

However, when the percentage of occurrence of the different risk factors assessed in the 

study was validated using the same risk factors reported by the Public Health Agency 

(Public Health Agency 2016), no difference between the two sources was found. For 

example, gestational age at booking in the ≤14 week category was 88% in the study data 

set compared to 89.8% in the report. The various subcategories of BMI were also similar 

for the two groups (see Appendix 18 for full details). The correspondence between the 

two provides reassurance that the available data for those years are representative of the 

NI population. 

There is always a possibility of exposure misclassification in relation to a number of risk 

factors assessed in this study. For example, pregnant women tend to underestimate their 
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smoking behaviour when self-reporting (Shipton et al. 2009). Moreover, the study did not 

examine the factors which may affect total smoking exposure such as environmental 

tobacco smoke. Future research using serum cotinine measurement to validate smoking 

risk will give more accurate information regarding the association between smoking in 

pregnancy and CHD. 

There was a possibility of exposure misclassification of SES as NIMDM is an area-level 

SES measure which aims to identify concentrations of deprivation. According to the 

NIMDM, both the most and the least deprived areas will contain deprived people, with 

the most deprived area containing a greater concentration of deprived people (NISRA 

2010b). In spite of this limitation, the results of this study could be used by policy makers, 

as an area-level measurement of SES avoids certain limitations such as inaccurate income 

data and changes in occupation associated with measurement at the individual level, and 

therefore is a more effective method of assessing women’s SES. 

Regarding urban/rural residency, it should be mentioned that various definitions of 

urban/rural residency have been used in different studies (Tikkanen and Heinonen 1992; 

Langlois et al. 2009b; Wu et al. 2014). In some studies, the definition used has not been 

mentioned at all (Bassili et al. 2001; Wu et al. 2014). Because such definitional 

differences exist even between studies within the UK, comparing the results of this study 

with those from other studies is not ideal. In the UK, the Rural Urban Classification 

defines areas as rural if they fall outside of settlements with populations of more than 

10,000 residents (Department for Environment, Food & Rural Affairs 2011), except in 

NI, where an area is defined as rural if it has a population of 5,000 residents or less. In 

Ireland, areas with a population of less than 1,500 persons are classified as rural (Central 

Statistics Office 2016).  

Residual confounding by confounders such as ethnicity and certain environmental 

exposure may still be present, but the association between the potential residual 

confounders and CHD, must be strong and specific for CHD to have the potential to alter 

the findings of this study. 
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In this study, several risks and medications were assessed simultaneously and subgroup 

analyses were performed, leading to multiple testing issues and potential chance findings. 

No adjustment was made for multiple testing in this study as doing so may cause 

significant clinical associations to be lost. This approach has been adopted in other studies 

(Csaky-Szunyogh et al. 2013; Furu et al. 2015).  

Confounding by indication is one of the most important limitations of this study, in which 

individuals who were exposed to drugs may have experienced a contrary outcome (i.e. 

CHD) because they are more ill than others. This outcome might have occurred due to a 

mental health issue rather than the medication. 

Whether or not the pregnant women took the drugs as prescribed is not confirmed, as 

redemption of prescription does not necessarily indicate the medication was taken. There 

is therefore a risk of exposure misclassification, possibly leading to drug use 

overestimation. This has been considered in the study design in which the exposure period 

goes back to only one month before LMP in line with the literature which suggested that:  

“prescriptions given in the period prior to 1 month before the LMP would have 

resulted in a greater percentage of women who do not use medication during 

pregnancy” (Källén et al. 2011). 

It is also noted that studies looking at risk factors for CHD cannot determine cause and 

effect. An epidemiological framework should be used to assess possible cause and effect. 

The Bradford-Hill criteria, for example, has been increasingly used as a framework to 

assess causal inference in public health studies (Fedak et al. 2015)  

7.6 How do the findings fit/refute the conceptual framework? 

The conceptual framework which explains the specific direction through which the 

research was undertaken was discussed in Chapter 4. The original conceptual framework 

stated that the risk of a child developing CHD may be affected by the mother’s SES, 

urban/rural residency, maternal sociodemographic characteristics and behaviours, and 

exposure to MHM in early pregnancy. The findings of this research were able to fit/refute 
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the conceptual framework based on the results and availability of the risk factors, as 

shown in Figure 7.1. 

Based on data from 2010-2014, mother’s SES and urban/rural residency did not show 

statistically significant increased risk of CHD among offspring.  Risk factors which did 

show a statistically significant increased risk of developing CHD among offspring include 

maternal smoking, and/or maternal family history of CHD/congenital abnormalities and 

syndromes, prescription of FA antagonists and antidiabetic medications. Other factors 

which did not show a statistically significant association with CHD are alcohol 

consumption, FA supplementation and vitamins, obesity, increased or decreased maternal 

age, previous history of abortion/miscarriage, unplanned pregnancy, and parity.  

Factors related to the foetus such as SGA, LBW, multiple birth, preterm, year of birth, 

and early foetal diagnosis of any abnormalities are all associated with an increased risk 

of CHD. No significant association was shown between CHD and MHM, antidepressants 

or SSRI as groups. By contrast, antipsychotic and related disorders medications were 

shown to have a significant positive association with CHD. There was no evidence of an 

association between CHD and fluoxetine. Other specific MHM were not assessed due to 

limited sample size.  

Some components of the conceptual framework were not assessed in this study, including 

paternal factors, medication dose and exposure period, race/ethnicity. However, NI is 

largely dominated by white/European population, therefore it is not crucial to assess this 

risk in NI during the study period, caffeine consumption, chromosomal disorders, and 

other environmental exposures such as living near hazardous waste sites. Future studies 

should examine these risks to allow a better understanding of their roles in CHD 

development. 

The results of this study have demonstrated that although some of the factors did not show 

any association with CHD, the best fit model required them to be included. This suggests 

that these factors are working together to produce a significant or non-significant 

association with CHD. 
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The public health impact of CHD on a population will depend on the level of prevalence 

and the level of risk of exposure. The prevalence and hence the impact will increase as 

the risk of exposure increases. Any public health action to reduce the prevalence of CHD 

and hence its consequences both at the individual and population level should target 

different parts of the conceptual framework. The main public health interventions 

proposed to tackle CHD are highlighted in Figure 1.7. These interventions target three 

stages: pre-pregnancy, in pregnancy, and post-pregnancy. The proposed interventions at 

each stage are mainly at the population level and/or at the individual level. For example, 

at the pre-pregnancy and pregnancy stages, avoidance of risk factors such as maternal 

smoking need to be addressed through public health campaigns, and avoidance of FA 

antagonists should be addressed at both the population and individual levels. Any drug in 

this group should be subject to a very clear prescription policy in early pregnancy. The 

policy should explicitly take the latest evidence regarding the risks and benefits of 

prescribing these drugs into consideration, and clinicians need to discuss risks and 

benefits on an individual basis with a woman if she is or expects to become pregnant. 

Although FA showed no statistically protective effect, FA supplementation should still 

be considered. Further well-designed studies and studies at the molecular level are needed 

to confirm or refute the current findings. DM during early pregnancy is one of the risks 

that associated with CHD. This may be addressed through a population strategy to control 

DM during early pregnancy in NI, as the results of this study might reflect poor diabetic 

control in early pregnancy. All efforts should be exerted to avoid preterm labour and 

SGA. In fact, issues related to the foetus or the newborn should be carefully considered 

and newborns which are SGA or outcome of preterm labour should be examined with 

care to ensure that any form of CHD is detected and properly diagnosed. 

Although the conceptual framework includes some secondary and tertiary prevention 

measures, this study points to the efficacy of promoting primary prevention measures 

over secondary or tertiary prevention measures. 

 

 



280 

 

 

 

 

Figure 7.1: Study findings which fit or refute the conceptual framework. Those highlighted in yellow are the main risks and those in red show the main outcomes in this study, 

while the blue text shows the implications of CHD.  Those written in green shows significant association, and those written in black do not show significant association and the green 

boxes are the proposed public health interventions to tackle CHD problem. CHD=Congenital heart disease, LBW=Low birth weight, SGA=Small for gestational age   
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7.7 Public health and clinical implications of the study 

In light of the increasing trend in CHD in NI during the study period and evidence of 

certain risk factors associated with CHD, an ongoing surveillance program of registry 

data primarily, should be put in place to monitor this trend. If the upward trend is 

confirmed, then public health authorities should investigate the causes and seek solutions 

through a population-based program for primary prevention of CHD. This increasing 

trend in CHD will put additional pressure on the adult CHD service. Therefore, 

concomitant research should be carried out to confirm increasing trends in CHD among 

adults and their effect on the health system.  

This study adds to the body of knowledge enabling public health authorities to produce 

guidelines that can help raise public awareness of the factors that increase the risk of 

offspring developing CHD. Previous family history of CHD/congenital abnormalities and 

syndromes, smoking, diabetes, and using FA antagonists and drugs used for psychoses 

and related disorders are to be considered in the guidelines relating to CHD risk factors. 

As the study showed no significant association between CHD and different SES, or 

urban/rural residency, or obesity, caution should be exercised when considering inclusion 

of these factors in future preventative policy. 

Other risks related to newborns which have positive association with CHD such as 

preterm birth, SGA, LBW, and multiple births may be included in any health-related 

policy implemented by public health authorities. Further screening may be followed to 

reduce incidence of missed CHD diagnosis.  

This study showed no evidence of significant association between CHD and MHM as a 

group, SSRI as a group, or Fluoxetine, FA supplementation.  These results may influence 

clinical decisions in various ways. For example, there is evidence to suggest that 

Fluoxetine should be avoided during the first trimester, but no teratogenic risk of CHD 
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was observed in this study. There is evidence of positive association between CHD and 

FA antagonists, drugs used for psychoses and related disorders, therefore clinicians, and 

especially those in NI, should revisit the body of evidence available and produce better 

judgements and guidelines on the teratogenic potential of these medications. 

Even when guidelines are available, one must consider how difficult it will be for 

clinicians to make decisions about whether to prescribe a medication which has been 

reported as potentially teratogenic. Clinicians who need to prescribe medications in 

pregnancy will be faced with the challenge of deciding whether the risk associated with 

using medications that have shown to have teratogenic effect in relation to CHD is greater 

or less than the risk associated with not taking the medication. It is always important to 

use those medications which have been shown to have little or no teratogenic potential.  

FA has been shown to have no protective effect on CHD in this study, which raises the 

question of whether this is related to something specific to the genetic and epigenetic 

mechanism in women in NI. This could be investigated by examining the association 

between FA and neural tube defects, for which one would expect FA to have a protective 

effect. Otherwise, there are genetic, epigenetic and molecular level issues that need to be 

investigated. The positive association between FA antagonists and CHD makes it more 

likely that the lack of association between FA supplementation and CHD is due to 

genetic/epigenetic factors, or to similar level of FA in cases and controls. Lack of 

significant association in this study may be because both cases and controls in this study 

have the required body folate to protect against CHD, therefore studies that check blood 

levels are needed to assess any potential significant association.  

It will be important to develop a strategy for how to make sense of the results obtained in 

this study. It is worth paying keen attention to the Bradford Hill criteria for causation, 

which are ‘aspects of association’ (also known as criteria for association) for evaluating 

traditional epidemiologic data (Hill 1965). Hill developed these criteria in an effort to 

answer the question:  

“In what circumstances can [one] pass from [an] observed association to a verdict 

of causation?” (Hill 1965) 
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According to the Bradford Hill criteria for causation, certain questions should be raised 

when reviewing the results of this study. For example: What is the strength of association 

or the size of the risk estimate? What is the number of exposures? Is there a plausible 

biological explanation for the observed association?  

The findings of this study meet some of these criteria. For example, there is a plausible 

biological explanation for the observed association between FA antagonists and CHD. 

This is not the case with FA, as there is a plausible biological explanation, but the results 

show no association, and as mentioned above, genetic/epigenetic factors, and individual 

serum levels of these factors could be responsible. 

7.8 Conclusions and recommendations for future research 

The aim of this study was to describe the situation of CHD in NI in relation to prevalence 

and mortality and to identify if differences in SES or urban/rural residency influenced the 

occurrence of CHD. The study was designed to identify maternal sociodemographic 

factors and MHM exposures as risk factors for CHD using population-based linked data. 

The prevalence of CHD in NI was 11.61 per 1000 live births (9.48 per 1000 live births 

for those diagnosed in the first year of life), which is higher than figures in the UK, Europe 

and the USA. Prevalence also showed an increasing trend. The most common subtypes 

of CHD were VSD, ASD, and PVS, which together represent 78.9% of all CHD cases in 

NI. The infant mortality rate due to CHD was 0.32 per 1000 live births, which is 

comparable to the rate in the Northern Health Region of England and in the USA. 

Neither living in the most deprived area relative to living in the least deprived area nor 

urban versus rural residency showed a significant association with CHD. Specific risk 

factors which showed a significant positive association with CHD were maternal 

smoking, family history of CHD or congenital anomalies and syndromes, and DM. Other 

potential risk factors for which there was no evidence of a significant association with 

CHD were history of previous miscarriage, parity, obesity, mother’s age at time of 

booking, alcohol consumption, gender, and unplanned pregnancy. FA supplementation 
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did not show any protective effect for CHD. Other factors carried a higher risk of CHD, 

such as SGA, preterm birth, multiple births, and LBW. 

The study found no significant association between CHD and MHM as a group, but 

further exploration did show a significant positive association with drugs used for 

psychoses and related disorders. Usage of FA antagonist medications in early pregnancy 

showed a significant positive association with CHD. 

This study has shown that using clinical and administrative data in paediatric cardiology 

research is feasible in NI. NIMATS and EPD data are a good source of information for 

use in the investigation of various research questions concerning the availability and 

quality of the required variables. 

The study provides data on the situation of CHD in NI that is useful for public health 

practice and for clinicians. The study has several strengths and limitations, discussed 

above, that should be considered when interpreting the results. 

7.9 Direction for further research 

CHD is a public health issue in NI and one which demands further action, in relation to 

it there is a need to establish Oster et al’s public health cycle model (2013) (Figure 1.1) 

in NI based on the following general points: 

1. A surveillance system should be put at the heart of the cycle to enable ongoing follow 

up through which to identify trends. It is clearly time to establish a congenital 

anomalies registry in NI as the best source of data for CHD research. Any public 

health intervention to tackle CHD can then be monitored by ongoing analysis of data 

from the registry. 

2. Prevention by implementing strategies to reduce exposure to risk factors especially 

at primary prevention level. 

3. Research to confirm known risk factors, and identify new risk factors for CHD. 

Research should be designed to identify factors associated with infant mortality due 

to CHD. Prognostic factors, including prenatal diagnosis, subtypes of CHD, SES and 
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others, must be studied to help determine their role in the mortality of infants with 

CHD.  

Future research should consider assessing other risk factors which have not been assessed 

in this study such as caffeine intake, paternal factors, and proximity to landfill areas in 

NI. Future areas of research also should focus on combining serum FA level, genetics and 

population data to investigate the association of FA and CHD. 

The documented significant positive association between CHD and DM medication/pre-

existing DM should be further investigated to identify related risk factors, and laboratory 

research should be conducted to identify the effect of blood glucose on this association. 

Better strategies for antenatal and postnatal screening of CHD also are needed to be 

further examined based on the findings of this and other studies. Rigorous study is needed 

to consider the effect of medication dose and length of exposure to medications if sample 

size allows.  

It will be very useful to combine the results from this study with other literature on the 

association between certain risk factors and CHD in order to conduct a meta-analysis 

which may have more power to answer the research questions pursued in this study. 

Including data from this study in a meta-analysis to determine the association between 

CHD and urban/rural residency, SSRI, and FA antagonists will be particularly useful.  

Clinical and administrative data should be checked regularly for quality, and quality 

improvement should be targeted continuously to ensure a high standard of data that is fit 

for research. Standard clarification of what each variable in NIMATS means is required 

in NI to facilitate standard filling of patients’ information in the system and to increase 

the standard of data for research. Metadata should be established for all clinical data in 

NI.  

To conclude, linking CHD data from HSD to secondary data sources such as NIMATS 

and EPD, allowed investigation of the prevalence and potential risk factors of CHD in a 

population based study in NI which would have been prohibitive using prospectively 

collected data due to time and cost constraints.   A congenital anomaly registry with high 
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quality data would be beneficial in NI. As the etiology of CHD is multifactorial, further 

studies looking at risk factors associated with CHD prevalence and infant mortality due 

to CHD are required. 
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Appendices 

         Appendix 1 

 

         Search strategies for perinatal and infant mortality: 

 

         Database(s): Ovid MEDLINE(R) 2000-2018  

         Search Strategy: 

# Searches Results 

1 exp Heart Defects, Congenital/ 142864 

2 

congenital heart disease.mp. [mp=title, abstract, original title, name 

of substance word, subject heading word, floating sub-heading word, 

keyword heading word, protocol supplementary concept word, rare 

disease supplementary concept word, unique identifier, synonyms] 

24607 

3 

congenital heart defect*.mp. [mp=title, abstract, original title, name 

of substance word, subject heading word, floating sub-heading word, 

keyword heading word, protocol supplementary concept word, rare 

disease supplementary concept word, unique identifier, synonyms] 

8275 

4 1 or 2 or 3 153355 

5 exp Infant Mortality/ 28756 

6 

(Infant* or perinatal or postneonatal or neonatal).mp. [mp=title, 

abstract, original title, name of substance word, subject heading word, 

floating sub-heading word, keyword heading word, protocol 

supplementary concept word, rare disease supplementary concept 

word, unique identifier, synonyms] 

1308492 

7 

(mortality or death*).mp. [mp=title, abstract, original title, name of 

substance word, subject heading word, floating sub-heading word, 

keyword heading word, protocol supplementary concept word, rare 

disease supplementary concept word, unique identifier, synonyms] 

1611500 

8 6 and 7 176177 

9 fetal death/ or stillbirth/ 27534 

10 

(fetal death* or stillbirth*).mp. [mp=title, abstract, original title, name 

of substance word, subject heading word, floating sub-heading word, 

keyword heading word, protocol supplementary concept word, rare 

disease supplementary concept word, unique identifier, synonyms] 

36900 

11 5 or 8 or 9 or 10 196192 

12 4 and 11 11693 

13 limit 12 to yr="2000" 267 

 

         Database(s): Embase 2000 to 2018   

         Search Strategy: 

# Searches Results 

1 exp Heart Defects, Congenital/ 119421 

2 

congenital heart disease.mp. [mp=title, abstract, heading word, drug 

trade name, original title, device manufacturer, drug manufacturer, 

device trade name, keyword, floating subheading word, candidate 

term word] 

50164 

3 
congenital heart defect*.mp. [mp=title, abstract, heading word, drug 

trade name, original title, device manufacturer, drug manufacturer, 
10994 
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device trade name, keyword, floating subheading word, candidate 

term word] 

4 1 or 2 or 3 150930 

5 exp Infant Mortality/ 18947 

6 

(Infant* or perinatal or postneonatal or neonatal).mp. [mp=title, 

abstract, heading word, drug trade name, original title, device 

manufacturer, drug manufacturer, device trade name, keyword, 

floating subheading word, candidate term word] 

1035692 

7 

(mortality or death*).mp. [mp=title, abstract, heading word, drug 

trade name, original title, device manufacturer, drug manufacturer, 

device trade name, keyword, floating subheading word, candidate 

term word] 

2176719 

8 6 and 7 173661 

9 fetal death/ or stillbirth/ 33491 

10 

(fetal death* or stillbirth*).mp. [mp=title, abstract, heading word, 

drug trade name, original title, device manufacturer, drug 

manufacturer, device trade name, keyword, floating subheading 

word, candidate term word] 

27833 

11 5 or 8 or 9 or 10 198831 

12 4 and 11 12506 

13 limit 12 to yr="2000" 199 
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                   Appendix 2 

 

   Different guidelines for CHD prevention: 

 

 NHS Guidelines (“NHS” 2016): 

 

o Ensure vaccination against rubella and flu. 

o Avoid drinking alcohol or taking drugs. 

o Take 400 micrograms of folic acid supplement a day during the first trimester. 

o Check with the GP or pharmacist before taking any medication during pregnancy including 

herbal remedies and medication that's available over the counter. 

o Avoid contact with people who are known to have an infection. 

o Insured controlled diabetes. 

o Avoid exposure to organic solvents 

o Pregnant women with CHD should have an echocardiogram for the baby approximately 20 

weeks of pregnancy. 

  

 Mayo clinic guidelines(“Mayo Clinic” 2017): 

o Get a rubella (German measles) vaccine.  

o  Control chronic medical conditions.  

o  Avoid harmful substances.  

o  Take a multivitamin with folic acid. Daily consumption of 400 micrograms of folic acid 

has been shown to reduce birth defects in the brain and spinal cord and may help reduce 

the risk of heart defects as well. 

 

 Canadian public health agency guidelines (R. Brian 2013): 

 

o Food fortification with folic acid and periconceptional supplementation with multivitamins 

are potential preventive measures. 

o Antenatal assessment of rubella immunoglobulin titres can identify seronegative women 

who could be offered immunization postnatally.  

o The Canadian Immunization Guide recommends that women not immunized in childhood 

(e.g., immigrant women from countries where rubella vaccination is not routine), should be 

offered one dose of mumps-measles-rubella vaccination sufficiently prior to pregnancy.  

o Avoidance of exposures to illnesses, drugs and environmental contaminants. 

o A family history of CHDs disease can be used for referral to a genetic counsellor and may 

facilitate the early prenatal detection of cases.  

o Prenatal diagnosis and the option and availability of termination of pregnancies for severe 

CHDs can reduce the birth prevalence, if identified early in gestation. 
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Appendix 3  

                             

Figure shows common subtypes of CHD 

 

  
Patent Ductus Arteriosus (PDA) Atrial Septal Defect (ASD) 

  

Ventricular Septal Defect (VSD) Atrioventricular Canal (AVC) 

  
Truncous Arteriosus (TA) D-transposition of the great arteries 

(DTOGA) 

  
Total anomalous pulmonary venous return P-

APVR/T-APVR 

Pulmonary stenosis (PS) 
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Tetralogy of Fallot (TOF) Pulmonary Atresia (PA) with Intact 

Ventricular Septum (IVS) 

  
Tricuspid Atresia (TA) Pulmonary valve atresia 

  
Coarctation of the Aorta (COA) Interrupted Aortic Arch (IAA) 

  
Aortic Stenosis (AS) Hypoplastic Left Heart Syndrome (HLHS) 
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Ebstein Anomaly Transposition of the Great Arteries 

 

 

Single ventricle Double Outlet Right Ventricle (DORV) 

 

Appendix 3: Figure shows common suptypes of CHD (Source: 
https://pedclerk.bsd.uchicago.edu/sites/pedclerk.uchicago.edu/files/uploads/Congenital%20Cardia

c%20Defects.pdf) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://pedclerk.bsd.uchicago.edu/sites/pedclerk.uchicago.edu/files/uploads/Congenital%20Cardiac%20Defects.pdf
https://pedclerk.bsd.uchicago.edu/sites/pedclerk.uchicago.edu/files/uploads/Congenital%20Cardiac%20Defects.pdf
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Appendix 4 

 

Table shows descriptions of different sutypes of CHD 

(Source: 
https://pedclerk.bsd.uchicago.edu/sites/pedclerk.uchicago.edu/files/uploads/Congenital%20Ca
rdiac%20Defects.pdf) 

CHD Description 

PDA  The ductus arteriosus is a communication between the pulmonary 

artery and the aortic arch distal to the left subclavian artery. Patent 

ductus arteriosus (PDA) is the failure of the fetal ductus arteriosus to 

close after birth. 

ASD An atrial septal defect (ASD) is a communication or opening between 

the atria that results in shunting of blood between the two chambers. 

There are 4 anatomic types: 

Ostium primum - low in atrial septum, may involve a cleft mitral 

valve. 

Ostium secundum - center of the atrial septum. Most common type of 

ASD. 

Sinus venosus - high in the atrial septum.  

Coronary sinus - large opening between the coronary sinus and left 

atrium. 

VSD A ventricular septal defect (VSD) is a communication (or multiple 

communications) between the right and left ventricles. VSDs are 

classified by their location in the ventricular septum. There are 4 

anatomic types: 

Perimembranous - upper portion of septum (most common). 

Subpulmonary - below pulmonary valve. 

Muscular - muscle portion of ventricular septum. Usually low in the 

ventricular septum. Multiple muscular defects may be referred to as 

‘swiss cheese’ defects. 

Atrioventricular canal - located beneath the tricuspid valve. Also 

called an inlet VSD. 

Atrioventricular 

canal (AVC) 

May be complete or partial. Complete AVC is a communication 

between both the atria and the ventricles, as well as failure of the 

tricuspid and mitral valve rings to develop separately.There are often 

clefts in the septal valve leaflets. The term “canal” is used because the 

common AV valve orifice and the deficient atrial and/or ventricular 

septal tissue create a large opening in the center of the heart between 

the atria and ventricles. There are varying degrees of abnormality in 

the atrial and ventricular septum and the AV valves, resulting in many 

variations of severity and symptoms. In the partial form of AVC, only 

an ASD is present along with a cleft in the mitral valve. 

Truncus 

arteriosus 

Truncus arteriosus is a rare congenital heart defect in which a single 

great vessel arises from the heart, giving rise to the coronary, systemic 

and pulmonary arteries. This single vessel contains only one valve 

(truncal valve). The truncus arteriosus overlies a VSD that is almost 

always seen in conjunction with this defect. 

There are 4 major types: 

Type I: The most common; a single great vessel arises from the 

ventricles, and divides into an aorta and a main pulmonary artery (PA). 

Type II: There is no main PA segment. The right and left PA’s 

originate from the back of the truncus at the same level. 

https://pedclerk.bsd.uchicago.edu/sites/pedclerk.uchicago.edu/files/uploads/Congenital%20Cardiac%20Defects.pdf
https://pedclerk.bsd.uchicago.edu/sites/pedclerk.uchicago.edu/files/uploads/Congenital%20Cardiac%20Defects.pdf
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Type III: The right and left PA arise separately from the lateral aspect 

of the truncus. There is no main PA segment. 

Type IV: No main PA. Pulmonary artery circulation is supplied from 

the systemic arterial circulation through collateral vessels of the 

bronchial arteries. This type is currently considered a form of 

Tetralogy of Fallot with pulmonary atresia. 

D-

Transposition 

of the Great 

Arteries (D-

TGA) 

The aorta arises from the anatomic right ventricle and the pulmonary 

artery arises from the anatomic left ventricle. The most common form 

of transposition occurs when the ventricles are normally positioned 

and the aorta is malposed anteriorly and rightward above the right 

ventricle. A VSD is present in 40% of patients with D-TGA. 

Abnormal coronary artery patterns present in 33% of cases. 

Total/Partial 

Anomalous 

Pulmonary 

Venous Return 

(T-APVR) 

Results from the failure of the pulmonary veins to join normally to the 

left atrium during fetal cardiopulmonary development. The pulmonary 

veins empty abnormally into the right atria via drainage into one of the 

systemic veins. The infant must have an ASD or a PFO to survive. 

There are 4 anatomic variations; defined according to the site of the 

anomalous connection of the pulmonary vein to the venous circulation 

and to the right atrium. 

Supracardiac: The pulmonary veins join a common pulmonary vein 

behind the left atrium. This common vein ultimately enters the 

superior vena cava and right atrium. 

Cardiac: The pulmonary venous blood drains into a common 

pulmonary vein that drains into the right 

atrium or coronary sinus. 

Infradiaphramatic: Pulmonary veins join to form a common 

pulmonary vein that descends below the 

diaphragm, through the portal system, then drains via the ductus 

venosus into the inferior vena cava and into the right atrium. 

Mixed: Pulmonary veins join the systemic circulation at two different 

sites, or use any combination of 

systemic venous drainage.Partial Anomalous Pulmonary Venous 

Return (P-APVR) results when one or more (but not all) pulmonary 

veins drain into the right atrium or its venous tributaries 

Pulmonary 

stenosis (PS) 

Pulmonary stenosis (PS) is a narrowing that obstructs blood flow from 

the right ventricle. It may be subvalvular, valvular, supravalvular or in 

the pulmonary arteries. When this presents in neonates, it is referred to 

as ‘critical pulmonary stenosis’. 

Tetrology of 

Fallot (TOF) 

Is a congenital heart defect characterized by the association of four 

cardiac 

abnormalities; malaligned VSD, subpulmonary stenosis, overriding 

aorta and right ventricular hypertrophy. 

Right 

ventricular 

outflow tract 

obstruction 

(RVOTO) in 

TOF.  

There is a wide spectrum of right ventricular outflow tract obstruction 

(RVOTO) in TOF. It may be subvalvar, valvular and/or supravalvular. 

Typically, there is hypoplasia of the right ventricular outflow tract, 

stenosis of the pulmonary valve and hypoplasia of the pulmonary 

annulus and trunk. The right and left pulmonary arteries are usually 

normal in size. Some infants with TOF may be referred to as a ‘pink’ 

TET, if no cyanosis is present 

Pulmonary 

Atresia 

Pulmonary Atresia with an Intact Ventricular Septum (PA with IVS) 

includes a spectrum of defects that can include disorders of the 

tricuspid valve, right ventricle and coronary circulation. The term 

‘atresia’ indicates failure of the pulmonary valve or pulmonary trunk 
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vessel to develop, therefore there is no connection between the right 

ventricle and pulmonary artery. The pulmonary valve annulus may be 

very small or normal size. The main pulmonary artery may be well 

developed, absent or rudimentary. The right and left pulmonary 

arteries may be of normal size, or they may be extremely small. The 

size and structure of the RVis variable. The RV is usually extremely 

small (although can also be normal size), very hypertrophied, and the 

tricuspid valve is often stenotic and incompetent. The right atrium is 

enlarged and an ASD is present. Coronary artery anomalies are 

common. 

Tricuspid 

atresia 

Tricuspid atresia is the failure of development of the tricuspid valve, 

resulting in a lack of direct 

communication between the right atrium and the right ventricle. The 

floor of the right atrium is completely muscular. This defect is 

generally associated with a hypoplastic right ventricle and there is 

usually a ASD/PFO, VSD and/or PDA. Tricuspid atresia is often 

associated with some degree of right ventricular outflow tract 

obstruction. 

Double Outlet 

Right Ventricle 

(DORV) 

Double Outlet Right Ventricle (DORV) spans a wide spectrum of 

physiology from Tetrology of Fallot to Transposition of the Great 

Arteries. DORV is a complex cardiac defect where both great vessels 

(aorta and pulmonary artery), either completely or nearly completely 

arise from the right ventricle. Most commonly they lie side by side in 

the same plane, and the aortic and pulmonary valves lie at the same 

level. A VSD is always present with DORV. The VSD may be 

subaortic, subpulmonary, or a combination of both. The classification 

of DORV is dependent on the location and type of VSD. The great 

vessels may be normally related or transposed. Some types of DORV 

have two adequately sized ventricles to allow a biventricular surgical 

repair. Other forms of DORV are associated with a severely 

underdeveloped left ventricle lending itself to a single ventricle 

pathway. 

 

Coarctation of 

the aorta 

Coarctation of the aorta is a narrowing in the aortic arch. The 

coarctation may occur as a single lesion, as a result of improper 

development of the involved area of the aorta, or as a result of 

constriction of that portion of the aorta when the ductus arteriosus 

constricts. The coarctation is most often located near the ductus 

arteriosus; if narrowing is proximal to the ductus it is ‘pre-ductal’, if it 

is distal to the ductus it is ‘postductal’. 

 

Interrupted 

Aortic Arch 

(IAA) 

Interrupted Aortic Arch (IAA) refers to the congenital absence of a 

portion of the aortic arch. There are three types of IAA, and they are 

labeled according to the site of the interruption. IAA is always 

associated with a PDA and almost always with a VSD. Other cardiac 

defects may also be present. 

Type A: The ascending aortic arch is intact. The interruption occurs 

just distal to the left subclavian artery (the isthmus of the arch). 

Type B: The aorta is interrupted between the left carotid and the left 

subclavian artery, as a result the left subclavian artery arises from the 

descending aortic segment. This type is the most common. 

Type C: The aorta is divided between the innominate and the left 

carotid arteries. This type is extremely rare. 
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Aortic Stenosis 

(AS) 

Aortic Stenosis (AS) is a narrowing that obstructs blood flow from the 

left ventricle, leading to left 

ventricular hypertrophy and/or aortic insufficiency. AS may be mild, 

moderate, or severe. When this 

condition presents in neonates, it is referred to as ‘critical aortic 

stenosis’. There are three types of AS, classified according to the 

location of the stenotic area: 

Valvar: Failure of the cusps to separate, creating fusion of the valve, or 

presence of a bicuspid valve instead of tricuspid. Accounts for 80% of 

AS. 

Subaortic: Caused by the formation of a fibrous ring with a narrowed 

central orifice below the aortic valve. It may be discrete or diffuse and 

in infants is seen as a component of a more complex lesion. 

Supravalvar: Caused by a fibromembranous narrowing of the aorta 

above the aortic valve and coronary arteries. Associated with Williams 

Syndrome. 

 

Hypoplastic 

Left Heart 

Syndrome 

Hypoplastic Left Heart Syndrome (HLHS) is identified as a small, 

underdeveloped left ventricle usually with aortic and/or mitral valve 

atresia or stenosis and hypoplasia of the ascending aorta. A large 

ductus arteriosus is present. The right ventricle is dilated and 

hypertrophied, and an atrial septal defect is present. The entire 

systemic output is dependent on flow through the ductus arteriosus. 

This is a devastating diagnosis. 

Ebstein’s 

anomaly 

Ebstein’s anomaly is a rare congenital defect of the tricuspid valve. 

The tricuspid valve leaflets do not attach normally to the tricuspid 

valve annulus. The leaflets are dysplastic and the septal and posterior 

leaflets are downwardly displaced, adhering to the right ventricular 

septum. The tricuspid valve may be incompetent or, less commonly, 

stenotic. The portion of the right ventricle above the valve leaflets 

becomes “atrialized”, and as a result, right ventricular size is 

compromised and the right atrium is enlarged. There is always a patent 

foramen ovale or atrial septal defect. Ebstein’s Anomaly presents one 

of the widest anatomic, physiologic, and symptomatic spectra of all 

congenital heart anomalies. 

Heterotaxy 

 

Visceral Heterotaxy – This term implies that not only the heart but 

several of the abdominal viscera may be malpositioned. Patients with 

visceral heterotaxy show a high incidence of cardiac malformation. 

The primary characteristics include abnormal position of certain 

viscera and veins (lungs, liver, vena cava) and situs discordance 

between organ systems. The spleen is almost always affected in 

patients with visceral heterotaxy. The spleen may be absent (asplenia) 

or multi-lobed (polysplenia). Rarely is it of normal size or normally 

positioned. 
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           Appendix 5 

 

           Search strategies and Boolean connectors to identify the literature for risk factors for CHD. 

 

           Database(s): Ovid MEDLINE(R) ALL 2000- 2016  

           Search Strategy: 

# Searches Results 

1 exp Heart Defects, Congenital/ 142864 

2 

congenital heart disease.mp. [mp=title, abstract, original title, name of substance 

word, subject heading word, floating sub-heading word, keyword heading word, 

protocol supplementary concept word, rare disease supplementary concept word, 

unique identifier, synonyms] 

24607 

3 

congenital heart defect*.mp. [mp=title, abstract, original title, name of substance 

word, subject heading word, floating sub-heading word, keyword heading word, 

protocol supplementary concept word, rare disease supplementary concept word, 

unique identifier, synonyms] 

8275 

4 1 or 2 or 3 153355 

5 Pregnancy Trimester, First/ 15575 

6 

first trimester.mp. [mp=title, abstract, original title, name of substance word, 

subject heading word, floating sub-heading word, keyword heading word, protocol 

supplementary concept word, rare disease supplementary concept word, unique 

identifier, synonyms] 

21699 

7 

early pregnanc*.mp. [mp=title, abstract, original title, name of substance word, 

subject heading word, floating sub-heading word, keyword heading word, protocol 

supplementary concept word, rare disease supplementary concept word, unique 

identifier, synonyms] 

16005 

8 Preconception Care/ 1993 

9 

Periconception.mp. [mp=title, abstract, original title, name of substance word, 

subject heading word, floating sub-heading word, keyword heading word, protocol 

supplementary concept word, rare disease supplementary concept word, unique 

identifier, synonyms] 

215 

10 

Preconception.mp. [mp=title, abstract, original title, name of substance word, 

subject heading word, floating sub-heading word, keyword heading word, protocol 

supplementary concept word, rare disease supplementary concept word, unique 

identifier, synonyms] 

4315 

11 exp Pregnancy/ 847685 

12 

pregnan*.mp. [mp=title, abstract, original title, name of substance word, subject 

heading word, floating sub-heading word, keyword heading word, protocol 

supplementary concept word, rare disease supplementary concept word, unique 

identifier, synonyms] 

946952 

13 Maternal Exposure/ 7878 

14 

maternal.mp. [mp=title, abstract, original title, name of substance word, subject 

heading word, floating sub-heading word, keyword heading word, protocol 

supplementary concept word, rare disease supplementary concept word, unique 

identifier, synonyms] 

284629 

15 

gestation.mp. [mp=title, abstract, original title, name of substance word, subject 

heading word, floating sub-heading word, keyword heading word, protocol 

supplementary concept word, rare disease supplementary concept word, unique 

identifier, synonyms] 

110761 

16 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 1074407 
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17 4 and 16 12371 

18 exp risk factors/ 747118 

19 noninherited.mp. 211 

20 

Environment, Controlled/ or Environment Design/ or Health Facility Environment/ 

or Environment/ or Gene-Environment Interaction/ or Extraterrestrial Environment/ 

or Social Environment/ 

122302 

21 

Protective.mp. [mp=title, abstract, original title, name of substance word, subject 

heading word, floating sub-heading word, keyword heading word, protocol 

supplementary concept word, rare disease supplementary concept word, unique 

identifier, synonyms] 

295890 

22 

Environment*.mp. [mp=title, abstract, original title, name of substance word, 

subject heading word, floating sub-heading word, keyword heading word, protocol 

supplementary concept word, rare disease supplementary concept word, unique 

identifier, synonyms] 

1102893 

23 

(Risk* or caus* or aetiology or etiology).mp. [mp=title, abstract, original title, 

name of substance word, subject heading word, floating sub-heading word, 

keyword heading word, protocol supplementary concept word, rare disease 

supplementary concept word, unique identifier, synonyms] 

6070281 

24 18 or 19 or 20 or 21 or 22 or 23 7043691 

25 17 and 24 5890 

 

 

 

 

           Database(s): Embase 2000-2016 

           Search Strategy: 

# Searches Results 

1 exp Heart Defects, Congenital/ 119421 

2 

congenital heart disease.mp. [mp=title, abstract, heading word, drug trade name, 

original title, device manufacturer, drug manufacturer, device trade name, keyword, 

floating subheading word, candidate term word] 

50164 

3 

congenital heart defect*.mp. [mp=title, abstract, heading word, drug trade name, 

original title, device manufacturer, drug manufacturer, device trade name, keyword, 

floating subheading word, candidate term word] 

10994 

4 1 or 2 or 3 150930 

5 Pregnancy Trimester, First/ 34644 

6 

first trimester.mp. [mp=title, abstract, heading word, drug trade name, original title, 

device manufacturer, drug manufacturer, device trade name, keyword, floating 

subheading word, candidate term word] 

47196 

7 

early pregnanc*.mp. [mp=title, abstract, heading word, drug trade name, original title, 

device manufacturer, drug manufacturer, device trade name, keyword, floating 

subheading word, candidate term word] 

21014 

8 Preconception Care/ 1180 

9 

Periconception.mp. [mp=title, abstract, heading word, drug trade name, original title, 

device manufacturer, drug manufacturer, device trade name, keyword, floating 

subheading word, candidate term word] 

308 

10 

Preconception.mp. [mp=title, abstract, heading word, drug trade name, original title, 

device manufacturer, drug manufacturer, device trade name, keyword, floating 

subheading word, candidate term word] 

4621 

11 exp Pregnancy/ 619599 
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12 

pregnan*.mp. [mp=title, abstract, heading word, drug trade name, original title, device 

manufacturer, drug manufacturer, device trade name, keyword, floating subheading 

word, candidate term word] 

866905 

13 Maternal Exposure/ 1519 

14 

maternal.mp. [mp=title, abstract, heading word, drug trade name, original title, device 

manufacturer, drug manufacturer, device trade name, keyword, floating subheading 

word, candidate term word] 

348119 

15 

gestation.mp. [mp=title, abstract, heading word, drug trade name, original title, device 

manufacturer, drug manufacturer, device trade name, keyword, floating subheading 

word, candidate term word] 

152190 

16 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 1044310 

17 4 and 16 15391 

18 exp risk factors/ 915919 

19 noninherited.mp. 248 

20 

Environment, Controlled/ or Environment Design/ or Health Facility Environment/ or 

Environment/ or Gene-Environment Interaction/ or Extraterrestrial Environment/ or 

Social Environment/ 

218891 

21 

Protective.mp. [mp=title, abstract, heading word, drug trade name, original title, 

device manufacturer, drug manufacturer, device trade name, keyword, floating 

subheading word, candidate term word] 

368639 

22 

Environment*.mp. [mp=title, abstract, heading word, drug trade name, original title, 

device manufacturer, drug manufacturer, device trade name, keyword, floating 

subheading word, candidate term word] 

1294487 

23 

(Risk* or caus* or aetiology or etiology).mp. [mp=title, abstract, heading word, drug 

trade name, original title, device manufacturer, drug manufacturer, device trade name, 

keyword, floating subheading word, candidate term word] 

7765629 

24 18 or 19 or 20 or 21 or 22 or 23 8918668 

25 17 and 24 8734 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



A-14 
 

                       Appendix 6 

 

Search strategies and Boolean connectors to identify the literature for socioeconomic status as 

risk for CHD 

 

     Database(s): Embase 2000 to 2017  

     Search Strategy: 

 

# Searches Results 

1 exp Heart Defects, Congenital/ 119421 

2 

congenital heart disease.mp. [mp=title, abstract, heading word, drug trade name, 

original title, device manufacturer, drug manufacturer, device trade name, keyword, 

floating subheading word, candidate term word] 

50164 

3 

congenital heart defect*.mp. [mp=title, abstract, heading word, drug trade name, 

original title, device manufacturer, drug manufacturer, device trade name, keyword, 

floating subheading word, candidate term word] 

10994 

4 1 or 2 or 3 150930 

5 Pregnancy Trimester, First/ 34644 

6 

first trimester.mp. [mp=title, abstract, heading word, drug trade name, original title, 

device manufacturer, drug manufacturer, device trade name, keyword, floating 

subheading word, candidate term word] 

47196 

7 

early pregnanc*.mp. [mp=title, abstract, heading word, drug trade name, original 

title, device manufacturer, drug manufacturer, device trade name, keyword, floating 

subheading word, candidate term word] 

21014 

8 Preconception Care/ 1180 

9 

Periconception.mp. [mp=title, abstract, heading word, drug trade name, original title, 

device manufacturer, drug manufacturer, device trade name, keyword, floating 

subheading word, candidate term word] 

308 

10 

Preconception.mp. [mp=title, abstract, heading word, drug trade name, original title, 

device manufacturer, drug manufacturer, device trade name, keyword, floating 

subheading word, candidate term word] 

4621 

11 exp Pregnancy/ 619599 

12 

pregnan*.mp. [mp=title, abstract, heading word, drug trade name, original title, 

device manufacturer, drug manufacturer, device trade name, keyword, floating 

subheading word, candidate term word] 

866905 

13 Maternal Exposure/ 1519 

14 

maternal.mp. [mp=title, abstract, heading word, drug trade name, original title, 

device manufacturer, drug manufacturer, device trade name, keyword, floating 

subheading word, candidate term word] 

348119 

15 

gestation.mp. [mp=title, abstract, heading word, drug trade name, original title, 

device manufacturer, drug manufacturer, device trade name, keyword, floating 

subheading word, candidate term word] 

152190 

16 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 1044310 

17 4 and 16 15391 

18 Socioeconomic Factors/ 110899 

19 Socioeconomic*.mp. 194906 

20 Sociodemographic.mp. 48766 

21 18 or 19 or 20 235130 

22 17 and 21 167 
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          Database(s): Ovid MEDLINE(R) ALL 2000-2017  

          Search Strategy: 

# Searches Results 

1 exp Heart Defects, Congenital/ 142864 

2 

congenital heart disease.mp. [mp=title, abstract, original title, name of substance word, 

subject heading word, floating sub-heading word, keyword heading word, protocol 

supplementary concept word, rare disease supplementary concept word, unique 

identifier, synonyms] 

24607 

3 

congenital heart defect*.mp. [mp=title, abstract, original title, name of substance 

word, subject heading word, floating sub-heading word, keyword heading word, 

protocol supplementary concept word, rare disease supplementary concept word, 

unique identifier, synonyms] 

8275 

4 1 or 2 or 3 153355 

5 Pregnancy Trimester, First/ 15575 

6 

first trimester.mp. [mp=title, abstract, original title, name of substance word, subject 

heading word, floating sub-heading word, keyword heading word, protocol 

supplementary concept word, rare disease supplementary concept word, unique 

identifier, synonyms] 

21699 

7 

early pregnanc*.mp. [mp=title, abstract, original title, name of substance word, subject 

heading word, floating sub-heading word, keyword heading word, protocol 

supplementary concept word, rare disease supplementary concept word, unique 

identifier, synonyms] 

16005 

8 Preconception Care/ 1993 

9 

Periconception.mp. [mp=title, abstract, original title, name of substance word, subject 

heading word, floating sub-heading word, keyword heading word, protocol 

supplementary concept word, rare disease supplementary concept word, unique 

identifier, synonyms] 

215 

10 

Preconception.mp. [mp=title, abstract, original title, name of substance word, subject 

heading word, floating sub-heading word, keyword heading word, protocol 

supplementary concept word, rare disease supplementary concept word, unique 

identifier, synonyms] 

4315 

11 exp Pregnancy/ 847685 

12 

pregnan*.mp. [mp=title, abstract, original title, name of substance word, subject 

heading word, floating sub-heading word, keyword heading word, protocol 

supplementary concept word, rare disease supplementary concept word, unique 

identifier, synonyms] 

946952 

13 Maternal Exposure/ 7878 

14 

maternal.mp. [mp=title, abstract, original title, name of substance word, subject 

heading word, floating sub-heading word, keyword heading word, protocol 

supplementary concept word, rare disease supplementary concept word, unique 

identifier, synonyms] 

284629 

15 

gestation.mp. [mp=title, abstract, original title, name of substance word, subject 

heading word, floating sub-heading word, keyword heading word, protocol 

supplementary concept word, rare disease supplementary concept word, unique 

identifier, synonyms] 

110761 

16 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 1074407 

17 4 and 16 12371 

18 Socioeconomic Factors/ 143605 

19 Socioeconomic*.mp. 198147 



A-16 
 

20 Sociodemographic.mp. 38138 

21 18 or 19 or 20 225171 

22 17 and 21 108 
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Appendix 7 
 

Search strategies and Boolean connectors to identify the literature for urban/rural residency as    

risk for CHD 

 

         Database(s): Ovid MEDLINE(R) ALL 1990-2017 

         Search Strategy: 

# Searches Results 

1 exp Heart Defects, Congenital/ 142864 

2 

congenital heart disease.mp. [mp=title, abstract, original title, name of substance 

word, subject heading word, floating sub-heading word, keyword heading word, 

protocol supplementary concept word, rare disease supplementary concept word, 

unique identifier, synonyms] 

24607 

3 

congenital heart defect*.mp. [mp=title, abstract, original title, name of substance 

word, subject heading word, floating sub-heading word, keyword heading word, 

protocol supplementary concept word, rare disease supplementary concept word, 

unique identifier, synonyms] 

8275 

4 1 or 2 or 3 153355 

5 Pregnancy Trimester, First/ 15575 

6 

first trimester.mp. [mp=title, abstract, original title, name of substance word, subject 

heading word, floating sub-heading word, keyword heading word, protocol 

supplementary concept word, rare disease supplementary concept word, unique 

identifier, synonyms] 

21699 

7 

early pregnanc*.mp. [mp=title, abstract, original title, name of substance word, 

subject heading word, floating sub-heading word, keyword heading word, protocol 

supplementary concept word, rare disease supplementary concept word, unique 

identifier, synonyms] 

16005 

8 Preconception Care/ 1993 

9 

Periconception.mp. [mp=title, abstract, original title, name of substance word, subject 

heading word, floating sub-heading word, keyword heading word, protocol 

supplementary concept word, rare disease supplementary concept word, unique 

identifier, synonyms] 

215 

10 

Preconception.mp. [mp=title, abstract, original title, name of substance word, subject 

heading word, floating sub-heading word, keyword heading word, protocol 

supplementary concept word, rare disease supplementary concept word, unique 

identifier, synonyms] 

4315 

11 exp Pregnancy/ 847685 

12 

pregnan*.mp. [mp=title, abstract, original title, name of substance word, subject 

heading word, floating sub-heading word, keyword heading word, protocol 

supplementary concept word, rare disease supplementary concept word, unique 

identifier, synonyms] 

946952 

13 Maternal Exposure/ 7878 

14 

maternal.mp. [mp=title, abstract, original title, name of substance word, subject 

heading word, floating sub-heading word, keyword heading word, protocol 

supplementary concept word, rare disease supplementary concept word, unique 

identifier, synonyms] 

284629 

15 

gestation.mp. [mp=title, abstract, original title, name of substance word, subject 

heading word, floating sub-heading word, keyword heading word, protocol 

supplementary concept word, rare disease supplementary concept word, unique 

identifier, synonyms] 

110761 

16 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 1074407 
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17 4 and 16 12371 

18 Rural Health/ or Rural Population/ or Hospitals, Rural/ or Rural Health Services/ 87422 

19 Urban Health/ or Hospitals, Urban/ or Urban Population/ or Urban Health Services/ 81748 

20 

(rural or urban).mp. [mp=title, abstract, original title, name of substance word, subject 

heading word, floating sub-heading word, keyword heading word, protocol 

supplementary concept word, rare disease supplementary concept word, unique 

identifier, synonyms] 

274933 

21 18 or 19 or 20 274933 

22 17 and 21 69 

 

         Database(s): Embase 1990-2017  

         Search Strategy: 

 

# Searches Results 

1 exp Heart Defects, Congenital/ 119421 

2 

congenital heart disease.mp. [mp=title, abstract, heading word, drug trade name, 

original title, device manufacturer, drug manufacturer, device trade name, keyword, 

floating subheading word, candidate term word] 

50164 

3 

congenital heart defect*.mp. [mp=title, abstract, heading word, drug trade name, 

original title, device manufacturer, drug manufacturer, device trade name, keyword, 

floating subheading word, candidate term word] 

10994 

4 1 or 2 or 3 150930 

5 Pregnancy Trimester, First/ 34644 

6 

first trimester.mp. [mp=title, abstract, heading word, drug trade name, original title, 

device manufacturer, drug manufacturer, device trade name, keyword, floating 

subheading word, candidate term word] 

47196 

7 

early pregnanc*.mp. [mp=title, abstract, heading word, drug trade name, original title, 

device manufacturer, drug manufacturer, device trade name, keyword, floating 

subheading word, candidate term word] 

21014 

8 Preconception Care/ 1180 

9 

Periconception.mp. [mp=title, abstract, heading word, drug trade name, original title, 

device manufacturer, drug manufacturer, device trade name, keyword, floating 

subheading word, candidate term word] 

308 

10 

Preconception.mp. [mp=title, abstract, heading word, drug trade name, original title, 

device manufacturer, drug manufacturer, device trade name, keyword, floating 

subheading word, candidate term word] 

4621 

11 exp Pregnancy/ 619599 

12 

pregnan*.mp. [mp=title, abstract, heading word, drug trade name, original title, 

device manufacturer, drug manufacturer, device trade name, keyword, floating 

subheading word, candidate term word] 

866905 

13 Maternal Exposure/ 1519 

14 

maternal.mp. [mp=title, abstract, heading word, drug trade name, original title, device 

manufacturer, drug manufacturer, device trade name, keyword, floating subheading 

word, candidate term word] 

348119 

15 

gestation.mp. [mp=title, abstract, heading word, drug trade name, original title, device 

manufacturer, drug manufacturer, device trade name, keyword, floating subheading 

word, candidate term word] 

152190 

16 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 1044310 

17 4 and 16 15391 

18 Rural Health/ or Rural Population/ or Hospitals, Rural/ or Rural Health Services/ 435109 
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19 Urban Health/ or Hospitals, Urban/ or Urban Population/ or Urban Health Services/ 506823 

20 

(rural or urban).mp. [mp=title, abstract, heading word, drug trade name, original title, 

device manufacturer, drug manufacturer, device trade name, keyword, floating 

subheading word, candidate term word] 

310216 

21 18 or 19 or 20 798290 

22 17 and 21 539 
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Appendix 8 
 

Table shows studies that show the association between folic acid and multivitamins 

intake during periconception and CHD. 

 

Study/(Author-year) Country/Covering year 

Design/sample size 

Statistical measures 

(OR/RR, Adjusted 

OR/RR, CI and P 

value)  

1. Risk and 

protective 

factors in the 

origin of atrial 

septal defect 

secondum-

National 

Population- 

Based case 

control study 

(Csáky-

Szunyogh, 

Vereczkey, 

Urbán, et al. 

2014)  

Hungary  

1980-1996 

Population based Case Control 

Study (CCS) 

472 cases and 38,151 controls 

FA and MV 

FA: OR=0.61 (0.50–

0.76) 

MV: OR=0.5 (0.25–

1.28) 

2. Risk and 

protective 

factors in the 

origin of 

conotruncal 

defects of heart--

a population-

based case-

control study 

(Csaky-

Szunyogh et al. 

2013). 

 

Hungary  

1980-1996 

Population based CCS 

598 cases and 38,151 

population controls  

FA and CTD 

FA and transposition of the 

great arteries 

OR=0.54 (0.39-0.73) 

OR=0.46 (0.29-0.71) 

3. Association of 

maternal 

diseases during 

pregnancy with 

the risk of single 

ventricular 

septal defects in 

the offspring--a 

population-

based case-

control 

study.(Csáky-

Szunyogh et al. 

2013) 

Hungary  

Population based CCS 

1661/2534 

Folic acid and VSD 

 

OR=0.76 (0.63-0.97) 

 

 

4. Isolated 

atrioventricular 

Hungary 

Population based CCS. 

OR=0.51(0.30-0.87) 
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canal defects: 

birth outcomes 

and risk factors: 

a population-

based Hungarian 

case-control 

study, 1980-

1996.(Attila 

Vereczkey et al. 

2013) 

77 / 38,151  

Folic acid and AVCD 

Multivitamin 

OR=0.72(0.18-2.95) 

5. The association 

between 

periconceptional 

folic acid 

supplementation 

and congenital 

heart defects: A 

case-control 

study in 

china.(Li et al. 

2013) 

China 

Feb2010-Oct 2011 

Hospital-based case-control 

study. 

358 cases /422 controls 

Folic acid usage for more than 

3 months started preprgnancy 

Isolated CHD, AOR 

= (0.52, 0.34-0.78) 

and multiple 

complex conditions, 

AOR = 0.27 (0.14-

0.55) 

 

Isolated CHD, AOR 

= 0.31 (0.18-0.54) 

6. Lack of maternal 

folic acid 

supplementation 

is associated 

with heart 

defects in Down 

syndrome: a 

report from the 

National Down 

Syndrome 

Project (Bean et 

al. 2011) 

USA 

Before pregnancy or within 

the 4 weeks of pregnancy. 

CCS 

For AVSD, 

OR=0.59 (0.38-0.93) 

For VSD, OR= 0.79 

(0.53-1.17) 

For ASD, OR=0.59 

(0.39-0.90) 

7. Folate intake 

and the primary 

prevention of 

non-neural birth 

defects.(Bower 

et al. 2006) 

Western Australia 

Case-control study 

1 January 1997 and 31 

December 1999 

OR=1.24 (0.84-1.82) 

CHD 

OR=1.42 (0.76-2.64) 

Conotruncal heart 

defect 

8. Occurrence of 

congenital heart 

defects in 

relation to 

maternal 

mulitivitamin. 

(L. D. Botto, 

Mulinare, and 

Erickson 2000) 

2000 

Population based-CCS 

USA 

958 with heart defects, 3,029 

controls 

MV supplements 

CHD, RR=0.76 

(0.60–0.97) 

OTD, RR= 0.46 

(0.24–0.86) 

VSD, RR= 0.61 

(0.38–0.99) 

9. Multivitamin 

supplementation 

and risk of birth 

defects (Werler 

et al. 1999) 

 

1999 

Atlanta 

CCS 

157 with OTD, 186 with VSD, 

521 controls 

MV supplements 

OTD, RR= 1.00 

(0.70–1.50) 

VSD, RR= 1.20 

(0.80–1.80) 
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10. Preconceptional 

Folate Intake 

and 

Malformations 

of the Cardiac 

Outflow Tract 

(Scanlon et al. 

1998) 

1998 

USA (Baltimore-Washington 

Infant Study Group) 

Population based-CCS 

126 with OTD, 679 controls 

MV supplements with folic 

acid 

OTD, RR=0.97 (0.6–

1.6) 

11. Periconceptional 

folic acid 

containing 

multivitamin 

supplementation. 

(Andrew E. 

Czeizel 1998)  

Hungary 

1998 

Randomized clinical trial 

2,471 women on MV 

supplements; 2,391 on trace 

elements 

MV pill with 0.8 mg folic acid 

CHD, RR= 0.42 

(0.19–0.98) 

Outflow tract defects 

(OTD), RR=0.48 

(0.04–5.34) 

VSD, RR=0.24 

(0.05–1.14) 

12. Periconceptional 

multivitamin use 

and the 

occurrence of 

conotruncal 

heart defects: 

results from a 

population-

based, case-

control study.(L. 

D. Botto et al. 

1996)  

1996 

USA 

Population based-CCS 

958 with heart defects, 3,029 

controls 

MV supplements 

OR=0.57 (0.33 to 

1.00) 

13. Population-

based case 

control study of 

folic acid 

supplementation 

during 

pregnancy.(A. E. 

Czeizel, Toth, 

and 

Rockenbauer 

1996)   

Hungary 

1980-1991 

2976 

FA and MV and CHDs 

McNemer test OR= 

0.86 (0.77-0.96), 

P=0.001 

14. Maternal 

periconceptional 

use of 

multivitamins 

and reduced risk 

for conotruncal 

heart defects and 

limb deficiencies 

among offspring 

(Gary M. Shaw 

et al. 1995)  

1995 

California 

Population based-CCS 

207 with OTD, 481 controls 

MV supplement 

OTD, RR=0.70 

(0.46–1.1) 
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         Appendix 9 

 

Search strategies and Boolean connectors to identify the literature for mental health medications 

in early pregnancy as risk for CHD  

 

         Database(s): Ovid MEDLINE(R) ALL 2005-2017  

         Search Strategy 

 

# Searches Results 

1 exp Heart Defects, Congenital/ 142864 

2 

congenital heart disease.mp. [mp=title, abstract, original title, name of substance 

word, subject heading word, floating sub-heading word, keyword heading word, 

protocol supplementary concept word, rare disease supplementary concept word, 

unique identifier, synonyms] 

24607 

3 

congenital heart defect*.mp. [mp=title, abstract, original title, name of substance 

word, subject heading word, floating sub-heading word, keyword heading word, 

protocol supplementary concept word, rare disease supplementary concept word, 

unique identifier, synonyms] 

8275 

4 1 or 2 or 3 153355 

5 Pregnancy Trimester, First/ 15575 

6 

first trimester.mp. [mp=title, abstract, original title, name of substance word, 

subject heading word, floating sub-heading word, keyword heading word, 

protocol supplementary concept word, rare disease supplementary concept word, 

unique identifier, synonyms] 

21699 

7 

early pregnanc*.mp. [mp=title, abstract, original title, name of substance word, 

subject heading word, floating sub-heading word, keyword heading word, 

protocol supplementary concept word, rare disease supplementary concept word, 

unique identifier, synonyms] 

16005 

8 Preconception Care/ 1993 

9 

Periconception.mp. [mp=title, abstract, original title, name of substance word, 

subject heading word, floating sub-heading word, keyword heading word, 

protocol supplementary concept word, rare disease supplementary concept word, 

unique identifier, synonyms] 

215 

10 

Preconception.mp. [mp=title, abstract, original title, name of substance word, 

subject heading word, floating sub-heading word, keyword heading word, 

protocol supplementary concept word, rare disease supplementary concept word, 

unique identifier, synonyms] 

4315 

11 exp Pregnancy/ 847685 

12 

pregnan*.mp. [mp=title, abstract, original title, name of substance word, subject 

heading word, floating sub-heading word, keyword heading word, protocol 

supplementary concept word, rare disease supplementary concept word, unique 

identifier, synonyms] 

946952 

13 Maternal Exposure/ 7878 

14 

maternal.mp. [mp=title, abstract, original title, name of substance word, subject 

heading word, floating sub-heading word, keyword heading word, protocol 

supplementary concept word, rare disease supplementary concept word, unique 

identifier, synonyms] 

284629 

15 
gestation.mp. [mp=title, abstract, original title, name of substance word, subject 

heading word, floating sub-heading word, keyword heading word, protocol 
110761 
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supplementary concept word, rare disease supplementary concept word, unique 

identifier, synonyms] 

16 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 1074407 

17 4 and 16 12371 

18 exp Antidepressive Agents/ 136820 

19 exp Antipsychotic Agents/ 116405 

20 exp Anti-Anxiety Agents/ 62959 

21 exp "Hypnotics and Sedatives"/ 116318 

22 exp Antimanic Agents/ 30993 

23 
(Antidepressive* or antipsychotic* or antianxiolyitic* or hypnotic* or antimanic* 

or hypomanic*).mp. 
154900 

24 18 or 19 or 20 or 21 or 22 or 23 397731 

25 17 and 24 159 

 

 

Database(s): Embase 2005 to 2017  

Search Strategy: 

# Searches Results 

1 exp Heart Defects, Congenital/ 119421 

2 

congenital heart disease.mp. [mp=title, abstract, heading word, drug trade name, 

original title, device manufacturer, drug manufacturer, device trade name, 

keyword, floating subheading word, candidate term word] 

50164 

3 

congenital heart defect*.mp. [mp=title, abstract, heading word, drug trade name, 

original title, device manufacturer, drug manufacturer, device trade name, 

keyword, floating subheading word, candidate term word] 

10994 

4 1 or 2 or 3 150930 

5 Pregnancy Trimester, First/ 34644 

6 

first trimester.mp. [mp=title, abstract, heading word, drug trade name, original title, 

device manufacturer, drug manufacturer, device trade name, keyword, floating 

subheading word, candidate term word] 

47196 

7 

early pregnanc*.mp. [mp=title, abstract, heading word, drug trade name, original 

title, device manufacturer, drug manufacturer, device trade name, keyword, 

floating subheading word, candidate term word] 

21014 

8 Preconception Care/ 1180 

9 

Periconception.mp. [mp=title, abstract, heading word, drug trade name, original 

title, device manufacturer, drug manufacturer, device trade name, keyword, 

floating subheading word, candidate term word] 

308 

10 

Preconception.mp. [mp=title, abstract, heading word, drug trade name, original 

title, device manufacturer, drug manufacturer, device trade name, keyword, 

floating subheading word, candidate term word] 

4621 

11 exp Pregnancy/ 619599 

12 

pregnan*.mp. [mp=title, abstract, heading word, drug trade name, original title, 

device manufacturer, drug manufacturer, device trade name, keyword, floating 

subheading word, candidate term word] 

866905 

13 Maternal Exposure/ 1519 

14 

maternal.mp. [mp=title, abstract, heading word, drug trade name, original title, 

device manufacturer, drug manufacturer, device trade name, keyword, floating 

subheading word, candidate term word] 

348119 



A-25 
 

15 

gestation.mp. [mp=title, abstract, heading word, drug trade name, original title, 

device manufacturer, drug manufacturer, device trade name, keyword, floating 

subheading word, candidate term word] 

152190 

16 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 1044310 

17 4 and 16 15391 

18 Rural Health/ or Rural Population/ or Hospitals, Rural/ or Rural Health Services/ 435109 

19 Urban Health/ or Hospitals, Urban/ or Urban Population/ or Urban Health Services/ 506823 

20 

(rural or urban).mp. [mp=title, abstract, heading word, drug trade name, original 

title, device manufacturer, drug manufacturer, device trade name, keyword, 

floating subheading word, candidate term word] 

310216 

21 18 or 19 or 20 798290 

22 17 and 21 539 

23 exp Heart Defects, Congenital/ 119421 

24 

congenital heart disease.mp. [mp=title, abstract, heading word, drug trade name, 

original title, device manufacturer, drug manufacturer, device trade name, 

keyword, floating subheading word, candidate term word] 

50164 

25 

congenital heart defect*.mp. [mp=title, abstract, heading word, drug trade name, 

original title, device manufacturer, drug manufacturer, device trade name, 

keyword, floating subheading word, candidate term word] 

10994 

26 23 or 24 or 25 150930 

27 Pregnancy Trimester, First/ 34644 

28 

first trimester.mp. [mp=title, abstract, heading word, drug trade name, original title, 

device manufacturer, drug manufacturer, device trade name, keyword, floating 

subheading word, candidate term word] 

47196 

29 

early pregnanc*.mp. [mp=title, abstract, heading word, drug trade name, original 

title, device manufacturer, drug manufacturer, device trade name, keyword, 

floating subheading word, candidate term word] 

21014 

30 Preconception Care/ 1180 

31 

Periconception.mp. [mp=title, abstract, heading word, drug trade name, original 

title, device manufacturer, drug manufacturer, device trade name, keyword, 

floating subheading word, candidate term word] 

308 

32 

Preconception.mp. [mp=title, abstract, heading word, drug trade name, original 

title, device manufacturer, drug manufacturer, device trade name, keyword, 

floating subheading word, candidate term word] 

4621 

33 exp Pregnancy/ 619599 

34 

pregnan*.mp. [mp=title, abstract, heading word, drug trade name, original title, 

device manufacturer, drug manufacturer, device trade name, keyword, floating 

subheading word, candidate term word] 

866905 

35 Maternal Exposure/ 1519 

36 

maternal.mp. [mp=title, abstract, heading word, drug trade name, original title, 

device manufacturer, drug manufacturer, device trade name, keyword, floating 

subheading word, candidate term word] 

348119 

37 

gestation.mp. [mp=title, abstract, heading word, drug trade name, original title, 

device manufacturer, drug manufacturer, device trade name, keyword, floating 

subheading word, candidate term word] 

152190 

38 27 or 28 or 29 or 30 or 31 or 32 or 33 or 34 or 35 or 36 or 37 1044310 

39 26 and 38 15391 

40 exp Antidepressive Agents/ 403743 

41 exp Antipsychotic Agents/ 246423 
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42 exp Anti-Anxiety Agents/ 183026 

43 exp "Hypnotics and Sedatives"/ 337353 

44 exp Antimanic Agents/ 391603 

45 
(Antidepressive* or antipsychotic* or antianxiolyitic* or hypnotic* or antimanic* 

or hypomanic*).mp. 
97867 

46 40 or 41 or 42 or 43 or 44 or 45 860264 

47 39 and 46 936 

 

 

 

Database(s): PsycINFO 2005-2017 

Search Strategy: 

 

# Searches 
Result

s 

1 exp PREGNANCY/ 23465 

2 first trimester.mp. 930 

3 exp Prenatal Development/ 7107 

4 exp Prenatal Exposure/ 6011 

5 gestation.mp. 6834 

6 1 or 2 or 3 or 4 or 5 37329 

7 exp Antidepressant Drugs/ 36876 

8 exp neuroleptic drugs/ 29863 

9 exp benzodiazepines/ 10082 

10 anxiolytics.mp. 1721 

11 exp HYPNOTIC DRUGS/ 5651 

12 hypnotic*.mp. 12205 

13 antipsychotic*.mp. 27674 

14 Congenital heart defect*.mp. 207 

15 
congenital heart diseas*.mp. [mp=title, abstract, heading word, table of contents, 

key concepts, original title, tests & measures] 
585 

16 14 or 15 755 

17 maternal.mp. 55914 

18 early pregnancy.mp. 905 

19 periconception.mp. 15 

20 maternal exposure.mp. 322 

21 6 or 17 83697 

22 antimanic.mp. 594 

23 
(Antidepressive* or antipsychotic* or antianxiolyitic* or hypnotic* or antimanic* 

or hypomanic*).mp. 
42924 

24 6 or 17 or 18 or 19 or 20 83851 

25 7 or 8 or 9 or 10 or 11 or 12 or 13 or 22 or 23 99913 

26 24 and 25 1331 

27 16 and 26 12 
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Appendix 10 

Honest Broker Research Application Form 

 
Honest Broker Research Application Form  

 

Through the Honest Broker Service, researchers may access anonymised data within the Regional Data 

Warehouse (held within Business Services Organisation BSO) in order to facilitate scientifically sound 

and ethically robust health and social care related research. 

 

Please ensure that you have consulted with the Honest Broker Advice Service (HBAS) and have 

read the Research Application Guidance before completing this application form. 

 

 

 

 

 

 

SECTION A: APPLICATION DETAILS& AUTHORISATION 

 

A1.  Project/Research Title 

Prevalence and Risk Factors of Congenital Heart Disease in Northern Ireland: Data Linkage 

Cohort Study  

 

A2.  Correspondence address of the Chief Investigator (CI) 

Title:  Dr  

Name: Maria Loane 

Position:  Reader in Public Health  

Organisation: Ulster University (UU)  

Address:  

UU 

School of Nursing 

Jordanstown Shore Road,  

Newtownabbey Co Antrim  

Room 12L09 

BT37 0QB 

Telephone:  028 90366480 

Email: ma.loane@ulster.ac.uk 

 

A3.  Details of who commissioned the research 

Title:    

Name:  

Position:   

Application No (HBAS 

Use only) 

 

 

mailto:ma.loane@ulster.ac.uk
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Organisation: N/A 

Address:  

 

Telephone:  

Email:  

 

A4a.  Details of applicant(s) (excluding Chief Investigator) 

1 Name Position/ Organisation 

 Dr Karen Casson Lecturer in Health Promotion and Public Health, UU 

 Email Address Role in Project 

 k.casson@ulster.ac.uk Supervisor 

2 Name Position/ Organisation 

 Dr Paul Slater Lecturer in Statistics, UU 

 Email Address Role in Project 

 pf.slater@ulster.ac.uk Supervisor 

3 Name Position/ Organisation 

 Dr Hafi Saad PhD student at UU 

 Email Address Role in Project 

 saad-h@email.ulster.ac.uk Lead researcher 

4 Name Position/ Organisation 

 Dr Nichola  McCullough Research Fellow, UU 

 Email Address Role in Project 

 n.mccullough@ulster.ac.uk Advisor 

5 Name Position/ Organisation 

 Dr Frank Casey Senior paediatric cardiologist, Paediatric Cardiology 

Department, Royal Belfast Hospital for Sick Children 

(RBHSC). 

 Email Address Role in Project:  

 frank.casey@belfasttrust.hscni.net  Advisor 

6 Name Position/ Organisation 

 Dr Brian Craig Senior paediatric cardiologist, Paediatric Cardiology 

Department, (RBHSC). 

 Email Address Role in Project:  

 brian.craig@belfasttrust.hscni.net  Advisor 

7 Name Position/ Organisation 

 Dr Sinead Callaghan Paediatric Cardiology Department, (RBHSC) 

 Email Address Role in Project: 

 scallaghan@doctors.org.uk Advisor 

A4b.  Please give details of the relevant experience of each team member 

Maria Loane is a Reader in Public Health in the Institute of Nursing and Health Research (INHR), 

Ulster University (UU), and has over 20 years’ research experience.  She has been involved in a 

European data linkage study involving linkage of prescription data to congenital anomaly data (a 

mailto:k.casson@ulster.ac.uk
mailto:saad-h@email.ulster.ac.uk
mailto:frank.casey@belfasttrust.hscni.net
mailto:brian.craig@belfasttrust.hscni.net
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FP7 funded EUROmediCAT project).  She is a co- investigator on the NI Chest, Heart and Stroke 

Association funded Baby Hearts Study 2013-2016 and a core member of an UU team awarded 

funding to conduct data linkage studies using available administrative data (funded by the 

Economic and Social Research Council, 2013-2018).  She has published widely in high-impact 

peer-reviewed journals and has completed NILS Security training and the ADRC safe researcher 

training.   

Karen Casson is an epidemiologist with experience of projects involving analysis of micro-data at 

an individual level using routine datasets, especially maternity and perinatal data. Her PhD used 

linked data from registered births and the Child Health System to investigate socio-economic 

inequalities in pregnancy outcomes in NI. In a subsequent Data Linkage Project using the NILS 

database she worked on all stages of the project from design, obtaining Data Access Agreements, 

analysis and report writing.  Karen is also familiar with the Northern Ireland (NI) Multiple 

Deprivation Measure and the Enhanced Prescribing Database.  Karen was accredited as an 

approved researcher for NILS in July 2016 and has completed the safe researcher training for 

ADRC. 

Paul Slater is currently a lecturer in statistics in UU. He is a registered psychologist and has 18 

years’ experience as a health psychology researcher specialising in instrument development, 

psychometrics and person-centred practice.  He has a proven track record in research and has 

presented over 100 papers at international, national and regional conferences; published over 30 

peer reviewed research papers and is an editorial panel member on two international journals. To 

date, he has supervised 3 PhD and 5 Masters students to successful completion. He has completed 

safe researcher training for HBS. 

Nichola McCullough is a Research Fellow in the INHR at UU. With a background in psychology, 

she has extensive experience and knowledge of the psychosocial health and well-being of 

children with and without chronic illness and disabilities. Nichola also has an interest in 

quantitative research methodologies, particularly the psychometric performance of 

questionnaires. She is currently Project Manager for the Northern Ireland Baby Hearts Study. 

Hafi Saad is a medical practitioner by training. He has extensive experience of working in the 

primary health care field in Sudan with a particular focus on mother and child health. Hafi was 

the head of the Community Medicine Department at Shendi University in Sudan before he moved 

to do his MPH at Queens University, Belfast in 2012/13. He has experience of different 

epidemiological approaches to health research and an interest in biostatistics and linkage studies. 

Hafi has training in the use of different statistical packages in health research. Hafi has completed 

the safe researcher training for HBS May 2016. Hafi was awarded a UU Vice Chancellor’s 

Research Scholarship in 2014. 

Frank Casey is a senior consultant paediatric cardiologist at the Royal Belfast Hospital for Sick 

Children (RBHSC) with a specialist interest in fetal cardiology and inherited cardiac conditions. 

His research interests are the epidemiology of congenital heart disease (CHD) and long term 

physical and psychosocial outcomes of CHD. 

Sinead Callaghan is a general paediatrician with an interest in paediatric cardiology. She 

undertook her undergraduate medical training at Queen's University, graduating in 2006. She then 

went on to become a member of the Royal College of Paediatrics and Child Health in 2010. In 

2014, Sinead was awarded the RBHSC Research Fellowship and is currently undertaking a 

randomised control trial investigating the impact of exercise on the physical and psychosocial 

wellbeing in young children with congenital heart disease. In her role as a doctor in the Paediatric 

Cardiology Department, Sinead has been involved in identifying and recruiting patients for the NI 

Baby Hearts Study. 

Brian Craig is a senior consultant paediatric cardiologist at RBHSC. 

Hafi Saad will conduct the data analysis for this study within the HBS safe haven setting with the 

support of his supervisory team.  The supervisors will approve the analysis plan and oversee the 

data analysis by checking syntax scripts and outputs to advise on interpretation of the results.  
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A5.  Details of the Investigating Organisation’s sign off for the Research (e.g. if the Research 

is being carried out by a researcher in a Trust it should have Trust Research Office sign off) 

Name(s) Position/Organisation Email Address 

Mr Nick Curry Senior Administrative Officer, 

Research and Innovation, UU 

n.curry@ulster.ac.uk 

Signature(s)  

 

 

A6.  Is the project being funded?(Please give details, including if it has been confirmed) 

The researcher (Hafi Saad) is funded by UU- Vice Chancellor’s Research Scholarship (VCRS).  

This research contributes to Phase II of the NI Baby Hearts Study funded by NI Chest, Heart and 

Stroke and Children’s HeartBeat Trust.  Partial funding is available from the NI Baby Hearts 

Study to cover the costs of accessing the data in the Honest Broker Service.  The remainder of the 

costs will come from the student’s training allowance.  All funding relating to this study has been 

confirmed. 

 

A7.  Have you obtained HSC or NHS Research Ethics approval for the project/study? 

(Please tick) 

YES                                        

NO 

AWAITING  NHS REC DECISION 

IRAS form submitted for Proportionate Review on 13-02-2017.  REC meeting on 27-02-2017 

 

A8.  Project timescale 

Proposed start date: 

01 March 2017 

Proposed study duration:  2 years 

 

SECTION B:  BACKGROUND AND AIMS OF PROJECT 

 

B1.  Project Summary / Abstract (Please note that this will be published on the HBS 

website, Max 250 words). 

Congenital Heart Disease (CHD) is the one of the most common causes of death in the first year 

of life due to a heart defect present at birth.  CHD impacts on patients and their families, as well 

as health services due to the increased number of affected patients. Studies have shown 

conflicting results regarding CHD risk factors, therefore additional investigations are needed.  As 

there is no birth defect registry in Northern Ireland (NI), this study will aim to describe the 

occurrence of babies born with CHD, death due to CHD within the first year of life, and to 

identify risk and protective factors for CHD in order to guide public health action for prevention 

and service planning. 

The study will look at the following:  

1. To determine the occurrence and trends of CHD in NI including the CHD clinical 

spectrum and infant mortality due to CHD, 2005-2014. 

 

 

 

mailto:n.curry@ulster.ac.uk
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2. To investigate if there are socioeconomic and urban/rural differences in occurrence of 

CHD, 2005-2014. 

3. To investigate the relationship between mental health medications taken in the 

preconceptional period and/or in the first trimester of pregnancy and CHD, 2010-2014. 

4. To assess the feasibility and added value of using linked clinical and administrative 

databases for public health research. 

This is a population longitudinal (cohort) study covering the period 2005-2014, involving 

secondary data analysis of linked datasets. Paediatric cardiology data from the HeartSuite 

database (HSD) at the Royal Belfast Hospital for Sick Children (RBHSC) will be linked to 

maternity records and drug prescribing databases by the Honest Broker Service (HBS) to produce 

an anonymised file for analysis.  

The findings of the study will contribute to the understanding of risk and protective factors 

associated with CHD, as well as the strengths and limitations of using clinical/ administrative 

databases for public health research. 

 

B2.  Is there a HSC Trust resource commitment?  

(If so, have the Trust agreed to commit to this resource?  Please give details) 

Dr Frank Casey and Dr Sinead Callaghan (Paediatric Cardiology Department, RBHSC) are 

collaborators on this study and team members of NI Baby Hearts Study. The Belfast Health and 

Social Care Trust (BHSCT) has agreed to commit the required resources subject to compliance 

with the BHSCT Governance procedures.  

Data Access Agreements with BHSCT have been signed by HBS and UU (June and August 

2016).   

The extraction of CHD cases from HSD will be performed by the HSD information officer based 

on an agreed variable list. The BHSCT will transfer the extracted data securely to HBS.   

As HSD is not part of HBS, HBS has agreed to load a temporary file from the HSD into their 

data warehouse for this data linkage study, pending Research Ethical Committee (REC) approval 

and Honest Broker Governance Board approval.  

 

 

B3.  What is the principle research question/objective? Please put this in language which 

would be easily understood by a lay person. 

What are the secondary research questions/objectives? Please put this in language which 

would be easily understood by a lay person. (Please describe the specific aims of your project, 

including any hypotheses that you hope to test. Include how HSC data is required to help address 

these aims). 

The aim of the study is to describe the occurrence of babies born with CHD and death due to 

CHD within the first year of life in NI for the years 2005-2014, and to identify risk and protective 

factors for CHD in order to guide public health action for prevention and service planning. 

The primary objectives are as follows: 

 To determine the occurrence and trends of CHD in NI including the CHD clinical spectrum 

and infant mortality due to CHD, 2005-2014. 

 To investigate if there are socioeconomic and urban/rural differences in occurrence of 

CHD, 2005-2014. 

 To investigate the relationship between mental health medications taken in the 

preconceptional period and/or in the first trimester of pregnancy and CHD, 2010-2014. 

The secondary objective is: 



A-32 
 

 To assess the feasibility and added value of using linked clinical and administrative 

databases for public health research  

 

B4.  Relevance of Research Project to HSC 

(Please indicate how the project relates to Health & Social Care and supports the development 

and/or delivery of public policy). 

This study is directly related to physical and mental health issues as it will describe the CHD 

profile in NI including prevalence, risk factors and mortality/survival. This relates to the aim and 

targets of a number of policies. 

The HSC Research & Development Strategy focuses on the use of evidence to improve health 

and social care, and investing further in NI’s research infrastructure to support the health 

economy. This study may identify certain preventative measures that will reduce the prevalence 

of CHD, and hence reduce the costs associated with CHD to individuals, the community and 

HSC system. (Life and health science NI 2015). (http://matrixni.org/wp-

content/uploads/2015/02/MATRIX-life-and-health-sciences-foresight-report-2015)  

This research will provide evidence based recommendations about CHD regarding service 

planning and allow mothers to make informed choices in relation to specific risk factors for CHD 

during their pregnancy and during the preconception period. The findings will be generalisable 

internationally. The NI Open Data Strategy has already stimulated the market place for GP 

prescribing data and other public sector data to be reused through innovative use of data. 

(https://www.opendatani.gov.uk/blog/northern-ireland-open-data-strategy).  Some of the study 

questions will be answered by using GP prescribing data. 

The DHSSPS Transforming Your Care Review in 2011 set out an overarching road map for 

change in the provision of health and social care services in NI. The Review acknowledges the 

need to be better at preventing ill health and promoting health and wellbeing in order to reduce 

demand on health services. The Review also acknowledges that the system has a huge amount of 

data which needs to be used more effectively for planning HSC services. This study will support 

this strategy by analysing anonymised data from patient records with the objective of making 

recommendations regarding prevention of, and service planning for, CHD in NI. 

(http://www.dhsspsni.gov.uk/transforming-your-care-review-of-hsc-ni-final-report)   

 

B5. What is the scientific justification for the research? Please put this in language which 

would be easily understood by a lay person. 

Identifying the number of CHD cases and the number of deaths due to CHD is important to 

improve the planning of health services, particularly the paediatric cardiology services in NI. 

Studies have shown conflicting results regarding CHD risk factors and therefore additional 

investigations need to be performed (Patel and Burns 2013). 

A number of studies which looked at all cases of CHD combined reported no relationship with 

socioeconomic status (SES), (Botto et al. 1996; Correa et al. 1991; Lovett et al. 1990) whereas 

results from the Baltimore–Washington Infant Study proposed that the association with SES may 

vary across different subtypes of CHD (Correa et al. 1991; Ferencz 1997). A UK study has 

suggested that low SES is associated with an increased risk of some CHD subtypes (Vrijheid et al. 

2000).  Urban and rural  residence area have been identified as risks for CHD in some studies (Wu 

et al. 2014; Zen et al. 2011; Langlois et al. 2009; Correa et al. 1991; Bassili et al. 2010). However 

other studies found no difference (Tikkanen and Heinonen 1991; Langlois et al. 2009). 

The inconsistency in these findings might be due to variations in study methods, including case 

ascertainment, CHD classification, variation in SES measures, variation in measures for urban/ 

rural classification, and approaches for analysis used in the studies. This study will examine the 
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associations between CHD and SES using the NI Multiple Deprivation Measure (NIMDM) 2010. 

The NIMDM 2010 will be used as an area level measure to identify small area concentrations of 

multiple deprivation in NI. This measure of deprivation has been used to inform policy and target 

areas of need in NI. Urban/ rural classification will be based on the NI Inter-Departmental working 

group's definition. In order to target preventative measures and reduce incidence of CHD, the 

identification of SES and urban/ rural distributions for CHD cases are important. 

The association of mental health medications during early pregnancy with CHD has been 

examined in different studies showing conflicting results  (Boyle et al. 2016; Wemakor et al. 

2015; Ban et al. 2014; Ban L. et al. 2013). The National Institute for Health and Care Excellence 

(NICE) acknowledges significant limitations on the data available concerning the risks of 

psychotropic medication usage in pregnancy  such as study design, case ascertainment, outcomes 

classifications and study power (“NICE” 2015). This study will investigate the relationship 

between mental health medications in the preconceptional period (one month before the last 

menstrual period date) and/or early pregnancy, and CHD. This study will overcome some of the 

limitations, particularly in relation to case ascertainment and classification. NI is ideal for 

studying the prevalence and risk of CHD as there is a single centre for fetal and paediatric 

cardiology in RBHSC in Belfast, and all children with CHD are treated in this centre. 

Administrative records of all pregnant mothers in NI and General Practitioner prescribing data 

are all available centrally in Business Services Organisation (BSO). Using these data will enable 

the analysis of potential risks and protective factors for CHD.  Linking administrative and 

clinical datasets has previously proved to be of value in public health research but to date this 

approach has not been applied to paediatric cardiology medicine in NI. 

B6.  Please summarise your design and methodology. It should be clear exactly what will 

happen to the data. Please put this in language which would be easily understood by a lay person. 

 (Please include a brief summary of what is known to date about your chosen topic including any 

preliminary/related analysis and background literature reviews. Also include any potential 

disclosure issues and how these will be addressed). 

This is a population longitudinal (cohort) study based on secondary data analysis of linked 

datasets, 2005-2014. 

Study population: all live births and aggregated stillbirths registered to NI resident mothers 2005-

2014. 

Sample size:  

For objectives 1 and 2, we estimate 1,477 cases of CHD from a population of 246,127 births 

based on NI birth statistics and CHD estimates of 60 per 10,000 total births based on the British 

Isles Network Of Congenital Anomaly Registers (BINOCAR) (Springet 2014) (see Table 

below.)  

As the NIMATS database went live in 2009 but did not cover the whole of NI until October 

2010, 729 cases of CHD have been estimated for the NIMATS cohort (2010-2014), out of 

121,525 births (objective 3). 

 

Year Total number of births in NI 

For mothers who are resident 

in NI 

Estimated 

number of 

CHD 

cases in 

NI 

(objectives 

1 and 2) 

 Estimated 

number 

of births 

registered 

in 

NIMATS 

(objective 

3) 

Estimated 

number 

of CHD 

(objective 

3) Live 

births 

Stillbirths Total 

2005 22,328 89 22,417 134.5  - - 

2006 23,272 89 23,361 140.2  - - 
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2007 24,451 102 24,553 147.3  - - 

2008 25,631 115 25,746 154.5  -  - 

2009 24,910 119 25,029 150.2  - - 

2010 25,315 105 25,420 152.52  21,924* 131.5 

2011 25,273 91 25,364 152.2  25,364 152.2 

2012 25,269 106 25,375 152.3  25,375 152.3 

2013 24,277 110 24,387 146.3  24,387 146.3 

2014 24,394 81 24,475 146.9  24,475 146.9 

Total 245,120 1007 246,127 1476.8  121,525 729.2 

*3496 excluded (January-September 2010 for Western Trust) 

 

Data sources: 

 HeartSuite database (HSD) (2005-2014) - a clinical database which holds individual 

records of all diagnosed cases of CHD in NI, operated and maintained by the Paediatric 

Cardiology Department of RBHSC. 

 NI Maternity System (NIMATS) (2010-2014) - an electronic clinical database used by 

Health and Social Care Trusts containing details of women seeking maternity care in NI.  

It includes details of the current and any past pregnancies.  It includes records of women 

giving birth to a live born baby or stillbirth. Only records to resident mothers will be 

extracted. 

 Enhanced Prescribing Database (EPD) (2010-2014) - database includes information on all 

drugs that have been prescribed by General Practitioners and redeemed by patients in NI.  

 The Patient Administration System (PAS) postcode variable will be used to determine 

usual residence of the mother, 2005-2014, so that only mothers resident in NI will be 

included in the study 

 General Register Office (GRO) Registered Stillbirths: All aggregated stillbirths registered 

in NI to mothers who are resident in NI (2005-2014).  This information will be obtained 

by submitting a query to GRO asking for annual number of stillbirths due to CHD, 

number of stillbirths not due to CHD, and number of stillbirths cause unknown. 

 GRO Registered Deaths: All aggregated deaths in the first year of life for infants in NI 

(2005-2015).  This information will be obtained by submitting a query to GRO asking for 

the annual number of infant deaths due to CHD, not due to CHD, and cause unknown by 

age categories 0-6 days, 7-27 days, and 28-364 days. (The year of death is extended to 

2015 as those who are born in December 2014 might die in December 2015).  

 NI Multiple Deprivation Measure 2010 (NIMDM): A spatial measure of deprivation in 

NI. The summary measure of the NIMDM categorised into quintiles 1-5, which will be 

used to identify small area concentrations of multiple deprivation.   

 Central Postcode Directory (CPD) classifies postcodes in NI as urban/rural classification 

(2005-2014)  

Data acquisition and linkage: 

 BSO Honest Broker Service (HBS)  

This study will involve 2 linked datasets:   

1. Prevalence study (2005-2014) - This is a baby-based study including stillbirths (greater 

than or equal to 24 weeks gestational age), live births and deaths of infants up to one year. 

The HSD is linked to the PAS postcode variable (to select NI resident mothers), NIMDM 
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and CPD data for the years 2005-2014 to enable the study cohort to be related to area 

socioeconomic deprivation and urban/ rural distribution respectively. Aggregated deaths 

(with the cause of death categorised by due to CHD, not due to CHD, cause unknown) 

will be provided by the GRO (Objectives 1 and 2). 

2. Maternal risk factors study (2010-2014) - This is a mother-based study where HSD is 

linked to NIMDM, CPD, EPD, PAS postcode variable and NIMATS data, 2010-2014. 

The study will use data extracted from NIMATS (for details please see Section C2) for all 

women resident in NI who gave birth in the period 2010-2014 (Objective 3). 

 

NIMATS contains the Health and Care Number (HCN) for mothers and their babies. The HSD 

contains the HCN/hospital number for children with CHD. For cases in HSD with no HCN, the 

data warehouse in HBS will use the PAS which contains the HCN/ old hospital number for 

mothers and children to link these two datasets.  It is acknowledged that some cases will not be 

linked as, for example, a mother of a child with CHD may not have given birth in NI therefore 

her information will not be recorded in NIMATS.  A mother whose NIMATS record links to a 

child in HSD will be regarded as a mother of a child with CHD. For unlinked HSD cases, the 

reason will be explored in liaison with HBS.   

For each NI resident mother registered in NIMATS, prescriptions (specified in Section C2) 

redeemed in each mother's Exposure Window (EW)* will be extracted from EPD.  

[*To calculate the EW for each mother =Last Menstrual Period (LMP) -30 days and LMP+90 

days]. Any prescriptions outside the EW range for each mother will not be extracted.  

The EW starts from 30 days prior to the first day of LMP as this will allow medication 

prescriptions received immediately before pregnancy and potentially used during early 

pregnancy to be included. This timing has been used in the design of different studies (Furu et al. 

2015; Crider et al. 2009; Kornum et al. 2010; Knudsen et al. 2014).  This exposure period also 

corresponds with advice given to obese women i.e. Any woman with a BMI≥30 kg/m2 wishing 

to be pregnant should be advised to take 5 mg of folic acid supplementation daily starting at least 

one month before conception and continuing during the first trimester of pregnancy (Fitzsimons 

2010).  

The first trimester is the first 90 days of pregnancy and starts from the first day of LMP (“The 

Free Dictionary” 2016). 

This is the period during which heart development takes place [heart development completes at 

around 8 weeks from conception (Sadler 2011), and hence 10 weeks from LMP as, on average, 

conception occurs 2 weeks after the first day of the LMP]. This period of time has also been used 

in different studies (Ban et al. 2014; Marsh et al. 2014; Hansen et al. 2015). 

Mothers in the EPD with one or more of the specified medications (see Section C2) in the EW 

will be regarded as mothers who are exposed to one or more of the specified medications 

preconceptionally and/or during the first trimester of pregnancy.  Those not linked will be 

regarded as mothers who are not exposed to the specified medications during this period of 

pregnancy. 

The HSD-NIMATS-EPD file will also be linked to the NIMDM and CPD files to identify 

potential risk and protective factors (confounders) for CHD.   

 

Inclusion criteria:  

For prevalence study: 

1. Cases of CHD registered in HSD in the period 2005-2014. 

For Maternal risk factors study: 

1. Pregnancies to NI resident mothers registered in NIMATS in the period 2010-2014.  
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2. A prescription based on specific BNF code (See Section C2- EPD) and within the EW for 

each woman. 

Exclusion criteria: 

For prevalence study: 

1. Cases of CHD for non- resident mothers (i.e. those who have address/postcode outside NI 

at birth). 

For Maternal risk factors study: 

1. Pregnancy registered in NIMATS to non-resident mothers (i.e. those who have 

address/postcode outside NI at birth). 

 

After the linkage which will be performed by HBS, all the identifiable information 

(HCN/hospital numbers/ postcode) will be removed and an anonymised file will be provided to 

the researcher. 

The researcher will perform the analysis using STATA version 14 according to a pre-specified 

analysis plan. Results will be expressed in terms of prevalence, mortality, odds ratios (OR) and 

95% Confidence Interval (CI). Regression will be performed to assess the association of different 

risk and protective factors and CHD, and to assess potential confounders and effect modifiers. 

Analysis will be undertaken in a safe setting in HBS. To protect patient confidentiality, the HBS 

will apply statistical disclosure control to all outputs before they are provided in an approved 

format to the researcher. In addition, to avoid disclosure no date variables will be available to the 

researcher and maternal age will be categorised using standard maternal age groupings based on 

the literature. A research access agreement and disclosure policy agreement will be signed which 

will oblige the researcher not to attempt to identify individuals. Data will be retained in HBS for 

36 months after completion of the study. 

Data Access Agreements have been signed by UU, HBS and BHSCT as required by the 

Department of Health (DoH) and HSC protocol for sharing service information for secondary 

purposes (August 2012). Access to the data will conform to the Data Protection Act 1998 and the 

Code of Practice on Protecting the Confidentiality of Service User Information (DHSSPS 

January 2012). The study will be handled in accordance with UU Research Governance Policy 

Version 4 (10/15), and the UU Code of Practice for professional integrity in the Conduct of 

Research. 

 

B7.  Please indicate how you will publicise and disseminate the findings of your proposed 

study 

(This should include plans for journal papers, conferences, presentations, posters etc.  Please list 

the key stake-holders for dissemination.) 

The key stakeholders for dissemination are the public, policy makers, health professionals and 

researchers. Thesis writing will be a means of disseminating the findings. 

Research findings will be disseminated through articles via media such as newspapers and social 

media. 

Other plans for dissemination: 

 HBS website 

 NI Baby Hearts Study website, (available on Centre for Maternal Fetal and Infant 

Research website, Institute of Nursing and Health Research, UU). 

 Presentation as part of the Healthy Pregnancy Seminars arranged by UU. 

 Conference posters and presentations.  

 Publication in national and international scientific journals.  
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 NI Chest, Heart & Stroke website. 

 Children's HeartBeat Trust website. 

SECTION C:  HSC Data 

 

(Please complete this section using the list of datasets currently available on the Honest Broker 

webpage- http://www.hscbusiness.hscni.net/services/2454.htm and if necessary, in consultation with 

the Honest Broker Advice Service – hbs@hscni.net .  Full details of the exact variables will be required 

before the extraction can begin.) 

 

C1.  Dataset to be used (Please tick) 

Patient Administration System Dataset 

Family Practitioner Services Dataset 

Both  

HeartSuite Database         

 

 

C2.  What dataset(s) do you require anonymised information from? 

 

Dataset Name Time 

Period 

Variables Required  

 

Reason why variable 

needed 

PAS 01/01/20

05-

31/12/20

14 

Postcode (To be used by HBS) To identify and exclude 

those who are not residents 

of NI based on postcode 

HeartSuite 

Data (HSD) 

01/01/20

05-

31/12/20

14 

  

  1. H&C Number (To be used by 

HBS) 

To create ID numbers for 

linkage purposes. 

  2. Hospital Number (To be used 

by HBS) 

To create ID numbers for 

linkage purposes. 

  3. Year of birth 

4. Age at death 

5. Age at CHD diagnosis (Need to 

use variable 17 “Date id” to 

enable this calculation) 

6. Age at procedure (Need to use 

variable 21 “Procedure date” to 

enable this calculation) 

To be calculated by HBS using Date of 

Birth. Date of Birth will then be 

removed from the dataset. 

Year of birth (To calculate 

CHD prevalence/mortality 

yearly)  

Age at death (To calculate 

perinatal/  neonatal/ post-

neonatal and infant 

mortality)  

Age at CHD diagnosis (For 

disease spectrum)  

Age at procedure (For 

disease spectrum)  

  7. Year of death To calculate perinatal / 

neonatal/ post-neonatal/ 

 

 

 

http://www.hscbusiness.hscni.net/services/2454.htm
mailto:hbs@hscni.net
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8. Age at death (within first year). 

HBS will use the child’s date of 

death and the child’s date of 

birth to categorise age at death 

into the following categories: 0-

6 days, 7-27 days, 28-364 days)  

. 

infant mortality rates 

related to CHD. 

 

To calculate perinatal 

mortality, GRO will 

provide the number of 

stillbirths per year. 

  9. Cause of Death  

Child’s cause of death. 

To calculate perinatal/ 

neonatal, post-

neonatal/infant mortality 

rates related to CHD by 

cause 

  10. Sex Potential confounder 

  11. Fetal diagnosis Potential confounder 

  12. EPC1 ^ Main outcome to measure 

prevalence and mortality 

by CHD diagnosis 

  13. EPC2  Main outcome to measure 

prevalence and mortality 

by CHD diagnosis 

  14. ICD9^^ Main outcome to measure 

prevalence and mortality 

by CHD diagnosis 

  15. ICD10 Main outcome to measure 

prevalence and mortality 

by CHD diagnosis 

  16. Diagnosis description Text description of CHD or 

other diagnoses 

  17. Date id Date of first echo to be 

used with date of birth to 

create a variable age at 

diagnosis 

  18. Diagnosis (Include up to 32 

diagnoses) 

Cross check for data 

quality (compared to EPC1, 

EPC2, ICD9 and ICD10) 

  

19. Comorbidity present 

Cross check for data 

quality  

  

20. Comorbid Conditions 

Cross check for data 

quality (compared to 

Diagnosis description) 

  

21. Procedure Date 

To be used with date of 

birth to create a variable 

age at first procedure to 

describe disease spectrum 

  

22. Procedure Type 

To describe disease 

spectrum 

  23. Catheterisation complication 

severity rating 

To describe disease 

spectrum 
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NI Maternity 

System 

(NIMATS) 

01/01/20

10-

31/12/20

14 

  

  1. Mother’s HCN (To be used only 

by HBS) 

To create mother’s ID for 

linkage purposes 

Hospital 

booking 

interview 

report 

 2. Parity (Numeric value) Potential confounder 

Hospital 

booking 

interview 

report 

 3. LMP date To derive variable 

“Exposure within the 

exposure window” 

(Yes/No).  See list of 

derived variables below. 

Hospital 

booking 

interview 

report 

 4. Gestational age at booking 

(completed weeks)-Numeric 

value 

To make sure that the 

mother’s history was taken 

in the first trimester. 

Hospital 

booking 

interview 

report 

 5. Age at booking interview 

(Maternal age in completed 

years) 

Potential confounder 

Hospital 

booking 

interview 

report 

 6. Planned Pregnancy (Yes/No) Potential confounder 

Hospital 

booking 

interview 

report 

 7. Family history of CHD (If yes, 

under family history/congenital 

abnormalities the code should 

be 01). 

Potential confounder 

Hospital 

booking 

interview 

report 

 8. BMI- Numeric value  Potential confounder 

Hospital 

booking 

interview 

report 

 9. Height (in metres)-Numeric 

value 

If BMI is incomplete in 

NIMATS, this will allow to 

calculate BMI 

Hospital 

booking 

interview 

report 

 10. Weight (in Kilograms)- 

Numeric value 

If BMI is incomplete in 

NIMATS, this will allow to 

calculate BMI 

Hospital 

booking 

interview 

report 

 11. Cigarettes (Cigarettes/day)-

Numeric value 

Potential confounder 

Hospital 

booking 

 12. Partner smokes 

(Cigarettes/day)-Numeric value 

Potential confounder 
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interview 

report 

Hospital 

booking 

interview 

report 

 13. Alcohol (Units/week)-Numeric 

value  

Potential confounder 

Hospital 

booking 

interview 

report 

 14. Mother present Medication:  

 Folic acid commenced 

preconception, code 15  

 Folic acid commenced 

post conception, code 16  

 Vitamins, code 13  

 Mental health 

medications  

 No medications 

Potential confounder 

Hospital 

booking 

interview 

report 

 15. Mother mental health disorders 

 Year of mental health 

disorder  

 Type of mental health 

disorder 

Potential confounder 

Hospital 

booking 

interview 

report 

 16. Previous cardiovascular 

(Congenital heart Disease)- 

Code 02 

 

Potential confounder 

Hospital 

labour 

summary 

 17. Postcode at birth  Risk factors for CHD 

This variable will be used 

to cross-check PAS 

postcode. 

Hospital 

labour 

summary 

 18. Birth Status (live birth or 

stillbirth) 

To measure 

incidence/prevalence of 

CHD 

Hospital 

labour 

summary 

 19. Birth Weight (for the child in 

grams)  

Potential confounder. 

Hospital 

labour 

summary 

 20. Sex Potential confounder 

Hospital 

labour 

summary 

 21.  Antenatal fetal problems Potential confounder 

 

Hospital 

labour 

summary 

 22. Infant congenital Abnormalities- 

all values.  

To identify non-CHD 

anomalies associated with 

medication. 

Hospital 

labour 

summary 

 23. Gestational at delivery –

completed weeks  

Potential confounder and 

for CHD classification 

purposes 
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Hospital 

maternal 

discharge form 

 24. Admission to neonatal 

 

To describe disease 

spectrum 

Hospital 

maternal 

discharge form 

  25. Other Op. Procedures  To describe disease 

spectrum  

Hospital 

maternal 

discharge form 

 26. Number of births this pregnancy  If the number>1, that 

indicates it is a case of 

multiple pregnancy. This 

will identify singleton and 

multiple births. Potential 

confounder  

Hospital 

maternal 

discharge form 

 27. Date of delivery (to be used by 

HBS). 

 

To calculate CHD 

perinatal/neonatal/post-

neonatal/ infant mortality 

rate by each calendar year.    

To generate a variable: year 

of birth 

To use with child’s date of 

death to generate derived 

variables: Child’s age at 

death (0-6 days), (7-27 

days), (28-364 days). 

Hospital 

neonatal 

discharge form 

 28. Birth order  

(Value 1 = birth number 1 in a 

single or a multiple pregnancy,  

Value 2 = birth number 2 in a 

multiple pregnancy,  

Value 3 = birth number 3 in a 

multiple pregnancy, etc) 

Potential confounder.  

To identify twins/ triplets 

(or higher order multiple 

births) with CHD, as they 

need special consideration 

in the analysis. 

Derived variables:   

NIMATS 01/01/20

10-

31/12/20

14 

1. Exposure within Exposure 

Window (yes/no) (To be 

calculated and categorised by 

HBS) 

 

Exposure Window in 

pregnancy = 

LMP date minus 30 days - 

LMP date plus 90 days. 

The lower limit of the 

exposure window will use 

LMP date (in the format 

date/month/year) minus 30 

days and the result should 

be in the format 

date/month/year (for HBS 

use only to calculate EW). 

The upper limit of the 

exposure window will use 

LMP date (in the format 

date/month/year) plus 90 

days and the result should 

be in the format 
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date/month/year (for HBS 

use only to calculate EW). 

NIMDM 2010 01/01/20

05-

31/12/20

14 

1. Area socioeconomic deprivation 

(Based on summary measure of 

the NIMDM, categorised into 

quintiles 1-5) 

(HBS will use the PAS postcode 

to classify deprivation area) 

 Risk factor for CHD 

CPD 01/01/20

05-

31/12/20

14 

1. Urban/rural  

((HBS will use the PAS 

postcode to classify as urban 

or rural area) 

Risk factor for CHD 

 

GRO 

Deaths 

01/01/20

05-

31/12/20

15 

1. Aggregate live births who died 

by 1 year of life by 31st 

December of each calendar year 

broken down by 0-6 days, 7-27 

days and 28-364 days. 

Cause of death will be categorized as: 

 due to CHD, (WHO ICD10 

codes Q20-Q28),  

 not due to CHD,  

 cause unknown.  

GRO has provided this information. 

 

To calculate CHD 

perinatal/neonatal/post-

neonatal/ infant mortality 

rate by each calendar year.   

Perinatal mortality rate** 

=Number of deaths within 

the first 7 days of life due 

to CHD + Number of 

stillbirths diagnosed with 

CHD prenatally or at post 

mortem in specific year X 

1000/number of total births 

in that calendar year. 

To calculate the infant 

mortality rate related to 

CHD*** 

=Number of deaths among 

infants up to one year old 

due to CHD in specific 

year X 1000/number of live 

births in that year.   

To calculate the neonatal 

mortality rate related to 

CHD**** 

=Number of deaths among 

neonates due to CHD in 

specific year X 

1000/number of live birth 

in that year.   

To calculate post-neonatal 

mortality rate related to 

CHD***** 

=Number of deaths among 

post-neonates due to CHD 

in specific year X 

1000/number of live birth 

in that year.   
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EPD 01/01/20

10-

31/12/20

14 

  

  1) Mother’s HCN number (HBS 

Use only) 

To create ID for linkage 

purpose  

  2) Dates of individual prescribed 

medications 

For HBS use only to 

calculate EW.   

  3) Individual prescribed 

medications listed below: 

 

 

  1. Sulfasalazine (Section 1.5.1) 

sub-sections: Sulfasalazine/ 

Salazopyrin EN-Tabs 

Folic acid antagonist 

  2. Triamterene (Section 2.2.3) sub-

sections: Triamterene 

Folic acid antagonist 

 3. Triamterene with thiazides 

(Section 2.2.4) sub-sections: 

Co-triamterzide/ Dyazide/ 

Kalspare 

Folic acid antagonist 

 4. Triamterene with loop diuretics 

(Section 2.2.4) subsections: 

Frusene 

Folic acid antagonist 

 5. Nicotinic acid (section 2.12) 

sub-sections: Niaspan 

Folic acid antagonist 

 6. Colestyramine (Section 2.12) 

sub-sections:  Colestyramine/ 

Questran/ Questran Light 

Folic acid antagonist 

 Hypnotic

s and 

anxiolyti

cs  

7. Hypnotics (section 4.1.1) 

8. Anxyolitics (section 4.1.2) 

9. Barbiturates (section 4.1.3) 

Risk factors 

 

Drugs 

used in 

psychose

s and 

related 

disorders  

10. Antipsychotic drugs (section 

4.2.1)  

11. Antipsychotic depot injections 

(section 4.2.2) 

12. Drugs used for mania and 

hypomania (section 4.2.3) 

Antidepr

essnat 

drugs 

13. Tricyclic and related 

antidepressant drugs (section 

4.3.1) 

14. Monoamine-oxidase inhibitors 

(section 4.3.2) 

15. SSRI (section 4.3.3) 

16. Other antidepressant drugs 

(section 4.3.4) 
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 17. Antiepileptic drugs (Section 

4.8) 

 

Potential confounder  

Folic acid antagonist 

  18. Trimethoprim (Section 5.1.8) 

sub-sections Trimethoprim 

Folic acid antagonist 

19. Co-trimoxazole (Section 5.1.8) 

sub-sections: 

Cotrimoxazole/Septrin 

Folic acid antagonist 

20. Sulfadiazine (Section 5.1.8) 

sub-sections: Sulfadiazine 

Folic acid antagonist 

21. Nitrofurantoin (Section 5.1.13) 

sub-sections: 

Nitrofurantoin/Macrobid 

Folic acid antagonist 

22. Pyrimethamine (Section 5.4.1) 

sub-sections: 

Pyrimethamine/Daraprim 

Folic acid antagonist 

23. Pyrimethamine with sulfadoxine 

(Section 5.4.1) sub-sections: 

Pyrimethamine with sulfadoxine 

Folic acid antagonist 

  24. Insulins (Section 6.1.1) Potential confounder  

25. Antidiabetic drugs (Section 

6.1.2) 

Potential confounder  

26. Ciclosporin (Section 8.2.2) 

subsections:    

Capimune/Capsorin/Deximune/

Neoral/Sandimmun 

Folic acid antagonist 

  27. Folic acid (400 mcg) (Section 

9.1.2) subsections: Folic acid 

400 mcg 

Protective factor 

28. Folic acid (5 mg) (Section 9.1.2) 

subsections: Folic acid 5 mg  

Protective factor 

29. Folic acid (all Folic Acid 

branded versions) (Section 

9.1.2) 

 

Protective factor 

30. Multivitamin preparations 

(Section 9.6.7) subsections: 

Forcival/Ketovite 

Protective factor 

31. Vitamin A (Retinol) (Section 

9.6.1) 

Potential confounder 

  32. Methotrexate (Section 10.1.3) 

subsections: Methotrexate/ 

Metoject 

Folic acid antagonist 

  33. Isotretinoin (topical) (Section 

13.6.1) subsections: 

Isotrex/Isotrexin 

Potential confounder 
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34. Tretinoin (Section 8.1.5) 

subsections: Vesanoid 

Potential confounder 

35. Isotretinoin (Oral) (Section 

13.6.2) subsections: Isotretinoin  

Potential confounder 

  For the above medications HBS 

will provide (a-h) 

a. Presentation  

To be used in sensitivity 

analysis 

  b. Quantity To be used in sensitivity 

analysis 

  c. Strength To be used in sensitivity 

analysis 

  d. DDD To be used in sensitivity 

analysis 

  a. BNF Chapter 

b. BNF Section 

c. BNF Paragraph 

d. Drug name 

e. Prescription category 

indicator 

f. Issue date 

For HBS to identify the 

medications and to 

calculate total days of 

exposure. 

  g. Total days of exposure 

within the EW for 

medications in the list-

(=date of last 

prescription - date of 

first prescription; to be 

calculated by HBS for 

each medication within 

the EW. 

To be used in sensitivity 

analysis 

  36. Exposure to co-medications 

within the EW (yes/no) 

Potential confounder 

  37. Give name and BNF code of 

other co-medications within the 

EW 

Potential confounders 

 

^ EPC=European Paediatric Cardiac  

^^ICD= International Classification of Diseases and Related Health Problems 

# Stillbirth definition: Births and Deaths Registration (NI) Order 1976, as amended by the Stillbirth 

Definition NI Order 1992 Act defines a stillborn child as follows: ‘Any ‘child’ expelled or issued forth 

from its mother after the 24th week of pregnancy that did not breathe or show any other signs of life 

should be registered as a stillbirth’ (The Royal College of Midwives 2008). 

**The World Health Organization defines perinatal mortality as the "number of stillbirths and deaths in 

the first week of life per 1,000 total births, the perinatal period commences at 22 completed weeks of 

gestation and ends seven completed days after birth"(“WHO | Maternal and Perinatal Health” 2016).  

[The first 7 days after birth are actually day 0-6]. 

***The infant mortality rate is an estimate of the number of infant deaths for every 1,000 live births 

(“Infant Mortality | Maternal and Infant Health | Reproductive Health | CDC” 2016). 

https://en.wikipedia.org/wiki/WHO
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****The neonatal period begins with birth and ends 28 complete days after birth. Neonatal deaths may  

be subdivided into early neonatal deaths, occurring during the first seven days of life (0-6 days), and 

late neonatal deaths, occurring after the seventh day but before the 28th day of life (7-27 days) 

(“Neonatal and Perinatal Mortality-WHO” 2006). 

*****Postneonatal mortality is deaths among infants aged 28-364 days (“CDC” 2001)  

Aggregate number of live births to mothers resident in NI by 31st December of each calendar year is 

needed to calculate annual total CHD prevalence and to calculate perinatal/neonatal/post 

neonatal/infant mortality rates (available online on the GRO website). 

Aggregate number of stillbirths and deaths within the first year to mothers resident in NI by 31st 

December of each calendar year is needed to calculate perinatal/neonatal/post neonatal/infant mortality 

rates (request from GRO). 

 

Notes for file preparation: 

HSD 

In HSD, if there is a duplicate case and difference in the values of variables, choose the most recent 

entry.  The file may include some “dummy” cases that were used for demonstrating the HSD system.  

Ensure that all cases have a HCN/ hospital number and diagnosis. 

Four files have been extracted from HSD and will be transferred to HBS: 

 Hafi 1: Echos (n=34,369 records; Multiple rows per case).  For each CHD case, select the first 

entry for inclusion in the study file. This will be used as a proxy for first diagnosis. Delete all 

other entries.   

 Hafi 1: Diagnosis Query for Jordanstown (n=16,422 records; Multiple rows per case).  For each 

case, diagnoses (there can be up to 32 diagnoses) and co-morbidity conditions are entered in 

separate rows.  Please re-shape study file from “LONG” to “WIDE”, so that the diagnoses and 

the co-morbidities are listed in separate columns i.e. one row per case.  

 Hafi 1: Cause of death (n=191 records).  Needs to be formatted so that it is one row per case,  

 Hafi – NICOR Export of NI procedures  (n=893 records; 1 row of data per case) 

These four files need to be merged together to create a single file (one row per case) using the HCN/ 

hospital number. Please note that not all cases will have had a procedure, or die.   

   

To create the EPD file: 

Step 1: If a mother receives different medications list the variables for each medication, as shown 

below: 

 

All 

mothers 

in 

NIMATS 

Medications 

of 

interest in 

EW  

Presentation Quantity Strength DDD Total days 

of 

exposure 

within the 

EW 

 

Other 

medications 

in EW 

(Y/N) 

List other 

medications in 

EW 

Mother 1 Citalopram      N   

Mother 2 Diazepam      Y Name of 

medication (s) 

Mother 2 Citalopram      Y Name of 

medication (s) 

Mother 3 N      N   
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Mother 4 N      Y Name of 

medication (s) 

 

Step 2: When the Exposure window is calculated for each medication, reshape te file from LONG to 

WIDE, so that the data are presented in 1 row per case. 

  

General requests and guidelines:  

 For a mother who gives birth more than once in the dataset, the mother will have the same 

HCN number but different hospital maternity numbers.  

 Include all cases of CHD even if born in different years (identify these mothers and the co-

siblings with CHD)  

 For mothers who give birth more than once in the study period and only one of the births has 

CHD, then only include the baby with CHD.  

 In the case where a mother gives birth to twins/ triplets and all have CHD, then all cases should 

be included and co-twins/co-triples/etc. should be identified.  

 For a mother who gives birth to twins/ triplets the mother will have the same HCN and hospital 

number. From the hospital maternal discharge form in NIMATS look at the variable “Born this 

pregnancy” - if the number is >1 it is a multiple pregnancy. From the Hospital neonatal 

summary, look at the variable “Birth order” - if > one then it should be linked with the other 

births for the mother with the same hospital maternity number) and births should be listed 

immediately under each other. 

 All mothers who did not have a baby with CHD should only appear in the dataset once. The 

most recent delivery should be selected 

Risk/protective factors for CHD from Literature: 

 

Folic acid (Feng et al.  2015), socioeconomic factors (Kuciene and Dulskiene 2009), mood 

disorders (Liu et al.  2013), diabetes (Simeone et al.  2015), Urban area (Grech et al. 1999) Body 

Mass Index (Madsen et al.  2013), pre-gestational (Garne et al. 2012) and gestational diabetes 

(Hunter and Sharland 2015). Multiple birth, low birth weight (Lindinger et al.  2010), mother’s age 

< 20 years (Loane et al. 2009), mother’s age ≥40 years, thyroid disorders (Liu et al.  2013), 

ethnicity (Nembhard et al.  2010), phenylketonuria (Rouse and Azen 2004), rubella (CAMPBELL 

1961), hypothyroidism (Grattan et al.  2015), chromosomal abnormalities (Hartman et al.  2011), 

influenza (Flu) (Luteijn et al.  2014), epilepsy (Barrett and Richens 2003), hypertension (Bateman 

et al.  2015), asthma (Lin et al.  2009), urinary tract infection (Fung et al.  2013), maternal parity 

(Feng et al.  2014), preterm birth (Tanner et al.  2005), gestational age (Malik et al. 2007), CHD in 

siblings (Roodpeyma et al.  2002), twins (Best and Rankin 2015), family history of CHD 

(Whittemore et al.  1994), gender (Pradat 1992), Systmic Lupus Erythematous (SLE) (Chameides 

et al.  1977), maternal fever (Botto et al.  2001), paternal smoking (Deng et al.  2013), infertility 

(Tararbit et al.  2013), small for gestational age (Malik et al. 2007), IUGR and CHD (Wallenstein 

et al. 2012). Selective Serotonin Reuptake Inhibitors SSRI (Wemakor  et al. 2015). Sertraline and 

Citalopram (32). Paroxetine (Wurst et al. 2010). Lithium (Zalzstein et al. 1990). Anti-anxiety and 

hypnotics (Ban L et al. 2013), Thalidomide (Smithells and Newman 1992). Retinol (Vitamin A) 

(Lammer et al. 1985).  

 

We have only asked for risk factors prevalent in NI.  For instance, about 1 in 13,000 will have 

phenylketonuria, so there will be too few cases to analyse these data. 

 

Folic acid antagonist:  
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Antiepileptic (Carbamazepine, Lamotrigine, Phenobarbital, Phenytoin, Primidone, Valproic acid), 

Dihydrofolate reductase (DHFR) inhibitors (Sulfasalazine, Triameterene,Hydrochlorothiazide-

Amiloride combination, Epitizide-Triametrene combination, Trimethoprim, Trimethoprim-

Sulphonmide combination, Methotrexate, Pyrimethamine), Ciclosporine, Metformin, Nicotinic 

acid, Colestyramine (van Gelder et al. 2010).  

 

Appendix 1 

 

Principles used to Assess Research Applications for Honest Broker Service Data 

(Note: These criteria may be added to or amended at any time by the Honest Broker 

Governance Board) 

 Does the project relate to Health & Social Care? 

 Does the project support the development/delivery of public policy? 

 Has the applicant considered who the stakeholders are for dissemination? 

 Has the applicant considered different methods of dissemination? 

 Are the research summary and objectives clearly set out in lay terms? 

 Is the project time-frame feasible? 

 Has the applicant considered potential disclosure risks and described adequate safeguards?  

 Has the applicant got NRES/ethical approval? 

 Has the applicant provided CVs for Chief Investigator and Research Team? 

 Does the application have a sound scientific basis and research methodology? 
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                       Appendix 11 

 

            Syntax used in the analysis  

 

 

 

log using CHD_trends.log, replace 

 

set memory 500m 

 

insheet using "\\hscni.net\BSO\Honest Broker Service\Project 

020\Data\HSD_v5_17052017.csv" 

    

set more off 

desc 

 

gen id=_n 

reshape long icd10, i(id) j(codes) 

set more off 

drop if icd10 >"A00.0"  & icd10 <"D82.1" 

drop if icd10 >"D82.1"  & icd10 <"N99.9" 

drop if icd10 >"O00.0"  & icd10 <"P99.9" 

drop if icd10 >"Q99.9"  & icd10 <"Z99.9" 

 

tab icd10,m 

 

reshape wide 

drop id 

 

generate Qcode=0 

 

foreach x of varlist icd101 - icd109 { 

 replace Qcode = 2 if (substr(`x',1,5)>="Q90.0" & substr(`x',1,5)<="Q93.9")  

 } 

foreach x of varlist icd101 - icd109 { 

 replace Qcode = 2 if (substr(`x',1,5)>="Q96.0" & substr(`x',1,5)<="Q99.9")  

 } 

foreach x of varlist icd101 - icd109 { 

 replace Qcode = 2 if (substr(`x',1,5)=="D82.1" )  

} 

foreach x of varlist icd101 - icd109 { 

 replace Qcode = 2 if (substr(`x',1,5)=="Q75.1" ) 

 } 

foreach x of varlist icd101 - icd109 { 

 replace Qcode = 2 if (substr(`x',1,5)=="Q75.4" ) 

 } 

foreach x of varlist icd101 - icd109 { 

 replace Qcode = 2 if (substr(`x',1,5)>="Q87.0" & substr(`x',1,5)<="Q87.9")  

 } 

foreach x of varlist icd101 - icd109 { 

 replace Qcode = 1 if (substr(`x',1,5)>="Q20.0" & substr(`x',1,5)<="Q26.9")  

} 
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label define Qcode 0 "no CHD/no syn" 1 "any CHD incl minors" 2 "syndromes with no 

CHD"    

label values Qcode Qcode 

 

order Qcode icd101 icd102 icd103 icd104 icd105 icd106 icd107 icd108 icd109 

 

tab Qcode, m 

drop if Qcode==0  

drop if Qcode==2 

tab Qcode, m 

 

gen id=_n 

reshape long icd10, i(id) j(codes) 

set more off 

tab icd10,m 

 

* drop minor codes that have ICD10 code (Q250=09.27.21, Q256=09.10.06, 

Q261=04.01.01) 

drop if icd10=="Q25.0" 

drop if icd10=="Q25.6" 

drop if icd10=="Q26.1" 

 

reshape wide 

drop id 

 

replace icd101="NULL" if icd101=="" 

replace icd102="NULL" if icd102=="" 

replace icd103="NULL" if icd103=="" 

replace icd104="NULL" if icd104=="" 

replace icd105="NULL" if icd105=="" 

replace icd106="NULL" if icd106=="" 

replace icd107="NULL" if icd107=="" 

replace icd108="NULL" if icd108=="" 

replace icd109="NULL" if icd109=="" 

 

gen id2=_n 

reshape long epc1 epc2, i(id2) j(codes) 

set more off 

tab epc1,m 

 

* Exclude minors with BPA ext (i.e. patent foramen ovale Q2111=05.03.01; and 

persisitent right aortic arch Q2541=09.28.15)  

drop if epc1=="05.03.01" | epc2=="05.03.01" 

drop if epc2=="09.28.15" | epc2=="09.28.15" 

tab epc1,m 

reshape wide 

drop id2 

 

 

gen CHD_case=0 

foreach x of varlist icd101 - icd109 { 

 replace CHD_case = 1 if (substr(`x',1,5)>="Q20.0" & substr(`x',1,5)<="Q26.9")  

 } 

label define CHD_case 1 "CHD excl minors" 0 "Minor CHD dropped"     
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label values CHD_case CHD_case 

 

tab CHD_case, m 

tab Qcode CHD_case, m 

 

order Qcode CHD_case icd101 icd102 icd103 icd104 icd105 icd106 icd107 icd108 

icd109 

 

drop if CHD_case==0 

drop Qcode 

 

 

generate CHD_syndrome=0 

foreach x of varlist icd101 - icd109 { 

 replace CHD_syndrome = 1 if ( substr(`x',1,5)>="Q90.0" & 

substr(`x',1,5)<="Q99.9")  

 } 

foreach x of varlist icd101 - icd109 { 

 replace CHD_syndrome = 1 if (substr(`x',1,5)=="D82.1" )  

} 

foreach x of varlist icd101 - icd109 { 

 replace CHD_syndrome = 1 if (substr(`x',1,5)=="Q75.1" ) 

 } 

foreach x of varlist icd101 - icd109 { 

 replace CHD_syndrome = 1 if ( substr(`x',1,5)=="Q75.4" ) 

 } 

foreach x of varlist icd101 - icd109 { 

 replace CHD_syndrome = 1 if (substr(`x',1,5)>="Q87.0" & 

substr(`x',1,5)<="Q87.9")  

 } 

label define CHD_syndrome 0 "Non-syndromic CHD " 1 "CHD and syndrome"    

label values CHD_syndrome CHD_syndrome 

 

tab CHD_case CHD_syndrome, m 

 

order CHD_case CHD_syndrome icd101 icd102 icd103 icd104 icd105 icd106 icd107 

icd108 icd109 

 

* drop CHD associated with chromosomals and genetic syndromes 

drop if CHD_syndrome==1 

 

tab  CHD_case CHD_syndrome, m 

 

replace icd101="NULL" if icd101=="" 

replace icd102="NULL" if icd102=="" 

replace icd103="NULL" if icd103=="" 

replace icd104="NULL" if icd104=="" 

replace icd105="NULL" if icd105=="" 

replace icd106="NULL" if icd106=="" 

replace icd107="NULL" if icd107=="" 

replace icd108="NULL" if icd108=="" 

replace icd109="NULL" if icd109=="" 
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* create unique codes 

 

gen id=_n 

reshape long icd10, i(id) string 

by id icd10, sort: gen nvals=(_n==1) * (icd10 !="NULL") 

 

 

by id: replace nvals = sum(nvals) 

by id: replace nvals = nvals[_N] 

reshape wide icd10, i(id) string 

 

tab CHD_case nvals, m 

 

* 

gen icd101_NEW = 1 if substr(icd101,1,2)=="Q2" 

gen icd102_NEW = 1 if substr(icd102,1,2)=="Q2" 

gen icd103_NEW = 1 if substr(icd103,1,2)=="Q2" 

gen icd104_NEW = 1 if substr(icd104,1,2)=="Q2" 

gen icd105_NEW = 1 if substr(icd105,1,2)=="Q2" 

gen icd106_NEW = 1 if substr(icd106,1,2)=="Q2" 

gen icd107_NEW = 1 if substr(icd107,1,2)=="Q2" 

gen icd108_NEW = 1 if substr(icd108,1,2)=="Q2" 

gen icd109_NEW = 1 if substr(icd109,1,2)=="Q2" 

egen Q2 = rowtotal(icd101_NEW-icd109_NEW) 

 

*  

gen unique = 0  

qui forval i = 1 /`=_N' {  

 foreach v of var icd101-icd109 {  

  local list `"`list' `"`=`v'[`i']'"'"'  

  local uniq : list uniq list  

 }  

 replace unique = `: list sizeof uniq' in `i'  

 local list  

} 

 

replace unique=unique-1 

*  

recode age_at_diagnosis_years (-2 -1 0=1) (1 2 3 4 =2) (5 6 7 8 9 10 11 =3), generate 

(n_ageatdiagnosis) 

label define n_ageatdiagnosis  1 "beforefirst" 2 "firsttofour" 3 "fivetoeleven", replace 

label value n_ageatdiagnosis n_ageatdiagnosis 

tab n_ageatdiagnosis 

tab year_of_birth CHD_case 

tab year_of_birth CHD_case if (n_ageatdiagnosis==1) 

tab year_of_birth sex   

tab year_of_birth sex if ( n_ageatdiagnosis==1) 

*  

gen Severity=. 

foreach var1 of varlist icd101- icd109 { 

replace Severity=1 if (`var1'== "Q20.0"|`var1'== "Q20.3"|`var1'== "Q20.4"| `var1'== 

"Q21.2"| `var1'== "Q21.3" | `var1'== "Q22.0" | `var1'== "Q22.4"|`var1'== "Q22.5" | 

`var1'== "Q22.6"|`var1'== "Q23.0"|`var1'== "Q23.4" | `var1'== "Q25.1" | `var1'== 

"Q26.2" |`var1'== "Q20.1"|`var1'== "Q23.2" | `var1'== "Q23.3" | `var1'== "Q25.2") 



A-57 
 

} 

replace Severity=2 if Severity !=1  

label define Severity 2 "Not Sever" 1 "Sever", replace 

label values Severity Severity 

tab Severity 

tab year_of_birth Severity  

tab year_of_birth Severity if ( n_ageatdiagnosis==1) 

* 

tab year_of_birth CHD_case if nvals==1 

 

tab year_of_birth CHD_case if Q2==1 

 

*  

gen CHD_specific=. 

foreach var1 of varlist icd101 icd102 icd103 icd104 icd105 icd106 icd107 icd108 

icd109 { 

replace CHD_specific =1 if (`var1'== "Q20.0" & Q2==1) 

} 

foreach var1 of varlist icd101 icd102 icd103 icd104 icd105 icd106 icd107 icd108 

icd109 { 

replace CHD_specific =2 if (`var1'== "Q20.3" & Q2==1) 

} 

foreach var1 of varlist icd101 icd102 icd103 icd104 icd105 icd106 icd107 icd108 

icd109 { 

replace CHD_specific =3 if (`var1'== "Q20.4" & Q2==1) 

} 

foreach var1 of varlist icd101 icd102 icd103 icd104 icd105 icd106 icd107 icd108 

icd109 { 

replace CHD_specific =4 if (`var1'== "Q21.0" & Q2==1) 

} 

foreach var1 of varlist icd101 icd102 icd103 icd104 icd105 icd106 icd107 icd108 

icd109 { 

replace CHD_specific =5 if (`var1'== "Q21.1" & Q2==1) 

} 

foreach var1 of varlist icd101 icd102 icd103 icd104 icd105 icd106 icd107 icd108 

icd109 { 

replace CHD_specific =6 if (`var1'== "Q21.2" & Q2==1) 

} 

foreach var1 of varlist icd101 icd102 icd103 icd104 icd105 icd106 icd107 icd108 

icd109 { 

replace CHD_specific =7  if (`var1'== "Q21.3" & Q2==1) 

} 

foreach var1 of varlist icd101 icd102 icd103 icd104 icd105 icd106 icd107 icd108 

icd109 { 

replace CHD_specific =8 if (`var1'== "Q22.4" & Q2==1) 

} 

foreach var1 of varlist icd101 icd102 icd103 icd104 icd105 icd106 icd107 icd108 

icd109 { 

replace CHD_specific =9 if (`var1'== "Q22.5" & Q2==1) 

} 

foreach var1 of varlist icd101 icd102 icd103 icd104 icd105 icd106 icd107 icd108 

icd109 { 

replace CHD_specific =10 if (`var1'== "Q22.1" & Q2==1) 

} 
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foreach var1 of varlist icd101 icd102 icd103 icd104 icd105 icd106 icd107 icd108 

icd109 { 

replace CHD_specific =11 if (`var1'== "Q22.0" & Q2==1) 

} 

foreach var1 of varlist icd101 icd102 icd103 icd104 icd105 icd106 icd107 icd108 

icd109 { 

replace CHD_specific =12 if (`var1'== "Q23.0" & Q2==1) 

} 

foreach var1 of varlist icd101 icd102 icd103 icd104 icd105 icd106 icd107 icd108 

icd109 { 

replace CHD_specific =13 if (`var1'== "Q23.4" & Q2==1) 

} 

foreach var1 of varlist icd101 icd102 icd103 icd104 icd105 icd106 icd107 icd108 

icd109 { 

replace CHD_specific =14 if (`var1'== "Q22.6" & Q2==1) 

} 

foreach var1 of varlist icd101 icd102 icd103 icd104 icd105 icd106 icd107 icd108 

icd109 { 

replace CHD_specific =15 if (`var1'== "Q25.1" & Q2==1) 

} 

foreach var1 of varlist icd101 icd102 icd103 icd104 icd105 icd106 icd107 icd108 

icd109 { 

replace CHD_specific =16 if (`var1'== "Q26.2" & Q2==1) 

} 

foreach var1 of varlist icd101 icd102 icd103 icd104 icd105 icd106 icd107 icd108 

icd109 { 

replace CHD_specific =17 if (`var1'== "Q23.1" & Q2==1) 

} 

foreach var1 of varlist icd101 icd102 icd103 icd104 icd105 icd106 icd107 icd108 

icd109 { 

replace CHD_specific =18 if (`var1'== "Q23.3" & Q2==1) 

} 

foreach var1 of varlist icd101 icd102 icd103 icd104 icd105 icd106 icd107 icd108 

icd109 { 

replace CHD_specific =19 if (`var1'== "Q23.9" & Q2==1) 

} 

foreach var1 of varlist icd101 icd102 icd103 icd104 icd105 icd106 icd107 icd108 

icd109 { 

replace CHD_specific =20 if (`var1'== "Q23.8" & Q2==1) 

} 

foreach var1 of varlist icd101 icd102 icd103 icd104 icd105 icd106 icd107 icd108 

icd109 { 

replace CHD_specific =21 if (`var1'== "Q20.8" & Q2==1) 

} 

foreach var1 of varlist icd101 icd102 icd103 icd104 icd105 icd106 icd107 icd108 

icd109 { 

replace CHD_specific =22 if (`var1'== "Q21.4" & Q2==1) 

} 

foreach var1 of varlist icd101 icd102 icd103 icd104 icd105 icd106 icd107 icd108 

icd109 { 

replace CHD_specific =23 if (`var1'== "Q21.8" & Q2==1) 

} 

foreach var1 of varlist icd101 icd102 icd103 icd104 icd105 icd106 icd107 icd108 

icd109 { 
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replace CHD_specific =24 if (`var1'== "Q24.5" & Q2==1) 

} 

foreach var1 of varlist icd101 icd102 icd103 icd104 icd105 icd106 icd107 icd108 

icd109 { 

replace CHD_specific =25 if (`var1'== "Q24.4" & Q2==1) 

} 

foreach var1 of varlist icd101 icd102 icd103 icd104 icd105 icd106 icd107 icd108 

icd109 { 

replace CHD_specific =26 if (`var1'== "Q24.0" & Q2==1) 

} 

foreach var1 of varlist icd101 icd102 icd103 icd104 icd105 icd106 icd107 icd108 

icd109 { 

replace CHD_specific =27 if (`var1'== "Q24.6" & Q2==1) 

} 

foreach var1 of varlist icd101 icd102 icd103 icd104 icd105 icd106 icd107 icd108 

icd109 { 

replace CHD_specific =28 if (`var1'== "Q24.8" & Q2==1) 

} 

foreach var1 of varlist icd101 icd102 icd103 icd104 icd105 icd106 icd107 icd108 

icd109 { 

replace CHD_specific =29 if (`var1'== "Q22.8" & Q2==1) 

} 

foreach var1 of varlist icd101 icd102 icd103 icd104 icd105 icd106 icd107 icd108 

icd109 { 

replace CHD_specific =30 if (`var1'== "Q26.8" & Q2==1) 

} 

foreach var1 of varlist icd101 icd102 icd103 icd104 icd105 icd106 icd107 icd108 

icd109 { 

replace CHD_specific =31 if (`var1'== "Q25.7" & Q2==1) 

} 

foreach var1 of varlist icd101 icd102 icd103 icd104 icd105 icd106 icd107 icd108 

icd109 { 

replace CHD_specific =32 if (`var1'== "Q25.4" & Q2==1) 

} 

 

foreach var1 of varlist icd101 icd102 icd103 icd104 icd105 icd106 icd107 icd108 

icd109 { 

replace CHD_specific =33 if (`var1'== "Q26.3" & Q2==1) 

} 

foreach var1 of varlist icd101 icd102 icd103 icd104 icd105 icd106 icd107 icd108 

icd109 { 

replace CHD_specific =34 if (`var1'== "Q20.1" & Q2==1) 

} 

foreach var1 of varlist icd101 icd102 icd103 icd104 icd105 icd106 icd107 icd108 

icd109 { 

replace CHD_specific =35 if (`var1'== "Q26.9" & Q2==1) 

} 

 

foreach var1 of varlist icd101 icd102 icd103 icd104 icd105 icd106 icd107 icd108 

icd109 { 

replace CHD_specific =36 if (`var1'== "Q23.2" & Q2==1) 

} 

foreach var1 of varlist icd101 icd102 icd103 icd104 icd105 icd106 icd107 icd108 

icd109 { 
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replace CHD_specific =37 if (`var1'== "Q28.2" & Q2==1) 

} 

foreach var1 of varlist icd101 icd102 icd103 icd104 icd105 icd106 icd107 icd108 

icd109 { 

replace CHD_specific =38 if (`var1'== "Q20.9" & Q2==1) 

} 

foreach var1 of varlist icd101 icd102 icd103 icd104 icd105 icd106 icd107 icd108 

icd109 { 

replace CHD_specific =39 if (`var1'== "Q22.3" & Q2==1) 

} 

foreach var1 of varlist icd101 icd102 icd103 icd104 icd105 icd106 icd107 icd108 

icd109 { 

replace CHD_specific =40 if (`var1'== "Q22.2" & Q2==1) 

} 

foreach var1 of varlist icd101 icd102 icd103 icd104 icd105 icd106 icd107 icd108 

icd109 { 

replace CHD_specific =41 if (`var1'== "Q21.9" & Q2==1) 

} 

foreach var1 of varlist icd101 icd102 icd103 icd104 icd105 icd106 icd107 icd108 

icd109 { 

replace CHD_specific =42 if (`var1'== "Q27.8" & Q2==1) 

} 

foreach var1 of varlist icd101 icd102 icd103 icd104 icd105 icd106 icd107 icd108 

icd109 { 

replace CHD_specific =43 if (`var1'== "Q25.3" & Q2==1) 

} 

foreach var1 of varlist icd101 icd102 icd103 icd104 icd105 icd106 icd107 icd108 

icd109 { 

replace CHD_specific =44 if (`var1'== "Q25.8" & Q2==1) 

} 

 

label define CHD_specific 1 "Common arterial truncus" 2 "Transposition of great 

vessels" 3 " Single ventricle" 4 "Ventricular septal defect" 5 "Atrial septal defect" 6 

"Atrioventricular septal defect" 7 "Tetralogy of Fallot" 8 "Tricuspid atresia and 

stenosis" 9 "Ebstein's anomaly" 10 "Pulmonary valve stenosis" 11 "Pulmonary valve 

atresia" 12 "Aortic valve atresia/stenosis"  13 "Hypoplastic left heart" 14 "Hypoplastic 

right heart" 15 "Coarctation of aorta" 16 "Total anomalous pulmonary venous return"  

17 "aortic valve insufficiency"  18 "mitral insufficiency" 19 "malfs of aortic and mitral 

valve unspecified" 20 "Other malfs of aortic and mitral valve" 21 "Other malfs of 

cardiac chambers / connections" 22 "Aortopulmonary septal defect" 23  "Other malfs of 

cardiac septa"  24 "Malfs of coronary vessels" 25 "Subaortic stenosis" 26 

"Dextrocardia"  27 "Congenital heart block" 28 "Other specified malfs of heart" 29 

"Other malfs of tricuspid valve" 30 "Other malfs of great veins" 31 "Other malfs of 

pulmonary artery " 32 "Other malfs of aorta" 33 "Partial anomalous pulmonary venous 

connection" 34 "Double outlet right ventricle" 35 "Congenital malformation of great 

vein, unspecified" 36 "Congenital mitral stenosis" 37 "Arteriovenous malformation of 

cerebral vessels" 38 "Congenital malform of cardiac chambers and connections, unsp" 

39 "Other congenital malformations of pulmonary valve" 40 "Congenital pulmonary 

valve insufficiency" 41 "Congenital malformation of cardiac septum, unspecified" 42 

"Oth congenital malformations of peripheral vascular system" 43 "Assending aort ab" 

44 "Arterial ductus"  , replace 

label values CHD_specific CHD_specific 

tab CHD_specific 
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* 

gen houyel1=. 

foreach var1 of varlist icd101 icd102 icd103 icd104 icd105 icd106 icd107 icd108 

icd109 { 

replace houyel1=1 if (`var1'== "Q89.3" | `var1'== "Q20.6") & (Q2==1) 

} 

foreach var1 of varlist icd101 icd102 icd103 icd104 icd105 icd106 icd107 icd108 

icd109 { 

replace houyel1= 2 if (`var1' =="Q26.9" | `var1' == "Q26.8" |`var1'== "Q26.1"|`var1' == 

"Q26.4"| `var1' == "Q26.2"|`var1' == "Q26.3") & (Q2==1) 

} 

foreach var1 of varlist icd101 icd102 icd103 icd104 icd105 icd106 icd107 icd108 

icd109 { 

replace houyel1= 3 if (`var1' == "Q24.2" | `var1' == "Q21.1" | `var1' == "Q20.8") & 

(Q2==1) 

} 

foreach var1 of varlist icd101 icd102 icd103 icd104 icd105 icd106 icd107 icd108 

icd109 { 

replace houyel1= 4 if (`var1' == "Q22.5" | `var1' == "Q22.9"| `var1' == "Q22.8"|`var1' 

== "Q22.4"| `var1' == "Q23.8"|`var1' == "Q23.3" | `var1' == "Q23.9" | `var1' == 

"Q23.2" | `var1' =="Q21.2") & (Q2==1) 

} 

foreach var1 of varlist icd101 icd102 icd103 icd104 icd105 icd106 icd107 icd108 

icd109 { 

replace houyel1= 5 if (`var1' == "Q20.5" | `var1' == "Q24.8") & (Q2==1) 

} 

foreach var1 of varlist icd101 icd102 icd103 icd104 icd105 icd106 icd107 icd108 

icd109 { 

replace houyel1= 6 if (`var1' =="Q20.4"|`var1' =="Q23.4" | `var1' =="Q22.0"|`var1' 

=="Q22.6") & (Q2==1) 

} 

foreach var1 of varlist icd101 icd102 icd103 icd104 icd105 icd106 icd107 icd108 

icd109 { 

replace houyel1= 7  if  `var1' =="Q21.0"  & (Q2==1) 

} 

foreach var1 of varlist icd101 icd102 icd103 icd104 icd105 icd106 icd107 icd108 

icd109 { 

replace houyel1= 8 if (`var1' =="Q20.3" | `var1' =="Q20.1"|`var1' =="Q20.2" | `var1' 

=="Q25.9"|`var1' =="Q21.3" | `var1' =="Q22.3" |`var1' =="Q20.0"|`var1' =="Q21.4" | 

`var1' =="Q25.7"|`var1' =="Q25.2" |`var1' =="Q25.3"|`var1' =="Q25.4"|`var1' 

=="Q25.6"|`var1' =="Q23.0"|`var1' =="Q23.1"|`var1' =="Q24.4"|`var1'== 

"Q22.1"|`var1' =="Q24.3") & (Q2==1) 

} 

foreach var1 of varlist icd101 icd102 icd103 icd104 icd105 icd106 icd107 icd108 

icd109 { 

replace houyel1= 9 if (`var1' =="Q25.0" | `var1' =="Q25.8"|`var1' =="Q25.1" | `var1' 

=="Q27.8") & (Q2==1) 

} 

foreach var1 of varlist icd101 icd102 icd103 icd104 icd105 icd106 icd107 icd108 

icd109 { 

replace houyel1= 10 if  `var1' =="Q24.5"  & (Q2==1) 

} 

 

tab  houyel1 
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*  

import excel "C:\Users\Hafi Saad\Desktop\Analysis 2019\Prev Objective 1 Sep 

2019.xlsx", sheet("Sheet1") firstrow 

poisson chdcases year, exposure(livebirths) irr 

poisson CHDiso year, exposure(livebirths) irr 

poisson multipleCHD year, exposure(livebirths) irr 

poisson severCHD year, exposure(livebirths) irr 

poisson femaleCHD year, exposure(Femlifebirths) irr 

poisson maleCHD year, exposure(Malifebirths) irr 

poisson beforeoneyearCHD year, exposure(livebirths) irr 

* 

by year, sort:  ci means chdcases , exposure(livebirths) 

by year, sort:  ci means CHDiso, exposure(livebirths) 

by year, sort:  ci means multipleCHD , exposure(livebirths) 

by year, sort:  ci means severCHD , exposure(livebirths) 

by year, sort:  ci means femaleCHD , exposure(Femlifebirths) 

by year, sort:  ci means maleCHD , exposure( Malifebirths ) 

by year, sort:  ci means beforeoneyearCHD , exposure( livebirths ) 

* 

by year , sort:  ci means infantdeathsduetochd , exposure(livebirths) 

by year , sort:  ci means neonataldeathsduetochd , exposure(livebirths) 

by year , sort:  ci means postneonataldeathsduetochd , exposure(livebirths) 

by year , sort:  ci means perinataldeathsduetochd , exposure(totalbirths) 

*  

 

 

use "C:\Users\hsaad001\Desktop\AlHSD.dta" 

use "C:\Users\hsaad001\Desktop\AlHSD.dta", clear  

merge 1:1 prevalence_study_id using "C:\Users\hsaad001\Desktop\CHDfile.dta"  

tab _merge  

label list CHD_case 

tab CHD_case 

replace CHD_case=0 if CHD_case !=1 

label define CHD_case 1 "CHD" 0 "No-CHD", replace 

label values CHD_case CHD_case 

tab CHD_case 

 

* 

gen urbanrural=. 

replace urbanrural=1 if urban_rural_2015 =="URBAN" 

replace urbanrural=2 if urban_rural_2015 =="RURAL" 

replace urbanrural=3 if urban_rural_2015 =="NULL" 

label define urbanrural 1 "Urban" 2 "Rural" 3 "NULL", replace  

label value urbanrural1 urbanrural1 

tab urbanrural 

gen NIMDM=. 

replace NIMDM=1 if nimdm_2010_quintile=="5" 

replace NIMDM=2 if nimdm_2010_quintile=="4" 

replace NIMDM=3 if nimdm_2010_quintile=="3" 

replace NIMDM=4 if nimdm_2010_quintile=="2" 

replace NIMDM=5 if nimdm_2010_quintile=="1" 

replace NIMDM=6 if nimdm_2010_quintile== "NULL" 

label define NIMDM 1 "Least deprived" 2 "Second Least" 3 "Third Least" 4 "Second 

Most" 5 "Most deprived" 6 "NULL", replace 
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label value NIMDM 

label value NIMDM NIMDM 

tab NIMDM 

tab year_of_birth NIMDM, miss 

tab year_of_birth urbanrural , miss 

bysort  CHD_case : tab year_of_birth NIMDM, miss 

bysort  CHD_case : tab year_of_birth urbanrural , miss 

* 

gen urbanrural1=. 

replace urbanrural1=1 if urban_rural_2015 =="URBAN" 

replace urbanrural1=2 if urban_rural_2015 =="RURAL" 

label define urbanrural1 1 "Urban" 2 "Rural", replace  

label value urbanrural1 urbanrural1 

tab urbanrural1 

gen NIMDM1=. 

replace NIMDM1=1 if nimdm_2010_quintile=="5" 

replace NIMDM1=2 if nimdm_2010_quintile=="4" 

replace NIMDM1=3 if nimdm_2010_quintile=="3" 

replace NIMDM1=4 if nimdm_2010_quintile=="2" 

replace NIMDM1=5 if nimdm_2010_quintile=="1" 

label define NIMDM1 1 "Least deprived" 2 "Second Least" 3 "Third Least" 4 "Second 

Most" 5 "Most deprived", replace 

label value NIMDM1 

label value NIMDM1 NIMDM1 

tab NIMDM1 

gen gender=. 

replace gender =1 if sex=="M" 

replace gender =2 if sex=="F" 

label define gender 1 "Male" 2 "Female" 

label value gender gender 

tab gender 

tostring year_of_birth, generate(yearofbirth1) 

tab yearofbirth1 

gen yearofbirth=. 

replace yearofbirth=1 if yearofbirth1=="2006" 

replace yearofbirth=2 if yearofbirth1=="2005" 

replace yearofbirth=3 if yearofbirth1=="2007" 

replace yearofbirth=4 if yearofbirth1=="2008" 

replace yearofbirth=5 if yearofbirth1=="2009" 

replace yearofbirth=6 if yearofbirth1=="2010" 

replace yearofbirth=7 if yearofbirth1=="2011" 

replace yearofbirth=8 if yearofbirth1=="2012" 

replace yearofbirth=9 if yearofbirth1=="2013" 

replace yearofbirth=10 if yearofbirth1=="2014" 

label define yearofbirth  1 "2006" 3 "2007" 4 "2008" 5 "2009" 6 "2010" 7 "2011" 8 

"2012" 9 "2013" 10 "2014" 2 "2005", replace 

label value yearofbirth 

label value yearofbirth yearofbirth 

tab yearofbirth 

label list yearofbirth 

* 

tab NIMDM1 CHD_case , row chi 

tab urbanrural1 CHD_case, row chi 

logistic CHD_case i.NIMDM1, or 
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logistic CHD_case i.urbanrural1 , or 

logistic CHD_case i.urbanrural1 i.NIMDM1 i.yearofbirth i.gender i.n_ageatdiagnosis, 

or 

* 

gen  MissingQuality_Yearofbirth=. 

replace MissingQuality_Yearofbirth=1 if yearofbirth==10| yearofbirth==9| 

yearofbirth==8 

replace MissingQuality_Yearofbirth=2 if yearofbirth==7| yearofbirth==6| 

yearofbirth==5| yearofbirth==4 | yearofbirth==3 | yearofbirth==2| yearofbirth==1 

label define MissingQuality_Yearofbirth 1 "Lowmissingdata"  2 "Highmissingdata", 

replace 

label value MissingQuality_Yearofbirth MissingQuality_Yearofbirth 

tab MissingQuality_Yearofbirth 

* 

bysort MissingQuality_Yearofbirth: tab NIMDM1 CHD_case, row chi  

bysort MissingQuality_Yearofbirth: tab urbanrural1 CHD_case, row chi  

* 

bysort MissingQuality_Yearofbirth : logistic CHD_case i.NIMDM1, or 

bysort MissingQuality_Yearofbirth : logistic CHD_case i.urbanrural1 , or 

bysort MissingQuality_Yearofbirth : logistic CHD_case i.urbanrural1 i.NIMDM1 

i.yearofbirth i.gender i.n_ageatdiagnosis, or 

* 

gen VSD=. 

replace VSD=0 if CHD_case ==0 

replace VSD=1 if CHD_specific ==4 

label define VSD 0 "NoCHD" 1 "VSD",replace  

label value VSD VSD 

tab VSD 

gen ASD=. 

replace ASD=0 if CHD_case  ==0 

replace ASD=1 if CHD_specific ==5 

label define ASD 0 "NoCHD" 1 "ASD",replace  

label value ASD ASD 

tab ASD 

gen PVS=. 

replace PVS=0 if CHD_case  ==0 

replace PVS=1 if CHD_specific ==10 

label define PVS 0 "NoCHD" 1 "PVS",replace  

label value PVS PVS 

tab PVS 

 

gen Severity=. 

foreach var1 of varlist icd101- icd109 {  

replace Severity=1 if (`var1'== "Q20.0"|`var1'== "Q20.3"|`var1'== "Q20.4"| `var1'== 

"Q21.2"| `var1'== "Q21.3" | `var1'== "Q22.0" | `var1'== "Q22.4"|`var1'== "Q22.5" | 

`var1'== "Q22.6"|`var1'== "Q23.0"|`var1'== "Q23.4" | `var1'== "Q25.1" | `var1'== 

"Q26.2" |`var1'== "Q20.1"|`var1'== "Q23.2" | `var1'== "Q23.3" | `var1'== "Q25.2") 

replace Severity=0 if CHD_case ==0 

label define Severity 0 "NoCHD" 1 "Sever",replace  

label value Severity Severity 

tab Severity 

 

recode age_at_diagnosis_years (-2 -1 0=1) (1 2 3 4 =2) (5 6 7 8 9 10 11 =3), generate 

(n_ageatdiagnosis) 
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label define n_ageatdiagnosis  1 "beforefirst" 2 "firsttofour" 3 "fivetoeleven", replace 

label value n_ageatdiagnosis n_ageatdiagnosis 

 

 

*  

bysort MissingQuality_Yearofbirth: tab  NIMDM1 VSD, row chi 

bysort MissingQuality_Yearofbirth: tab  NIMDM1 ASD, row chi 

bysort MissingQuality_Yearofbirth: tab  NIMDM1 PVS, row chi 

bysort MissingQuality_Yearofbirth: tab  NIMDM1 Severity, row chi 

* 

bysort MissingQuality_Yearofbirth: tab  urbanrural1 VSD, row chi 

bysort MissingQuality_Yearofbirth: tab  urbanrural1 ASD, row chi 

bysort MissingQuality_Yearofbirth: tab  urbanrural1 PVS, row chi 

bysort MissingQuality_Yearofbirth: tab  urbanrural1 Severity, row chi 

* 

bysort MissingQuality_Yearofbirth: tab  NIMDM VSD, row chi 

bysort MissingQuality_Yearofbirth: tab  NIMDM ASD, row chi 

bysort MissingQuality_Yearofbirth: tab  NIMDM PVS, row chi 

bysort MissingQuality_Yearofbirth: tab  NIMDM Severity, row chi 

* 

bysort MissingQuality_Yearofbirth: tab  urbanrural VSD, row chi 

bysort MissingQuality_Yearofbirth: tab  urbanrural ASD, row chi 

bysort MissingQuality_Yearofbirth: tab  urbanrural PVS, row chi 

bysort MissingQuality_Yearofbirth: tab  urbanrural Severity, row chi 

 

* 

bysort MissingQuality_Yearofbirth : logistic VSD i.NIMDM1, or 

bysort MissingQuality_Yearofbirth : logistic ASD i.NIMDM1, or 

bysort MissingQuality_Yearofbirth : logistic PVS i.NIMDM1, or 

bysort MissingQuality_Yearofbirth : logistic Severity i.NIMDM1, or 

 

bysort MissingQuality_Yearofbirth : logistic VSD i.urbanrural1, or 

bysort MissingQuality_Yearofbirth : logistic ASD i.urbanrural1, or 

bysort MissingQuality_Yearofbirth : logistic PVS i.urbanrural1, or 

bysort MissingQuality_Yearofbirth : logistic Severity i.urbanrural1, or 

 

*  

bysort MissingQuality_Yearofbirth : logistic VSD i.urbanrural1 i.NIMDM1 

i.yearofbirth i.gender i.n_ageatdiagnosis, or 

bysort MissingQuality_Yearofbirth : logistic ASD i.urbanrural1 i.NIMDM1 

i.yearofbirth i.gender i.n_ageatdiagnosis, or 

bysort MissingQuality_Yearofbirth : logistic PVS i.urbanrural1 i.NIMDM1 i.yearofbirth 

i.gender i.n_ageatdiagnosis, or 

bysort MissingQuality_Yearofbirth : logistic Severity i.urbanrural1 i.NIMDM1 

i.yearofbirth i.gender i.n_ageatdiagnosis, or 

 

*  

mhodds CHD_case  urbanrural1 

mhodds CHD_case urbanrural1, by (NIMDM1) 

* 

logistic CHD_case  i.urbanrural1##i.NIMDM1, base 

gen in_sample= e(sample) 

estimate store A 

logistic CHD_case  i.urbanrural1 i.NIMDM1 if in_sample, base 
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estimate store B 

lrtest B A 

* 

 tab year_of_birth NIMDM1, miss 

tab year_of_birth urbanrural1 , miss 

bysort  VSD : tab year_of_birth NIMDM1, miss 

bysort  VSD : tab year_of_birth urbanrural1 , miss 

bysort  ASD : tab year_of_birth NIMDM1, miss 

bysort  ASD : tab year_of_birth urbanrural1 , miss 

bysort  PVS : tab year_of_birth NIMDM1, miss 

bysort  PVS : tab year_of_birth urbanrural1 , miss 

bysort  Severity : tab year_of_birth NIMDM1, miss 

bysort  Severity : tab year_of_birth urbanrural1 , miss 

 

*  

 

                                    codebook parity 

tab parity 

gen parity_n=. 

replace parity_n=0 if  (parity ==  "0" | parity ==  "0+" | parity ==  "0+0"  | parity ==  

"0+1" | parity ==  "0+13" | parity ==  "0+2"  | parity ==  "0+3" | parity ==  "0+4" | parity 

==  "0+5"  | parity ==  "0+6" | parity ==  "0+7" | parity ==  "0+8") 

replace parity_n=1 if  (parity ==  "1" | parity ==  "1+" | parity ==  "1+0"  | parity ==  

"1+1" | parity ==  "1+13" | parity ==  "1+15"  | parity ==  "1+2" | parity ==  "1+3" | 

parity ==  "1+4"  | parity ==  "1+5" | parity ==  "1+6" | parity ==  "1+7" | parity ==  

"1+8" | parity ==  "1+9" ) 

replace parity_n=2 if  (parity ==  "2" | parity ==  "2+" | parity ==  "2+0"  | parity ==  

"2+1" | parity ==  "2+10" | parity ==  "2+11"  | parity ==  "2+13" | parity ==  "2+15" | 

parity ==  "2+2"  | parity ==  "2+3" | parity ==  "2+4" | parity ==  "2+5" | parity ==  

"2+6" | parity ==  "2+7" | parity ==  "2+8" | parity ==  "2+9") 

replace parity_n=3 if  (parity ==  "3" | parity ==  "3+" | parity ==  "3+0"  | parity ==  

"3+1" | parity ==  "3+10" | parity ==  "3+13"  | parity ==  "3+2" | parity ==  "3+3" | 

parity ==  "3+4"  | parity ==  "3+5" | parity ==  "3+6" | parity ==  "3+7" | parity ==  

"3+8" | parity ==  "3+9") 

replace parity_n=4 if  (parity ==  "4" | parity ==  "4+" | parity ==  "4+0"  | parity ==  

"4+1" | parity ==  "4+2" | parity ==  "4+3"  | parity ==  "4+4" | parity ==  "4+5" | parity 

==  "4+6"  | parity ==  "4+7") 

replace parity_n=5 if  (parity ==  "5" | parity ==  "5+0" | parity ==  "5+1"  | parity ==  

"5+2" | parity ==  "5+3" | parity ==  "5+4"  | parity ==  "5+5" | parity ==  "5+6" | parity 

==  "5+7"  | parity ==  "5+8" | parity ==  "5+9" | parity ==  "6" | parity ==  "6+0" | parity 

==  "6+1"  | parity ==  "6+2" | parity ==  "6+3" | parity ==  "6+4"  | parity ==  "6+5" | 

parity ==  "6+6" | parity ==  "6+7"  | parity ==  "6+9" | parity ==  "7" | parity ==  "7+0"  

| parity ==  "7+1" | parity ==  "7+2" | parity ==  "7+3"  | parity ==  "7+4" | parity ==  

"7+5"| parity ==  "8"  | parity ==  "8+1" | parity ==  "8+10" | parity ==  "8+2"  | parity 

==  "8+3" | parity ==  "8+4" | parity ==  "8+5"  | parity ==  "9" | parity ==  "9+0" | parity 

==  "9+1"  | parity ==  "9+13" | parity ==  "9+2" | parity ==  "9+3" | parity ==  "10" | 

parity ==  "10+1" | parity ==  "10+2" | parity ==  "10+3" | parity ==  "11" | parity ==  

"11+1") 

label define parity_n 0 "P0" 1 "P1" 2 "P2" 3 "P3" 4 "P4" 5 "Grandmultipra", replace 

label value parity_n parity_n 

tab parity_n 

 

gen gestatbooking_n=. 

replace gestatbooking_n =0 if gest_at_booking_weeks <=14 
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replace gestatbooking_n =1 if gest_at_booking_weeks >14 

label val gestatbooking_n gestatbooking_n  

label def  gestatbooking_n 0 "<=14 weeks"  1 ">14 weeks" 

label values  gestatbooking_n  gestatbooking_n  

tab  gestatbooking_n  gestatbooking_n 

encode age_at_booking, generate(ageatbooking_n) 

tab ageatbooking_n 

label list ageatbooking_n 

recode ageatbooking_n  (1 = 2) (2 = 1) (3 = 3) (4 = 4)  (5 6 = 5) (7 = 6) , 

gen(Ageatbooking) 

label define Ageatbooking 1 "25-29" 2 "20-24" 3 "30-34" 4 "35-39" 5 "40+" 6 "<20", 

replace 

label value Ageatbooking Ageatbooking 

tab Ageatbooking 

encode planned_pregnancy, generate(plannedpregnancy_n) 

tab plannedpregnancy_n 

recode plannedpregnancy_n  (1 = 2) (2 = 1), gen(Plannedpregnancy) 

label define Plannedpregnancy 1 "Planned" 2 "Unplanned", replace 

label value Plannedpregnancy Plannedpregnancy 

tab Plannedpregnancy 

encode family_congen_abnorm_01_cardiac, generate(familyhisCHD_n) 

label define familyhisCHD_n 1 "No" 2 "Yes", replace 

label value familyhisCHD_n familyhisCHD_n 

tab familyhisCHD_n 

encode family_congen_abnorm_02_chromoso, generate(familyhisChrom_n) 

label define familyhisChrom_n 1 "No" 2 "Yes", replace 

label value familyhisChrom_n familyhisCHD_n 

tab familyhisChrom_n 

gen bmicat=. 

replace bmicat =5 if  mothers_bmi <=18.5 

replace bmicat =1 if  mothers_bmi >18.5 &  mothers_bmi <=25 

replace bmicat =2 if  mothers_bmi >25 &  mothers_bmi <=30 

replace bmicat =3 if  mothers_bmi >30 &  mothers_bmi <=40 

replace bmicat =4 if  mothers_bmi >40 &  mothers_bmi <999 

label def  bmicat 5 "under"  1 "normal" 2 "over" 3 "obese" 4 "morbid" 

label values bmicat bmicat  

tab bmicat bmicat 

gen smoking_n=. 

replace smoking_n= 0 if smoking==0 

replace smoking_n=1 if smoking !=0 

label def  smoking_n 0 "no"  1 "yes" 

label values smoking_n smoking_n 

tab smoking_n smoking_n 

Alcohol 

gen alcohol_n=. 

replace alcohol_n= 0 if alcohol==0 

replace alcohol_n=1 if alcohol !=0 

label val alcohol_n alcohol_n 

label def  alcohol_n 0 "no"  1 "yes" 

label values alcohol_n alcohol_n 

tab alcohol_n alcohol_n 

encode status_at_birth, generate(Statusatbirth_n) 

codebook Statusatbirth_n 

label def  Statusatbirth_n 1 "Livebirth"  2 "Stillbirth" 
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label values Statusatbirth_n Statusatbirth_n 

tab Statusatbirth_n 

gen gender=. 

replace gender =0 if infant_gender=="M" 

replace gender =1 if infant_gender=="F" 

label define gender 0 "M" 1 "F"  

label values gender gender 

tab gender  

encode admitted_to_neo_natal_unit, generate(neonatlunitadmission) 

label define neonatlunitadmission 1 "No" 2 "Yes"  

label values neonatlunitadmission neonatlunitadmission 

tab neonatlunitadmission  

gen numberperbirth=. 

replace numberperbirth=0 if  births_this_pregnancy==1 

replace numberperbirth=1 if  (births_this_pregnancy==2 | births_this_pregnancy==3) 

label val numberperbirth numberperbirth 

label define numberperbirth 0 "single" 1 "multiple"  

label values numberperbirth numberperbirth 

tab numberperbirth 

* 

encode mother_pres_medication_1, generate(Motherspresentmedic1) 

encode mother_pres_medication_2, generate(Motherspresentmedic2) 

encode mother_pres_medication_3, generate(Motherspresentmedic3) 

encode mother_pres_medication_4, generate(Motherspresentmedic4) 

encode mother_pres_medication_5, generate(Motherspresentmedic5) 

encode mother_pres_medication_6, generate(Motherspresentmedic6) 

encode mother_pres_medication_7, generate(Motherspresentmedic7) 

encode mother_pres_medication_8, generate(Motherspresentmedic8) 

 

recode Motherspresentmedic1 (1=1) (17 = 2) (18= 3) (13=4) (2/12=5) (14/16=5), gen 

(Motherspresentmedic1_n) 

label define Motherspresentmedic1_n   1 "No medication"    2  "FA pre"  3  "FA post" 5  

"Others" 4 "Vitamins" 

label value Motherspresentmedic1 Motherspresentmedic1 

recode Motherspresentmedic2 (17 = 2) (18= 3) (13=4) (1/12=5) (14/16=5), gen 

(Motherspresentmedic2_n) 

label define Motherspresentmedic2_n   2  "FA pre"  3  "FA post" 5  "Others" 4 

"Vitamins" 

label value Motherspresentmedic2 Motherspresentmedic2 

recode Motherspresentmedic3 (14 = 2) (15= 3) (10=4) (1/9=5) (11/13=5), gen 

(Motherspresentmedic3_n) 

label define Motherspresentmedic3_n   2  "FA pre"  3  "FA post" 5  "Others" 4 

"Vitamins" 

label value Motherspresentmedic3 Motherspresentmedic3 

recode Motherspresentmedic4 (13 = 2) (14= 3) (9=4) (1/8=5) (10/12=5), gen 

(Motherspresentmedic4_n) 

label define Motherspresentmedic4_n   2  "FA pre"  3  "FA post" 5  "Others" 4 

"Vitamins" 

label value Motherspresentmedic4 Motherspresentmedic4 

recode Motherspresentmedic5 (6 = 2) (7= 3) (2=4) (1=5) (3/5=5), gen 

(Motherspresentmedic5_n) 

label define Motherspresentmedic5_n   2  "FA pre"  3  "FA post" 5  "Others" 4 

"Vitamins" 

label value Motherspresentmedic5 Motherspresentmedic5 
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recode Motherspresentmedic6 (3 = 2) (4= 3) (1/2=5), gen (Motherspresentmedic6_n) 

label define Motherspresentmedic6_n   2  "FA pre"  3  "FA post" 5  "Others" 

label value Motherspresentmedic6 Motherspresentmedic6 

recode Motherspresentmedic7 (2 = 2) (3= 3) (1=5), gen (Motherspresentmedic7_n) 

label define Motherspresentmedic7_n   2  "FA pre"  3  "FA post" 5  "Others" 

label value Motherspresentmedic7 Motherspresentmedic7 

recode Motherspresentmedic8 (1= 3), gen (Motherspresentmedic8_n) 

label define Motherspresentmedic8_n  3  "FA post" 

label value Motherspresentmedic8 Motherspresentmedic8 

 

* 

 

gen unique10 =.  

qui forval i = 1 /`=_N' {  

 foreach v of var Motherspresentmedic1_n-Motherspresentmedic8_n{  

  local list `"`list' `"`=`v'[`i']'"'"'  

  local uniq : list uniq list  

 }  

 replace unique10 = `: list sizeof uniq' in `i'  

 local list  

} 

 

replace unique10=unique10-1 

 

 

gen presentmedic =. 

 

foreach var1 of varlist Motherspresentmedic1_n-Motherspresentmedic8_n { 

replace presentmedic=1 if `var1'==1 & unique10==1 

} 

foreach var1 of varlist Motherspresentmedic1_n-Motherspresentmedic8_n { 

replace presentmedic=2 if `var1'==2 & unique10==1 

} 

foreach var1 of varlist Motherspresentmedic1_n-Motherspresentmedic8_n { 

replace presentmedic=3 if `var1'==3 & unique10==1 

} 

foreach var1 of varlist Motherspresentmedic1_n-Motherspresentmedic8_n { 

replace presentmedic=4 if `var1'==4 & unique10==1 

} 

foreach var1 of varlist Motherspresentmedic1_n-Motherspresentmedic8_n { 

replace presentmedic=5 if `var1'==5 & unique10==1 

} 

 

foreach var1 of varlist Motherspresentmedic1_n-Motherspresentmedic8_n{ 

foreach var2 of varlist Motherspresentmedic1_n-Motherspresentmedic8_n{ 

replace presentmedic=23 if (`var1'==2 &`var2'==3 & unique10==2)  

} 

} 

 

foreach var1 of varlist Motherspresentmedic1_n-Motherspresentmedic8_n{ 

foreach var2 of varlist Motherspresentmedic1_n-Motherspresentmedic8_n{ 

replace presentmedic=24 if (`var1'==2 & `var2'==4 & unique10==2)  

} 

} 
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foreach var1 of varlist Motherspresentmedic1_n-Motherspresentmedic8_n{ 

foreach var2 of varlist Motherspresentmedic1_n-Motherspresentmedic8_n{ 

replace presentmedic=34 if (`var1'==3 & `var2'==4 & unique10==2)  

} 

} 

foreach var1 of varlist Motherspresentmedic1_n-Motherspresentmedic8_n{ 

foreach var2 of varlist Motherspresentmedic1_n-Motherspresentmedic8_n{ 

foreach var3 of varlist Motherspresentmedic1_n-Motherspresentmedic8_n{ 

replace presentmedic=234 if (`var1'==2 &`var2'==3 & `var3'==4 & unique10==3)  

} 

} 

} 

 

replace presentmedic =10 if presentmedic !=1 & presentmedic !=2 & presentmedic !=3 

& presentmedic !=4  & presentmedic !=5 & presentmedic !=23 & presentmedic !=24 & 

presentmedic !=34 & presentmedic !=234 

label define presentmedic  1 "No medication" 2 "FA pre" 3 "FA post" 4 "Vitamins" 5 

"Others single" 23 "FA pre & post"  24 "FA pre & Vit" 34 "FA post & Vit" 234 "FA pre 

& post & vit" 10 "Others combined", modify 

labe value presentmedic presentmedic 

tab presentmedic 

 

*Algorithm for GA, 

 

sum infant_birth_weight if (Statusatbirth_n==1 &  gest_at_delivery_weeks <24 & 

gender ==0 & number ==0), d 

sum infant_birth_weight if (Statusatbirth_n==1 &  gest_at_delivery_weeks <24 & 

gender ==0 & number ==1), d 

sum infant_birth_weight if (Statusatbirth_n==1 &  gest_at_delivery_weeks <24 & 

gender ==1 & number ==0), d 

sum infant_birth_weight if (Statusatbirth_n==1 &  gest_at_delivery_weeks <24 & 

gender ==1 & number ==1), d 

 

sum infant_birth_weight if (Statusatbirth_n==1 &  gest_at_delivery_weeks <28 & 

gest_at_delivery_weeks  >=24 &  gender==0 & number==0), d 

sum infant_birth_weight if (Statusatbirth_n==1 &   gest_at_delivery_weeks <28 & 

gest_at_delivery_weeks >=24 &  gender==0 & number==1), d 

sum infant_birth_weight if (Statusatbirth_n==1 &   gest_at_delivery_weeks <28 & 

gest_at_delivery_weeks >=24 &  gender==1 & number==0), d 

sum infant_birth_weight if (Statusatbirth_n==1 &  gest_at_delivery_weeks <28 & 

gest_at_delivery_weeks >=24 &  gender==1 & number==1), d 

 

sum infant_birth_weight if (Statusatbirth_n==1 &   gest_at_delivery_weeks <=32 & 

gest_at_delivery_weeks >=28 &  gender==0 & number==0), d 

sum infant_birth_weight if (Statusatbirth_n==1 &  gest_at_delivery_weeks <=32 & 

gest_at_delivery_weeks >=28 &  gender==0 & number==1), d 

sum infant_birth_weight if (Statusatbirth_n==1 &   gest_at_delivery_weeks <=32 & 

gest_at_delivery_weeks >=28 &  gender==1 & number==0), d 

sum infant_birth_weight if (Statusatbirth_n==1 &  gest_at_delivery_weeks <=32 & 

gest_at_delivery_weeks >=28 &  gender==1 & number==1), d 

 

 



A-71 
 

sum infant_birth_weight if (Statusatbirth_n==1 &  gest_at_delivery_weeks ==33  &  

gender==0 & number==0), d 

sum infant_birth_weight if (Statusatbirth_n==1 & gest_at_delivery_weeks ==33  &  

gender==0 & number==1) , d 

sum infant_birth_weight if (Statusatbirth_n==1 &  gest_at_delivery_weeks ==33  &  

gender==1 & number==0) , d 

sum infant_birth_weight if (Statusatbirth_n==1 &  gest_at_delivery_weeks ==33  &  

gender==1 & number==1) , d 

 

 

sum infant_birth_weight if  (Statusatbirth_n==1 &  gest_at_delivery_weeks ==34  &  

gender==0 & number==0), d 

sum infant_birth_weight if  (Statusatbirth_n==1 &  gest_at_delivery_weeks ==34  &  

gender==0 & number==1), d 

sum infant_birth_weight if  (Statusatbirth_n==1 &  gest_at_delivery_weeks ==34  &  

gender==1 & number==0), d 

sum infant_birth_weight if  (Statusatbirth_n==1 &   gest_at_delivery_weeks ==34  &  

gender==1 & number==1), d 

 

sum infant_birth_weight if  (Statusatbirth_n==1 &  gest_at_delivery_weeks ==35  &  

gender==0 & number==0), d 

sum infant_birth_weight if  (Statusatbirth_n==1 &  gest_at_delivery_weeks ==35  &  

gender==0 & number==1), d 

sum infant_birth_weight if  (Statusatbirth_n==1 &  gest_at_delivery_weeks ==35  &  

gender==1 & number==0), d 

sum infant_birth_weight if  (Statusatbirth_n==1 &  gest_at_delivery_weeks ==35  &  

gender==1 & number==1), d 

 

sum infant_birth_weight if  (Statusatbirth_n==1 &  gest_at_delivery_weeks ==36  &  

gender==0 & number==0), d 

sum infant_birth_weight if  (Statusatbirth_n==1 &  gest_at_delivery_weeks ==36  &  

gender==0 & number==1), d 

sum infant_birth_weight if  (Statusatbirth_n==1 &  gest_at_delivery_weeks ==36  &  

gender==1 & number==0), d 

sum infant_birth_weight if  (Statusatbirth_n==1 &  gest_at_delivery_weeks ==36  &  

gender==1 & number==1), d 

 

sum infant_birth_weight if  (Statusatbirth_n==1 &  gest_at_delivery_weeks ==37  &  

gender==0 & number==0), d 

sum infant_birth_weight if  (Statusatbirth_n==1 &  gest_at_delivery_weeks ==37  &  

gender==0 & number==1), d 

sum infant_birth_weight if  (Statusatbirth_n==1 &  gest_at_delivery_weeks ==37  &  

gender==1 & number==0), d 

sum infant_birth_weight if  (Statusatbirth_n==1 & gest_at_delivery_weeks ==37  &  

gender==1 & number==1), d 

 

sum infant_birth_weight if  (Statusatbirth_n==1 &  gest_at_delivery_weeks ==38  &  

gender==0 & number==0), d 

sum infant_birth_weight if  (Statusatbirth_n==1 &  gest_at_delivery_weeks ==38  &  

gender==0 & number==1), d 

sum infant_birth_weight if  (Statusatbirth_n==1 &  gest_at_delivery_weeks ==38  &  

gender==1 & number==0), d 

sum infant_birth_weight if  (Statusatbirth_n==1 &  gest_at_delivery_weeks ==38  &  

gender==1 & number==1), d 



A-72 
 

 

sum infant_birth_weight if  (Statusatbirth_n==1 &  gest_at_delivery_weeks ==39  &  

gender==0 & number==0), d 

sum infant_birth_weight if  (Statusatbirth_n==1 &  gest_at_delivery_weeks ==39  &  

gender==0 & number==1), d 

sum infant_birth_weight if  (Statusatbirth_n==1 &  gest_at_delivery_weeks ==39  &  

gender==1 & number==0), d 

sum infant_birth_weight if  (Statusatbirth_n==1 &  gest_at_delivery_weeks ==39  &  

gender==1 & number==1), d 

 

sum infant_birth_weight if  (Statusatbirth_n==1 &  gest_at_delivery_weeks ==40  &  

gender==0 & number==0), d 

sum infant_birth_weight if  (Statusatbirth_n==1 &  gest_at_delivery_weeks ==40  &  

gender==0 & number==1), d 

sum infant_birth_weight if  (Statusatbirth_n==1 &   gest_at_delivery_weeks ==40  &  

gender==1 & number==0), d 

sum infant_birth_weight if  (Statusatbirth_n==1 &   gest_at_delivery_weeks ==40  &  

gender==1 & number==1), d 

 

sum infant_birth_weight if  (Statusatbirth_n==1 &  gest_at_delivery_weeks ==41  &  

gender==0 & number==0), d 

sum infant_birth_weight if  (Statusatbirth_n==1 & gest_at_delivery_weeks ==41  &  

gender==0 & number==1), d 

sum infant_birth_weight if  (Statusatbirth_n==1 &  gest_at_delivery_weeks ==41  &  

gender==1 & number==0), d 

sum infant_birth_weight if  (Statusatbirth_n==1 &  gest_at_delivery_weeks ==41  &  

gender==1 & number==1), d 

 

sum infant_birth_weight if  (Statusatbirth_n==1 &  gest_at_delivery_weeks ==42  &  

gender==0 & number==0), d 

sum infant_birth_weight if  (Statusatbirth_n==1 &  gest_at_delivery_weeks ==42  &  

gender==0 & number==1), d 

sum infant_birth_weight if  (Statusatbirth_n==1 &  gest_at_delivery_weeks ==42  &  

gender==1 & number==0), d 

sum infant_birth_weight if  (Statusatbirth_n==1 &  gest_at_delivery_weeks ==42  &  

gender==1 & number==1), d 

 

sum infant_birth_weight if  (Statusatbirth_n==1 &  gest_at_delivery_weeks >=43  &  

gender==0 & number==0), d 

sum infant_birth_weight if  (Statusatbirth_n==1 &  gest_at_delivery_weeks >=43  &  

gender==0 & number==1), d 

sum infant_birth_weight if  (Statusatbirth_n==1 &  gest_at_delivery_weeks >=43  &  

gender==1 & number==0), d 

sum infant_birth_weight if  (Statusatbirth_n==1 &  gest_at_delivery_weeks >=43  &  

gender==1 & number==1), d 

 

 

* Create SGA based on the above and the table in appendix 12. 

 

gen SGA=. 

replace SGA=1 if (Statusatbirth_n==1 &  gest_at_delivery_weeks <24 & gender ==0 & 

number ==0 & infant_birth_weight <320) 

replace SGA=1 if (Statusatbirth_n==1 &  gest_at_delivery_weeks <24 & gender ==1 & 

number ==0 & infant_birth_weight <240) 
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replace SGA=1 if (Statusatbirth_n==1 &  gest_at_delivery_weeks <24 & gender ==1 & 

number ==1 & infant_birth_weight <540) 

replace SGA=1 if (Statusatbirth_n==1 &  gest_at_delivery_weeks <28 & 

gest_at_delivery_weeks  >=24 &  gender==0 & number==0 & infant_birth_weight 

<660) 

replace SGA=1 if (Statusatbirth_n==1 &  gest_at_delivery_weeks <28 & 

gest_at_delivery_weeks  >=24 &  gender==0 & number==1 & infant_birth_weight 

<590) 

replace SGA=1 if (Statusatbirth_n==1 &  gest_at_delivery_weeks <28 & 

gest_at_delivery_weeks  >=24 &  gender==1 & number==0 & infant_birth_weight 

<602) 

replace SGA=1 if (Statusatbirth_n==1 &  gest_at_delivery_weeks <28 & 

gest_at_delivery_weeks  >=24 &  gender==1 & number==0 & infant_birth_weight 

<670) 

replace SGA=1 if (Statusatbirth_n==1 &   gest_at_delivery_weeks <=32 & 

gest_at_delivery_weeks >=28 &  gender==0 & number==0 & infant_birth_weight 

<1130) 

replace SGA=1 if (Statusatbirth_n==1 &   gest_at_delivery_weeks <=32 & 

gest_at_delivery_weeks >=28 &  gender==0 & number==1 & infant_birth_weight 

<1080) 

replace SGA=1 if (Statusatbirth_n==1 &   gest_at_delivery_weeks <=32 & 

gest_at_delivery_weeks >=28 &  gender==1 & number==0 & infant_birth_weight 

<1030) 

replace SGA=1 if (Statusatbirth_n==1 &   gest_at_delivery_weeks <=32 & 

gest_at_delivery_weeks >=28 &  gender==1 & number==1 & infant_birth_weight 

<980) 

  

 

replace SGA=1 if (Statusatbirth_n==1 &  gest_at_delivery_weeks ==33  &  gender==0 

& number==0 &  infant_birth_weight <1640) 

replace SGA=1 if (Statusatbirth_n==1 &  gest_at_delivery_weeks ==33  &  gender==0 

& number==1 &  infant_birth_weight <1600) 

replace SGA=1 if (Statusatbirth_n==1 &  gest_at_delivery_weeks ==33  &  gender==1 

& number==0 &  infant_birth_weight <1540) 

replace SGA=1 if (Statusatbirth_n==1 &  gest_at_delivery_weeks ==33  &  gender==1 

& number==1 &  infant_birth_weight <1550) 

replace SGA=1 if (Statusatbirth_n==1 &  gest_at_delivery_weeks ==34  &  gender==0 

& number==0 &  infant_birth_weight <1850) 

replace SGA=1 if (Statusatbirth_n==1 &  gest_at_delivery_weeks ==34  &  gender==0 

& number==1 &  infant_birth_weight <1790) 

replace SGA=1 if (Statusatbirth_n==1 &  gest_at_delivery_weeks ==34  &  gender==1 

& number==0 &  infant_birth_weight <1760) 

replace SGA=1 if (Statusatbirth_n==1 &  gest_at_delivery_weeks ==34  &  gender==1 

& number==1 &  infant_birth_weight <1774) 

 

replace SGA=1 if (Statusatbirth_n==1 &  gest_at_delivery_weeks ==35  &  gender==0 

& number==0 &  infant_birth_weight <2000) 

replace SGA=1 if (Statusatbirth_n==1 &  gest_at_delivery_weeks ==35  &  gender==0 

& number==1 &  infant_birth_weight <1950) 

replace SGA=1 if (Statusatbirth_n==1 &  gest_at_delivery_weeks ==35  &  gender==1 

& number==0 &  infant_birth_weight <1980) 

replace SGA=1 if (Statusatbirth_n==1 &  gest_at_delivery_weeks ==35  &  gender==1 

& number==1 &  infant_birth_weight <1800) 
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replace SGA=1 if (Statusatbirth_n==1 &  gest_at_delivery_weeks ==36  &  gender==0 

& number==0 &  infant_birth_weight <2310) 

replace SGA=1 if (Statusatbirth_n==1 &  gest_at_delivery_weeks ==36  &  gender==0 

& number==1 &  infant_birth_weight <2178) 

replace SGA=1 if (Statusatbirth_n==1 &  gest_at_delivery_weeks ==36  &  gender==1 

& number==0 &  infant_birth_weight <2200) 

replace SGA=1 if (Statusatbirth_n==1 &  gest_at_delivery_weeks ==36  &  gender==1 

& number==1 &  infant_birth_weight <2038) 

 

replace SGA=1 if (Statusatbirth_n==1 &  gest_at_delivery_weeks ==37  &  gender==0 

& number==0 &  infant_birth_weight <2515) 

replace SGA=1 if (Statusatbirth_n==1 &  gest_at_delivery_weeks ==37  &  gender==0 

& number==1 &  infant_birth_weight <2340) 

replace SGA=1 if (Statusatbirth_n==1 &  gest_at_delivery_weeks ==37  &  gender==1 

& number==0 &  infant_birth_weight <2440) 

replace SGA=1 if (Statusatbirth_n==1 &  gest_at_delivery_weeks ==37  &  gender==1 

& number==1 &  infant_birth_weight <2255) 

 

replace SGA=1 if (Statusatbirth_n==1 &  gest_at_delivery_weeks ==38  &  gender==0 

& number==0 &  infant_birth_weight <2800) 

replace SGA=1 if (Statusatbirth_n==1 &  gest_at_delivery_weeks ==38  &  gender==0 

& number==1 &  infant_birth_weight <2430) 

replace SGA=1 if (Statusatbirth_n==1 &  gest_at_delivery_weeks ==38  &  gender==1 

& number==0 &  infant_birth_weight <2675) 

replace SGA=1 if (Statusatbirth_n==1 &  gest_at_delivery_weeks ==38  &  gender==1 

& number==1 &  infant_birth_weight <2325) 

 

replace SGA=1 if (Statusatbirth_n==1 &  gest_at_delivery_weeks ==39  &  gender==0 

& number==0 &  infant_birth_weight <3000) 

replace SGA=1 if (Statusatbirth_n==1 &  gest_at_delivery_weeks ==39  &  gender==0 

& number==1 &  infant_birth_weight <2540) 

replace SGA=1 if (Statusatbirth_n==1 &  gest_at_delivery_weeks ==39  &  gender==1 

& number==0 &  infant_birth_weight <2890) 

replace SGA=1 if (Statusatbirth_n==1 &  gest_at_delivery_weeks ==39  &  gender==1 

& number==1 &  infant_birth_weight <2500) 

 

replace SGA=1 if (Statusatbirth_n==1 &  gest_at_delivery_weeks ==40  &  gender==0 

& number==0 &  infant_birth_weight <3120) 

replace SGA=1 if (Statusatbirth_n==1 &  gest_at_delivery_weeks ==40  &  gender==0 

& number==1 &  infant_birth_weight <2550) 

replace SGA=1 if (Statusatbirth_n==1 &  gest_at_delivery_weeks ==40  &  gender==1 

& number==0 &  infant_birth_weight <3020) 

replace SGA=1 if (Statusatbirth_n==1 &  gest_at_delivery_weeks ==40  &  gender==1 

& number==1 &  infant_birth_weight <710) 

replace SGA=1 if (Statusatbirth_n==1 &  gest_at_delivery_weeks ==41  &  gender==0 

& number==0 &  infant_birth_weight <3270) 

replace SGA=1 if (Statusatbirth_n==1 &  gest_at_delivery_weeks ==41  &  gender==1 

& number==0 &  infant_birth_weight <3150) 

replace SGA=1 if (Statusatbirth_n==1 &  gest_at_delivery_weeks ==42  &  gender==0 

& number==0 &  infant_birth_weight <3280) 

replace SGA=1 if (Statusatbirth_n==1 &  gest_at_delivery_weeks ==42  &  gender==1 

& number==0 &  infant_birth_weight <3110) 

replace SGA=1 if (Statusatbirth_n==1 &  gest_at_delivery_weeks  >=43  &  gender==0 

& number==0 &  infant_birth_weight <3280) 
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replace SGA=1 if (Statusatbirth_n==1 &  gest_at_delivery_weeks  >=43  &  gender==1 

& number==0 &  infant_birth_weight <3110) 

replace SGA=2 if SGA !=1  

replace SGA=. if parity_n==. 

label var SGA SGA 

label define SGA 1 "SGA" 2 "Not SGA" 

tab SGA  

*  

gen prev_miscarriage=. 

replace prev_miscarriage=0 if (parity ==  "0" | parity ==  "0+" | parity ==  "0+0" | parity 

==  "1" | parity ==  "1+" | parity ==  "1+0" | parity ==  "2" | parity ==  "2+" | parity ==  

"2+0"  | parity ==  "3" | parity ==  "3+" | parity ==  "3+0"  | parity ==  "4" | parity ==  

"4+" | parity ==  "4+0"  | parity ==  "5" | parity ==  "5+0" | parity ==  "6" | parity ==  

"6+0" | parity ==  "7" | parity ==  "7+0"  | parity ==  "8"  | parity ==  "9" | parity ==  

"9+0" | parity ==  "10" | parity == "11" | parity == "10+0" | parity == "11+0" ) 

replace prev_miscarriage=1 if prev_miscarriage!= 0  & parity !=. 

label define prev_miscarriage 0 "No history of miscarriage" 1 "history of miscarriage" , 

replace  

label value prev_miscarriage prev_miscarriage 

tab prev_miscarriage 

*  

gen CONGABNORMDIAGPRENA=. 

replace CONGABNORMDIAGPRENA =2 if congen_abnormality== "Y" 

replace CONGABNORMDIAGPRENA =1 if CONGABNORMDIAGPRENA !=2 

label define CONGABNORMDIAGPRENA  1 "No" 2 "Yes", replace 

label value CONGABNORMDIAGPRENA CONGABNORMDIAGPRENA 

tab CONGABNORMDIAGPRENA 

* 

gen term_preterm=. 

replace term_preterm =1 if gest_at_delivery_weeks >=37 

replace term_preterm =2 if (gest_at_delivery_weeks <37 & gest_at_delivery_weeks 

>=24)  

label define term_preterm  1 "term" 2 "preterm" 

label val term_preterm term_preterm 

tab term_preterm 

* 

gen LBW=. 

replace LBW= 2 if  (infant_birth_weight < 2500 &  numberperbirth ==0) 

replace LBW= 1 if  infant_birth_weight >= 2500 

label define LBW 2 "LBW" 1 "NoLBW", replace  

label value LBW LBW 

tab LBW 

* 

gen urbanrural=. 

replace urbanrural=1 if urban_rural_nimats  =="URBAN" 

replace urbanrural=2 if urban_rural_nimats  =="RURAL" 

label define urbanrural 1 "Urban" 2 "RURAL", replace  

label value urbanrural urbanrural 

tab urbanrural 

gen NIMDM=. 

replace NIMDM=1 if mdm_quintile_nimats==5 

replace NIMDM=2 if mdm_quintile_nimats==4 

replace NIMDM=3 if mdm_quintile_nimats==3 

replace NIMDM=4 if mdm_quintile_nimats==2 
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replace NIMDM=5 if mdm_quintile_nimats==1 

label define NIMDM 1 "Least deprived" 2 "Second Least" 3 "Third Least" 4 "Second 

Most" 5 "Most deprived" 

label value NIMDM 

label value NIMDM NIMDM 

tab NIMDM 

tab NIMDM hsd_chd_flag, row chi 

tab NIMDM hsd_chd_flag, miss 

tab urbanrural hsd_chd_flag, row chi 

tab urbanrural hsd_chd_flag, miss 

tab Ageatbooking hsd_chd_flag, row chi  

tab Ageatbooking hsd_chd_flag, miss 

tab gestatbooking_n hsd_chd_flag, row chi  

tab parity_n hsd_chd_flag, row chi  

tab parity_n hsd_chd_flag, miss 

tab Plannedpregnancy hsd_chd_flag, row chi  

tab Plannedpregnancy hsd_chd_flag, miss 

tab familyhisCHD_n hsd_chd_flag, row chi  

tab familyhisCHD_n hsd_chd_flag, miss 

tab familyhisChrom_n hsd_chd_flag, row chi  

tab familyhisChrom_n hsd_chd_flag, miss 

tab CHD_CONG_Combi hsd_chd_flag, row chi 

tab CHD_CONG_Combi hsd_chd_flag, miss 

tab CONGABNORMDIAGPRENA hsd_chd_flag, row chi 

tab CONGABNORMDIAGPRENA hsd_chd_flag, miss 

tab bmicat hsd_chd_flag, row chi  

tab bmicat hsd_chd_flag, miss 

tab smoking_n hsd_chd_flag, row chi  

tab smoking_n hsd_chd_flag, miss  

tab alcohol_n hsd_chd_flag, row chi  

tab alcohol_n hsd_chd_flag, miss 

tab gestatbooking_n hsd_chd_flag, row chi  

tab numberperbirth hsd_chd_flag, row chi  

tab numberperbirth hsd_chd_flag, miss 

tab presentmedic hsd_chd_flag, row chi  

tab presentmedic hsd_chd_flag, miss 

tab PresentmedicNIMATS_3categ hsd_chd_flag, row chi  

tab PresentmedicNIMATS_3categ hsd_chd_flag, miss 

tab medication hsd_chd_flag, row chi  

tab medication hsd_chd_flag, miss 

* 

gen FH_of_CHD_Cong_Chro=. 

replace FH_of_CHD_Cong= 0 if familyhisCHD_n ==1 & familyhisChrom_n==1 

replace FH_of_CHD_Cong= 1 if familyhisCHD_n ==2 & familyhisChrom_n==1 

replace FH_of_CHD_Cong= 2 if familyhisCHD_n ==1 & familyhisChrom_n==2 

replace FH_of_CHD_Cong= 3 if familyhisCHD_n ==2 & familyhisChrom_n==2 

label define FH_of_CHD_Cong_Chro 0 "No" 1 "CHD" 2 "CongChrom" 3 

"CHDCongChro", replace 

label value  FH_of_CHD_Cong_Chro  FH_of_CHD_Cong_Chro 

tab FH_of_CHD_Cong_Chro 

  

tab FH_of_CHD_Cong_Chro hsd_chd_flag, row chi  

tab FH_of_CHD_Cong_Chro hsd_chd_flag, miss 

*  
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tab LBW hsd_chd_flag, row chi  

tab LBW hsd_chd_flag, miss 

tab gender hsd_chd_flag, row chi 

tab gender hsd_chd_flag, miss 

tab CONGABNORMDIAGPRENA hsd_chd_flag, row chi 

tab CONGABNORMDIAGPRENA hsd_chd_flag, miss 

tab infant_year_of_birth_nimats hsd_chd_flag, row chi  

tab infant_year_of_birth_nimats hsd_chd_flag, miss  

*  

tab prev_miscarriage hsd_chd_flag, row chi  

tab prev_miscarriage hsd_chd_flag, miss 

tab SGA_new hsd_chd_flag, row chi  

tab SGA_new hsd_chd_flag, miss 

*  

tabodds hsd_chd_flag NIMDM, or 

tabodds hsd_chd_flag urbanrural, or 

tabodds hsd_chd_flag Ageatbooking, or  

tabodds hsd_chd_flag gestatbooking_n, or   

tabodds hsd_chd_flag parity_n, or  

tabodds hsd_chd_flag Plannedpregnancy, or   

tabodds hsd_chd_flag CHD_CONG_Combi, or 

tabodds hsd_chd_flag bmicat, or   

tabodds hsd_chd_flag smoking_n, or  

tabodds hsd_chd_flag alcohol_n, or  

tabodds hsd_chd_flag gestatbooking_n, or  

tabodds hsd_chd_flag numberperbirth, or   

tabodds hsd_chd_flag presentmedic, or  

tabodds hsd_chd_flag PresentmedicNIMATS_3categ, or  

tabodds hsd_chd_flag medication, or  

*  

tabodds hsd_chd_flag LBW,  or  

tabodds hsd_chd_flag gender,  or 

tabodds hsd_chd_flag CONGABNORMDIAGPRENA,  or 

tabodds hsd_chd_flag infant_year_of_birth_nimats,  or 

*  

tabodds hsd_chd_flag prev_miscarriage,  or  

tabodds hsd_chd_flag SGA_new,  or  

* 

linktest , nolog 

estat gof 

logistic  hsd_chd_flag i.NIMDM i.urbanrural i.Motherspresentmedic1 

i.prev_miscarriage i.SGA i.numberperbirth i.gender i.alcohol_n i.parentsmoking 

i.bmicat i.familyhisChrom_n i.familyhisCHD_n i.Plannedpregnancy i.Ageatbooking 

i.parity_n i.prs_preg_prob , or 

linktest , nolog 

estat gof 

logistic  hsd_chd_flag i.NIMDM i.urbanrural  i.prev_miscarriage  i.numberperbirth 

i.gender i.alcohol_n i.parentsmoking i.bmicat i.familyhisChrom_n i.familyhisCHD_n 

i.Plannedpregnancy i.Ageatbooking i.parity_n  , or 

linktest , nolog 

estat gof 

estat ic 
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logistic  hsd_chd_flag i.urbanrural i.Ageatbooking i.smoking_n i.alcohol_n 

i.prev_miscarriage i.SGA_new i.CHD_CONG_Combi i.medication 

i.CONGABNORMDIAGPRENA i.Plannedpregnancy, or 

linktest , nolog 

estat gof 

* 

gen medication_categ = . 

replace medication_categ =1 if (bnf_chapter==9 & bnf_section==1 & 

bnf_paragraph==2 ) | (bnf_chapter==9 & bnf_section==6 & bnf_paragraph==7)  

replace medication_categ =2 if (bnf_chapter==1 & bnf_section==5 & 

bnf_paragraph==1 & label_name_form_stren==2733)| (bnf_chapter==1 & 

bnf_section==5 & bnf_paragraph==1 & label_name_form_stren==2732) | 

(bnf_chapter==1 & bnf_section==5 & bnf_paragraph==1 & 

label_name_form_stren==2569) | (bnf_chapter==2 & bnf_section==2 & 

bnf_paragraph==3 & name_form_strength=="Triamterene") | (bnf_chapter==2 & 

bnf_section==2 & bnf_paragraph==4 ) | (bnf_chapter==2 & bnf_section==12 & 

name_form_strength=="Questran 4g oral powder sachets") | (bnf_chapter==2 & 

bnf_section==12 & name_form_strength=="Colestyramine 4g oral powder sachets") | 

(bnf_chapter==5 & bnf_section==1 & bnf_paragraph==8 ) | (bnf_chapter==5 & 

bnf_section==1 & bnf_paragraph==13 & name_form_strength=="Pyrimethamine") | 

(bnf_chapter==5 & bnf_section==1 & bnf_paragraph==13 & 

name_form_strength=="Daraprim") | (bnf_chapter==5 & bnf_section==4 & 

bnf_paragraph==1) | (bnf_chapter==8 & bnf_section==2 & bnf_paragraph==2 & 

name_form_strength=="Ciclosporin 100mg capsules") | (bnf_chapter==8 & 

bnf_section==2 & bnf_paragraph==2 & name_form_strength=="Neoral 100mg 

capsules") | (bnf_chapter==8 & bnf_section==2 & bnf_paragraph==2 & 

name_form_strength=="Neoral 50mg capsules") | (bnf_chapter==10 & bnf_section==1 

& bnf_paragraph==3 & name_form_strength==" Methotrexate 2.5mg tablets")  

replace medication_categ =3 if (bnf_chapter==9 & bnf_section==6 & 

bnf_paragraph==1) | (bnf_chapter==13 & bnf_section==6 & bnf_paragraph==1 & 

label_name_form_stren==1503) | (bnf_chapter==13 & bnf_section==6 & 

bnf_paragraph==1 & label_name_form_stren==1504) | (bnf_chapter==13 & 

bnf_section==6 & bnf_paragraph==1 & label_name_form_stren==1505) 

|(bnf_chapter==13 & bnf_section==6 & bnf_paragraph==1 & 

label_name_form_stren==1521) |(bnf_chapter==13 & bnf_section==6 & 

bnf_paragraph==1 & label_name_form_stren==1522) |(bnf_chapter==8 & 

bnf_section==1 & bnf_paragraph==5) | (bnf_chapter==13 & bnf_section==6 & 

bnf_paragraph==2 &  name_form_strength =="Isotretinoin") 

replace medication_categ =4 if (bnf_chapter==4 & bnf_section==1) | (bnf_chapter==4 

& bnf_section==2) | (bnf_chapter==4 & bnf_section==3) 

replace medication_categ =5 if (bnf_chapter==6 & bnf_section==1 & 

bnf_paragraph==1) | (bnf_chapter==6 & bnf_section==1 & bnf_paragraph==2) 

replace medication_categ =6 if (bnf_chapter==4 & bnf_section==8) 

replace medication_categ =7 if (medication_categ !=1 & medication_categ !=2 & 

medication_categ !=3 & medication_categ !=4 & medication_categ !=5 & 

medication_categ !=6 ) 

label define medication_categ 1 "FA and Vit" 2 "FAantag" 3 "Isotrtand vitA" 4 

"Mentheltmed" 5 "AntiDM" 6 "Antiepi" 7 "Others" 

label values medication_categ medication_categ 

tab medication_categ 

*  

gen MHM_10categ=. 

replace MHM_10categ=1 if (bnf_chapter==4 & bnf_section==1 & bnf_paragraph==1) 

replace MHM_10categ=2 if (bnf_chapter==4 & bnf_section==1 & bnf_paragraph==2) 
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replace MHM_10categ=3 if (bnf_chapter==4 & bnf_section==1 & bnf_paragraph==3) 

replace MHM_10categ=4 if (bnf_chapter==4 & bnf_section==2 & bnf_paragraph==1) 

replace MHM_10categ=5 if (bnf_chapter==4 & bnf_section==2 & bnf_paragraph==2)  

replace MHM_10categ=6 if (bnf_chapter==4 & bnf_section==2 & bnf_paragraph==3) 

replace MHM_10categ=7 if (bnf_chapter==4 & bnf_section==3 & bnf_paragraph==1) 

replace MHM_10categ=8 if (bnf_chapter==4 & bnf_section==3 & bnf_paragraph==2)  

replace MHM_10categ=9 if (bnf_chapter==4 & bnf_section==3 & bnf_paragraph==3) 

replace MHM_10categ=10 if (bnf_chapter==4 & bnf_section==3 & bnf_paragraph==4) 

replace MHM_10categ=11 if medication_categ ==1 

replace MHM_10categ=12 if medication_categ ==2 

replace MHM_10categ=13 if medication_categ ==3 

replace MHM_10categ=14 if medication_categ ==5 

replace MHM_10categ=15 if medication_categ ==6 

replace MHM_10categ=16 if medication_categ ==7 

* 

label define MHM_10categ 1 "Hypnotics" 2 "Anxyolitics" 3 "Barbiturates" 4 

"Antipsychotic" 5 "Antipsychotic inj" 6 "For mania and hypomania" 7 "Tricyclic and 

related antidepressant" 8 "Monoamine-oxidase inhibitors" 9 "SSRI" 10 "Other 

antidepressant" 11 "FA and Vit" 12 "FAantag" 13 "IsotandvitA" 14 "AntiDM" 15 

"Antiepi" 16 "Others", replace  

label values MHM_10categ MHM_10categ 

tab MHM_10categ 

*  

recode MHM_10categ (1 2 3=1)(4 5 6 =2)(7 8 9 10=3)(11=4) (12=5)(13=6) (14=7) (15 

= 8) (16 =9), generate (MHM_3categ) 

label define MHM_3categ 1 "Hypnotandanxyolitics" 2 

"Drugsusedforpsychosesandrelateddiso" 3 "Antidepressants" 4 "FA and Vit" 5 

"FAantag" 6 "IsotandvitA" 7 "AntiDM" 8 "Antiepi" 9 "Others", replace   

label value MHM_3categ MHM_3categ                                                                 

tab MHM_3categ 

*  

gen NAMEFORMSTRENGTH=. 

replace  NAMEFORMSTRENGTH =1 if  label_name_form_stren==3 

replace  NAMEFORMSTRENGTH =2 if  label_name_form_stren== 4 

replace  NAMEFORMSTRENGTH =3 if  label_name_form_stren== 5 

replace  NAMEFORMSTRENGTH =4 if  label_name_form_stren== 6 

replace  NAMEFORMSTRENGTH =5 if  label_name_form_stren== 47 

replace  NAMEFORMSTRENGTH =6 if  label_name_form_stren== 66 

replace  NAMEFORMSTRENGTH =7 if  label_name_form_stren== 81 

replace  NAMEFORMSTRENGTH =8 if  label_name_form_stren== 82 

replace  NAMEFORMSTRENGTH =9 if  label_name_form_stren== 83 

replace  NAMEFORMSTRENGTH =10 if  label_name_form_stren== 84 

replace  NAMEFORMSTRENGTH =11 if  label_name_form_stren== 101 

replace  NAMEFORMSTRENGTH =12 if  label_name_form_stren== 129 

replace  NAMEFORMSTRENGTH =13 if  label_name_form_stren== 130 

replace  NAMEFORMSTRENGTH =14 if  label_name_form_stren== 131 

replace  NAMEFORMSTRENGTH =15 if  label_name_form_stren== 132 

replace  NAMEFORMSTRENGTH =16 if  label_name_form_stren== 370 

replace  NAMEFORMSTRENGTH =17 if  label_name_form_stren== 371 

replace  NAMEFORMSTRENGTH =18 if  label_name_form_stren== 487 

replace  NAMEFORMSTRENGTH =19 if  label_name_form_stren== 488 

replace  NAMEFORMSTRENGTH =20 if  label_name_form_stren== 489 

replace  NAMEFORMSTRENGTH =21 if  label_name_form_stren== 503 

replace  NAMEFORMSTRENGTH =22 if  label_name_form_stren== 504 
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replace  NAMEFORMSTRENGTH =23 if  label_name_form_stren== 505 

replace  NAMEFORMSTRENGTH =24 if  label_name_form_stren== 506 

replace  NAMEFORMSTRENGTH =25 if  label_name_form_stren== 507 

replace  NAMEFORMSTRENGTH =26 if  label_name_form_stren== 523 

replace  NAMEFORMSTRENGTH =27 if  label_name_form_stren== 524 

replace  NAMEFORMSTRENGTH =28 if  label_name_form_stren== 525 

replace  NAMEFORMSTRENGTH =29 if  label_name_form_stren== 526 

replace  NAMEFORMSTRENGTH =30 if  label_name_form_stren== 527 

replace  NAMEFORMSTRENGTH =31 if  label_name_form_stren== 528 

replace  NAMEFORMSTRENGTH =32 if  label_name_form_stren== 529 

replace  NAMEFORMSTRENGTH =33 if  label_name_form_stren== 538 

replace  NAMEFORMSTRENGTH =34 if  label_name_form_stren== 539 

replace  NAMEFORMSTRENGTH =35 if  label_name_form_stren== 540 

replace  NAMEFORMSTRENGTH =36 if  label_name_form_stren== 541 

replace  NAMEFORMSTRENGTH =37 if  label_name_form_stren== 542 

replace  NAMEFORMSTRENGTH =38 if  label_name_form_stren== 576 

replace  NAMEFORMSTRENGTH =39 if  label_name_form_stren== 581 

replace  NAMEFORMSTRENGTH =40 if  label_name_form_stren== 698 

replace  NAMEFORMSTRENGTH =41 if  label_name_form_stren== 699 

replace  NAMEFORMSTRENGTH =42 if  label_name_form_stren== 728 

replace  NAMEFORMSTRENGTH =43 if  label_name_form_stren== 729 

replace  NAMEFORMSTRENGTH =44 if  label_name_form_stren== 730 

replace  NAMEFORMSTRENGTH =45 if  label_name_form_stren== 770 

replace  NAMEFORMSTRENGTH =46 if  label_name_form_stren== 771 

replace  NAMEFORMSTRENGTH =47 if  label_name_form_stren== 772 

replace  NAMEFORMSTRENGTH =48 if  label_name_form_stren== 773 

replace  NAMEFORMSTRENGTH =49 if  label_name_form_stren== 774 

replace  NAMEFORMSTRENGTH =50 if  label_name_form_stren== 851 

replace  NAMEFORMSTRENGTH =51 if  label_name_form_stren== 852 

replace  NAMEFORMSTRENGTH =52 if  label_name_form_stren== 867 

replace  NAMEFORMSTRENGTH =53 if  label_name_form_stren== 879 

replace  NAMEFORMSTRENGTH =54 if  label_name_form_stren== 881 

replace  NAMEFORMSTRENGTH =55 if  label_name_form_stren== 907 

replace  NAMEFORMSTRENGTH =56 if  label_name_form_stren== 908 

replace  NAMEFORMSTRENGTH =57 if  label_name_form_stren== 997 

replace  NAMEFORMSTRENGTH =58 if  label_name_form_stren== 998 

replace  NAMEFORMSTRENGTH =59 if  label_name_form_stren== 999 

replace  NAMEFORMSTRENGTH =60 if  label_name_form_stren== 1000 

replace  NAMEFORMSTRENGTH =61 if  label_name_form_stren== 1117 

replace  NAMEFORMSTRENGTH =62 if  label_name_form_stren== 1138 

replace  NAMEFORMSTRENGTH =63 if  label_name_form_stren== 1139 

replace  NAMEFORMSTRENGTH =64 if  label_name_form_stren== 1140 

replace  NAMEFORMSTRENGTH =65 if  label_name_form_stren== 1141 

replace  NAMEFORMSTRENGTH =66 if  label_name_form_stren== 1142 

replace  NAMEFORMSTRENGTH =67 if  label_name_form_stren== 1165 

replace  NAMEFORMSTRENGTH =68 if  label_name_form_stren== 1166 

replace  NAMEFORMSTRENGTH =69 if  label_name_form_stren== 1357 

replace  NAMEFORMSTRENGTH =70 if  label_name_form_stren== 1358 

replace  NAMEFORMSTRENGTH =71 if  label_name_form_stren== 1359 

replace  NAMEFORMSTRENGTH =72 if  label_name_form_stren== 1463 

replace  NAMEFORMSTRENGTH =73 if  label_name_form_stren== 1464 

replace  NAMEFORMSTRENGTH =74 if  label_name_form_stren== 1633 

replace  NAMEFORMSTRENGTH =75 if  label_name_form_stren== 1680 

replace  NAMEFORMSTRENGTH =76 if  label_name_form_stren== 1715 
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replace  NAMEFORMSTRENGTH =77 if  label_name_form_stren== 1716 

replace  NAMEFORMSTRENGTH =78 if  label_name_form_stren== 1717 

replace  NAMEFORMSTRENGTH =79 if  label_name_form_stren== 1718 

replace  NAMEFORMSTRENGTH =80 if  label_name_form_stren== 1724 

replace  NAMEFORMSTRENGTH =81 if  label_name_form_stren== 1725 

replace  NAMEFORMSTRENGTH =82 if  label_name_form_stren== 1776 

replace  NAMEFORMSTRENGTH =83 if  label_name_form_stren== 1883 

replace  NAMEFORMSTRENGTH =84 if  label_name_form_stren== 1884 

replace  NAMEFORMSTRENGTH =85 if  label_name_form_stren== 1885 

replace  NAMEFORMSTRENGTH =86 if  label_name_form_stren== 1886 

replace  NAMEFORMSTRENGTH =87 if  label_name_form_stren== 1887 

replace  NAMEFORMSTRENGTH =88 if  label_name_form_stren== 1888 

replace  NAMEFORMSTRENGTH =89 if  label_name_form_stren== 2040 

replace  NAMEFORMSTRENGTH =90 if  label_name_form_stren== 2057 

replace  NAMEFORMSTRENGTH =91 if  label_name_form_stren== 2058 

replace  NAMEFORMSTRENGTH =92 if  label_name_form_stren== 2098 

replace  NAMEFORMSTRENGTH =93 if  label_name_form_stren== 2099 

replace  NAMEFORMSTRENGTH =94 if  label_name_form_stren== 2100 

replace  NAMEFORMSTRENGTH =95 if  label_name_form_stren== 2101 

replace  NAMEFORMSTRENGTH =96 if  label_name_form_stren== 2102 

replace  NAMEFORMSTRENGTH =97 if  label_name_form_stren== 2103 

replace  NAMEFORMSTRENGTH =98 if  label_name_form_stren== 2104 

replace  NAMEFORMSTRENGTH =99 if  label_name_form_stren== 2105 

replace  NAMEFORMSTRENGTH =100 if  label_name_form_stren== 2106 

replace  NAMEFORMSTRENGTH =101 if  label_name_form_stren== 2170 

replace  NAMEFORMSTRENGTH= 102 if  label_name_form_stren== 2209 

replace  NAMEFORMSTRENGTH =103 if  label_name_form_stren== 2235 

replace  NAMEFORMSTRENGTH =104 if  label_name_form_stren== 2236 

replace  NAMEFORMSTRENGTH =105 if  label_name_form_stren== 2237 

replace  NAMEFORMSTRENGTH =106 if  label_name_form_stren== 2238 

replace  NAMEFORMSTRENGTH =107 if  label_name_form_stren== 2264 

replace  NAMEFORMSTRENGTH =108 if  label_name_form_stren== 2359 

replace  NAMEFORMSTRENGTH =109 if  label_name_form_stren== 2360 

replace  NAMEFORMSTRENGTH =110 if  label_name_form_stren== 2392 

replace  NAMEFORMSTRENGTH =111 if  label_name_form_stren== 2393 

replace  NAMEFORMSTRENGTH =112 if  label_name_form_stren== 2432 

replace  NAMEFORMSTRENGTH =113 if  label_name_form_stren== 2433 

replace  NAMEFORMSTRENGTH =114 if  label_name_form_stren== 2468 

replace  NAMEFORMSTRENGTH =115 if  label_name_form_stren== 2469 

replace  NAMEFORMSTRENGTH =116 if  label_name_form_stren== 2470 

replace  NAMEFORMSTRENGTH =117 if  label_name_form_stren== 2471 

replace  NAMEFORMSTRENGTH =118 if  label_name_form_stren== 2472 

replace  NAMEFORMSTRENGTH =119 if  label_name_form_stren== 2473 

replace  NAMEFORMSTRENGTH =120 if  label_name_form_stren== 2474 

replace  NAMEFORMSTRENGTH =121 if  label_name_form_stren== 2475 

replace  NAMEFORMSTRENGTH =122 if  label_name_form_stren== 2476 

replace  NAMEFORMSTRENGTH =123 if  label_name_form_stren== 2477 

replace  NAMEFORMSTRENGTH =124 if  label_name_form_stren== 2509 

replace  NAMEFORMSTRENGTH =125 if  label_name_form_stren== 2535 

replace  NAMEFORMSTRENGTH =126 if  label_name_form_stren== 2536 

replace  NAMEFORMSTRENGTH =127 if  label_name_form_stren== 2537 

replace  NAMEFORMSTRENGTH =128 if  label_name_form_stren== 2538 

replace  NAMEFORMSTRENGTH =129 if  label_name_form_stren== 2539 

replace  NAMEFORMSTRENGTH =130 if  label_name_form_stren== 2540 
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replace  NAMEFORMSTRENGTH =131 if  label_name_form_stren== 2541 

replace  NAMEFORMSTRENGTH =132 if  label_name_form_stren== 2629 

replace  NAMEFORMSTRENGTH =133 if  label_name_form_stren== 2630 

replace  NAMEFORMSTRENGTH =134 if  label_name_form_stren== 2631 

replace  NAMEFORMSTRENGTH =135 if  label_name_form_stren== 2632 

replace  NAMEFORMSTRENGTH =136 if  label_name_form_stren== 2633 

replace  NAMEFORMSTRENGTH =137 if  label_name_form_stren== 2634 

replace  NAMEFORMSTRENGTH =138 if  label_name_form_stren== 2635 

replace  NAMEFORMSTRENGTH =139 if  label_name_form_stren== 2636 

replace  NAMEFORMSTRENGTH =140 if  label_name_form_stren== 2637 

replace  NAMEFORMSTRENGTH =141 if  label_name_form_stren== 2638 

replace  NAMEFORMSTRENGTH =142 if  label_name_form_stren== 2685 

replace  NAMEFORMSTRENGTH =143 if  label_name_form_stren== 2719 

replace  NAMEFORMSTRENGTH =144 if  label_name_form_stren== 2720 

replace  NAMEFORMSTRENGTH =145 if  label_name_form_stren== 2734 

replace  NAMEFORMSTRENGTH =146 if  label_name_form_stren== 2795 

replace  NAMEFORMSTRENGTH =147 if  label_name_form_stren== 2796 

replace  NAMEFORMSTRENGTH =148 if  label_name_form_stren== 2862 

replace  NAMEFORMSTRENGTH =149 if  label_name_form_stren== 2863 

replace  NAMEFORMSTRENGTH =150 if  label_name_form_stren== 2864 

replace  NAMEFORMSTRENGTH =151 if  label_name_form_stren== 2865 

replace  NAMEFORMSTRENGTH =152 if  label_name_form_stren== 2872 

replace  NAMEFORMSTRENGTH =153 if  label_name_form_stren== 2873 

replace  NAMEFORMSTRENGTH =154 if  label_name_form_stren== 2879 

replace  NAMEFORMSTRENGTH =155 if  label_name_form_stren== 2937 

replace  NAMEFORMSTRENGTH =156 if  label_name_form_stren== 2941 

replace  NAMEFORMSTRENGTH =157 if  label_name_form_stren== 2942 

replace  NAMEFORMSTRENGTH =158 if  label_name_form_stren== 2955 

replace  NAMEFORMSTRENGTH =159 if  label_name_form_stren== 2956 

replace  NAMEFORMSTRENGTH =160 if  label_name_form_stren== 2957 

replace  NAMEFORMSTRENGTH =161 if  label_name_form_stren== 2958 

replace  NAMEFORMSTRENGTH =162 if  label_name_form_stren== 2959 

replace  NAMEFORMSTRENGTH =163 if  label_name_form_stren== 2960 

replace  NAMEFORMSTRENGTH =164 if  label_name_form_stren== 2961 

replace  NAMEFORMSTRENGTH =165 if  label_name_form_stren== 2962 

replace  NAMEFORMSTRENGTH =166 if  label_name_form_stren== 2963 

replace  NAMEFORMSTRENGTH =167 if  label_name_form_stren== 2964 

replace  NAMEFORMSTRENGTH =168 if  label_name_form_stren== 2965 

replace  NAMEFORMSTRENGTH =169 if  label_name_form_stren== 2966 

replace  NAMEFORMSTRENGTH =170 if  label_name_form_stren== 2967 

replace  NAMEFORMSTRENGTH =171 if  label_name_form_stren== 2968 

replace  NAMEFORMSTRENGTH =172 if  label_name_form_stren== 2969 

replace  NAMEFORMSTRENGTH =173 if  label_name_form_stren== 3047 

replace  NAMEFORMSTRENGTH =174 if  label_name_form_stren== 3055 

replace  NAMEFORMSTRENGTH =175 if  label_name_form_stren== 3056 

replace  NAMEFORMSTRENGTH =176 if  label_name_form_stren== 3072 

replace  NAMEFORMSTRENGTH =177 if  label_name_form_stren== 3073 

replace  NAMEFORMSTRENGTH =178 if  label_name_form_stren== 3084 

replace  NAMEFORMSTRENGTH =179 if  label_name_form_stren== 3085 

replace  NAMEFORMSTRENGTH =180 if  label_name_form_stren== 3095 

replace  NAMEFORMSTRENGTH =181 if  label_name_form_stren== 3096 

replace  NAMEFORMSTRENGTH =182 if  label_name_form_stren== 3097 
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label define NAMEFORMSTRENGTH 1 "Abilify 10mg tablets" 2 "Abilify 15mg 

tablets"  3 "Abilify 30mg tablets" 4 "Abilify 5mg tablets"  5 "Agomelatine 25mg 

tablets"  6 "Allegron 25mg tablets" 7 "Amitriptyline 10mg tablets" 8 "Amitriptyline 

25mg tablets" 9 "Amitriptyline 25mg/5ml oral solution su" 10  "Amitriptyline 50mg 

tablets"  11 "Anafranil 25mg capsules"  12 "Aripiprazole 10mg tablets" 13 

"Aripiprazole 15mg tablets"  14 "Aripiprazole 30mg tablets"  15 "Aripiprazole 5mg 

tablets"  16 "Buspirone 10mg tablets"  17 "Buspirone 5mg tablets"  18 

"Chlordiazepoxide 10mg capsules" 19 "Chlordiazepoxide 10mg tablets" 20 

"Chlordiazepoxide 5mg capsules"  21 "Chlorpromazine 100mg tablets" 22 

"Chlorpromazine 25mg tablets" 23 "Chlorpromazine 25mg/5ml oral solution" 24 

"Chlorpromazine 25mg/5ml oral solution s" 25 "Chlorpromazine 50mg tablets" 26 

"Cipralex 10mg tablets" 27 "Cipralex 20mg tablets"  28 "Cipralex 5mg tablets" 29 

"Cipramil 10mg tablets"  30 "Cipramil 20mg tablets" 31 "Cipramil 40mg tablets" 32 

"Cipramil 40mg/ml drops" 33 "Circadin 2mg modified-release tablets" 34 "Citalopram 

10mg tablets" 35 "Citalopram 20mg tablets" 36 "Citalopram 40mg tablets" 37 

"Citalopram 40mg/ml oral drops sugar fre" 38 "Clomipramine 50mg capsules" 39 

"Cloral betaine 707mg tablets" 40 "Cymbalta 30mg gastro-resistant capsules" 41 

"Cymbalta 60mg gastro-resistant capsules"  42 "Depakote 250mg gastro-resistant 

tablets"  43 "Depakote 500mg gastro-resistant tablets" 44 "Depixol Conc 50mg/0.5ml 

solution for in" 45 "Diazepam 10mg RecTubes" 46 "Diazepam 10mg tablets" 47 

"Diazepam 2mg tablets" 48 "Diazepam 2mg/5ml oral solution" 49 "Diazepam 5mg 

tablets" 50 "Dosulepin 25mg capsules" 51 "Dosulepin 75mg tablets" 52 "Doxepin 25mg 

capsules" 53 "Duloxetine 30mg gastro-resistant capsul" 54 "Duloxetine 60mg gastro-

resistant capsul" 55 "Efexor XL 150mg capsules" 56 "Efexor XL 75mg capsules" 57 

"Escitalopram 10mg tablets" 58 "Escitalopram 20mg tablets" 59 "Escitalopram 

20mg/ml oral drops sugar f" 60 "Escitalopram 5mg tablets" 61"Fluanxol 500microgram 

tablets" 62 "Fluoxetine 20mg capsules" 63 "Fluoxetine 20mg/5ml oral solution" 64 

"Fluoxetine 20mg/5ml oral solution sugar" 65 "Fluoxetine 60mg capsules"  66 

"Flupentixol 40mg/2ml solution for injec" 67 "Fluvoxamine 100mg tablets" 68 

"Fluvoxamine 50mg tablets" 69 "Haloperidol 1.5mg tablets" 70 "Haloperidol 

500microgram capsules" 71 "Haloperidol 5mg tablets" 72"Imipramine 10mg tablets" 73 

"Imipramine 25mg tablets" 74 "Levomepromazine 25mg/1ml solution for I" 75 

"Lofepramine 70mg tablets" 76 "Lorazepam 1mg tablets" 77 "Lorazepam 2.5mg 

tablets" 78 "Lormetazepam 1mg tablets" 79 "Lormetazepam 500microgram tablets" 80 

"Lustral 100mg tablets" 81 "Lustral 50mg tablets"  82 "Melatonin 2mg modified-release 

tablets" 83 "Mirtazapine 15mg orodispersible tablets"  84 "Mirtazapine 15mg tablets" 

85 "Mirtazapine 30mg orodispersible tablets" 86 "Mirtazapine 30mg tablets"  87 

"Mirtazapine 45mg orodispersible tablets" 88 "Mirtazapine 45mg tablets" 

89"Nitrazepam 5mg tablets" 90 "Nortriptyline 10mg tablets" 91 "Nortriptyline 25mg 

tablets" 92 "Olanzapine 10mg oral lyophilisates suga" 93 "Olanzapine 10mg tablets" 94 

"Olanzapine 15mg oral lyophilisates suga" 95 "Olanzapine 15mg tablets" 96 

"Olanzapine 2.5mg tablets" 97 "Olanzapine 20mg tablets" 98"Olanzapine 5mg oral 

lyophilisates sugar" 99 "Olanzapine 5mg tablets" 100 "Olanzapine 7.5mg tablets" 101 

"Oxazepam 10mg tablets" 102 "Paliperidone 3mg modified-release table" 103 

"Paroxetine 10mg tablets" 104 "Paroxetine 10mg/5ml oral suspension sug" 105 

"Paroxetine 20mg tablets" 106 "Paroxetine 30mg tablets" 107 "Phenelzine 15mg 

tablets"  108 "Priadel 200mg modified-release tablets" 109 "Priadel 400mg modified-

release tablets" 110 "Promazine 25mg tablets" 111 "Promazine 25mg/5ml oral solution" 

112 "Prothiaden 25mg capsules" 113 "Prothiaden 75mg tablets" 114 "Quetiapine 100mg 

tablets" 115 "Quetiapine 150mg modified-release table" 116 "Quetiapine 150mg 

tablets" 117 "Quetiapine 200mg modified-release table" 118 "Quetiapine 200mg 

tablets" 119 "Quetiapine 25mg tablets" 120 "Quetiapine 300mg modified-release table" 

121 "Quetiapine 300mg tablets" 122 "Quetiapine 400mg modified-release table"  

123"Quetiapine 50mg modified-release tablet" 124 "Reboxetine 4mg tablets" 125 
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"Risperdal Consta 50mg powder and solven" 126 "Risperidone 1mg tablets" 127 

"Risperidone 1mg/ml oral solution sugar" 128 "Risperidone 2mg tablets" 129 

"Risperidone 3mg tablets" 130 "Risperidone 4mg tablets" 131 "Risperidone 

500microgram tablets" 132 "Seroquel 100mg tablets" 133 "Seroquel 200mg tablets" 134 

"Seroquel 25mg tablets"  135 "Seroquel 300mg tablets" 136 "Seroquel XL 200mg 

tablets" 137 "Seroquel XL 300mg tablets" 138 "Seroquel XL 50mg tablets" 139 

"Seroxat 10mg tablets" 140 "Sertraline 100mg tablets" 141 "Sertraline 50mg tablets" 

142 "Sodium oxybate 500mg/ml oral solution s" 143 "Stilnoct 10mg tablets" 144 

"Stilnoct 5mg tablets" 145 "Sulpiride 200mg tablets" 146 "Temazepam 10mg tablets" 

147 "Temazepam 20mg tablets" 148 "Trazodone 100mg capsules" 149 "Trazodone 

150mg tablets" 150 "Trazodone 50mg capsules" 151 "Trazodone 50mg/5ml oral 

solution sugar" 152 "Trifluoperazine 1mg tablets" 153 "Trifluoperazine 1mg/5ml oral 

solution s" 154 "Trimipramine 50mg capsules" 155 "Valdoxan 25mg tablets" 156 

"Valproic acid 250mg gastro-resistant ta" 157 "Valproic acid 500mg gastro-resistant ta" 

158 "Venaxx XL 75mg capsules" 159 "Venlafaxine 150mg modified-release caps" 160 

"Venlafaxine 150mg modified-release tabl" 161 "Venlafaxine 225mg modified-release 

tabl" 162 "Venlafaxine 37.5mg modified-release cap" 163 "Venlafaxine 37.5mg 

modified-release tab" 164 "Venlafaxine 37.5mg tablets" 165 "Venlafaxine 75mg 

modified-release capsu" 166 "Venlafaxine 75mg modified-release table" 167 

"Venlafaxine 75mg tablets" 168 "Venlalic XL 150mg tablets" 169 "Venlalic XL 37.5mg 

tablets" 170 "Venlalic XL 75mg tablets" 171 "Vensir XL 150mg capsules" 172 "Vensir 

XL 75mg capsules" 173 "Zaleplon 10mg capsules" 174 "Zimovane 7.5mg tablets"  175 

"Zimovane LS 3.75mg tablets" 176 "Zolpidem 10mg tablets" 177 "Zolpidem 5mg 

tablets" 178 "Zopiclone 3.75mg tablets" 179 "Zopiclone 7.5mg tablets" 180 "Zyprexa 

10mg tablets" 181 "Zyprexa 2.5mg tablets" 182 "Zyprexa 5mg tablets" 

label value NAMEFORMSTRENGTH  NAMEFORMSTRENGTH 

tab NAMEFORMSTRENGTH 

label list NAMEFORMSTRENGTH 

* 

gen MHM_Specific=. 

replace MHM_Specific =1 if (NAMEFORMSTRENGTH==1 | 

NAMEFORMSTRENGTH==2 |NAMEFORMSTRENGTH==3 | 

NAMEFORMSTRENGTH==4 |NAMEFORMSTRENGTH==12 | 

NAMEFORMSTRENGTH==13 |NAMEFORMSTRENGTH==14 | 

NAMEFORMSTRENGTH==15)  

replace MHM_Specific =2 if (NAMEFORMSTRENGTH==5 | 

NAMEFORMSTRENGTH==155) 

replace MHM_Specific =3 if (NAMEFORMSTRENGTH==6 

|NAMEFORMSTRENGTH==90 | NAMEFORMSTRENGTH==91) 

replace MHM_Specific =4 if (NAMEFORMSTRENGTH==7 | 

NAMEFORMSTRENGTH==8 |NAMEFORMSTRENGTH==9 | 

NAMEFORMSTRENGTH==10) 

replace MHM_Specific =5 if (NAMEFORMSTRENGTH==11 | 

NAMEFORMSTRENGTH==38) 

replace MHM_Specific =6 if (NAMEFORMSTRENGTH==16 | 

NAMEFORMSTRENGTH==17) 

replace MHM_Specific =7 if (NAMEFORMSTRENGTH==18 | 

NAMEFORMSTRENGTH==19 |NAMEFORMSTRENGTH==20) 

replace MHM_Specific =8 if (NAMEFORMSTRENGTH==21 | 

NAMEFORMSTRENGTH==22 |NAMEFORMSTRENGTH==23| 

NAMEFORMSTRENGTH==24 |NAMEFORMSTRENGTH==25) 

replace MHM_Specific =9 if (NAMEFORMSTRENGTH==26 | 

NAMEFORMSTRENGTH==27 |NAMEFORMSTRENGTH==28 
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|NAMEFORMSTRENGTH==57 | NAMEFORMSTRENGTH==58 

|NAMEFORMSTRENGTH==59 | NAMEFORMSTRENGTH==60) 

replace MHM_Specific =10 if (NAMEFORMSTRENGTH==29 | 

NAMEFORMSTRENGTH==30 |NAMEFORMSTRENGTH==31 

|NAMEFORMSTRENGTH==32 | NAMEFORMSTRENGTH==34 | 

NAMEFORMSTRENGTH==35 |NAMEFORMSTRENGTH==36 

|NAMEFORMSTRENGTH==37) 

replace MHM_Specific =11 if (NAMEFORMSTRENGTH==33 

|NAMEFORMSTRENGTH==82) 

replace MHM_Specific =12 if (NAMEFORMSTRENGTH==40 | 

NAMEFORMSTRENGTH==41 | NAMEFORMSTRENGTH==53 | 

NAMEFORMSTRENGTH==54) 

replace MHM_Specific =13 if (NAMEFORMSTRENGTH==42 | 

NAMEFORMSTRENGTH==43 | NAMEFORMSTRENGTH==156 | 

NAMEFORMSTRENGTH==157) 

replace MHM_Specific =14 if (NAMEFORMSTRENGTH==39) 

replace MHM_Specific =15 if (NAMEFORMSTRENGTH==44 

|NAMEFORMSTRENGTH==61 |NAMEFORMSTRENGTH==66) 

replace MHM_Specific =16 if (NAMEFORMSTRENGTH==45 

|NAMEFORMSTRENGTH==46 | NAMEFORMSTRENGTH==47 

|NAMEFORMSTRENGTH==48 |NAMEFORMSTRENGTH==49) 

replace MHM_Specific =17 if (NAMEFORMSTRENGTH==50 | 

NAMEFORMSTRENGTH==51 | NAMEFORMSTRENGTH==52) 

replace MHM_Specific =18 if (NAMEFORMSTRENGTH==55 | 

NAMEFORMSTRENGTH==56 | NAMEFORMSTRENGTH==158 

|NAMEFORMSTRENGTH==159 | NAMEFORMSTRENGTH==160 | 

NAMEFORMSTRENGTH==161 | NAMEFORMSTRENGTH==162 | 

NAMEFORMSTRENGTH==163 |NAMEFORMSTRENGTH==164 | 

NAMEFORMSTRENGTH==165 |NAMEFORMSTRENGTH==166 | 

NAMEFORMSTRENGTH==167 | NAMEFORMSTRENGTH==168| 

NAMEFORMSTRENGTH==169 |NAMEFORMSTRENGTH==170 | 

NAMEFORMSTRENGTH==171 | NAMEFORMSTRENGTH==172) 

replace MHM_Specific =19 if (NAMEFORMSTRENGTH==62 | 

NAMEFORMSTRENGTH==63 |NAMEFORMSTRENGTH==64 | 

NAMEFORMSTRENGTH==65) 

replace MHM_Specific =20 if (NAMEFORMSTRENGTH==67 | 

NAMEFORMSTRENGTH==68) 

replace MHM_Specific =21 if (NAMEFORMSTRENGTH==69 | 

NAMEFORMSTRENGTH==70| NAMEFORMSTRENGTH==71) 

replace MHM_Specific =22 if (NAMEFORMSTRENGTH==72 | 

NAMEFORMSTRENGTH==73) 

replace MHM_Specific =23 if NAMEFORMSTRENGTH==74  

replace MHM_Specific =24 if NAMEFORMSTRENGTH==75 

replace MHM_Specific =25 if (NAMEFORMSTRENGTH==76 | 

NAMEFORMSTRENGTH==77) 

replace MHM_Specific =26 if (NAMEFORMSTRENGTH==78 | 

NAMEFORMSTRENGTH==79) 

replace MHM_Specific =27 if (NAMEFORMSTRENGTH==80 | 

NAMEFORMSTRENGTH==81 | NAMEFORMSTRENGTH==140 | 

NAMEFORMSTRENGTH==141) 

replace MHM_Specific =28 if (NAMEFORMSTRENGTH==83 

|NAMEFORMSTRENGTH==84 | NAMEFORMSTRENGTH==85| 

NAMEFORMSTRENGTH==86 | NAMEFORMSTRENGTH==87| 

NAMEFORMSTRENGTH==88) 
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replace MHM_Specific =29 if NAMEFORMSTRENGTH==89 

replace MHM_Specific =30 if (NAMEFORMSTRENGTH==92 

|NAMEFORMSTRENGTH==93 |NAMEFORMSTRENGTH==94 | 

NAMEFORMSTRENGTH==95 |NAMEFORMSTRENGTH==96 

|NAMEFORMSTRENGTH==97  | NAMEFORMSTRENGTH==98 

|NAMEFORMSTRENGTH==99 |NAMEFORMSTRENGTH==100 | 

NAMEFORMSTRENGTH==180 | NAMEFORMSTRENGTH==181 | 

NAMEFORMSTRENGTH==182) 

replace MHM_Specific =31 if NAMEFORMSTRENGTH==101  

replace MHM_Specific =32 if NAMEFORMSTRENGTH==102  

replace MHM_Specific =33 if (NAMEFORMSTRENGTH==103 | 

NAMEFORMSTRENGTH==104 | NAMEFORMSTRENGTH==105 | 

NAMEFORMSTRENGTH==106 | NAMEFORMSTRENGTH==139) 

replace MHM_Specific =34 if NAMEFORMSTRENGTH==107  

replace MHM_Specific =35 if (NAMEFORMSTRENGTH==108 | 

NAMEFORMSTRENGTH==109) 

replace MHM_Specific =36 if (NAMEFORMSTRENGTH==110 | 

NAMEFORMSTRENGTH==111) 

replace MHM_Specific =37 if (NAMEFORMSTRENGTH==112 | 

NAMEFORMSTRENGTH==113) 

replace MHM_Specific =38 if (NAMEFORMSTRENGTH==114 | 

NAMEFORMSTRENGTH==115  | NAMEFORMSTRENGTH==116 

|NAMEFORMSTRENGTH==14 | NAMEFORMSTRENGTH==117 | 

NAMEFORMSTRENGTH==118 | NAMEFORMSTRENGTH==119  | 

NAMEFORMSTRENGTH==120 |NAMEFORMSTRENGTH==121 | 

NAMEFORMSTRENGTH==122 | NAMEFORMSTRENGTH==123 | 

NAMEFORMSTRENGTH==132 | NAMEFORMSTRENGTH==133 

|NAMEFORMSTRENGTH==134| NAMEFORMSTRENGTH==135 

|NAMEFORMSTRENGTH==136 | NAMEFORMSTRENGTH==137 

|NAMEFORMSTRENGTH==138) 

replace MHM_Specific =39 if NAMEFORMSTRENGTH==124   

replace MHM_Specific =40 if (NAMEFORMSTRENGTH==125 | 

NAMEFORMSTRENGTH==126 | NAMEFORMSTRENGTH==127 

|NAMEFORMSTRENGTH==128 |NAMEFORMSTRENGTH==129 | 

NAMEFORMSTRENGTH==130 |NAMEFORMSTRENGTH==131) 

replace MHM_Specific =41 if NAMEFORMSTRENGTH==142 

replace MHM_Specific =42 if (NAMEFORMSTRENGTH==143 | 

NAMEFORMSTRENGTH==144 | NAMEFORMSTRENGTH==176 | 

NAMEFORMSTRENGTH==177) 

replace MHM_Specific =43 if NAMEFORMSTRENGTH==145 

replace MHM_Specific =44 if (NAMEFORMSTRENGTH==146 | 

NAMEFORMSTRENGTH==147) 

replace MHM_Specific =45 if (NAMEFORMSTRENGTH==148 | 

NAMEFORMSTRENGTH==149 |NAMEFORMSTRENGTH==150 | 

NAMEFORMSTRENGTH==151) 

replace MHM_Specific =46 if (NAMEFORMSTRENGTH==152 | 

NAMEFORMSTRENGTH==153) 

replace MHM_Specific =47 if NAMEFORMSTRENGTH==154 

replace MHM_Specific =48 if NAMEFORMSTRENGTH==173 

replace MHM_Specific =49 if (NAMEFORMSTRENGTH==174 | 

NAMEFORMSTRENGTH==175 | NAMEFORMSTRENGTH==178 | 

NAMEFORMSTRENGTH==179) 

* 
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label define MHM_Specific 1 "Abilify/Aripiprazole" 2 "Agomelatine/Valdoxan" 3 

"Allegron/Nortriptyline" 4 "Amitriptyline" 5 "Anafranil/Clomipramine" 6 "Buspirone" 

7 "Chlordiazepoxide" 8 "Chlorpromazine" 9 "Cipralex/Escitalopram" 10 

"Cipramil/Citalopram" 11 "Circadin/Melatonin" 12 "Cymbalta/Duloxetine" 13 

"Depakote/Valproic acid" 14 "Cloral betaine" 15 "Depixol/Fluanxol/Flupentixol" 16 

"Diazepam" 17 "Dosulepin" 18 "Efexor/Venaxx XL/Venlafaxine/Venlalic XL/Vensir 

XL" 19 "Fluoxetine" 20 "Fluvoxamine" 21 "Haloperidol" 22 "Imipramine" 23 

"Levomepromazine" 24 "Lofepramine" 25 "Lorazepam" 26 "Lormetazepam" 27 

"Lustral/Sertraline" 28 "Mirtazapine" 29 "Nitrazepam" 30 "Olanzapine/Zyprexa" 31 

"Oxazepam" 32 "Paliperidone" 33 "Paroxetine/Seroxat" 34 "Phenelzine" 35 "Priadel" 

36 "Promazine" 37 "Prothiaden" 38 "Quetiapine/Seroquel" 39 "Reboxetine" 40 

"Risperdal Consta/Risperidone" 41 "Sodium oxybate" 42 "Stilnoct/Zolpidem" 43 

"Sulpiride" 44 "Temazepam" 45 "Trazodone" 46 " Trifluoperazine" 47 "Trimipramine" 

48 "Zaleplon" 49 "Zimovane/Zopiclone", replace 

label value MHM_Specific MHM_Specific  

tab MHM_Specific  

*  

rename MHM_Specific MHM_49 

rename NAMEFORMSTRENGTH MHM_182 

* 

replace MHM_49 =50 if medication_categ==1 

replace MHM_49 =51 if medication_categ==2 

replace MHM_49 =52 if medication_categ==3 

replace MHM_49 =53 if medication_categ==5 

replace MHM_49 =54 if medication_categ==6 

replace MHM_49 =55 if medication_categ==7 

label define MHM_49 50 "FA and Vit" 51 "FAantag" 52 "Isotrtand vitA" 53 "AntiDM" 

54 "Antiepi" 55 "Others", add 

label value MHM_49 MHM_49 

tab MHM_49  

* 

drop name_form_strength form_dmd strength_dmd dispensed_quantity_value ddd 

ddd_per_unit bnf_chapter bnf_section bnf_paragraph prescription_category_ind 

issue_date multiple_bnf_codes_y_n multiple_bnf_codes MHM_182  

reshape wide medication_categ* label_name_form_stren* MHM_3categ* 

MHM_10categ* MHM_49* specified_medication* exposure_to_comeds_in_ew*, i 

(study_id) j( q) 

* 

order _all, alphabetic 

gen unique =.  

qui forval i = 1 /`=_N' {  

foreach v of var medication_categ1- medication_categ99{  

local list `"`list' `"`=`v'[`i']'"'"'  

local uniq : list uniq list  

}  

replace unique = `: list sizeof uniq' in `i'  

local list  

} 

replace unique=unique-1 

  

tab unique 

* 

gen medication=.  

foreach var1 of varlist medication_categ1-medication_categ99{ 



A-88 
 

replace medication=1 if (`var1'==3 & unique==1) 

} 

foreach var1 of varlist medication_categ1-medication_categ99{ 

replace medication=2 if (`var1'==5 & unique==1) 

} 

foreach var1 of varlist medication_categ1-medication_categ99{ 

replace medication=3 if (`var1'==6 & unique==1) 

} 

foreach var1 of varlist medication_categ1-medication_categ99{ 

replace medication=4 if (`var1'==1 & unique ==1)  

} 

foreach var1 of varlist medication_categ1-medication_categ99{ 

replace medication=5 if (`var1'==2 & unique ==1)  

} 

foreach var1 of varlist medication_categ1-medication_categ99{ 

replace medication=1 if (`var1'==3 & unique>=2) 

} 

foreach var1 of varlist medication_categ1-medication_categ99{ 

replace medication=2 if (`var1'==5 & unique>=2) 

} 

foreach var1 of varlist medication_categ1-medication_categ99{ 

replace medication=3 if (`var1'==6 & unique>=2) 

} 

foreach var1 of varlist medication_categ1-medication_categ99{ 

replace medication=6 if (`var1'==7 & unique ==1)  

} 

foreach var1 of varlist medication_categ1-medication_categ99{ 

replace medication=7 if (`var1'==4 & unique ==1)  

} 

foreach var1 of varlist medication_categ1-medication_categ99{ 

foreach var2 of varlist medication_categ1-medication_categ99{ 

replace medication=8 if (`var1'==4 & `var2'==1 & unique ==2)  

} 

} 

foreach var1 of varlist medication_categ1-medication_categ99{ 

foreach var2 of varlist medication_categ1-medication_categ99{ 

replace medication=9 if (`var1'==4 & `var2'==2 & unique ==2)  

} 

} 

foreach var1 of varlist medication_categ1-medication_categ99{ 

foreach var2 of varlist medication_categ1-medication_categ99{ 

replace medication=10 if (`var1'==4 & `var2'==7 & unique ==2)  

} 

} 

foreach var1 of varlist medication_categ1-medication_categ99{ 

foreach var2 of varlist medication_categ1-medication_categ99{ 

foreach var3 of varlist medication_categ1-medication_categ99{ 

replace medication=11 if (`var1'==4 & `var2'==1 &`var3'==2 & unique ==3)  

} 

} 

} 

foreach var1 of varlist medication_categ1-medication_categ99{ 

foreach var1 of varlist medication_categ1-medication_categ99{ 

replace medication=12 if (`var1'==3 & `var2'==4) 
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} 

} 

*(Running the syntax shows that ==4 is not valid) 

foreach var1 of varlist medication_categ1-medication_categ99{ 

foreach var1 of varlist medication_categ1-medication_categ99{ 

replace medication=13 if (`var1'==5 & `var2'==4) 

} 

} 

foreach var1 of varlist medication_categ1-medication_categ99{ 

foreach var1 of varlist medication_categ1-medication_categ99{ 

replace medication=14 if (`var1'==6 `var2'==4) 

} 

} 

* 

foreach var1 of varlist medication_categ1-medication_categ99{ 

replace medication=15 if (`var1'==4 & unique >=3 & medication!=11)  

} 

* 

replace medication=16 if (medication !=1 & medication !=2 & medication !=3 & 

medication !=4 & medication !=5 & medication !=6 & medication !=7 & medication 

!=8 & medication !=9 & medication !=10 & medication !=11& medication !=12 & 

medication !=13 & medication !=14 & medication !=15 ) 

* 

replace medication=17 if (medication !=1 & medication !=2 & medication !=3 & 

medication !=4 & medication !=5 & medication !=6 & medication !=7 & medication 

!=8 & medication !=9 & medication !=10 & medication !=11 & medication !=12 & 

medication !=13 & medication !=14 & medication !=15 & medication !=16) 

* 

label def  medication 1 "Isotrtand vitA" 2 "AntiDM" 3 "Antiepi" 4 "FA and Vit" 5 

"FAantag" 6 "Other medications" 7 "Mentalhealth" 8 "Mentalhea_FA" 9 

"Mentalhea_FAantag" 10 "Mentalhea_others" 11 "Mentalhea_FA_FAantag" 12 

"MHM&isotrtand" 13 "MHM&AntiDM" 14 "MHM&Antiepileptic"15 "MHM & 

Nointerestcombination" 16 "Combinedothersnotofinterest" 17 "Nomedic", replace  

label values  medication medication 

tab  medication 

*  

foreach var1 of varlist medication_categ1-medication_categ99{ 

replace medication=1 if (`var1'==3 & unique>=2) 

} 

foreach var1 of varlist medication_categ1-medication_categ99{ 

replace medication=2 if (`var1'==5 & unique>=2) 

} 

foreach var1 of varlist medication_categ1-medication_categ99{ 

replace medication=3 if (`var1'==6 & unique>=2) 

} 

* 

gen unique1 =.  

qui forval i = 1 /`=_N' {  

foreach v of var MHM_10categ1-MHM_10categ99{  

local list `"`list' `"`=`v'[`i']'"'"'  

local uniq : list uniq list  

}  

replace unique1 = `: list sizeof uniq' in `i'  

local list  
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} 

replace unique1=unique1-1 

  

tab unique1 

 

gen MHM10categ=. 

 

foreach var1 of varlist MHM_10categ1-MHM_10categ99{ 

replace MHM10categ=1 if (`var1'==1 & unique1==1) 

} 

foreach var1 of varlist MHM_10categ1-MHM_10categ99{ 

replace MHM10categ=2 if (`var1'==2 & unique1==1) 

} 

foreach var1 of varlist MHM_10categ1-MHM_10categ99{ 

replace MHM10categ=3 if (`var1'==3 & unique1==1) 

} 

foreach var1 of varlist MHM_10categ1-MHM_10categ99{ 

replace MHM10categ=4 if (`var1'==4 & unique1==1)  

} 

 

foreach var1 of varlist MHM_10categ1-MHM_10categ99{ 

replace MHM10categ=5 if (`var1'==5 & unique1 ==1)  

} 

foreach var1 of varlist MHM_10categ1-MHM_10categ99{ 

replace MHM10categ=6 if (`var1'==6 & unique1 ==1)  

} 

 

foreach var1 of varlist MHM_10categ1-MHM_10categ99{ 

replace MHM10categ=7 if (`var1'==7 & unique1 ==1)  

} 

foreach var1 of varlist MHM_10categ1-MHM_10categ99{ 

replace MHM10categ=8 if (`var1'==8 & unique1 ==1)  

} 

foreach var1 of varlist MHM_10categ1-MHM_10categ99{ 

replace MHM10categ=9 if (`var1'==9 & unique1 ==1)  

} 

 

foreach var1 of varlist MHM_10categ1-MHM_10categ99{ 

replace MHM10categ=10 if (`var1'==10 & unique1 ==1)  

} 

replace MHM10categ=11 if medication ==4 

replace MHM10categ=12 if medication ==5 

replace MHM10categ=13 if medication ==1 

replace MHM10categ=14 if medication ==2 

replace MHM10categ=15 if medication ==3 

replace MHM10categ=16 if medication ==6 

replace MHM10categ=17 if medication ==16 

 

 

foreach var1 of varlist MHM_10categ1-MHM_10categ99{ 

replace MHM10categ=50 if (`var1'==1 & unique1>=3) 

} 

foreach var1 of varlist MHM_10categ1-MHM_10categ99{ 

replace MHM10categ=51 if (`var1'==2 & unique1>=3) 
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} 

foreach var1 of varlist MHM_10categ1-MHM_10categ99{ 

replace MHM10categ=52 if (`var1'==3 & unique1>=3) 

} 

foreach var1 of varlist MHM_10categ1-MHM_10categ99{ 

replace MHM10categ=53 if (`var1'==4 & unique1>=3)  

} 

foreach var1 of varlist MHM_10categ1-MHM_10categ99{ 

replace MHM10categ=54 if (`var1'==5 & unique1>=3)  

} 

foreach var1 of varlist MHM_10categ1-MHM_10categ99{ 

replace MHM10categ=55 if (`var1'==6 & unique1>=3)  

} 

foreach var1 of varlist MHM_10categ1-MHM_10categ99{ 

replace MHM10categ=56 if (`var1'==7 & unique1>=3)  

} 

foreach var1 of varlist MHM_10categ1-MHM_10categ99{ 

replace MHM10categ=57 if (`var1'==8 & unique1>=3)  

} 

foreach var1 of varlist MHM_10categ1-MHM_10categ99{ 

replace MHM10categ=58 if (`var1'==9 & unique1>=3)  

} 

foreach var1 of varlist MHM_10categ1-MHM_10categ99{ 

replace MHM10categ=59 if (`var1'==10 & unique1>=3)  

} 

* 

foreach var1 of varlist MHM_10categ1-MHM_10categ99{ 

foreach var2 of varlist MHM_10categ1-MHM_10categ99{ 

replace MHM10categ=18 if (`var1'==1 & `var2'==11 & unique1==2) 

} 

} 

foreach var1 of varlist MHM_10categ1-MHM_10categ99{ 

foreach var2 of varlist MHM_10categ1-MHM_10categ99{ 

replace MHM10categ=19 if (`var1'==1 & `var2'==12 & unique1==2) 

} 

} 

foreach var1 of varlist MHM_10categ1-MHM_10categ99{ 

foreach var2 of varlist MHM_10categ1-MHM_10categ99{ 

replace MHM10categ=20 if (`var1'==1 & `var2'==16 & unique1==2) 

} 

} 

*Hypnotics, FA and FAantag 

foreach var1 of varlist MHM_10categ1-MHM_10categ99{ 

foreach var2 of varlist MHM_10categ1-MHM_10categ99{ 

foreach var3 of varlist MHM_10categ1-MHM_10categ99{ 

replace MHM10categ=21 if (`var1'==1 & `var2'==11 & `var3'==12 & unique1==3) 

} 

} 

} 

* 

foreach var1 of varlist MHM_10categ1-MHM_10categ99{ 

foreach var2 of varlist MHM_10categ1-MHM_10categ99{ 

replace MHM10categ=22 if (`var1'==2 & `var2'==11 & unique1==2) 

} 
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} 

foreach var1 of varlist MHM_10categ1-MHM_10categ99{ 

foreach var2 of varlist MHM_10categ1-MHM_10categ99{ 

replace MHM10categ=23 if (`var1'==2 & `var2'==12 & unique1==2) 

} 

} 

foreach var1 of varlist MHM_10categ1-MHM_10categ99{ 

foreach var2 of varlist MHM_10categ1-MHM_10categ99{ 

replace MHM10categ=24 if (`var1'==2 & `var2'==16 & unique1==2) 

} 

} 

foreach var1 of varlist MHM_10categ1-MHM_10categ99{ 

foreach var2 of varlist MHM_10categ1-MHM_10categ99{ 

foreach var3 of varlist MHM_10categ1-MHM_10categ99{ 

replace MHM10categ=25 if (`var1'==2 & `var2'==11 & `var3'==12 & unique1==3) 

} 

} 

} 

foreach var1 of varlist MHM_10categ1-MHM_10categ99{ 

foreach var2 of varlist MHM_10categ1-MHM_10categ99{ 

replace MHM10categ=26 if (`var1'==4 & `var2'==11 & unique1==2) 

} 

} 

foreach var1 of varlist MHM_10categ1-MHM_10categ99{ 

foreach var2 of varlist MHM_10categ1-MHM_10categ99{ 

replace MHM10categ=27 if (`var1'==4 & `var2'==12 & unique1==2) 

} 

} 

foreach var1 of varlist MHM_10categ1-MHM_10categ99{ 

foreach var2 of varlist MHM_10categ1-MHM_10categ99{ 

replace MHM10categ=28 if (`var1'==4 & `var2'==16 & unique1==2) 

} 

} 

foreach var1 of varlist MHM_10categ1-MHM_10categ99{ 

foreach var2 of varlist MHM_10categ1-MHM_10categ99{ 

foreach var3 of varlist MHM_10categ1-MHM_10categ99{ 

replace MHM10categ=29 if (`var1'==4 & `var2'==11 & `var3'==12 & unique1==3) 

} 

} 

} 

foreach var1 of varlist MHM_10categ1-MHM_10categ99{ 

foreach var2 of varlist MHM_10categ1-MHM_10categ99{ 

replace MHM10categ=30 if (`var1'==7 &`var2'==11 & unique1==2) 

} 

} 

foreach var1 of varlist MHM_10categ1-MHM_10categ99{ 

foreach var2 of varlist MHM_10categ1-MHM_10categ99{ 

replace MHM10categ=31 if (`var1'==7 & `var2'==12 & unique1==2) 

} 

} 

foreach var1 of varlist MHM_10categ1-MHM_10categ99{ 

foreach var2 of varlist MHM_10categ1-MHM_10categ99{ 

replace MHM10categ=32 if (`var1'==7 & `var2'==16 & unique1==2) 

} 
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} 

foreach var1 of varlist MHM_10categ1-MHM_10categ99{ 

foreach var2 of varlist MHM_10categ1-MHM_10categ99{ 

foreach var3 of varlist MHM_10categ1-MHM_10categ99{ 

replace MHM10categ=33 if (`var1'==7 & `var2'==11 &`var3'==12 & unique1==3) 

} 

} 

} 

foreach var1 of varlist MHM_10categ1-MHM_10categ99{ 

foreach var2 of varlist MHM_10categ1-MHM_10categ99{ 

replace MHM10categ=34 if (`var1'==9 &`var2'==11 & unique1==2) 

} 

} 

foreach var1 of varlist MHM_10categ1-MHM_10categ99{ 

foreach var2 of varlist MHM_10categ1-MHM_10categ99{ 

replace MHM10categ=35 if (`var1'==9 & `var2'==12 & unique1==2) 

} 

} 

foreach var1 of varlist MHM_10categ1-MHM_10categ99{ 

foreach var2 of varlist MHM_10categ1-MHM_10categ99{ 

replace MHM10categ=36 if (`var1'==9 & `var2'==16 & unique1==2) 

} 

} 

foreach var1 of varlist MHM_10categ1-MHM_10categ99{ 

foreach var2 of varlist MHM_10categ1-MHM_10categ99{ 

foreach var3 of varlist MHM_10categ1-MHM_10categ99{ 

replace MHM10categ=37 if (`var1'==9 & `var2'==11 & `var3'==12 & unique1==3) 

} 

} 

} 

foreach var1 of varlist MHM_10categ1-MHM_10categ99{ 

foreach var2 of varlist MHM_10categ1-MHM_10categ99{ 

replace MHM10categ=38 if (`var1'==10 & `var2'==11 & unique1==2) 

} 

} 

foreach var1 of varlist MHM_10categ1-MHM_10categ99{ 

foreach var2 of varlist MHM_10categ1-MHM_10categ99{ 

replace MHM10categ=39 if (`var1'==10 & `var2'==12 & unique1==2) 

} 

} 

foreach var1 of varlist MHM_10categ1-MHM_10categ99{ 

foreach var2 of varlist MHM_10categ1-MHM_10categ99{ 

replace MHM10categ=40 if (`var1'==10 & `var2'==16 & unique1==2) 

} 

} 

foreach var1 of varlist MHM_10categ1-MHM_10categ99{ 

foreach var2 of varlist MHM_10categ1-MHM_10categ99{ 

foreach var3 of varlist MHM_10categ1-MHM_10categ99{ 

replace MHM10categ=41 if (`var1'==10 & `var2'==11 &`var3'==12 & unique1==3) 

} 

} 

} 

replace MHM10categ=42 if (medication==10 & MHM10categ==.) 

replace MHM10categ=43 if (medication==7 & MHM10categ==.) 
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replace MHM10categ=44 if (medication==8 & MHM10categ==.) 

replace MHM10categ=45 if (medication==9 & MHM10categ==.) 

replace MHM10categ=46 if (medication==11 & MHM10categ==.) 

 

replace MHM10categ=47 if (medication==12 & MHM10categ==.) 

replace MHM10categ=48 if (medication==13 & MHM10categ==.) 

replace MHM10categ=49 if (medication==14 & MHM10categ==.) 

 

replace MHM10categ=60 if MHM10categ==. 

* 

label define MHM10categ 1 "Hypnotics" 2 "Anxyolitics" 3 "Barbiturates" 4 

"Antipsychotic" 5 "Antipsychotic inj" 6 "For mania and hypomania" 7 "Tricyclic and 

related antidepressant" 8 "Monoamine-oxidase inhibitors" 9 "SSRI" 10 "Other 

antidepressant" 11 "FA and Vit" 12 "FAantag" 13 "IsotandvitA" 14 "AntiDM" 15 

"Antiepi" 16 "Other medications" 17 "Nointerestcombinations" 18 "Hypnotics and FA" 

19 "Hypnotics and FAantag" 20 "Hypnotics and others" 21 "Hypnotics, FA and 

FAantag" 22 "Anxyolitics and FA" 23 "Anxyolitics and FAantag" 24 "Anxyolitics and 

others" 25 "Anxyolitics, FA and FAantag" 26 "Antipsychotic and FA" 27 

"Antipsychotic and FAantag" 28 "Antipsychotic and others" 29 "Antipsychotic, FA and 

FAantag" 30 "Tricyclic and related antidepressant and FA" 31 "Tricyclic and related 

antidepressant and FAantag" 32 "Tricyclic and related antidepressant and others" 33 

"Tricyclic and related antidepressant, FA and FAantag" 34 "SSRI and FA" 35 "SSRI 

and FAantag" 36 "SSRI and others" 37 "SSRI, FA and FAantag" 38 "Other 

antidepressant and FA" 39 "Other antidepressant and FAantag" 40 "Other antidepressant 

and others" 41 "Other antidepressant, FA and FAantag"  42 "Different MHM and 

others"  43 "Different MHM" 44 "Different MHM and FA" 45 "Different MHM and 

FAantag" 46 "Different MHM,FA and FA antagonist" 47 "MHM&isotrtand" 48 

"MHM&AntiDM" 49 "MHM&Antiepileptic" 50 "Hypnotics 3combinations" 51 

"Anxyolitics 3combinations" 52 "Barbiturates 3combinations" 53 "Antipsychotic 

3combinations" 54 "Antipsychotic inj 3combinations" 55 "For mania and hypomania 

3combinations" 56 "Tricyclic and related antidepressant 3combinations" 57 

"Monoamine-oxidase inhibitors" 58 "SSRI 3combinations" 59 "Other antidepressant 

3combinations" 60 "Nomedic",  replace   

label values MHM10categ MHM10categ 

tab MHM10categ 

 

recode MHM10categ (1 2 3=1)(4 5 6 =2)(7 8 9 10 

=3)(11=13)(12=14)(13=28)(14=29)(15=30)(16=15)(17=16)(18 22=5)(19 23=17)(20 

24=8)(21 25=18)(26 =7)(27= 19)(28 =9)(29=20)(30 34 38=6)(31 35 39=21)(33 37 

41=22)(32 36 40 =10) (42=11) (43 =4) (44=12)  (45=23) (46=24) (50 51 52 =25) (53 54 

55 =26) (56 57 58 59=27) (47= 31) (48=32) (49=33) , generate (MHM3categ) 

 

label define MHM3categ 1 "Hyp_anxy" 2 "Psychosesandrelated" 3 "Antidepressants" 4 

"Different MHM" 5 "Hyp_anxy_FA" 6 "Antidepressants_FA" 7 

"Psychosesandrelated_FA"  8 "Hyp_Anxy_others" 9 "Psychosesandrelated_others" 10 

"Antidepressants_other" 11 "DifferentMHM_others" 12 "DifferentMHM_FA" 13 

"FAandVit" 14 "FA-antag" 15 "Other medications" 16 "Noninterested combination" 17 

"Hyp_anxy_FAantag" 18 "Hyp_anxy_FA_FAantag" 19 

"Psychosesandrelated_FAantag"  20 "Psychosesandrelated_FA_FAantag" 21 

"Antidepressants_FAantag" 22 "Antidepressants_FA_FAantag" 23 

"DifferentMHM_FAantag" 24 "Different MHM_FA_FAantag" 25 "Hyp_Anxy_3comb" 

26 "Psychosesandrelated_3comb" 27 "Antidepressants_3comb" 28 "Isolated ViA" 29 

"AntiDM" 30 "Antiepi" 47 "MHM&isotrtand" 48 "MHM&AntiDM" 49 

"MHM&Antiepileptic", replace   
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label value MHM3categ MHM3categ  

tab MHM3categ  

 

gen unique2 =.  

qui forval i = 1 /`=_N' {  

foreach v of var MHM_491- MHM_4999{  

local list `"`list' `"`=`v'[`i']'"'"'  

local uniq : list uniq list  

}  

replace unique2 = `: list sizeof uniq' in `i'  

local list  

} 

replace unique2=unique2-1 

  

tab unique2 

 

gen MHMtype=. 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=1 if (`var1'==1 & unique2==1) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=2 if (`var1'==2 & unique2==1) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=3 if (`var1'==3 & unique2==1) 

} 

foreach var1 of varlist MHM_491-MHM_4999{ 

replace MHMtype=4 if (`var1'==4 & unique2==1) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=5 if (`var1'==5 & unique2==1) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=6 if (`var1'==6 & unique2==1) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=7 if (`var1'==7 & unique2==1) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=8 if (`var1'==8 & unique2==1) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=9 if (`var1'==9 & unique2==1) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=10 if (`var1'==10 & unique2==1) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=11 if (`var1'==11 & unique2==1) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=12 if (`var1'==12 & unique2==1) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 
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replace MHMtype=13 if (`var1'==13 & unique2==1) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=14 if (`var1'==14 & unique2==1) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=15 if (`var1'==15 & unique2==1) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=16 if (`var1'==16 & unique2==1) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=17 if (`var1'==17 & unique2==1) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=18 if (`var1'==18 & unique2==1) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=19 if (`var1'==19 & unique2==1) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=20 if (`var1'==20 & unique2==1) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=21 if (`var1'==21 & unique2==1) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=22 if (`var1'==22 & unique2==1) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=23 if (`var1'==23 & unique2==1) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=24 if (`var1'==24 & unique2==1) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=25 if (`var1'==25 & unique2==1) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=26 if (`var1'==26 & unique2==1) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=27 if (`var1'==27 & unique2==1) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=28 if (`var1'==28 & unique2==1) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=29 if (`var1'==29 & unique2==1) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=30 if (`var1'==30 & unique2==1) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 
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replace MHMtype=31 if (`var1'==31 & unique2==1) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=32 if (`var1'==32 & unique2==1) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=33 if (`var1'==33 & unique2==1) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=34 if (`var1'==34 & unique2==1) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=35 if (`var1'==35 & unique2==1) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=36 if (`var1'==36 & unique2==1) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=37 if (`var1'==37 & unique2==1) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=38 if (`var1'==38 & unique2==1) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=39 if (`var1'==39 & unique2==1) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=40 if (`var1'==40 & unique2==1) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=41 if (`var1'==41 & unique2==1) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=42 if (`var1'==42 & unique2==1) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=43 if (`var1'==43 & unique2==1) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=44 if (`var1'==44 & unique2==1) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=45 if (`var1'==45 & unique2==1) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=46 if (`var1'==46 & unique2==1) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=47 if (`var1'==47 & unique2==1) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=48 if (`var1'==48 & unique2==1) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 
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replace MHMtype=49 if (`var1'==49 & unique2==1) 

} 

 

label define MHMtype 1 "Abilify/Aripiprazole" 2 "Agomelatine/Valdoxan" 3 

"Allegron/Nortriptyline" 4 "Amitriptyline" 5 "Anafranil/Clomipramine" 6 "Buspirone" 

7 "Chlordiazepoxide" 8 "Chlorpromazine" 9 "Cipralex/Escitalopram" 10 

"Cipramil/Citalopram" 11 "Circadin/Melatonin" 12 "Cymbalta/Duloxetine" 13 

"Depakote/Valproic acid" 14 "Cloral betaine" 15 "Depixol/Fluanxol/Flupentixol" 16 

"Diazepam" 17 "Dosulepin" 18 "Efexor/Venlafaxine" 19 "Fluoxetine" 20 

"Fluvoxamine" 21 "Haloperidol" 22 "Imipramine" 23 "Levomepromazine" 24 

"Lofepramine" 25 "Lorazepam" 26 "Lormetazepam" 27 "Lustral/Sertraline" 28 

"Mirtazapine" 29 "Nitrazepam" 30 "Olanzapine/Zyprexa" 31 "Oxazepam" 32 

"Paliperidone" 33 "Paroxetine/Seroxat" 34 "Phenelzine" 35 "Priadel" 36 "Promazine" 

37 "Prothiaden" 38 "Quetiapine/Seroquel" 39 "Reboxetine" 40 "Risperdal 

Consta/Risperidone" 41 "Sodium oxybate" 42 "Stilnoct/Zolpidem" 43 "Sulpiride" 44 

"Temazepam" 45 "Trazodone" 46 " Trifluoperazine" 47 "Trimipramine" 48 "Zaleplon" 

49 "Zimovane/Zopiclone", replace 

label value MHMtype MHMtype 

tab MHMtype 

* 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=59 if (`var1'==1 & medication==8 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=60 if (`var1'==2 & medication==8 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=61 if (`var1'==3 & medication==8 & unique2>=2) 

} 

 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=62 if (`var1'==4 & medication==8 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=63 if (`var1'==5 & medication==8 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=64 if (`var1'==6 & medication==8 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=65 if (`var1'==7 & medication==8 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=66 if (`var1'==8 & medication==8 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=67 if (`var1'==9 & medication==8 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=68 if (`var1'==10 & medication==8 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=69 if (`var1'==11 & medication==8 & unique2>=2) 

} 
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foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=70 if (`var1'==12 & medication==8 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=71 if (`var1'==13 & medication==8 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=72 if (`var1'==14 & medication==8 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=73 if (`var1'==15 & medication==8 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=74 if (`var1'==16 & medication==8 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=75 if (`var1'==17 & medication==8 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=76 if (`var1'==18 & medication==8 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=77 if (`var1'==19 & medication==8 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=78 if (`var1'==20 & medication==8 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=79 if (`var1'==21 & medication==8 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=80 if (`var1'==22 & medication==8 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=81 if (`var1'==23 & medication==8 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=82 if (`var1'==24 & medication==8 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=83 if (`var1'==25 & medication==8 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=84 if (`var1'==26 & medication==8 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=85 if (`var1'==27 & medication==8 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=86 if (`var1'==28 & medication==8 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=87 if (`var1'==29 & medication==8 & unique2>=2) 

} 
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foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=88 if (`var1'==30 & medication==8 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=89 if (`var1'==31 & medication==8 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=90 if (`var1'==32 & medication==8 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=91 if (`var1'==33 & medication==8 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=92 if (`var1'==34 & medication==8 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=93 if (`var1'==35 & medication==8 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=94 if (`var1'==36 & medication==8 & unique2>=2) 

} 

ach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=95 if (`var1'==37 & medication==8 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=96 if (`var1'==38 & medication==8 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=97 if (`var1'==39 & medication==8 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=98 if (`var1'==40 & medication==8 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=99 if (`var1'==41 & medication==8 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=100 if (`var1'==42 & medication==8 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=101 if (`var1'==43 & medication==8 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=102 if (`var1'==44 & medication==8 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=103 if (`var1'==45 & medication==8 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=104 if (`var1'==46 & medication==8 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=105 if (`var1'==47 & medication==8 & unique2>=2) 

} 



A-101 
 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=106 if (`var1'==48 & medication==8 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=107 if (`var1'==49 & medication==8 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=108 if (`var1'==1 & medication==10 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=109 if (`var1'==2 & medication==10 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=110 if (`var1'==3 & medication==10 & unique2>=2) 

} 

 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=111 if (`var1'==4 & medication==10 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=112 if (`var1'==5 & medication==10 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=113 if (`var1'==6 & medication==10 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=114  if (`var1'==7 & medication==10 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=115  if (`var1'==10 & medication==10 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=116  if (`var1'==9 & medication==10 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=117 if (`var1'==10 & medication==10 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=118 if (`var1'==11 & medication==10 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=119  if (`var1'==12 & medication==10 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=120  if (`var1'==13 & medication==10 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=121  if (`var1'==14 & medication==10 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=122 if (`var1'==15 & medication==10 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=123  if (`var1'==16 & medication==10 & unique2>=2) 
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} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=124 if (`var1'==17 & medication==10 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=125 if (`var1'==18 & medication==10 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=126  if (`var1'==19 & medication==10 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=127 if (`var1'==20 & medication==10 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=128  if (`var1'==21 & medication==10 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=129  if (`var1'==22 & medication==10 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=130  if (`var1'==23 & medication==10 & unique2>=2) 

} 

 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=131 if (`var1'==24 & medication==10 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=132 if (`var1'==25 & medication==10 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=133 if (`var1'==26 & medication==10 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=134 if (`var1'==27 & medication==10 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=135  if (`var1'==28 & medication==10 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=136  if (`var1'==29 & medication==10 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=137  if (`var1'==30 & medication==10 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=138  if (`var1'==31 & medication==10 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=139  if (`var1'==32 & medication==10 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=140  if (`var1'==33 & medication==10 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 
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replace MHMtype=141  if (`var1'==34 & medication==10 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=142 if (`var1'==35 & medication==10 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=143 if (`var1'==36 & medication==10 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=144  if (`var1'==37 & medication==10 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=145 if (`var1'==38 & medication==10 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=146  if (`var1'==39 & medication==10 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=147 if (`var1'==40 & medication==10 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=148 if (`var1'==41 & medication==10 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=149 if (`var1'==42 & medication==10 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=150  if (`var1'==43 & medication==10 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=151 if (`var1'==44 & medication==10 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=152 if (`var1'==45 & medication==10 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=153 if (`var1'==46 & medication==10 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=154 if (`var1'==47 & medication==10 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=155 if (`var1'==48 & medication==10 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=156 if (`var1'==49 & medication==10 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=157 if (`var1'==1 & medication==9 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=158 if (`var1'==2 & medication==9 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 
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replace MHMtype=159 if (`var1'==3 & medication==9 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=160 if (`var1'==4 & medication==9 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=161 if (`var1'==5 & medication==9 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=162 if (`var1'==6 & medication==9 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=163  if (`var1'==7 & medication==9 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=164  if (`var1'==10 & medication==9 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=165  if (`var1'==9 & medication==9 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=166 if (`var1'==10 & medication==9 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=167  if (`var1'==11 & medication==9 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=168  if (`var1'==12 & medication==9 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=169  if (`var1'==13 & medication==9 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=170  if (`var1'==14 & medication==9 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=171 if (`var1'==15 & medication==9 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=172  if (`var1'==16 & medication==9 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=173 if (`var1'==17 & medication==9 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=174 if (`var1'==18 & medication==9 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=175  if (`var1'==19 & medication==9 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=176 if (`var1'==20 & medication==9 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 
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replace MHMtype=177  if (`var1'==21 & medication==9 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=178  if (`var1'==22 & medication==9 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=179  if (`var1'==23 & medication==9 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=180 if (`var1'==24 & medication==9 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=181 if (`var1'==25 & medication==9 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=182 if (`var1'==26 & medication==9 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=183 if (`var1'==27 & medication==9 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=184  if (`var1'==28 & medication==9 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=185  if (`var1'==29 & medication==9 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=186  if (`var1'==30 & medication==9 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=187  if (`var1'==31 & medication==9 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=188  if (`var1'==32 & medication==9 & unique2>=2) 

}  

 foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=189  if (`var1'==33 & medication==9 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=190  if (`var1'==34 & medication==9 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=191 if (`var1'==35 & medication==9 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=192  if (`var1'==36 & medication==9 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=193  if (`var1'==37 & medication==9 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=194  if (`var1'==38 & medication==9 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 
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replace MHMtype=195  if (`var1'==39 & medication==9 & unique2>=2) 

}  

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=196 if (`var1'==40 & medication==9 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=197 if (`var1'==41 & medication==9 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=198 if (`var1'==42 & medication==9 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=199  if (`var1'==43 & medication==9 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=200  if (`var1'==44 & medication==9 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=201 if (`var1'==45 & medication==9 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=202 if (`var1'==46 & medication==9 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=203 if (`var1'==47 & medication==9 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=204 if (`var1'==48 & medication==9 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=205 if (`var1'==49 & medication==9 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=206  if (`var1'==1 & medication==11 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=207 if (`var1'==2 & medication==11 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=208 if (`var1'==3 & medication==11 & unique2>=2) 

} 

 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=209 if (`var1'==4 & medication==11 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=210 if (`var1'==5 & medication==11 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=211 if (`var1'==6 & medication==11 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=212  if (`var1'==7 & medication==11 & unique2>=2) 

} 
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foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=213  if (`var1'==10 & medication==11 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=214  if (`var1'==9 & medication==11 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=215 if (`var1'==10 & medication==11 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=216  if (`var1'==11 & medication==11 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=217 if (`var1'==12 & medication==11 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=218  if (`var1'==13 & medication==11 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=219  if (`var1'==14 & medication==11 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=220 if (`var1'==15 & medication==11 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=221  if (`var1'==16 & medication==11 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=222 if (`var1'==17 & medication==11 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=223 if (`var1'==18 & medication==11 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=224  if (`var1'==19 & medication==11 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=225 if (`var1'==20 & medication==11 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=226  if (`var1'==21 & medication==11 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=227  if (`var1'==22 & medication==11 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=228  if (`var1'==23 & medication==11 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=229 if (`var1'==24 & medication==11 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=230  if (`var1'==25 & medication==11 & unique2>=2) 

} 
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foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=231 if (`var1'==26 & medication==11 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=232 if (`var1'==27 & medication==11 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=233  if (`var1'==28 & medication==11 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=234  if (`var1'==29 & medication==11 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=235  if (`var1'==30 & medication==11 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=236  if (`var1'==31 & medication==11 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=237  if (`var1'==32 & medication==11 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=238  if (`var1'==33 & medication==11 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=239  if (`var1'==34 & medication==11 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=240 if (`var1'==35 & medication==11 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=241  if (`var1'==36 & medication==11 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=242  if (`var1'==37 & medication==11 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=243  if (`var1'==38 & medication==11 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=244  if (`var1'==39 & medication==11 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=245 if (`var1'==40 & medication==11 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=246 if (`var1'==41 & medication==5 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=247 if (`var1'==42 & medication==5 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=248  if (`var1'==43 & medication==5 & unique2>=2) 

} 
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foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=249  if (`var1'==44 & medication==5 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=250 if (`var1'==45 & medication==11 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=251 if (`var1'==46 & medication==11 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=252 if (`var1'==47 & medication==11 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=253 if (`var1'==48 & medication==11 & unique2>=2) 

} 

foreach var1 of varlist MHM_491- MHM_4999{ 

replace MHMtype=254 if (`var1'==49 & medication==11 & unique2>=2) 

} 

 

label define MHMtype  59 "Abilify/FA" 60 "Agomelatine/FA"  61 "Allegron/FA"  62 

"Amitriptyline/FA " 63 "Anafranil/FA"  64 "Buspirone/FA"  65 "Chlordiazepoxide/FA 

" 66 "Chlorpromazine/FA"  67 "Cipralex/Escitalopram/FA"   68 

"Cipramil/Citalopram/FA"  69 "Circadin/FA" 70 "Cymbalta/FA"   71 "Depakote/FA"   

72 "Cloral betaine/FA"   73 "Depixol/FA"   74 "Diazepam/FA"   75 "Dosulepin/FA"  76 

"Efexor/Venlafaxine/FA"  77 "Fluoxetine/FA "  78 "Fluvoxamine/FA"   79 

"Haloperidol/FA"   80 "Imipramine/FA"   81 "Levomepromazine/FA"   82 

"Lofepramine/FA"   83 "Lorazepam/FA"  84 "Lormetazepam /FA"  85 

"Lustral/Sertraline/FA "  86 "Mirtazapine/FA"  87 "Nitrazepam/FA"  88 

"Olanzapine/FA"   89 "Oxazepam/FA"  90 "Paliperidone/FA"  91 "Paroxetine/FA" 92 

"Phenelzine/FA"  93 "Priadel/FA"  94 "Promazine/FA"  95 "Prothiaden/FA"  96 

"Quetiapine/FA"  97 "Reboxetine/FA"  98 "Risperdal Consta/FA"  99 "Sodium 

oxybate/FA"  100 "Stilnoct/Zolpidem/FA"  101 "Sulpiride/FA"  102 "Temazepam/FA"  

103 "Trazodone/FA" 104 "Trifluoperazine/FA" 105 "Trimipramine/FA"  106 

"Zaleplon/FA"  107 "Zimovane/FA " 108 "Abilify/OTHERS" 109 

"Agomelatine/OTHERS"  110 "Allegron/OTHERS" 111"Amitriptyline/OTHERS"  112 

"Anafranil/OTHERS"  113 "Buspirone/OTHERS" 114 "Chlordiazepoxide/OTHERS" 

115 "Chlorpromazine/OTHERS"  116 "Cipralex/Escitalopram/OTHERS"   117 

"Cipramil/Citalopram/OTHERS"  118 "Circadin/OTHERS" 119 "Cymbalta/OTHERS"  

120 "Depakote/OTHERS"  121 "Cloral betaine/OTHERS"  122 "Depixol/OTHERS"   

123 "Diazepam/OTHERS" 124 "Dosulepin/OTHERS"  125 

"Efexor/Venlafaxine/OTHERS"  126 "Fluoxetine/OTHERS"  127 

"Fluvoxamine/OTHERS"  128 "Haloperidol/OTHERS " 129 "Imipramine/OTHERS"  

130 "Levomepromazine/OTHERS " 131 "Lofepramine/OTHERS"  132 

"Lorazepam/OTHERS" 133 "Lormetazepam/OTHERS" 134 

"Lustral/Sertraline/OTHERS"  135 "Mirtazapine/OTHERS"  136 

"Nitrazepam/OTHERS" 137 "Olanzapine/OTHERS"  138 "Oxazepam/OTHERS"  139 

"Paliperidone/OTHERS"  140 "Paroxetine/OTHERS" 141 "Phenelzine/OTHERS "  142 

"Priadel/OTHERS " 143 "Promazine/OTHERS"  144 "Prothiaden/OTHERS"  145 

"Quetiapine/OTHERS"  146 "Reboxetine/OTHERS"  147 "Risperdal Consta/OTHERS"  

148 "Sodium oxybate/OTHERS " 149 "Stilnoct/OTHERS" 150 "Sulpiride/OTHERS " 

151 "Temazepam/OTHERS " 152 "Trazodone/OTHERS" 153 

"Trifluoperazine/OTHERS" 154 "Trimipramine/OTHERS"  155 "Zaleplon/OTHERS"  

156 "Zimovane/OTHERS" 157 "Abilify/FA ANTAGONIST" 158 "Agomelatine/FA 

ANTAGONIST " 159 "Allegron/FA ANTAGONIST " 160 "Amitriptyline/FA 
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ANTAGONIST " 161 "Anafranil/FA ANTAGONIST"  162 "Buspirone/FA 

ANTAGONIST" 163 "Chlordiazepoxide/FA ANTAGONIST"  164 

"Chlorpromazine/FA ANTAGONIST" 165 "Cipralex/Escitalopram/FA 

ANTAGONIST"  166 "Cipramil/Citalopram/FA ANTAGONIST "  167 "Circadin/FA 

ANTAGONIST"  168 "Cymbalta/FA ANTAGONIST"   169 "Depakote/FA 

ANTAGONIST " 170 "Cloral betaine/FA ANTAGONIST " 171 "Depixol/FA 

ANTAGONIST"  172 "Diazepam/FA ANTAGONIST"   173 "Dosulepin/FA 

ANTAGONIST "  174 "Efexor/Venlafaxine/FA ANTAGONIST"  175 "Fluoxetine/FA 

ANTAGONIST"  176 "Fluvoxamine/FA ANTAGONIST"  177 "Haloperidol/FA 

ANTAGONIST"  178 "Imipramine/FA ANTAGONIST"  179 "Levomepromazine/FA 

ANTAGONIST"  180 "Lofepramine/FA ANTAGONIST"  181 "Lorazepam/FA 

ANTAGONIST " 182 "Lormetazepam /FA ANTAGONIST " 183 

"Lustral/Sertraline/FA ANTAGONIST"  184 "Mirtazapine/FA ANTAGONIST"   185 

"Nitrazepam/FA ANTAGONIST"  186 "Olanzapine/FA ANTAGONIST " 187 

"Oxazepam/FA ANTAGONIST " 188 "Paliperidone/FA ANTAGONIST"  189 

"Paroxetine/FA ANTAGONIST"  190 "Phenelzine/FA ANTAGONIST " 191 

"Priadel/FA ANTAGONIST " 192 "Promazine/FA ANTAGONIST"   193 

"Prothiaden/FA ANTAGONIST"   194 "Quetiapine/FA ANTAGONIST"   195 

"Reboxetine/FA ANTAGONIST"   196 "Risperdal Consta/FA ANTAGONIST "  197 

"Sodium oxybate/FA ANTAGONIST"   198 "Stilnoct/FA ANTAGONIST"  199 

"Sulpiride/FA ANTAGONIST"   200 "Temazepam/FA ANTAGONIST"  201 

"Trazodone/FA ANTAGONIST" 202 "Trifluoperazine/FA ANTAGONIST" 203 

"Trimipramine/FA ANTAGONIST"  204 "Zaleplon/FA ANTAGONIST"  205 

"Zimovane/FA ANTAGONIST" 206 "Abilify/FA&FAanta" 207 

"Agomelatine/FA&FAANTA" 208 "Allegron/FA&FAANT" 209 

"Amitriptyline/FA&FAANTA" 210 "Anafranil/FA&FAANTA" 211 

"Buspirone/FA&FAANTA" 212 "Chlordiazepoxide/FA&FAANTA" 213 

"Chlorpromazine/FA&FAANTA" 214 "Cipralex/Escitalopram/FA&FAANTA"  215 

"Cipramil/Citalopram/FA&FAANTA" 216 "Circadin/FA&FAANTA" 217 

"Cymbalta/FA&FAANTA" 218 "Depakote/FA&FAANTA"  219 "Cloral 

betaine/FA&FAANTA" 220 "Depixol/FA&FAANTA"  221 

"Diazepam/FA&FAANTA"  222 "Dosulepin/FA&FAANTA"  223 

"Efexor/Venlafaxine/FA&FAANTA"  224 "Fluoxetine/FA&FAANTA"  225 

"Fluvoxamine/FA&FAANTA" 226 "Haloperidol/FA&FAANTA"  227 

"Imipramine/FA&FAANTA"  228 "Levomepromazine/FA&FAANTA"  229 

"Lofepramine/FA&FAANTA" 230 "Lorazepam/FA&FAANTA" 231 

"Lormetazepam/FA&FAANTA" 232 "Lustral/FA&FAANTA" 233 

"Mirtazapine/FA&FAANTA"  234 "Nitrazepam/FA&FAANTA" 235 

"Olanzapine/FA&FAANTA"  236 "Oxazepam/FA&FAANTA"  237 

"Paliperidone/FA&FAANTA"  238 "Paroxetine/FA&FAANTA" 239 

"Phenelzine/FA&FAANTA"  240 "Priadel/FA&FAANTA"  241 

"Promazine/FA&FAANTA"  242 "Prothiaden/FA&FAANTA"  243 

"Quetiapine/FA&FAANTA"  244 "Reboxetine/FA&FAANTA"  245 "Risperdal 

Consta/FA&FAANTA"  246 "Sodium oxybate/FA&FAANTA"  247 

"Stilnoct/FA&FAANTA" 248 "Sulpiride/FA&FAANTA"  249 

"Temazepam/FA&FAANTA"  250 "Trazodone/FA&FAANTA" 251 

"Trifluoperazine/FA&FAANTA" 252 "Trimipramine/FA&FAANTA"  253 

"Zaleplon/FA&FAANTA"  254 "Zimovane/FA&FAANTA", modify 

tab MHMtype 

 

replace  MHMtype=50 if medication==7 & unique2>=2 

 replace  MHMtype=51 if medication==6 

 replace  MHMtype=52 if medication==15 & unique2>=2 

 replace  MHMtype=53 if medication==4 
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 replace  MHMtype=54 if medication==5 

 replace  MHMtype=55 if medication==1 

 replace  MHMtype=56 if medication==2 

 replace  MHMtype=57 if medication==3 

 replace  MHMtype=58 if medication==16 & unique2>=2 

 

label define MHMtype 50 "Combined MHM" 51 "Other medications" 52 "MHM & 

Nointerestcombination" 53 "FAandVit" 54 "FA-antag" 55 "Isotrtand vitA" 56 

"AntiDM"  57 "Antiepi" 58 "Combinedothersnotofinterest", modify 

 tab MHMtype 

  

use "C:\Users\hsaad001\Check results- May 2018\Objective 3 HSD and NIMATS 

revised.dta", clear 

merge 1:1 study_id using "C:\Users\hsaad001\Check results- May 2018\Final reshaped 

EPD ready for linkage.dta" 

save "C:\Users\hsaad001\Check results- May 2018\Objective 4 merged files final.dta"  

 

gen syn_chro1=. 

 foreach var1 of varlist icd101 icd102 icd103 icd104 icd105 icd106 icd107 icd108 

icd109 { 

replace syn_chro1=1 if (`var1'>= "Q90.0" & `var1'<= "Q93.9")|(`var1'>= "Q87.0" & 

`var1'<= "Q87.9")|(`var1'>= "Q96.0" & `var1'<= "Q99.9")|`var1'== "D82.1" |`var1'== 

"Q44.71"|`var1'== "Q61.90"|`var1'== "Q74.84" |`var1'== "Q75.1" |`var1'== "Q75.4" 

|`var1'== "Q75.81" 

} 

replace syn_chro1=1 if syn_chro1==1 & hsd_chd_flag !=0 

label define syn_chro1 1 "CHD-syn&chrom" 0 "nosyn&chrom", replace  

label values syn_chro1 syn_chro1 

tab syn_chro1 syn_chro1 

  

drop if syn_chro1==1 

drop if medication==1 

drop if medication==2 

drop if medication==3 

drop if medication==12 

drop if medication==13 

drop if medication==14 

 

encode status_at_birth, generate(Status_labelled) 

drop if  Status_labelled==2 

 

replace medication=0 if medication ==. 

label define medication 0 "NO medication", add  

label value medication medication 

tab medication 

label list medication 

replace MHM10categ=0 if MHM10categ ==. 

label define MHM10categ 0 "No medication", add 

label value MHM10categ MHM10categ 

tab MHM10categ 

replace MHM3categ=0 if MHM3categ ==. 

label define MHM3categ 0 "No medication", add 

label value MHM3categ MHM3categ 

tab MHM3categ 
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replace MHMtype=0 if MHMtype ==. 

label define MHMtype 0 "NO medication", add  

label value MHMtype MHMtype 

tab MHMtype 

label list  

* 

logistic hsd_chd_flag i.medication, or 

logistic hsd_chd_flag i.MHM3categ, or 

logistic hsd_chd_flag i.MHM10categ, or 

logistic hsd_chd_flag i.MHMtype, or 

 

tab medication hsd_chd_flag, row chi  

tab medication hsd_chd_flag, miss 

tab MHM3categ hsd_chd_flag, row chi 

tab MHM3categ hsd_chd_flag, miss 

tab MHM10categ hsd_chd_flag, row chi 

tab MHM10categ hsd_chd_flag, miss 

tab MHMtype hsd_chd_flag, row chi 

tab MHMtype hsd_chd_flag, miss 

 

tab medication ASD, row chi  

tab medication ASD, miss 

tab MHM3categ ASD, miss 

tab MHM10categ ASD, miss 

tab MHMtype ASD, miss 

tab medication VSD, row chi  

tab medication VSD, miss 

tab MHM3categ VSD, miss 

tab MHM10categ VSD, miss 

tab MHMtype VSD, miss 

tab medication PVS, row chi  

tab medication PVS, miss 

tab MHM3categ PVS, miss 

tab MHM10categ PVS, miss 

tab MHMtype PVS, miss 

tab medication Severity, row chi  

logistic ASD i.medication, or 

logistic ASD i.MHM3categ, or 

logistic ASD i.MHM10categ, or 

 

logistic hsd_chd_flag i.medication i.urbanrural i.smoking_n i.prev_miscarriage 

i.SGA_new i.CHD_CONG_Combi i.CONGABNORMDIAGPRENA 

i.Plannedpregnancy , or 

logistic hsd_chd_flag i.MHM3categ i.urbanrural i.Ageatbooking i.smoking_n 

i.alcohol_n i.prev_miscarriage i.SGA_new i.CHD_CONG_Combi 

i.CONGABNORMDIAGPRENA i.Plannedpregnancy , or  

logistic hsd_chd_flag i.MHM10categ i.urbanrural i.Ageatbooking i.smoking_n 

i.alcohol_n i.prev_miscarriage i.SGA_new i.CHD_CONG_Combi 

i.CONGABNORMDIAGPRENA i.Plannedpregnancy , or  

logistic hsd_chd_flag i.MHMtype i.Ageatbooking i.smoking_n i.alcohol_n 

i.prev_miscarriage i.SGA_new i.Plannedpregnancy , or  
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logistic ASD i.medication i.urbanrural i.parity_n i.Ageatbooking i.smoking_n i.alcohol 

i.gender i.numberperbirth i.prev_miscarriage i.CHD_CONG_Combi 

i.Plannedpregnancy , or 

logistic VSD i.medication i.urbanrural i.parity_n i.Ageatbooking i.smoking_n i.alcohol 

i.gender i.numberperbirth i.prev_miscarriage i.CHD_CONG_Combi 

i.Plannedpregnancy , or 

logistic PVS i.medication i.urbanrural i.parity_n i.smoking_n i.alcohol i.numberperbirth 

i.prev_miscarriage i.SGA_new i.Plannedpregnancy , or 

logistic Severity i.medication i.urbanrural i.parity_n i.Ageatbooking i.smoking_n 

i.alcohol i.gender i.numberperbirth i.prev_miscarriage i.CHD_CONG_Combi 

i.Plannedpregnancy , or 

 

logistic hsd_chd_flag i.URBANRURAL_NIMATS_n i.smoking_n i.prev_miscarriage 

i.SGA i.CHD_CONG_Combi i.medication i.CONGABNORMDIAGPRENA 

i.Plannedpregnancy, or 

linktest , nolog 

estat gof 

 

logistic hsd_chd_flag i.URBANRURAL_NIMATS_n i.Ageatbooking i.smoking_n 

i.alcohol_n i.prev_miscarriage i.SGA i.CHD_CONG_Combi i.medication 

i.CONGABNORMDIAGPRENA i.Plannedpregnancy, or 

linktest , nolog 

estat gof 

estat ic 

logistic hsd_chd_flag i.URBANRURAL_NIMATS_n i.Ageatbooking i.smoking_n 

i.alcohol_n i.prev_miscarriage i.SGA i.CHD_CONG_Combi i.MHM3categ 

i.CONGABNORMDIAGPRENA i.Plannedpregnancy, or 

linktest , nolog 

estat gof 

estat ic 

logistic hsd_chd_flag i.URBANRURAL_NIMATS_n i.Ageatbooking i.smoking_n 

i.alcohol_n i.prev_miscarriage i.SGA i.CHD_CONG_Combi i.MHM10categ 

i.CONGABNORMDIAGPRENA i.Plannedpregnancy, or 

linktest , nolog 

estat gof 

estat ic 

logistic ASD i.URBANRURAL_NIMATS_n i.parity_n i.Ageatbooking 

i.Plannedpregnancy i.smoking_n i.alcohol_n i.gender i.numberperbirth 

i.prev_miscarriage i.CHD_CONG_Combi i.medication, or 

linktest , nolog 

estat gof 

estat ic 

logistic ASD i.URBANRURAL_NIMATS_n i.parity_n i.Ageatbooking 

i.Plannedpregnancy i.smoking_n i.alcohol_n i.gender i.numberperbirth 

i.prev_miscarriage i.CHD_CONG_Combi i.MHM3categ, or 

linktest , nolog 

estat gof 

estat ic 

logistic ASD i.URBANRURAL_NIMATS_n i.parity_n i.Ageatbooking 

i.Plannedpregnancy i.smoking_n i.alcohol_n i.gender i.numberperbirth 

i.prev_miscarriage i.CHD_CONG_Combi i.MHM10categ, or 

linktest , nolog 

estat gof 

estat ic 
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logistic VSD i.URBANRURAL_NIMATS_n i.parity_n i.Ageatbooking 

i.Plannedpregnancy i.smoking_n i.alcohol_n i.gender i.numberperbirth 

i.prev_miscarriage i.CHD_CONG_Combi i.medication, or 

linktest , nolog 

estat gof 

estat ic 

 

logistic VSD i.URBANRURAL_NIMATS_n i.parity_n i.Ageatbooking 

i.Plannedpregnancy i.smoking_n i.alcohol_n i.gender i.numberperbirth 

i.prev_miscarriage i.CHD_CONG_Combi i.MHM3categ, or 

linktest , nolog 

estat gof 

estat ic 

logistic VSD i.URBANRURAL_NIMATS_n i.parity_n i.Ageatbooking 

i.Plannedpregnancy i.smoking_n i.alcohol_n i.gender i.numberperbirth 

i.prev_miscarriage i.CHD_CONG_Combi i.MHM10categ, or 

linktest , nolog 

estat gof 

estat ic 

logistic PVS i.URBANRURAL_NIMATS_n i.parity_n  i.smoking_n i.alcohol_n 

i.medication i.Plannedpregnancy i.numberperbirth i.prev_miscarriage i.SGA, or 

linktest , nolog 

estat gof 

estat ic 

logistic PVS i.URBANRURAL_NIMATS_n i.parity_n  i.smoking_n i.alcohol_n 

i.MHM3categ i.Plannedpregnancy i.numberperbirth i.prev_miscarriage i.SGA, or 

linktest , nolog 

estat gof 

estat ic 

logistic PVS i.URBANRURAL_NIMATS_n i.parity_n  i.smoking_n i.alcohol_n 

i.MHM10categ i.Plannedpregnancy i.numberperbirth i.prev_miscarriage i.SGA, or 

linktest , nolog 

estat gof 

estat ic 
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                                 Appendix 12 

Table shows gestational age and related birth weight, gender, and type of birth 

(single/multiple) which are used for SGA classification based on the data in NIMATS: 

 

Gestational 

age in 

weeks 

Male weight in g Female weight in g 

 Single Multiple Single Multiple 

<24 320  240 540 

≥24 - <28 660 590 602 670 

28- ≤32 1130 1080 1030 980 

33 1640 1600 1540 1550 

34 1850 1790 1760 1774 

35 2000 1950 1980 1800 

36 2310 2178 2200 2038 

37 2515 2340 2440 2255 

38 2800 2430 2675 2325 

39 3000 2540 2890 2500 

40 3120 2550 3020 710 

41 3270  3150  

42 3280  3110  

≥43 3220  2950  
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                       Appendix 13  

             Data Access Agreement 
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Appendix 14 

 

Research protocol 

Prevalence and Risk factors of Congenital Heart Disease in NI 

Background: 

The Northern Ireland (NI) Baby Hearts Study, which aims to contribute to the 

prevention of congenital heart disease (CHD) and to play a role in increasing CHD 

knowledge worldwide, is conducted in two parts. Part One is a case control study 

investigating risk factors for CHD, based on interviewing mothers of babies with CHD 

and a control group of mothers of babies without CHD, born between 2014-2016. Part 

Two is a retrospective cohort study based on secondary data analysis of linked datasets 

to assess prevalence and risk factors of CHD from 2005-2014. This study proposal 

encompasses Part Two of the Baby Hearts Study, but the PhD study is further extended 

to investigate mental health medications as risk factors for CHD and to assess the 

potential of data linkage for public health research in NI. 

CHD is the one of the most common causes of death in the first year of life due to a 

heart defect present at birth. CHD impacts on patients and their families, as well as 

health services due to the increased number of affected patients. Studies have shown 

conflicting results regarding CHD risk factors, therefore additional investigations are 

needed (Patel and Burns 2013). As there is no birth defect registry in Northern Ireland 

(NI), this study will aim to describe the occurrence of babies born with CHD, deaths 

due to CHD within the first year of life, and to identify risk and protective factors for 

CHD in order to guide public health action for prevention and service planning. 

This study will look at certain areas of interest regarding CHD including prevalence, 

clinical spectrum and infant mortality due to CHD. It will also look at socioeconomic 

and urban/rural differences in occurrence of CHD, and mental health medications taken 

in the preconceptional period and/ or in the first trimester of pregnancy and CHD. The 

study will exploit new possibilities of secure access to anonymised linked data recently 

provided by the Honest Broker Service (HBS), and will contribute to assessing the 

potential of data linkage for public health research in NI. 

Prevalence and risk factors: 

The global prevalence of CHD has increased significantly over the previous century, 

reaching a stable estimate of 9 per 1,000 live births in the last 15 years (van der Linde 

et al. 2011). In Europe, prevalence varies from 2.9 per1,000 births in Thames Valley in 

the UK to 11.7 per 1,000 births in Malta (Dolk et al. 2011). These variations in 

prevalence are in part due to data issues such as completeness of prenatal and postnatal 

diagnoses and/or registration of cases, whether terminations of pregnancy for fetal 

anomaly are included, differences in the upper age limit for ascertaining cases i.e. up to 

1 week - 1 month of age, up to 1 year of age, or no upper age limit (Khoshnood et al. 

2013), and whether certain preventative measures such as folic acid fortification are 

implemented or not (Ionescu-Ittu et al. 2009).  
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The prevalence of CHD may also be affected by differences in socioeconomic status 

(SES) (Egbe et al. 2014; Carmichael, Ma, and Shaw 2009). A number of studies which 

looked at all cases of CHD combined reported no statistically significant relationship 

with SES, (L. D. Botto et al. 1996; Correa et al. 1991; Lovett et al. 1990) whereas results 

from the Baltimore-Washington Infant Study proposed that the association with CHD 

may vary across different subtypes (Correa et al. 1991; Ferencz 1997). A UK study has 

suggested that low SES is associated with an increased risk of some CHD subtypes 

(Vrijheid et al. 2000).  

Rural and urban residence area have been identified as risks for CHD in some 

studies(Wu et al. 2014; Zen et al. 2011; Langlois et al. 2009; Correa et al. 1991; Bassili 

et al. 2010). However, no association has been found in other studies (Tikkanen and 

Heinonen 1991; Langlois et al. 2009).  

The inconsistency in these findings might be due to variations in study methods, 

including case ascertainment, CHD classification, variation in SES measures, variation 

in measures for rural urban classification, and approaches for analysis used in the 

studies. This study will examine the associations between CHD and SES using the NI 

Multiple Deprivation Measure (NIMDM) 2010. The NIMDM 2010 will be used as an 

area level measure to identify small area concentrations of multiple deprivation in NI. 

This measure of deprivation has been used to inform policy and target areas of need in 

NI. Rural/urban classification will be based on the NI Inter-Departmental working 

group's definition. In order to target preventative measures and reduce incidence of 

CHD, the identification of SES and rural/urban distribution for CHD cases is important. 

The association of mental health medications during early pregnancy with CHD has 

been examined in different studies showing conflicting results (Boyle et al. 2016; 

Wemakor et al. 2014; Ban et al. 2014; Ban L. et al. 2013) . The National Institute for 

Health and Care Excellence (NICE) acknowledges significant limitations on the data 

available concerning the risks of psychotropic medication usage in pregnancy (NICE 

2015), such as study design, case ascertainment, outcomes classifications and study 

power. This study will investigate the relationship between mental health medications 

in the preconceptional period (one month before last menstrual period date) and/or early 

pregnancy, and CHD. This study will overcome some of the limitations, particularly in 

relation to case ascertainment and classification. NI is ideal for studying the prevalence 

and risk of CHD as there is a single centre for fetal and paediatric cardiology in the 

Royal Belfast Hospital for Sick Children (RBHSC), and all children with CHD are 

treated in this centre. Administrative records of all pregnant mothers in NI and General 

Practitioner prescribing data are all available centrally in Business Services 

Organisation (BSO). Using these data will enable the analysis of potential risks and 

protective factors for CHD. Linking administrative and clinical datasets has previously 

proved to be of value in public health research but to date this approach has not been 

applied to paediatric cardiology medicine in NI. 

Aim: 

The aim of the study is to describe the occurrence of babies born with CHD, deaths due 

to CHD within the first year of life, and to identify risk and protective factors for CHD 

in order to guide public health action for prevention and service planning. 
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The primary objectives are as follows: 

 To determine the occurrence and trends of CHD in NI including the CHD 

clinical spectrum and infant mortality due to CHD, 2005-2014. 

 To investigate if there are socioeconomic and urban/rural differences in 

occurrence of CHD, 2005-2014. 

 To investigate the relationship between mental health medications taken in the 

preconceptional period and/or in the first trimester of pregnancy and CHD, 

2010-2014. 

 

The secondary objective is: 

 

To assess the feasibility and added value of using linked clinical and administrative 

databases for public health research. 

 

Methodology: 

This is a population longitudinal (cohort) study based on secondary data analysis of 

linked datasets, 2005-2014. 

Study population: all live births and aggregated stillbirths registered to NI resident 

mothers 2005-2014. 

Sample size:  

For objectives 1 and 2, we estimate 1,477 cases of CHD from a population of 246,127 

births based on NI birth statistics and CHD estimates of 60 per 10,000 total births 

based on the British Isles Network Of Congenital Anomaly Registers (BINOCAR) 

(Springet 2014) (see Table 1)  

As the NIMATS database went live in 2009 but did not cover the whole of NI until 

October 2010, 729 cases of CHD have been estimated for the NIMATS cohort (2010-

2014), out of 121,525 births (objective 3). 

Table 1. Total number of births and estimated number of CHD in NI for the study 

period (2005-2014). 

 

 

Year Total number of births in NI 

For mothers who are resident in 
NI 

Estimated 
number of 
CHD cases 
in NI 
(objectives 
1 and 2) 

 Estimated 
number of 
births 
registered 
in NIMATS 
(objective 
3) 

Estimated 
number of 
CHD 
(objective 
3) Live 

births 
Stillbirths Total 

2005 22,328 89 22,417 134.5  - - 

2006 23,272 89 23,361 140.2  - - 

2007 24,451 102 24,553 147.3  - - 

2008 25,631 115 25,746 154.5  -  - 
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2009 24,910 119 25,029 150.2  - - 

2010 25,315 105 25,420 152.52  21,924* 131.5 

2011 25,273 91 25,364 152.2  25,364 152.2 

2012 25,269 106 25,375 152.3  25,375 152.3 

2013 24,277 110 24,387 146.3  24,387 146.3 

2014 24,394 81 24,475 146.9  24,475 146.9 

Total 245,120 1007 246,127 1476.8  121,525 729.2 

 

*3496 excluded (January-September 2010 for Western Trust) 

 

Data sources: 

 

 HeartSuite database (HSD) (2005-2014) - a clinical database which holds 

individual records of all diagnosed cases of CHD in NI, operated and 

maintained by the Paediatric Cardiology Department of RBHSC. 

 NI Maternity System (NIMATS) (2010-2014) - an electronic clinical database 

used by Health and Social Care Trusts containing details of women seeking 

maternity care in NI.  It includes details of the current and any past 

pregnancies.  It includes records of women giving birth to a live born baby or 

stillbirth. Only records to resident mothers will be extracted. 

 Enhanced Prescribing Database (EPD) (2010-2014) - database includes 

information on all drugs that have been prescribed by General Practitioners 

and redeemed by patients in NI.  

 General Register Office (GRO) Registered Stillbirths: All aggregated 

stillbirths registered in NI to mothers who are resident in NI (2005-2014).  

This information will be obtained by submitting a query to GRO asking for 

annual number of stillbirths due to CHD, number of stillbirths not due to 

CHD, and number of stillbirths cause unknown. 

 GRO Registered Deaths: All aggregated deaths in the first year of life for 

infants whose mothers are resident in NI (2005-2015).  Deaths will be 

categorised by: due to CHD, not due to CHD, and cause unknown. (The year 

of death is extended to 2015 as those who are born in December 2014 might 

die in December 2015 and the study is interested in death within the first 

year). 

 NI Multiple Deprivation Measure 2010 (NIMDM): A spatial measure of 

deprivation in NI. The summary measure of the NIMDM, categorised into 

quintiles 1-5 will be used to identify small area concentrations of multiple 

deprivation.   

 Central Postcode Directory (CPD) classifies postcodes in NI as urban/rural 

classification (2005-2014).  

 

Data acquisition and linkage: 

 BSO Honest Broker Service (HBS)  
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This study will involve 2 linked datasets:   

 

3. Prevalence study (2005-2014) - This is a baby-based study where HSD is 

linked to NIMDM and CPD data for the years 2005-2014 to enable the study 

cohort to be related to area socioeconomic deprivation and rural/urban 

distribution respectively. Aggregated deaths (with the cause of death 

categorised by due to CHD, not due to CHD, cause unknown) will also be 

provided by the GRO (Objectives 1 and 2). 

4. Maternal risk factors study (2010-2014) - This is a mother-based study where 

HSD is linked to NIMDM, CPD, EPD, and NIMATS data, 2010-2014. The 

study will use data extracted from NIMATS (for details please see Annex) for 

all women resident in NI who gave birth in the period 2010-2014 (Objective 

3). 

 

NIMATS contains the Health and Care Number (HCN) for mothers and their babies. 

The HSD contains the HCN/hospital number for children with CHD. For cases in 

HSD with no HCN, the data warehouse in HBS will use the Patient Administration 

System (PAS) which contains the HCN/ old hospital number for mothers and children 

to link these two datasets.  It is acknowledged that some cases will not be linked as, 

for example, a mother of a child with CHD may not have given birth in NI, therefore 

her information will not be recorded in NIMATS.  A mother whose NIMATS record 

links to a child in HSD will be regarded as a mother of a child with CHD. For 

unlinked HSD cases, the reason will be explored in liaison with HBS.  The PAS also 

includes postcode, which will be used to determine usual residence of the mother, so 

that only mothers resident in NI will be included in the study. 

 

An extract from EPD which contains detailed information in relation to NI 

prescriptions issued in primary care and redeemed will be used. This extract will only 

include data for NI resident mothers registered in NIMATS for the period 2010-2014 

and only specific to each mother's Exposure Window (EW)*. This EPD extract will 

be linked to the HSD-NIMATS extract, to enable analysis of possible confounders 

and interactions. 

[*EW for each mother = LMP-30 days and Last Menstrual Period (LMP) +90 

days], by using the date of each medication prescription (according to the 

medication list, see Annex).  

The EW starts from 30 days prior to the first day of LMP as this will allow 

medication prescriptions received immediately before pregnancy and potentially used 

during early pregnancy to be included. This timing has been used in the design of 

different studies (Furu et al. 2015; Crider et al. 2009; Kornum et al. 2010; Knudsen et 

al. 2014). This exposure period also corresponds with advice given to obese women 

i.e. Any woman with a BMI≥30 kg/m2 wishing to be pregnant should be advised to 

take 5 mg of folic acid supplementation daily starting at least one month before 

conception and continuing during the first trimester of pregnancy (Fitzsimons 2010). 

The first trimester is the first 90 days of pregnancy and starts from the first day of 

LMP (“The Free Dictionary 2016” 2016).  This is the period during which heart 

development takes place [heart development completes at around 8 weeks from 

conception (Sadler 2011), and hence 10 weeks from LMP as, on average, conception 
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occurs 2 weeks after the first day of the LMP]. This period of time has also been used 

in different studies (Ban et al. 2014; Marsh et al. 2014; Hansen et al. 2015). 

Mothers in the EPD with one or more of the specified medications in the EW will be 

regarded as mothers who are exposed to one or more of the specified medications 

preconceptionally and/or during the first trimester of pregnancy.  

The HSD-NIMATS-EPD file will also be linked to the NIMDM and CPD files to 

identify potential risk and protective factors (confounders) for CHD.   

Inclusion criteria:  

For prevalence study: 

2. Cases of CHD registered in HSD in the period 2005-2014. 

For Maternal risk factors study: 

3. Pregnancies to NI resident mothers registered in NIMATS in the period 2010-

2014.  

4. A prescription based on specific BNF codes (See Annex- EPD) and within the 

EW for each woman. 

Exclusion criteria: 

For prevalence study: 

2. Cases of CHD for non- resident mothers (i.e. those who have address/postcode 

outside NI at birth). 

For Maternal risk factors study: 

2. Pregnancy registered in NIMATS to non-resident mothers (i.e. those who have 

address/postcode outside NI at birth). 

Statistics:  

The researcher will perform the analysis using STATA version 14 according to a pre-

specified analysis plan. Results will be expressed in terms of prevalence, mortality, 

odds ratios (OR) and 95%    Confidence Interval (CI). Regression analysis will be 

performed to assess the association of different risk and protective factors and CHD, 

and to assess potential confounders and effect modifiers. 

Ethical issues:  

Ethical approval has already granted from the Institute of Nursing and Health Research 

Governance Filter Committee, Ulster University; ethical approval will be requested 

from the Research Ethics Committee (REC). 

Research governance:  

Criminal check clearance and the completion of Good Clinical Practice (GCP) training 

have been obtained by the researcher. Data Access Agreements have been signed by 

UU, HBS and BHSCT as required by the Department of Health (DoH) and HSC 

protocol for sharing service information for secondary purposes (August 2012). A Data 

Service Agreement between UU and GRO to access aggregate data on deaths is 

currently being prepared with advice from GRO. Honest Broker Governance Board 

(HBGB) approval has been applied for. Access to the data will conform to the Data 
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Protection Act 1998 and the Code of Practice on Protecting the Confidentiality of 

Service User Information (“DHSSPS 2012” 2016). The study will be handled in 

accordance with UU Research Governance Policy Version 4 (10/15), and the UU Code 

of Practice for professional integrity in the Conduct of Research. 

Confidentiality:  

Only anonymised data will be analysed and analysis will be undertaken in a safe setting 

in HBS. A Data Access Agreement has been signed between BHSCT and UU and a 

disclosure policy agreement will be signed which will require the researcher not to 

attempt to identify individuals. To protect patient confidentiality, the HBS will apply 

statistical disclosure control to all outputs before they are provided in an approved 

format to the researcher. In addition, to avoid disclosure no date variables will be 

available to the researcher and maternal age will be categorised using standard maternal 

age grouping based on literature. 

Variables: 

 

The variables and datasets which will be used in the study are listed in the Annex. 
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Annex: Variables and datasets which will be used for the study 

 

Dataset 

Name 

Time 

Period 

Variables Required  

 

Reason why 

variable needed 

HeartSu

ite Data 

(HSD) 

01/01/2

005-

31/12/2

014 
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  24. H&C 

Number (To 

be used by 

HBS) 

To create ID 

numbers for 

linkage purposes. 

  25. Hospital 

Number (To 

be used by 

HBS) 

To create ID 

numbers for 

linkage purposes. 

  26. Year of birth 

27. Age at death 

28. Age at CHD 

diagnosis 

(Need to use 

variable 17 

“Date id” to 

enable this 

calculation) 

29. Age at 

procedure 

(Need to use 

variable 21 

“Procedure 

date” to 

enable this 

calculation) 

To be calculated by 

HBS using Date of 

Birth. Date of Birth 

will then be 

removed from the 

dataset. 

Year of birth (To 

calculate CHD 

prevalence/mortal

ity yearly)  

Age at death (To 

calculate 

perinatal/neonatal, 

post-

neonatal/infant 

mortality)  

Age at CHD 

diagnosis (For 

disease spectrum)  

Age at procedure 

(For disease 

spectrum)  

  30. Year of 

death 

31. Age at death 

(within first 

year) to be 

categorised 

by HBS: (0-

6 days), (7-

27 days), 

(28-364 

days), No 

death within 

To calculate 

perinatal/neonatal/

post-

neonatal/infant 

mortality rates 

related to CHD. 

 

 For perinatal 

mortality 

calculation 

number of 

stillbirths per year 

is needed. 
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the first 

year)                                 

HBS will use 

child’s date 

of death with 

child’s date 

of birth to 

generate 

these 

variables. 

  32. Cause of 

Death  

Child’s 

cause of 

death. 

To calculate 

perinatal/ 

neonatal/post-

neonatal/infant 

mortality rates 

related to CHD by 

cause 

  33. Sex Potential 

confounder 

  34. Fetal 

diagnosis 

Potential 

confounder 

  35. EPC1 ^ Main outcome to 

measure 

prevalence and 

mortality by CHD 

diagnosis 

  36. EPC2  Main outcome to 

measure 

prevalence and 

mortality by CHD 

diagnosis 

  37. ICD9^^ Main outcome to 

measure 

prevalence and 

mortality by CHD 

diagnosis 

  38. ICD10 Main outcome to 

measure 

prevalence and 

mortality by CHD 

diagnosis 

  39. Diagnosis 

description 

Text description 

of CHD or other 

diagnoses 

  40. Date id Date of first echo 

to be used with 
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date of birth to 

create a variable 

age at diagnosis 

  41. Diagnosis 

(Include up 

to 32 

diagnoses) 

Cross check for 

data quality 

(compared to 

EPC1, EPC2, 

ICD9 and ICD10) 

  42. Comorbidity 

present 

Cross check for 

data quality  

  

43. Comorbid 

Conditions 

Cross check for 

data quality 

(compared to 

Diagnosis 

description) 

  

44. Procedure 

Date 

To be used with 

date of birth to 

create a variable 

age at first 

procedure to 

describe disease 

spectrum 

  45. Procedure 

Type 

To describe 

disease spectrum 

  46. Catheterisati

on 

complication 

severity 

rating 

To describe 

disease spectrum 

NI 

Materni

ty 

System 

(NIMA

TS) 

01/01/2

010-

31/12/2

014 

  

  4. Mother’s 

HCN (To be 

used only by 

HBS) 

To create 

mother’s ID for 

linkage purposes 

Hospital 

booking 

intervie

w report 

 5. Parity 

(Numeric 

value) 

Potential 

confounder 

Hospital 

booking 

 6. LMP date To derive variable 

“Exposure within 

the exposure 
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intervie

w report 

window” 

(Yes/No).  See list 

of derived 

variables below. 

Hospital 

booking 

intervie

w report 

 29. Gestational 

age at 

booking 

(completed 

weeks)-

Numeric 

value 

To make sure that 

the mother’s 

history was taken 

in the first 

trimester. 

Hospital 

booking 

intervie

w report 

 30. Age at 

booking 

interview 

(Maternal 

age in 

completed 

years) 

Potential 

confounder 

Hospital 

booking 

intervie

w report 

 31. Planned 

Pregnancy 

(Yes/No) 

Potential 

confounder 

Hospital 

booking 

intervie

w report 

 32. Family 

history of 

CHD (If yes, 

under family 

history/cong

enital 

abnormalitie

s the code 

should be 

01). 

Potential 

confounder 

Hospital 

booking 

intervie

w report 

 33. BMI- 

Numeric 

value  

Potential 

confounder 

Hospital 

booking 

intervie

w report 

 34. Height (in 

metres)-

Numeric 

value 

If BMI is 

incomplete in 

NIMATS, this 

will allow to 

calculate BMI 

Hospital 

booking 

intervie

w report 

 35. Weight (in 

Kilograms)- 

If BMI is 

incomplete in 

NIMATS, this 
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Numeric 

value 

will allow to 

calculate BMI 

Hospital 

booking 

intervie

w report 

 36. Cigarettes 

(Cigarettes/d

ay)-Numeric 

value 

Potential 

confounder 

Hospital 

booking 

intervie

w report 

 37. Partner 

smokes 

(Cigarettes/d

ay)-Numeric 

value 

Potential 

confounder 

Hospital 

booking 

intervie

w report 

 38. Alcohol 

(Units/week)

-Numeric 

value  

Potential 

confounder 

Hospital 

booking 

intervie

w report 

 39. Mother present 

Medication:  

 Folic acid commenced 

preconception, code 15  

 Folic acid commenced 

post conception, code 

16  

 Vitamins, code 13  

 Mental health 

medications  

 No medications 

Potential 

confounder 

Hospital 

booking 

intervie

w report 

 40. Mother 

mental 

health 

disorders 

 Year of mental health 

disorder  

 Type of mental health 

disorder 

Potential 

confounder 

Hospital 

booking 

intervie

w report 

 41. Previous 

cardiovascul

ar 

(Congenital 

heart 

Disease)- 

Code 02 

 

Potential 

confounder 
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Hospital 

labour 

summary 

 42. Postcode at 

birth to be 

used for 

urban/rural 

and NIMDM 

classification

s. 

Risk factors for 

CHD 

Hospital 

labour 

summary 

 43. Birth Status 

(live birth or 

stillbirth) 

To measure 

incidence/prevale

nce of CHD 

Hospital 

labour 

summary 

 44. Birth Weight 

(for the child 

in grams)  

Potential 

confounder. 

Hospital 

labour 

summary 

 45. Sex Potential 

confounder 

Hospital 

labour 

summary 

 46.  Antenatal 

fetal 

problems 

Potential 

confounder 

 

Hospital 

labour 

summary 

 47. Infant 

congenital 

Abnormalitie

s- all values.  

To identify non-

CHD anomalies 

that are associated 

with medication. 

Hospital 

labour 

summary 

 48. Gestation at 

delivery –

completed 

weeks  

Potential 

confounder and 

for CHD 

classification 

purposes 

Hospital 

maternal 

discharg

e form 

 49. Admission to 

neonatal 

 

To describe 

disease spectrum 

Hospital 

maternal 

discharg

e form 

  50. Other Op. 

Procedures  

To describe 

disease spectrum  

Hospital 

maternal 

discharg

e form 

 51. Number of 

births this 

pregnancy  

If the number>1, 

that indicates it is 

a case of multiple 

pregnancy. This 

will identify 

singleton and 

multiple births. 

Potential 

confounder  
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Hospital 

maternal 

discharg

e form 

 52. Date of 

delivery (to 

be used by 

HBS). 

 

To calculate CHD 

perinatal/neonatal/

postneonatal/infan

t mortality rate by 

each calendar 

year.    

To generate a 

variable: year of 

birth 

To use with 

child’s date of 

death to generate 

derived variables: 

Child’s age at 

death (0-6 days), 

(7-27 days), (28-

364 days, No 

death within the 

first year). 

Hospital 

neonatal 

discharg

e form 

 53. Birth order 

(If 1, that 

means birth 

number 1 in 

a single or a 

multiple 

pregnancy, if 

2 that means 

birth number 

2 in a 

multiple 

pregnancy, if 

3 that means 

birth number 

3 in a 

multiple 

pregnancy, 

etc) 

Potential 

confounder.  

Will help to 

identify related 

data as they need 

special 

consideration in 

the analysis. 

Derived variable:   

NIMAT

S 

01/01/2

010-

31/12/2

014 

2. Exposure 

within 

Exposure 

Window 

(yes/no) (To 

be calculated 

and 

Exposure 

Window which 

will identify 

period in 

pregnancy when 

the medication/s 

in EPD were 

prescribed. 
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categorised 

by HBS) 

 

Exposure 

Window = 

LMP date minus 

30 days - LMP 

date plus 90 days. 

The lower limit of 

the exposure 

window will use 

LMP date (in the 

format 

date/month/year) 

minus 30 days 

and the result 

should be in the 

format 

date/month/year; 

for HBS use only 

to calculate EW). 

The upper limit of 

the exposure 

window will use 

LMP date (in the 

format 

date/month/year) 

plus 90 days and 

the result should 

be in the format 

date/month/year; 

for HBS use only 

to calculate EW). 

NIMDM 

2010 

01/01/2

005-

31/12/2

014 

2. Area 

socioeconom

ic 

deprivation 

(Based on 

summary 

measure of 

the NIMDM-

to be 

categorised 

into quintiles 

1-5) 

(HBS needs 

the postcode 

at booking to 

 Risk factor for 

CHD 
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derive this 

variable) 

CPD 01/01/2

005-

31/12/2

014 

2. Urban/rural  

(HBS needs 

the 

postcode at 

booking to 

derive this 

variable by 

using the 

CPD) 

Risk factor for 

CHD 

 

GRO 

Deaths 

01/01/2

005-

31/12/2

015 

2. Aggregate 

live births 

who died by 

1 year of life 

due to CHD 

by 31st 

December of 

each 

calendar year 

broken down 

by 0-6 days, 

7-27 days 

and 28-364 

days. 

HBS will use infant 

date of death, infant 

date of birth and 

death due to CHD 

(ICD10 codes Q20-

Q28) to enable this 

calculation.  

Cause of death 

aggregate totals 

should be 

categorised into the 

following 5 

categories: 

 CHD listed as the 

primary cause of 

death only. 

To calculate CHD 

perinatal/neonatal/

post-

neonatal/Infant 

mortality rate by 

each calendar 

year.   

Perinatal 

mortality rate** 

=Number of 

deaths within the 

first 7 days of life 

due to CHD + 

Number of 

stillbirths 

diagnosed with 

CHD prenatally 

or at post mortem 

in specific year X 

1000/number of 

total births in that 

calendar year. 

To calculate the 

infant mortality 

rate related to 

CHD*** 

=Number of 

deaths among 

infants up to one 

year old due to 

CHD in specific 

year X 

1000/number of 

live births in that 

year.   
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 CHD listed as the 

secondary cause of 

death only. 

 CHD listed as both 

primary and 

secondary causes of 

death. 

 CHD not listed as 

primary or 

secondary causes of 

death 

 Unknown cause of 

death 

 GRO uses ICD10 

codes to classify 

cause of death. 

To calculate the 

neonatal mortality 

rate related to 

CHD**** 

=Number of 

deaths among 

neonates due to 

CHD in specific 

year X 

1000/number of 

live births in that 

year.   

To calculate post-

neonatal mortality 

rate related to 

CHD***** 

=Number of 

deaths among 

post-neonates due 

to CHD in 

specific year X 

1000/number of 

live births in that 

year.   

EPD 01/01/2

010-

31/12/2

014 

  

  4) Mother’s 

HCN 

number 

(HBS Use 

only) 

To create ID for 

linkage purpose  

  5) Dates of 

individual 

prescribed 

medications 

For HBS to use it 

with the EW 

derived variable 

from NIMATS- to 

derive variable 

“Drug 

prescription 

within the 

Exposure 

Window” 

(Yes/No) if it lies 

within the EW 

then it should be 
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Yes. If not then it 

should be No.  

  6) Individual 

prescribed 

medications 

listed below: 

 

 

  38. Sulfasalazine 

(Section 

1.5.1) sub-

sections: 

Sulfasalazine

/ Salazopyrin 

EN-Tabs 

Folic acid 

antagonist 

  39. Triamterene 

(Section 

2.2.3) sub-

sections: 

Triamterene 

Folic acid 

antagonist 

 40. Triamterene 

with 

thiazides 

(Section 

2.2.4) sub-

sections: Co-

triamterzide/ 

Dyazide/ 

Kalspare 

Folic acid 

antagonist 

 41. Triamterene 

with loop 

diuretics 

(Section 

2.2.4) 

subsections: 

Frusene 

Folic acid 

antagonist 

 42. Nicotinic 

acid (section 

2.12) sub-

sections: 

Niaspan 

Folic acid 

antagonist 

 43. Colestyrami

ne (Section 

2.12) sub-

Folic acid 

antagonist 
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sections:  

Colestyrami

ne/ Questran/ 

Questran 

Light 

 Hypnot

ics and 

anxioly

tics  

44. Hypnotics 

(section 

4.1.1) 

45. Anxyolitics 

(section 

4.1.2) 

46. Barbiturates 

(4.1.3) 

Risk factors 

 

Drugs 

used in 

psycho

ses and 

related 

disorde

rs  

47. Antipsychoti

c drugs 

(section 

4.2.1)  

48. Antipsychoti

c depot 

injections 

(section 

4.2.2) 

49. Drugs used 

for mania 

and 

hypomania 

(section 

4.2.3) 

Antide

pressna

t drugs 

50. Tricyclic and 

related 

antidepressa

nt drugs 

(section 

4.3.1) 

51. Monoamine-

oxidase 

inhibitors 

(section 

4.3.2) 

52. SSRI 

(section 

4.3.3) 
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53. Other 

antidepressa

nt drugs 

(section 

4.3.4) 

 54. Antiepileptic 

drugs 

(Section 4.8) 

 

Potential 

confounder  

Folic acid 

antagonist 

  55. Trimethopri

m (Section 

5.1.8) sub-

sections 

Trimethopri

m 

Folic acid 

antagonist 

56. Co-

trimoxazole 

(Section 

5.1.8) sub-

sections: 

Cotrimoxazo

le/Septrin 

Folic acid 

antagonist 

57. Sulfadiazine 

(Section 

5.1.8) sub-

sections: 

Sulfadiazine 

Folic acid 

antagonist 

58. Nitrofurantoi

n (Section 

5.1.13) sub-

sections: 

Nitrofurantoi

n/Macrobid 

Folic acid 

antagonist 

59. Pyrimethami

ne (Section 

5.4.1) sub-

sections: 

Pyrimethami

ne/Daraprim 

Folic acid 

antagonist 

60. Pyrimethami

ne with 

sulfadoxine 

(Section 

Folic acid 

antagonist 
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5.4.1) sub-

sections: 

Pyrimethami

ne with 

sulfadoxine 

  61. Insulins 

(Section 

6.1.1) 

Potential 

confounder  

62. Antidiabetic 

drugs 

(Section 

6.1.2) 

Potential 

confounder  

63. Ciclosporin 

(Section 

8.2.2) 

subsections:    

Capimune/C

apsorin/Dexi

mune/Neoral

/Sandimmun 

Folic acid 

antagonist 

  64. Folic acid 

(400 mcg) 

(Section 

9.1.2) 

subsections: 

Folic acid 

400 mcg 

Protective factor 

65. Folic acid (5 

mg) (Section 

9.1.2) 

subsections: 

Folic acid 5 

mg  

Protective factor 

66. Folic acid 

(all Folic 

Acid 

branded 

versions) 

(Section 

9.1.2) 

 

Protective factor 

67. Multivitamin 

preparations 

Protective factor 
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(Section 

9.6.7) 

subsections: 

Forcival/Ket

ovite 

68. Vitamin A 

(Retinol) 

(Section 

9.6.1) 

Potential 

confounder 

  69. Methotrexate 

(Section 

10.1.3) 

subsections: 

Methotrexate

/ Metoject 

Folic acid 

antagonist 

  70. Isotretinoin 

(topical) 

(Section 

13.6.1) 

subsections: 

Isotrex/Isotre

xin 

Potential 

confounder 

71. Tretinoin 

(Section 

8.1.5) 

subsections: 

Vesanoid 

Potential 

confounder 

72. Isotretinoin 

(Oral) 

(Section 

13.6.2) 

subsections: 

Isotretinoin  

Potential 

confounder 

  For the above medications 

HBS will provide (a-k) 

a. Presentation  

To be used in 

sensitivity 

analysis 

  b. Quantity To be used in 

sensitivity 

analysis 

  c. Strength To be used in 

sensitivity 

analysis 
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  d. DDD To be used in 

sensitivity 

analysis 

  e. BNF Chapter 

f. BNF Section 

g. BNF 

Paragraph 

h. Drug name 

i. Prescription 

category 

indicator 

j. Issue date 

For HBS to 

identify the 

medications and 

to calculate total 

days of exposure. 

  k. Total days of 

exposure 

within the 

EW for 

medications 

in the list 

(date of last 

prescription - 

date of first 

prescription; 

to be 

calculated by 

HBS). 

To be used in 

sensitivity 

analysis 

  73. Exposure to 

co-

medications 

within the 

EW (yes/no) 

Potential 

confounder 

  74. Give name 

and BNF 

code of other 

co-

medications 

within the 

EW 

Potential 

confounders 

 

^ EPC=European Paediatric Cardiac  

^^ICD= International Classification of Diseases and Related Health Problems. 

# Stillbirth definition: Births and Deaths Registration (NI) Order 1976, as amended by 

the Stillbirth Definition NI Order 1992 Act defines a stillborn child as follows: ‘Any 

‘child’ expelled or issued forth from its mother after the 24th week of pregnancy that 
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did not breathe or show any other signs of life should be registered as a stillbirth’ (The 

Royal College of Midwives 2008). 

**The World Health Organization defines perinatal mortality as the "number of 

stillbirths and deaths in the first week of life per 1,000 total births, the perinatal period 

commences at 22 completed weeks of gestation and ends seven completed days after 

birth"(“WHO | Maternal and Perinatal Health” 2016).  

[The first 7 days after birth are actually day 0-6]. 

***The infant mortality rate is an estimate of the number of infant deaths for every 

1,000 live births (“Infant Mortality | Maternal and Infant Health | Reproductive Health 

| CDC” 2016). 

****The neonatal period begins with birth and ends 28 complete days after birth. 

Neonatal deaths may be subdivided into early neonatal deaths, occurring during the 

first seven days of life (0-6 days), and late neonatal deaths, occurring after the seventh 

day but before the 28th day of life (7-27 days) (“Neonatal and Perinatal Mortality-

WHO” 2006). 

*****Postneonatal mortality is deaths among infants aged 28-364 days (“CDC” 2001)  

Aggregate number of stillbirths to mothers resident in NI by 31st December of each 

calendar year is needed to calculate total CHD prevalence in total births by each 

calendar year and to calculate perinatal mortality rates (request from GRO). 

 

For EPD: 

For each case linked with EPD the followings are needed:  

The product presentation, quantity and strength and Defined Daily Dose (DDD) to 

assess the effect of dose on developing CHD for sensitivity analysis if the sample size 

allows.  

Total duration of exposure to medication within the EW (=date of last prescription-

date of first prescription)  

In addition to the specific medications listed in the Annex, the extracted data file 

should include the name /BNF code of other co-medications taken within the EW. 

Notes for file preparation: 

For mothers with repeat pregnancies during the study period (2005-2014) that did not 

result in a CHD case, the most recent delivery will be taken. After the linkage which 

will be performed by HBS, all the identifiable information (HCN/hospital numbers) 

will be removed and an anonymised file will be provided to the researcher. 

 

Risk/protective factors for CHD from Literature: 

 

Folic acid (Feng, Wang, Chen, et al. 2015), socioeconomic factors (Kuciene and 

Dulskiene 2009), mood disorders (Liu et al. 2013), diabetes (Simeone et al. 2015), 

Urban area and CHD (Grech et al. 1999) Body Mass Index (Madsen et al. 2013), pre-

gestational (Garne et al. 2012) and gestational diabetes (Hunter and Sharland 2015). 

Multiple birth, low birth weight (Lindinger, Schwedler, and Hense 2010), mother’s 

age < 20 years (Loane et al. 2009), mother’s age ≥40 years, thyroid disorders, CHD 

(Liu et al. 2013) (Liu et al.  2013), ethnicity (Nembhard et al. 2010), phenylketonuria 

(Rouse and Azen 2004), rubella (CAMPBELL 1961), hypothyroidism (Grattan et al. 

https://en.wikipedia.org/wiki/WHO
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2015), chromosomal abnormalities (Hartman et al. 2011), influenza (Flu) (Luteijn, 

Brown, and Dolk 2014), epilepsy (Barrett and Richens 2003), hypertension (Bateman 

et al. 2015), asthma (Lin et al. 2009), urinary tract infection (Fung et al. 2013), 

maternal parity (Feng et al. 2014), preterm birth (Tanner, Sabrine, and Wren 2005), 

gestational age (Malik et al. 2007), history of abortion (Feng, Wang, Zhao, et al. 

2015) CHD in siblings (Roodpeyma et al. 2002), twins (Best and Rankin 2015), 

family history of CHD (Whittemore, Wells, and Castellsague 1994), gender (Pradat 

1992), Systmic Lupus Erythematous (SLE)(Chameides et al. 1977), maternal fever 

(Lorenzo D. Botto, Lynberg, and Erickson 2001) (Botto et al.  2001), paternal 

smoking (Deng et al. 2013), paternal factors (Zhu et al. 2005; Ewing, Loffredo, and 

Beaty 1997), infertility (Tararbit et al. 2013), small for gestational age (Malik et al. 

2007), IUGR and CHD (Wallenstein et al. 2012). Illicit drugs (Williams, Correa, and 

Rasmussen 2004; Shaw et al. 1991), chemicals exposure\air pollutants (Adams, 

Mulinare, and Dooley 1989; Ritz et al. 2002) Selective Serotonin Reuptake Inhibitors 

SSRI (Wemakor et al. 2014). Sertraline and Citalopram (Pedersen et al. 2009). 

Paroxetine (Wurst et al. 2010). Lithium (Zalzstein et al. 1990). Anti-anxiety and 

hypnotics (Ban L. et al. 2013), Thalidomide (Smithells and Newman 1992). Retinol 

(Vitamin A) (Lammer et al. 1985).  

I have only asked for risk factors prevalent in NI.  For instance, about 1 in 13,000 will 

have phenylketonuria, so there will be too few cases to analyse these data. 

 

Folic acid antagonist:  

Antiepileptics (Carbamazepine, Lamotrigine, Phenobarbital, Phenytoin, Primidone, 

Valproic acid), Dihydrofolate reductase (DHFR) inhibitors (Sulfasalazine, 

Triameterene,Hydrochlorothiazide-Amiloride combination, Epitizide-Triametrene 

combination, Trimethoprim, Trimethoprim-Sulphonmide combination, Methotrexate, 

Pyrimethamine), Ciclosporine, Metformin, Nicotinic acid, Colestyramine (van Gelder 

et al. 2010).  
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 Appendix 15   

NHS Research Ethics Committee form 
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Appendix 16  

 

Table shows distribution of redeemed prescriptions for medications in NI (2010-

2014), including mental health medications.  

MHM type Frequency % 

MHM (Monotherapy) 834 1.40% 

MHM and FA and/or vitamins 514 0.87% 

MHM and others 2799 4.71% 

MHM (Polytherapy) with only MHM 2891 4.87% 

Other medications 23,483 39.53% 

Combined others not of interest 16,952 28.54% 

FA and vitamin 10,054 16.92% 

FA-antagonist 194 0.33% 

Antiepileptic medications 860 1.45% 

Anti-DM medications 804 1.35% 

Vitamin A 21 0.04% 

Total 59,406 100 

MHM = mental health medication; FA = folic acid. 

Combined MHM=different types of MHM combined together. DM=Diabetes Mellitus 

Others=any other medication that is not FA/Vitamins, FA antagonists, Antiepileptic, 

Anti DM, Vit A, or MHM. 
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Appendix 17 

 

Table shows name of different MHM brand names and dose prescribed and redeemed 

during early pregnancy in NI 2010-2014. 

MHM (182 medications) 

1. Abilify 10mg tablets 92. Olanzapine 10mg oral 

lyophilisates sugar free 

2. Abilify 15mg tablets 93. Olanzapine 10mg tablets 

3. Abilify 30mg tablets 94. Olanzapine 15mg oral 

lyophilisates sugar free 

4. Abilify 5mg tablets 95. Olanzapine 15mg tablets 

5. Agomelatine 25mg 

tablets 

96. 

Olanzapine 2.5mg tablets 

6. Allegron 25mg tablets 97. Olanzapine 20mg tablets 

7. Amitriptyline 10mg 

tablets 

98. Olanzapine 5mg oral 

lyophilisates sugar 

8. Amitriptyline 25mg 

tablets 

99. 

Olanzapine 5mg tablets 

9. Amitriptyline 25mg/5ml 

oral solution su 

100. 

Olanzapine 7.5mg tablets 

10. Amitriptyline 50mg 

tablets 

101. 

Oxazepam 10mg tablets 

11. Anafranil 25mg 

capsules 

102. Paliperidone 3mg modified-

release table 

12. Aripiprazole 10mg 

tablets 

103. 

Paroxetine 10mg tablets 

13. Aripiprazole 15mg 

tablets 

104. Paroxetine 10mg/5ml oral 

suspension sug 

14. Aripiprazole 30mg 

tablets 

105. 

Paroxetine 20mg tablets 

15. Aripiprazole 5mg 

tablets 

106. 

Paroxetine 30mg tablets 

16. Buspirone 10mg tablets 107. Phenelzine 15mg tablets 

17. Buspirone 5mg tablets 108. Priadel 200mg modified-

release tablets 

18. Chlordiazepoxide 10mg 

capsules  

109. Priadel 400mg modified-

release tablets 

19. Chlordiazepoxide 10mg 

tablets 

110. 

Promazine 25mg tablets 

20. Chlordiazepoxide 5mg 

capsules 

111. Promazine 25mg/5ml oral 

solution 

21. Chlorpromazine 100mg 

tablets 

112. 

Prothiaden 25mg capsules 

22. Chlorpromazine 25mg 

tablets 

113. 

Prothiaden 75mg tablets 

23. Chlorpromazine 

25mg/5ml oral solution 

114. 

Quetiapine 100mg tablets 
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24. Chlorpromazine 

25mg/5ml oral solution s 

115. Quetiapine 150mg modified-

release table 

25. Chlorpromazine 50mg 

tablets 

116. 

Quetiapine 150mg tablets 

26. 

Cipralex 10mg tablets 

117. Quetiapine 200mg modified-

release table 

27. Cipralex 20mg tablets 118. Quetiapine 200mg tablets 

28. Cipralex 5mg tablets 119. Quetiapine 25mg tablets 

29. 

Cipramil 10mg tablets 

120. Quetiapine 300mg modified-

release table 

30. Cipramil 20mg tablets 121. Quetiapine 300mg tablets 

31. 

Cipramil 40mg tablets 

122. Quetiapine 400mg modified-

release table 

32. 

Cipramil 40mg/ml drops 

123. Quetiapine 50mg modified-

release tablet 

33. Circadin 2mg modified-

release tablets 

124. 

Reboxetine 4mg tablets 

34. 

Citalopram 10mg tablets 

125. Risperdal Consta 50mg 

powder and solven 

35. Citalopram 20mg tablets 126. Risperidone 1mg tablets 

36. 

Citalopram 40mg tablets 

127. Risperidone 1mg/ml oral 

solution sugar 

37. Citalopram 40mg/ml 

oral drops sugar fre 

128. 

Risperidone 2mg tablets 

38. Clomipramine 50mg 

capsules 

129. 

Risperidone 3mg tablets 

39. Cloral betaine 707mg 

tablets 

130. 

Risperidone 4mg tablets 

40. Cymbalta 30mg gastro-

resistant capsules 

131. Risperidone 500microgram 

tablets 

41. Cymbalta 60mg gastro-

resistant capsules 

132. 

Seroquel 100mg tablets 

42. Depakote 250mg gastro-

resistant tablets 

133. 

Seroquel 200mg tablets 

43. Depakote 500mg gastro-

resistant tablets 

134. 

Seroquel 25mg tablets 

44. Depixol Conc 

50mg/0.5ml solution for 

in 

135. 

Seroquel 300mg tablets 

45. Diazepam 10mg 

RecTubes 

136. 

Seroquel XL 200mg tablets 

46. Diazepam 10mg tablets 137. Seroquel XL 300mg tablets 

47. Diazepam 2mg tablets 138. Seroquel XL 50mg tablets 

48. Diazepam 2mg/5ml oral 

solution 

139. 

Seroxat 10mg tablets 

49. Diazepam 5mg tablets 140. Sertraline 100mg tablets 

50. Dosulepin 25mg 

capsules 

141. 

Sertraline 50mg tablets 
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51. 

Dosulepin 75mg tablets 

142. Sodium oxybate 500mg/ml 

oral solution s 

52. Doxepin 25mg capsules 143. Stilnoct 10mg tablets 

53. Duloxetine 30mg 

gastro-resistant capsul 

144. 

Stilnoct 5mg tablets 

54. Duloxetine 60mg 

gastro-resistant capsul 

145. 

Sulpiride 200mg tablets 

55. Efexor XL 150mg 

capsules 

146. 

Temazepam 10mg tablets 

56. Efexor XL 75mg 

capsules 

147. 

Temazepam 20mg tablets 

57. Escitalopram 10mg 

tablets 

148. 

Trazodone 100mg capsules 

58. Escitalopram 20mg 

tablets 

149. 

Trazodone 150mg tablets 

59. Escitalopram 20mg/ml 

oral drops sugar f 

150. 

Trazodone 50mg capsules 

60. Escitalopram 5mg 

tablets 

151. Trazodone 50mg/5ml oral 

solution sugar 

61. Fluanxol 500microgram 

tablets 

152. 

Trifluoperazine 1mg tablets 

62. Fluoxetine 20mg 

capsules 

153. Trifluoperazine 1mg/5ml oral 

solution s 

63. Fluoxetine 20mg/5ml 

oral solution 

154. 

Trimipramine 50mg capsules 

64. Fluoxetine 20mg/5ml 

oral solution sugar 

155. 

Valdoxan 25mg tablets 

65. Fluoxetine 60mg 

capsules 

156. Valproic acid 250mg gastro-

resistant ta 

66. Flupentixol 40mg/2ml 

solution for injec 

157. Valproic acid 500mg gastro-

resistant ta 

67. Fluvoxamine 100mg 

tablets 

158. 

Venaxx XL 75mg capsules 

68. Fluvoxamine 50mg 

tablets 

159. Venlafaxine 150mg modified-

release caps 

69. Haloperidol 1.5mg 

tablets 

160. Venlafaxine 150mg modified-

release tabl 

70. Haloperidol 

500microgram capsules 

161. Venlafaxine 225mg modified-

release tabl 

71. 

Haloperidol 5mg tablets 

162. Venlafaxine 37.5mg 

modified-release cap 

72. Imipramine 10mg 

tablets 

163. Venlafaxine 37.5mg 

modified-release tab 

73. Imipramine 25mg 

tablets 

164. 

Venlafaxine 37.5mg tablets 

74. Levomepromazine 

25mg/1ml solution for I 

165. Venlafaxine 75mg modified-

release capsu 

75. Lofepramine 70mg 

tablets 

166. Venlafaxine 75mg modified-

release table 
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76. Lorazepam 1mg tablets 167. Venlafaxine 75mg tablets 

77. Lorazepam 2.5mg 

tablets 

168. 

Venlalic XL 150mg tablets 

78. Lormetazepam 1mg 

tablets 

169. 

Venlalic XL 37.5mg tablets 

79. Lormetazepam 

500microgram tablets 

170. 

Venlalic XL 75mg tablets 

80. Lustral 100mg tablets 171. Vensir XL 150mg capsules 

81. Lustral 50mg tablets 172. Vensir XL 75mg capsules 

82. Melatonin 2mg 

modified-release tablets 

173. 

Zaleplon 10mg capsules 

83. Mirtazapine 15mg 

orodispersible tablets 

174. 

Zimovane 7.5mg tablets 

84. Mirtazapine 15mg 

tablets 

175. 

Zimovane LS 3.75mg tablets 

85. Mirtazapine 30mg 

orodispersible tablets 

176. 

Zolpidem 10mg tablets 

86. Mirtazapine 30mg 

tablets 

177. 

Zolpidem 5mg tablets 

87. Mirtazapine 45mg 

orodispersible tablets 

178. 

Zopiclone 3.75mg tablets 

88. Mirtazapine 45mg 

tablets 

179. 

Zopiclone 7.5mg tablets 

89. Nitrazepam 5mg tablets 180. Zyprexa 10mg tablets 

90. Nortriptyline 10mg 

tablets 

181. 

Zyprexa 2.5mg tablets 

91. Nortriptyline 25mg 

tablets 

182. Zyprexa 5mg tablets 

MHM (the 182 medications have been categorised into 49 medications without 

regard to dose or brand name) 

1. 1. Abilify 26. Lormetazepam 

2. 2. Agomelatine 27. Sertraline 

3. 3. Allegron 28. Mirtazapine 

4. 4. Amitriptyline 29. Nitrazepam 

5. 5. Anafranil 30. Olanzapine 

6. 6. Buspirone 31. Oxazepam 

7. 7. Chlordiazepoxide 32. Paliperidone 

8. 8. Chlorpromazine 33. Paroxetine 

9. 9. Escitalopram 34. Phenelzine 

10. 10. Citalopram 35. Priadel 

11. 11. Circadin 36. Promazine 

12. 12. Cymbalta 37. Prothiaden 

13. 13. Depakote 38. Quetiapine 

14. 14. Cloral betaine 39. Reboxetine 

15. 15. Depixol 40. Risperdal Consta 

16. 16. Diazepam 41. Sodium oxybate 

17. 17. Dosulepin 42. Stilnoct 

18. 18. Venlafaxine 43. Sulpiride 

19. 19. Fluoxetine 44. Temazepam 
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20. 20. Fluvoxamine 45. Trazodone 

21. 21. Haloperidol 46. Trifluoperazine 

22. 22. Imipramine 47. Trimipramine 

23. 23. Levomepromazine 48. Zaleplon 

24. 24. Lofepramine 49. Zopiclone 

25. 25. Lorazepam   

MHM=Mental Health Medications 
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Appendix 18 
 

Table shows comparisons between some of the descriptive results from the study from 

NIMATS file and results from Children’s Health in Northern Ireland report. 

 

Variable Year Data from 

the study 

Year Data from 

Children’s 

Health in NI 

report 

Live births 2010 12,861 2010 25,315 

 2011 16,132 2011 25,273 

 2012 20,118 2012 25,269 

 2013 22,528 2013 24,277 

 2014 24,304 2014 24,394 

Still births     

 2010 28 2010 105 

 2011 39 2011 91 

 2012 46 2012 106 

 2013 71 2013 110 

 2014 90 2014 81 

Gestation at booking     

≤14 weeks 2010 11,408     

(88%) 

2010/2011 19,567 (89.8%) 

 2011 14,545    

(90%) 

2011/2012 22,504 (90.8%) 

 2012 18,582    

(92%) 

2012/2013 23,281 (92.3%) 

 2013 20,938    

(93%) 

2013/2014 22,651 (92.6%) 

 2014 22,691    

(93%) 

2014/2015 22,762 (92.8%) 

Gestation at delivery     

≥39 weeks 2010 9,219 

(76.4%) 

2010/2011 16,095 (73.%) 

 2011 11,827 

(77.7%) 

2011/2012 18,403 (74.2%) 

 2012 14,825  

(78.1%) 

2012/2013 18,645 (73.9%) 

 2013 16,642 

(78.5%) 

2013/2014 18,037 (73.7%) 

 2014 18,010 

(78.5%) 

2014/2015 17,974 (73.2%) 

Mother smoking     

 2010 19%  2010/2011  

 2011 19% 2011/2012  

 2012 17% 2012/2013  

 2013 15% 2013/2014 14.5% 

 2014 15% 2014/2015 15.3% 

NIMDM (mother)     
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Least 2014 3,528 (15%) 2014/2015* 3571 (15%) 

  4,682 (19%)  4749 (19%) 

  5,114 (21%)  5155 (21%) 

  5,289 (22%)  5313 (22%) 

Most  5,585 (23%)  5612 (23%) 

Age 

(mother) 

    

Under 20 2014 710  (2.9%) 2014/2015 712      (2.9%) 

20-24  3,414    

(14.1%) 

 3,441  (14.1%)  

25-29  6,556     

(27.1%) 

 6,619  (27.1%) 

30-34  8,151      

(33.7%) 

 8,220  (33.7%) 

35-39  4,364      

(18%) 

 4,396   (18%) 

40+  1,001      

(4.1%) 

 1,009   (4.1%) 

BMI**     

Normal 2010 5,521  (48%) 2010/2011 9,590     

(49.9%) 

 2011 7,582  (50%) 2011/2012 11,758   

(50.1%) 

 2012 9,757  (50%) 2012/2013 11,951   

(49.2%) 

 2013 10,942 

(49%) 

2013/2014 11,569   

(48.8%) 

 2014 11,887 

(49%) 

2014/2015 11,613   

(48.6%) 

Underweight     

 2010 270 (2%) 2010/2011 432 (2.2%) 

 2011 362  (2%) 2011/2012 492 (2.1%) 

 2012 421  (2%) 2012/2013 513 (2.1%) 

 2013 516  (2%) 2013/2014 472 (2.0%) 

 2014 525  (2%) 2014/2015 479 (2.0%) 

Overweight     

 2010 3,399 (30%) 2010/2011 5,702    

(29.7%) 

 2011 4,403 (29%) 2011/2012 6,880    

(29.3%) 

 2012 5,761 (29%) 2012/2013 7,120    

(29.3%) 

 2013 6,441 (29%) 2013/2014 7,015    

(29.6%) 

 2014 7,009 (29%) 2014/2015 7,026    

(29.4%) 

Obese     

 2010 1,955 (17%) 2010/2011 3086 (16.1%) 

 2011 2,575 (17%) 2011/2012 3822 (16.3%) 
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 2012 3,283 (17%) 2012/2013 4129 (17.0%) 

 2013 3,821 (17%) 2013/2014 4127 (17.4%) 

 2014 4,127 (17%) 2014/2015 4175 (17.5%) 

*Source: Child Health System 

**Source: NIMATS (Data for Western area hospitals for 2010/11 is very limited as 

bookings were not recorded on NIMATS until January 2011 and births from June 

2011). 

           

  

 

 


