
Modelling child mortality and its 

environmental impact in Nigeria 

 

 

Osita Kingsley Ezeh 

B.Sc, M.Sc 

 

 

Thesis by published works submitted for the degree of 

Doctor of Philosophy 

 

 

 

School of Medicine 

University of Western Sydney 

March 2015 

 

 

 

 



 

 

 

 

 

Dedication 

This thesis is dedicated to my late parents, Mr. and Mrs Edwin C Ezeh 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Acknowledgements 

I would like to thank my supervisors, Dr Kingsley E. Agho, Professor. Michael J. 

Dibley, Associate Professor. John J. Hall, and Professor Andrew N. Page for their 

guidance, expertise, time and constructive feedback that provided valuable 

knowledge during my candidature. A special thanks to Dr Kingsley E. Agho, for his 

excellent supervision, constructive criticisms, extensive statistical and STATA 

programming guidance, promptness in reading my write-ups and encouragement 

from the inception of my PhD.  

 

More importantly, I would like to thank Measure DHS ICF International for granting 

me permission to use the data sets for this thesis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 





v 
 

Abstract 

Nigeria has the world’s second highest rate of deaths under 5 years of age, following 

India. This high rate of under-5 mortality in Nigeria can be attributed to 

demographic, socioeconomic, and environmental factors because children younger 

than 5 years are vulnerable to environmental health hazards. This thesis used the Cox 

proportional hazards regression model to examine risk factors for child mortality and 

its environmental determinants in Nigeria. Specifically, this thesis aimed to examine 

the following: (1) the relationship between socioeconomic and demographic factors 

and neonatal mortality; (2) common factors associated with post-neonatal, infant, 

child, and under-5 mortality, (3) the effect of water and sanitation on childhood 

mortality, and (4) the effect of solid fuel use on death of children under 5 years old. 

The data used in addressing these specific aims were the 2003, 2008, and 2013 

Nigeria Demographic and Health Surveys. Additionally, published papers that 

addressed the research aims have been integrated to form the core of this thesis. 

 

The determinants of neonatal mortality in Nigeria were analysed and are reported in 

Chapter 3. There was an increased risk of neonatal death related to mothers younger 

than 20 years, mothers residing in rural areas, a small or very small newborn size, 

and newborns delivered by caesarean section. Additionally, fourth or higher birth 

order of newborns with a short birth interval ≤ 2 years was significantly associated 

with neonatal mortality. Chapter 4 focuses on the common factors associated with 

post-neonatal, infant, child, and under-5 mortality. A decreased level of risk of 

mortality across the four age ranges was associated with children born to mothers 

who had a secondary or higher education, and mothers residing in urban areas. The 
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risk of mortality was also decreased for children born to mothers from rich 

households. 

Chapter 5 presents the effect of water and sanitation at 0–28 days (neonatal), 1–11 

months (post-neonatal), and 12–59 months (child) by combining the three most 

recent Nigeria Demographic and Health Survey (NDHS) data sets. Unimproved 

water and sanitation significantly increased the risk of post-neonatal and child 

mortality. Common factors associated with under-5 mortality included household 

wealth index (middle and poor) and current breastfeeding status. Chapter 6 shows 

the effect of household use of solid fuel on neonatal, post-neonatal, and child 

mortality by using the 2013 NDHS data set. A total of 0.8% of neonatal deaths, 

42.9% of post-neonatal deaths, and 36.3% of child deaths could be attributed to the 

use of solid fuels. In addition to the effect of solid fuels on childhood mortality, 

living in rural areas and poor households were associated with an increased risk of 

death during the three mortality periods. 

 

In summary, findings from these four studies highlight the need for policy-makers 

and public health researchers to direct resources to the most vulnerable segments of 

the population, and thus make better use of resources in Nigeria. However, 

community-based education interventions are also required to reduce avoidable child 

deaths and interventions should target households with a low socioeconomic status. 
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CHAPTER ONE 

Introduction 

 

Child mortality, also known as under-5 mortality, refers to death of children aged 

between 0 and 59 months of life and can be disaggregated as neonatal mortality (0–

28 days), post-neonatal mortality (1–11 months), infant mortality (0–11 months), 

child mortality (12–59 months), and under-5 mortality (0–59 months).
1,2 

Worldwide, 

death of children < 5 years old remains a major public health problem, particularly in 

sub-Saharan African countries, including Nigeria. Nearly 50% of the world’s 

estimated deaths in children < 5 years old occur in the sub-Saharan African region, 

and Nigeria accounts for approximately 13% of these deaths.
1 

The majority of these 

deaths are caused by preventable or treatable diseases, such as water and sanitation-

related diseases (diarrhoea), which contribute to approximately 9% of these deaths.
3
 

 

The high rate of under-5 mortality in low- and middle-income countries can be 

attributed to demographic, socioeconomic, and environmental factors. Environmental 

risk factors have been estimated to account for approximately one-fifth of the total 

burden of disease in low-income countries.
4
 Environmental health risk factors are 

broadly classified into two types: traditional and modern hazards.
5
 Traditional 

hazards include waste disposal, vector-borne diseases, inadequate sanitation, indoor 

air pollution, and unimproved sources of water, while modern hazards consist of 

urban air pollution, exposure to agro-industrial chemicals, and wastes. 
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A recent public health review undertaken in 38 developing countries indicated that 

access to safe water and sanitation reduced child mortality by approximately 20%.
6
 

Additionally, each year, this access prevented approximately 2.2 million deaths in 

children younger than 5 years from developing countries, excluding China.
6
 The 

World Health Organisation (WHO) also reported that more than 50% of the deaths of 

children younger than 5 years are attributed to acute lower respiratory infections 

caused by particulate matter inhaled from indoor air pollution (IAP) from cooking 

with solid fuels.
7
 Children younger than 5 years are more vulnerable to the 

environmental health hazards associated with solid fuel use
8
 and unsafe water and 

sanitation
9
 because their immune, respiratory, and digestive systems are still 

developing.  

 

Evidence from the three most recent Nigeria Demographic and Health Surveys 

(NDHSs) showed that over a 10-year period (2003–2013), the under-5 mortality rate 

declined by approximately 36% (from 201deaths per 1,000 live births to 128), the 

neonatal mortality rate (NMR) declined by 22.9% (from 48 to 37), the post-neonatal 

mortality rate declined by 40% (52 to 31), the infant mortality rate (IMR) declined by 

31% (from 100 to 69), and the child mortality rate (CMR) declined by 43% (from 

112 to 64).
2,10,11

 The findings from the NDHSs show that at least a 9% average 

annual reduction in under-5 mortality, which is required to achieve the Millennium 

Development Goal (MDG) number 4, remains evasive.
 12

 The rationale of the present 

study formed the basis of discussion in the following section. 

1.1 Rationale of the study 

The Nigerian government has formulated and implemented a number of policy 

initiatives, as well as intervention programmes, including the Midwives Service 
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Scheme (MSS), Integrated Maternal, Newborn and Child Health (IMNCH), 

Kangaroo Mother Care (KMC), Integrated Management of Childhood Illness 

(IMCI), and Baby-friendly Hospital Initiatives (BFHI), which aim at continued 

improvements in childhood survival. Despite these policy and intervention 

initiatives, currently, Nigeria has the highest reported number of under-5 deaths in 

Africa and ranks as having the second highest number of deaths (after India) 

globally.
1
 

 

Previous studies on the death of children < 5 years old in Nigeria have been 

conducted mostly with hospital-based case-control and experimental studies, and few 

population-based studies.
13-20

The limitations of the hospital-based studies are that 

children who died at home were not included, and that control groups were not 

population-based, which may not be generalisable to the wider Nigerian population. 

Evidence from the last three NDHSs (2003, 2008, and 2013) showed that more than 

60% of children were delivered at home.
2,10,11

 Therefore, estimates obtained in 

hospital-based studies may be underestimated or overestimated because children 

delivered at home were not included, and control groups were not population-based. 

In addition, these studies did not exclude multiple births in their analyses, because 

compared with singletons, multiple births are associated with a high childhood 

mortality risk.
21-27

 Therefore, including multiple births in the analyses of child 

mortality may also produce misleading/inaccurate mortality estimates. 

Environmental factors (indoor air pollution caused by solid fuel use, and water and 

sanitation) have been neglected by public health researchers, despite their large effect 

on child survival. Researchers have estimated that over 95,000 and approximately 

150,000 Nigerians, including children < 5 years old, die annually from exposure to 
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firewood smoke and access to unimproved water and sanitation in Nigeria.
7,28

 Prior 

to the current study, no population-based studies examined the effect of sanitation 

and sources of water on childhood mortality in Nigeria, as well as the effect of solid 

fuel use on childhood mortality. 

 

Therefore, the current study was performed because of this lack of knowledge in the 

existing public health literature on childhood mortality and its environmental impact. 

This study used population-based sample data to examine the determinants of 

childhood mortality, and the effect of solid fuel use, water, and sanitation on 

reducing childhood deaths in Nigeria. The next two sections discuss research aims 

and the approach adopted in answering these research questions. 

 

1.2 Research objectives 

The main aim of this study was to examine the determinants of childhood mortality 

and its environmental impact using a population-based cross-sectional household 

survey. Specifically, this study aimed to examine the following research objectives: 

1. To examine the socioeconomic and demographic factors associated with 

neonatal mortality using the 2008 NDHS. 

 

2. To identify common factors associated with post-neonatal, infant, child, and 

under-5 mortality using pooled sample data of 2003, 2008 and 2013 NDHSs. 
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3. To investigate the effect of water and sanitation on childhood mortality by 

combining sample data of 2003, 2008 and 2013 NDHSs.  

 

4. To examine the effect of solid fuel use on childhood mortality using the 2013 

NDHS. 

 

1.3 Quantitative analysis 

In this thesis, only quantitative methods were used to answer the research questions. 

The statistical method that was used for all of the quantitative analyses presented in 

this thesis was the Cox proportional hazards model. This method is discussed in 

detail in each of the publications arising from the thesis.  

 

1.4 Thesis outline 

The thesis is categorised into four sections. Section 1 is an overview of the research, 

which includes an introduction (Chapter 1), and background, and literature review 

(Chapter 2). 

Section 2 consists of two chapters. Chapter 3 examines the determinants of neonatal 

mortality in Nigeria using the 2008 NDHS (publication 1).
29

Chapter 4 presents the 

risk factors for post-neonatal, infant, child, and under-5 mortality in Nigeria using the 

data from the 2003 to 2013 NDHSs (publication 2).
30

 

In Section 3, the effects of environmental factors are discussed using pooled sample 

data of the 2003, 2008, and 2013 NDHSs, as well as using the most current NDHS 

(2013). This section includes Chapters 5 and 6. In Chapter 5, the effect of water 
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and sanitation on childhood mortality is examined (publication 3).
31

 In Chapter 6, 

the effect of solid fuel use on childhood mortality is examined (publication 4).
32

 

Section 4 presents the final chapter (Chapter 7). Major findings are summarised, 

and limitations of the research are also discussed as well as recommendations for 

future research. 
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CHAPTER TWO 

Literature Review 

2.0 Introduction  

This chapter reviews the existing literature on childhood mortality and its 

environmental effects. Section 2.1 discusses the geographical structure of the study 

area. Section 2.2 describes the NDHS, including the sampling design. The Mosley 

and Chen theoretical framework of childhood survival is discussed in Section 2.3. 

Previous studies on individual, household, community, and environmental 

characteristics that affect child mortality are reviewed and presented in Section 2.4. 

Finally, Section 2.5 discusses the statistical modelling adopted in examining and 

identifying factors associated with death of children < 5 years old in Nigeria. 

 

2.1 Location of the study area  

Nigeria is the world’s seventh most populous nation, with over 160 million people,
1
 

and an annual growth rate estimated at 3.2%, based on the 2006 census.
2
 Nigeria is 

located in the West Africa sub-region, bordered by four countries, Niger, Chad, 

Cameroon, and Benin (Figure 2.1). 
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Figure 2.1 Map of Nigeria  

 

Source: NDHS, 2008. 

 

At present, there are 374 identifiable ethnic groups, with lgbo, Hausa, and Yoruba as 

the major ethnic groups. Nigeria comprises 36 states and Federal Capital Territory 

(FCT) (Figure 2.1). Each of the states and FCT consists of constitutionally 

recognised local government areas (LGAs). These states are grouped into six 

geopolitical zones, which include north-central, northeast, northwest, south-south, 

southeast, and southwest. Geopolitical zones are defined based on ethnic 

homogeneity of near perfect political, administrative, and commercial cities in 

Nigeria.
3
The economic strength of the country is derived mainly from its oil and gas 
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reserves.
2
 A recent report by the World Bank (WB) indicated that Nigeria has a gross 

domestic product (GDP) of $262.6 billion.
4
 

 

2.2 Demographic and health surveys 

A demographic and health survey (DHS) is a nationally representative survey that 

gathers health and socio-demographic data of the population in a host country. The 

DHS is mostly used in low- and middle-income countries because of inadequate vital 

registration of birth and death. The DHS is conducted by the participating countries 

in conjunction with ICF International. The DHS programme is largely sponsored by 

the United States Agency for International Development (USAID), with additional 

funds from other donors (UKaid and UNFPA) and host countries. More than 260 

DHS surveys in over 90 countries, including Nigeria, have been conducted since 

1984.
5
 Participating countries adopt standardised uniform questionnaires, manuals, 

and field procedures that are developed by the DHS to gather information that is 

comparable across countries.  

 

The DHS core instruments are the household, and women’s and men’s 

questionnaires. The household questionnaire records all of the usual residents of the 

selected household and their characteristics, such as age, sex, education, and features 

of the household dwelling unit. This questionnaire is administered to the head of the 

household. The women’s questionnaire is administered to eligible women aged 15–

49 years. They are asked about their demographic and health issues including, but 

not limited to, birth history, childhood mortality, antenatal care, delivery, postnatal 

care, vaccinations, and childhood illnesses, as well as prevention and treatment of 
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malaria. The men’s questionnaire is the same as the women’s questionnaire, except 

that it does not contain a detailed reproductive history, maternal and child health, or 

nutrition. 

 

The first NDHS was conducted in 1990, and was carried out by the Federal Office of 

Statistics (FOS). Since then, four NDHSs have been conducted (1999, 2003, 2008, 

and 2013 NDHS) in Nigeria approximately every 5 years by the National Population 

Commission (NPC) in conjunction with technical assistance from ICF international. 

The NDHS programme collects data nationally on a wide range of socio-

demographic and health characteristics by interviewing women and men of 

reproductive age from 15 to 49 and 15 to 59 years old, respectively, in all the states 

and FCT.  

 

The NDHS uses a stratified, two-stage (cluster), random sampling design. Each state 

was stratified into two distinct groups of urban and rural areas. The census 

enumeration areas were used as the clusters for the NDHS survey. In the first stage, 

clusters were selected based on probability proportionate to the population size 

among its urban and rural areas. In each of the selected clusters, a complete listing of 

households was obtained. The listed households then served as the sampling frame 

for the selection of households to be interviewed in the second stage. Thereafter, 

systematic sampling with equal probability was used in the second stage in selecting 

the specified number of households in each cluster for interview.
2,6

 A structured 

questionnaire is used for interviewing the selected households for the NDHS survey. 
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The information gathered from interviewees is recorded in three separate DHS 

questionnaires as previously mentioned. 

 

Table 2.1 shows the sample sizes of all NDHS datasets used in this thesis. The 

NDHS usually covers all the selected clusters, but in the 2008 NDHS, two clusters 

were not accessed because of flood and inter-communal disturbances. As shown in 

Table 2.1, the sample size of the 2003 NDHS was relatively smaller than sample 

sizes of the 2008 and 2013 NDHS because additional information on violence 

against women and the FCT were included in the 2008 and 2013 NDHSs.
2,6

 

 

Table 2.1 Number of households, and women and men successfully interviewed in the  

Nigeria Demographic and Health Surveys (NDHSs) 2003–2013 

 

    Year of survey Number of households  Number of women  Number of men  

NDHS (response rate) (response rate) (response rate) 

    2003 7,225 (98.6%) 7,620 (95.4%) 2,346 (91.2%) 

2008 34,070 (98.3%) 33,385 (96.5%) 15,486 (92.6%) 

2013 38,522 (99.0%) 38,948 (97.6%) 17,359 (95.2%) 

Source: 2003, 2008, and 2013 NDHS final reports. 

 

2.3 Mosley and Chen theoretical framework   

A conceptual framework of childhood survival in developed and developing 

countries has been developed by other authors.
7-9

 However, the model by Mosley and 

Chen
7
 is regarded as the most comprehensive and systematic conceptual framework

10
 

for analysing childhood mortality. Berger et al
l1

 acknowledged the usefulness of the 
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Moseley and Chen model for study of determinants of childhood mortality at various 

levels of causality, particularly in developing countries. Eberstein
12

 also suggested 

that the Moseley–Chen model is appropriate for the study of child survival in low- 

and middle-income countries. This is because the Mosley and Chen model bridged 

the gap between medical and social science researchers by integrating social science 

models and medical research models into a unifying general theoretical model. Their 

model identified the socioeconomic characteristics that influence childhood death, as 

well as the underlying biological factors affecting it. 

 

Numerous studies have used the Mosley and Chen model in analysing and reporting 

childhood mortality. An example of one of these studies was a cross-sectional study 

on the determinants of neonatal mortality that was conducted in Indonesia in 2008 

and conceptualised based on the Mosley and Chen framework.
13

This previous study 

found that individual, community, and household characteristics affect neonatal 

mortality. Omaribaet al
14

 used the Mosley and Chen model to analyse and report the 

determinants of infant and child mortality in Kenya. Additionally, a cross-sectional 

study conducted in five developing countries (Cameroon, Egypt, Peru, Uganda, and 

Vietnam) on the effect of water and sanitation on child survival adopted a conceptual 

framework that was proposed by Mosley and Chen.
15

 As a result, this thesis adapted 

the Mosley and Chen conceptual framework as the basis for identifying important 

risk factors affecting childhood survival in Nigeria. 
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Figure 2.2 Conceptual framework for analysing factors associated with death of children < 5 years old 

in Nigeria.  

COMMUNITY LEVEL FACTORS

- Geopolitical zone

- Place of residence (rural & urban)

SOCIO-ECONOMIC FACTORS

 

 - Maternal marital status

 - Maternal education

 - Paternal education
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ENVIRONMENTAL FACTORS

 

 - Source of water/sanitation

 - Type of cooking fuel
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Pre-delivery factor

 

 - Antenatal care
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 - Postnatal care

 - Breastfeeding
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 - Birth size

 - Birth order and birth
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Survival
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Source: Adapted from Mosley and Chen (1984). 
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The Mosley and Chen model suggested that factors that affect childhood mortality 

operate through a set of proximate determinants that influence disease and the 

disease process. The proximate determinants include maternal and demographic 

factors, environmental factors, nutrient deficiency, injury, and control of personal 

illness (Figure 2.2). Mosley and Chen also found that socioeconomic factors affect 

childhood death and they classified socioeconomic factors into four distinct groups: 

individual-level, household-level, community-level, and environmental factors. 

These factors were used in the current study to identify risk factors associated with 

childhood mortality and are discussed below. 

 

2.4 Previous studies on child mortality and its environmental effect 

Several studies have examined the risk factors associated with childhood mortality in 

developing and developed countries. Therefore, the following sections discuss 

previous literature on independent characteristics that were classified into four 

groups: individual, household, community, and environmental level characteristics 

that are related to child mortality. 

 

2.4.1 Individual-level factors 

The individual-level factors consist of attributes from the mothers, fathers and 

children. These attributes are discussed below.  

Mother’s education 

Caldwell
16

 demonstrated that maternal education is an important determinant of child 

survival in low- and middle-income countries, and this has been confirmed by other 
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subsequent studies.
17-21 

Educated mothers can understand health care practices and 

hazards related to contraception, nutrition, hygiene, and solid fuel use. Anyamele
22

 

concluded that mothers who have a formal education are significantly associated 

with improved child survival, and there is no minimal level of maternal education 

that needs to be achieved before yielding positive effects in child survival.
23

 

However, Madise et al
24

 found that mothers with higher levels of education 

(secondary school or higher) exert more influence on their child’s health.  

Maternal age 

Some studies
25,26

 have shown that there is a relationship between maternal age at 

birth and child survival. In addition, Ezehet al
27

 also showed that neonates born to 

mothers aged younger than 20 years had a significantly higher risk of mortality than 

those born to mothers aged 20–29 years, 30–39 years, and 40–49 years. However, 

their findings contradict that of Mahmood
28

 who found that neonates and post-

neonates of older mothers aged 30–39 years were more likely to die than those of 

younger mothers. Other studies conducted in Swaziland
29

 and Tanzania
30

 showed no 

significant relationship between maternal age and neonatal mortality. 

Child’s sex 

Several studies have shown mortality differential by sex; female mortality is lower 

during the neonatal period compared with male mortality.
13,27,31 

Higher male 

mortality in the neonatal period may be attributed to high vulnerability of infectious 

disease,
32

 and late development of early foetal lung maturity in the first week of 

life.
33

 However, studies have suggested that during the post-neonatal and child 

periods, females were more likely to die than males.
34-36

 This may be related to 

behavioural attitude through neglect and inadequate parental care of female 
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children.
37

 However, researchers have argued that the effect of sex discrimination 

against females or males is negligible on child survival
17

 and its effect is weak in 

children born to educated mothers.
38

 

Birth order 

Studies have shown that first born and a high birth order are associated with 

childhood mortality.
39,40

Davanzo et al
41

 suggested that first-born children are at a 

disadvantage due to biological effects of primiparity and young maternal age. 

However, Hobcraft,
39

 established that if women delay their first birth until they are 

18 years or older, they can decrease the risk of first-born death by up to 20% on 

average. 

Birth interval 

Several studies have concluded that short spacing of children affects the survival of 

children < 5 years of age.
13,27,42

 A number of studies have suggested pathways 

through which a short child-spacing interval may influence children’s survival. 

Inadequate time for physical and nutritional recovery,
43

 and behavioural effects 

associated with competition among siblings
31,39

 have been frequently reported as an 

obvious pathway for how a short birth interval may affect child survival. In addition, 

Davanzoet al
41

 suggested that inadequate attention to a child and disease 

transmission are possible contributors to the effect of closely spaced children. 

However, in this thesis, birth order and birth interval were combined together in the 

analyses because the effect of birth order may be mediated by the birth interval 

between children. Previous studies conducted in Zimbabwe and Indonesia used 

combined birth order and birth interval in their analyses of childhood mortality.
13,44
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Mother’s perceived birth size   

The birth weight of a child is generally considered as a factor that is associated with 

childhood mortality, particularly in the neonatal and post-neonatal periods. This 

relationship has been consistently reaffirmed by past reviews.
45-48

 However, in the 

present study, the variable of birth weight was not used because more than half of the 

children were not weighed at the time of birth. However, perceived newborn size at 

birth by mothers (small or very small, and average or large) was used instead of birth 

weight. This was based on a previous study, which showed that there is a close 

relationship between mean birth weight and perceived newborn size by the mother.
49

 

A recent cross-sectional study conducted in Indonesia in 2008 reported that small or 

very small-sized neonates were more likely to die than average or larger-sized 

neonates.
13

 Similarly, a report from a cross-sectional study that was performed in 

five Asian countries (India, Indonesia, Nepal, Bangladesh, and the Philippines) in 

2008 also showed that smaller than average neonates had an increased risk of 

neonatal deaths than average or larger-sized neonates in four of the five countries 

with data on perceived newborn size.
50

 

Mode of delivery 

The effect of mode of delivery on childhood mortality in low- and middle-income 

countries has been established in previous reviews.
27

 However, this relationship is 

not consistent. Studies conducted in Egypt and Swaziland indicated a non-significant 

association between the mode of delivery and neonatal mortality.
29,51

 A recent study 

on caesarean section and perinatal mortality in South Western Nigeria indicated that 

nearly 84% of early neonatal deaths occurred in pregnant mothers who delivered 

their newborns by emergency caesarean section.
52

 This may be attributed to the fact 
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that pregnant mothers presented to a health facility after experiencing labour at home 

or elsewhere, with life-threatening complications for emergency caesarean section.
53

 

Location of birth  

Previous studies have shown that children who are delivered at home are more likely 

to die compared with those delivered at health facilities.
54,55

 Evidence from the 

NDHS showed that home delivery in Nigeria remains high. An example of this 

situation is in the three NDHSs (2003, 2008, and 2013), which showed that at least 

62% of children were delivered at home
2,6,56

 because of inadequate health facilities, 

insufficient skilled health professionals, and a lack of modern medical equipment, 

which have undermined the Nigerian healthcare system, particularly in rural areas.
57

 

Assistance during delivery 

According to the NDHS, only 38% of all deliveries in the 5 years preceding the 2013 

survey were assisted by trained birth attendants (doctor, nurse, and midwife). Forty-

five percent of births were assisted by untrained birth attendants, such as traditional 

birth attendants, and relatives or other persons. Some studies have suggested that 

there is a correlation between untrained birth attendants and deaths among children < 

5 years old.
58,59

 

Father’s education 

Education of the father has been found to be correlated with neonatal, infant, and 

child mortality.
25,26

 In Nigeria, as in many low- and middle-income countries, the 

father is the head of the family and decision maker, as well as the main income 

earner. Educated fathers are more likely to gain better paid work than uneducated 
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fathers, which in turn improves access to healthcare facilities, healthy nutrition, 

housing environment, and a good life style for the family. 

Mother’s work status 

Previous reviews have shown a divergent view on the association between the 

mother’s work status and childhood mortality. A cross-sectional study conducted in 

Jordan in 1983 indicated that the mother’s work status is significantly related to 

childhood mortality.
60

However, a study in Malaysia showed no significant 

relationship between the mother’s work status and childhood mortality
41

 

 

2.4.2 Household-level factors     

Income/wealth effect is strongly correlated with a range of goods and services, as 

well as assets at the household level. This in turn affects child health and mortality. 

Household wealth index 

Economic status of a household is associated with childhood mortality, and more 

importantly, with infant and child mortality.
25,61-63

 The positive influence of a higher 

income level of a household includes, but is not limited to, access to healthcare 

facilities, food availability, improved water supply, improved sanitation facilities, 

access to modern stoves and cleaner energy, and housing conditions. 

Inadequate or non-availability of either income or expenditure data in sample 

surveys, particularly those conducted in low- and middle-income countries, have 

prompted the use of household assets as a proxy to measure household economic 

status.
64,65

In this study, a household wealth index variable was constructed using 
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household assets because NDHSs contain no data on income or on household 

consumption expenditure. As a result, the household wealth index was calculated 

using household assets and facilities that were available to respondents.  

The household assets and facilities were weighted using principal component 

analysis.
65

The assets that were included werea television, radio, refrigerator, 

telephone, car, bicycle, motorcycle and canoe, and ownership of agricultural land, a 

livestock farm, or a bank account. In addition, the source of drinking water, type of 

toilet, electricity, and type of building materials used in the place of dwelling were 

included. However, in the pooled analysis, only assets that were consistent across the 

three NDHSs for the years of 2003, 2008, and 2013 were considered. 

 

In the NDHS data set, the household wealth variable was categorised into five 

quintiles: poorest, poorer, middle, richer, and richest. However, in this thesis, the 

household wealth index was re-categorised into three groups. The bottom 40% of 

households was arbitrarily referred to as poor households, the next 40% as middle-

income households, and the top 20% as high-income households.  

 

2.4.3 Community-level factors 

Community-setting attributes that were considered were the type of residence and 

geopolitical zone that may affect access to healthcare institutions, and social and 

economic infrastructure. 
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Place of residence  

The respondent’s living location at the time of the surveys was used to classify the 

residence, and was classified as urban or rural. The place of residence affects 

children’s survival, particularly in low- and middle-income countries. Numerous 

studies have shown that children born to mothers residing in rural areas are more 

likely to die than those who reside in urban areas.
26,27,66-69

 Limited access to health 

facilities and maternal healthcare services disproportionally hinders rural dwellers 

from receiving adequate healthcare services, resulting in a high probability of child 

death.  

Geopolitical zone 

As previously mentioned, Nigeria is made up of six geopolitical zones. There is 

geopolitical disparity in the patterns of deaths of children < 5 years old. Antai
70

 

suggested that under-5 mortality in Nigeria is significantly higher in some zones 

compared with other zones.  

 

2.4.4 Environmental-level factors 

Of the 10 identified leading risks of mortality in low- and middle-income countries, 

including Nigeria, unsafe water and sanitation ranked second, while solid fuel use 

ranked fourth.
71

 Approximately one-fifth of the total burden of disease in low-

income countries is attributed to environmental risk factors.
72

 Several studies have 

found that environmental factors (source of drinking water, sanitation facilities, and 

cooking fuels) are associated with infant and child mortality,
73-75

 which makes these 

variables vital predictors for childhood mortality. 
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Source of water and access to sanitation 

According to WHO, an improved water source, is a source, which by the nature of its 

construction, is adequately protected from contamination, particularly faecal matter, 

while an improved sanitation facility is one that hygienically separates human 

excreta from human contact.
76

 Figures 2.3 and 2.4 show the distribution of the type 

of water supply and sanitation facility by year of the NDHS, respectively. The grey 

bars represent the percentage of the Nigerian population who have access to 

unimproved water sources and sanitation facilities. Over a 10-year period (from 2003 

to 2013), the proportion of the population with access to unimproved water sources 

decreased from approximately 55–41% (Figure 2.3), while the proportion of the 

population with access to unimproved sanitation facilities declined by 15% (from 

80% to 65%) (Figure 2.4). 

 

Unimproved water and sanitation are major causes of diarrhoea, which globally 

account for approximately 1.4 million child deaths each year. Previous studies have 

shown that access to improved water and sanitation leads to a reduction in childhood 

mortality, as well as child diarrhoea.
50,77

 A recent large cross-sectional study that was 

undertaken in 38 developing countries concluded that complete access to improved 

water and sanitation can reduce child mortality by approximately 20% and prevent 

approximately 2.2 million deaths in children younger than 5 years each year in low-

income and middle-income countries, excluding China.
78

 

 

 

 

 



26 
 

Figure 2.3 Distribution of the population who use improved or unimproved water, by year of the 

NDHS. 

 
 

 

      

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

        

 

 

 

 
Figure 2.4 Distribution of the population who use improved or unimproved sanitation 

facilities, by year of the NDHS. 
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Type of cooking fuel 

The main source of domestic energy in low- and middle-income countries is 

traditional solid fuels, such as wood, charcoal, animal dung, coal, and crop waste. 

Solid fuel use remains the major contributor of indoor air pollution in developing 

countries, such as Nigeria. Approximately 69% of the Nigerian population still use 

solid fuels as their primary source of domestic energy for cooking and heating 

homes.
6
 In 2014, the WHO indicated that > 50% of the deaths of children < 5 years 

of age were attributed to acute lower respiratory infections triggered by solid fuel 

use.
72

 Children < 5 years of age living in homes using solid fuels for cooking are at a 

greater risk of dying from acute respiratory illnesses.
79,80 

 

The previously discussed potential confounding variables (individual, household, 

community, and environmental level factors) were fitted in the models described by 

Cox
81

 to measure their effect on neonatal, post-neonatal, infant, child and under-5 

mortality in Nigeria. The Cox proportional hazards model was used in this study, 

because in the NDHS data sets, there is a complete birth history (date of birth and 

date of death), which permits modelling of time to death. Additionally, the NDHS 

accounts for survival times and censoring information unlike logistics regression 

models that are commonly used in modelling child mortality in Nigeria. The formula 

for the Cox proportional hazards model is stated below in the following section. 
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2.5 Cox proportional hazards model 

The letters ℎ(𝑡, 𝑃) denote the hazard function defined as the risk of dying at time 𝑡 

based on an n-dimensional vector of predictor variables 𝑃 = (𝑝1, 𝑝2,…,𝑝𝑛), as shown 

in equation (1). 

ℎ(𝑡, 𝑃) = ℎ𝑜(𝑡) 𝑒𝑥𝑝(∑ 𝜔𝑖
𝑛
𝑖=1 𝑝𝑖)                                                   (1) 

ℎ𝑜(𝑡)denotes the baseline hazard at time 𝑡, where the exponential of the sum of 𝜔𝑖 

and 𝑝𝑖 provide the proportional change in hazard function in relation to changes in 

the predictor variables. The coefficients 𝜔1…𝜔𝑛 are estimated by Cox regression. 

The hazard ratio is then obtained by dividing both sides of equation (1) by ℎ𝑜(𝑡) and 

taking logarithms, which yields equation 2. 

ln (
ℎ(𝑡,𝑃)

ℎ𝑜(𝑡)
) = 𝜔1𝑝1 + 𝜔2𝑝2 + 𝜔3𝑝3 + …+𝜔𝑛𝑝𝑛                           (2) 

By applying equation (2), the hazard ratios of the effect of the previously discussed 

predictor variables were obtained for neonatal, post-neonatal, infant, child, and 

under-5 mortality.  

 

2.6 Summary 

In many low- and middle-income countries where vital registration of birth and death 

is inadequate, DHS data have been used to approximate the number of children’s 

deaths. The variables used in DHS data are consistent across participating DHS 

countries.  

The conceptual framework proposed by Mosley and Chen for child survival is of 

principal importance to this study because it is widely used for design and analyses 



29 
 

of epidemiological studies, particularly in low- and middle-income countries. 

Additionally, their framework integrates potential socioeconomic and biological 

characteristics that may affect a child’s survival into a unifying conceptual model. 

The current study used the Mosley and Chen framework as the basis for identifying 

potential factors that may be related to child health. 

 

Previous studies have examined community, household, individual, and 

environmental level factors on child mortality. There are strengths of each of these 

independent variables and advantages of using the mother’s perceived birth size as a 

proxy to birth weight. The Cox proportional hazards model provides a better estimate 

than logistics regression because it adjusts for time to events. The next Chapters 

focus on publications arising from the modelling of child mortality and its 

environmental effect in Nigeria based on application of the Mosley and Chen 

conceptual framework and Cox proportional hazards models. 
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SECTION II 

Risk factors for children under 5 years old 

in Nigeria 

 

This section presents two manuscripts titled “Determinants of neonatal mortality in 

Nigeria: evidence from the 2008 demographic and health survey data” (publication 

1) and “Risk factors for post-neonatal, infant, child, and under-5 mortality in Nigeria: 

A pooled cross-sectional analysis” (publication 2). 
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SECTION IV 

This section presents the overall summary of the research findings, policy 

implications, future research, and strengths and limitations of the study. 
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CHAPTER SEVEN 

Summary  

According to the WHO/UNICEF, Nigeria is making progress in reducing child 

mortality rates.
1
Despite this improvement, this country is still well behind in 

achieving the Millennium Development Goal number 4 of reducing child mortality 

by two-thirds by the year 2015. This chapter presents an overview of the major 

findings that will aid public health researchers and policy makers to improve child 

mortality statistics.  

 

7.1 Overview of the main findings 

Four specific objectives were addressed in this study. First, the determinants of 

neonatal mortality in Nigeria were examined. Second, the common risk factors 

associated with post-neonatal, infant, child, and under-5 mortality were examined. 

Third, the extent to which water and sanitation affects childhood mortality was 

examined. Last, the effect of solid fuel use on childhood mortality in Nigeria was 

also examined.  

Determinants of neonatal mortality in Nigeria: evidence from the 2008 

demographic and health survey
2
 

At the community level, the place of residence (rural) was found to be significantly 

related to the risk of neonatal deaths.
2
At the household level, wealth index was not 

significantly associated with neonatal mortality. This finding supports previous 

findings that economic status is less important, particularly during the neonatal 

period.
3
At the individual level, fourth or higher birth order of neonates with a short 
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birth interval ≤ 2 years and neonates with a higher birth order with a longer birth 

interval > 2 years significantly increased neonatal death. Other significant individual-

level factors that were associated with neonatal mortality included male neonates, 

caesarean delivery, smaller than averaged size at birth, and child bearing at a younger 

age (< 20 years). 

Risk factors for post-neonatal, infant, child, and under-5 mortality in Nigeria: A 

pooled cross-sectional analysis
4
 

Living in a poor household, living in a rural area, and having a mother with no 

schooling were consistently related to death of children < 5 years old across each of 

the four age ranges (0–11 months, 1–11 months, 12–59 months, and 0–59 months). 

Other factors related to children’s death are discussed in each of the age ranges 

below. 

Post-neonatal (1–11 months): In this study, post-neonates born to mothers from poor 

or middle-class households were significantly associated with post-neonatal death. 

Living in a rural area was also found to be a risk factor associated with post-neonatal 

death. At the individual level, post-neonatal death was significantly increased in 

post-neonates whose mothers had no formal education, mothers whose age was < 20 

years, and fourth or higher birth order with a short birth interval ≤ 2 years. A birth 

size that was perceived by mothers as small or smaller was also significantly related 

to post-neonatal mortality. 

Infant (0–11 months): The risk of infant death was significantly increased in infants 

whose mothers were from poor or middle-class households. Infants whose birth size 

was perceived by mothers as small or smaller and infants born to younger mothers (< 

20 years) were identified as factors hindering child survival. Additionally, this study 
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showed that infants of illiterate mothers, infants whose deliveries occurred by 

caesarean section, infants living in rural areas, infants of fourth or higher birth order 

with a birth interval ≤ 2 years, and male infants were significantly associated with 

infant mortality. 

Child (12–59 months): Children whose mothers had either no formal education or 

had a primary education reported a significantly increased risk of child mortality. In 

addition, children from poor households and children whose mothers resided in rural 

areas were significantly associated with child mortality. 

Under-5 (0–59 months): Analysis of pooled 2003, 2008, and 2013 NDHS data 

showed that the likelihood of deaths of children < 5 years old was associated with 

living in rural areas, households with poor economic status, or mothers with no 

formal education. Fourth or higher birth order with a short birth interval ≤ 2 years 

was also found among smaller than average size at birth as perceived by mothers, 

child bearing at a younger age (< 20 years), birth through caesarean section, and 

being a male child. 

Impact of water and sanitation on childhood mortality in Nigeria: evidence 

from demographic and health surveys, 2003–2013
5
 

Neonatal (0–28 days): Findings from analysis of pooled 2003, 2008, and 2013 

NDHS data indicated that neonates born to mothers in households with access to 

unimproved water and sanitation had a slightly increased risk of neonatal mortality, 

but this was not statistically significant. Other significant factors that affected 

neonatal death in addition to unimproved water and sanitation were neonates born to 

mothers younger than 20 years old, neonates whose body size was perceived by their 
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mothers as small or smaller, neonates from poor households, neonates not currently 

breastfed, and male neonates. 

Post-neonatal: The risk of post-neonatal deaths was significantly associated with the 

combined effect of unimproved water and sanitation. In addition to households 

having both unimproved water and sanitation, post-neonates had a significantly 

higher risk of death if their fathers had no formal education or post-neonates whose 

birth size was perceived as small or smaller by their mothers. Post-neonates who 

were not currently breastfed were significantly associated with post-neonatal 

mortality. 

Child: Children having access to both unimproved water and sanitation had a 

significantly increased risk of child mortality. Other factors significantly associated 

with child mortality in addition to unimproved water and sanitation were children 

who were not currently breastfed, children whose fathers had no formal education, 

and children from low economic households.  

Effect of solid fuel use on childhood mortality in Nigeria: evidence from the 

2013 cross-sectional household survey
6
 

Neonatal: Approximately, 0.8% of neonatal deaths between 2008 and 2013 could be 

attributed to the use of solid fuels. Neonates born to mothers in households using 

solid fuels for cooking had a slightly elevated risk of neonatal mortality, but this was 

not significant. Other significant factors associated with neonatal deaths were 

neonates born to mothers < 20 years of age, male neonates, neonates born to mothers 

living in rural areas, neonates not currently breastfed, and neonates whose body size 

was perceived by their mothers as small or smaller. A household with a low 

economic status was also significantly related to neonatal mortality. 
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Post-neonatal: Approximately 43% of the post-neonatal deaths for the 5-year period 

preceding the 2013 NDHS survey could be attributed to the use of solid fuels. The 

effect of solid fuel use was pronounced during the post-neonatal period. Post-

neonates had the highest significant risk of mortality among the other ages. Other 

significant risk factors associated with post-neonatal death included post-neonates 

whose mothers resided in rural areas, post-neonates born to mothers younger than 20 

years of age, and post-neonates not currently breastfed. In addition to households 

using solid fuel for cooking, post-neonates whose mothers were from poor 

households had a significantly increased risk of death. 

Child: Approximately 36% of the child deaths for the 5-year period prior to the 2013 

NDHS survey may have been attributed to the use of solid fuels. Children aged 

between 12 and 59 months living in households using solid fuels for cooking had a 

greater risk of death. Other significant factors associated with child mortality 

included children whose mothers had no formal education or had a primary 

education, children of mothers residing in rural areas, and children from low 

economic households. 

 

7.2 Policy implications of the findings 

The findings presented in this thesis indicate the importance of formulating and 

implementing effective policies, plans, and strategies to enhance child health in 

Nigeria. To successfully accomplish these goals, economic, social, and political 

commitments from the three tiers of government (federal, state, and LGA) are crucial 

to effectively reduce deaths of children < 5 years of age and to increase investment in 

water, sanitation, and clean cooking stoves.  
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Community orientation and awareness on the importance of improving child health 

Adequate promotional programmes for orienting and educating the community 

regarding major factors associated with an increased risk of neonatal death and death 

during the post-neonatal periods (post-neonatal, infant, and child) will greatly help to 

improve child survival in Nigeria. Therefore, public health interventions specifically 

targeting risk groups in the community to reduce preventable neonatal death should 

focus on educating community health workers and traditional birth attendants on safe 

delivering practice because the majority of newborn deliveries in Nigeria occur at 

home.
7-9

 Such intervention programmes should also include the benefits of KMC 

methods on low birth weight newborns or small-sized newborns, spacing of children, 

and delay of the first pregnancy, especially women who marry below the age of 20 

years. Similarly, the high mortality in the post-neonatal, infant, and child periods 

observed in the current study strongly supports intervention initiatives targeting 

mothers living in rural areas and mothers with low socioeconomic status, which will 

contribute to improvement of under-5 mortality statistics in Nigeria.  

Availability and accessibility of improved water and sanitation 

Access to improved water and sanitation in children < 5 years old is essential. 

Therefore, concerted efforts by the three tiers of government in Nigeria are required 

to formulate and implement policies, plans, and strategies that will encourage and 

promote public and private stakeholders to increase investment in water and 

sanitation. Unimproved water and sanitation in the community increased the risk of 

death among children under 5 years old in the current study. The present study 

showed that improved water and sanitation community-based interventions are 
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crucial for preventing under-5 death, and that such interventions should target low 

socioeconomic households in Nigeria.  

Improving the availability and accessibility of efficient cooking stoves 

This study established that household use of solid fuel (wood and coal) for cooking 

and heating homes increased the risk of post-neonatal and child mortality. The 

benefit of households using efficient cooking fuel for reducing deaths of children < 5 

years old indicates the importance of implementing policies that will provide 

affordable and accessible efficient cooking stoves, particularly in rural areas. 

Findings of this study suggest the need to adequately create and promote public 

awareness of the health hazard of using solid fuel and to implement community-

based domestic energy interventions targeting rural and low socioeconomic status 

households to enhance child survival in Nigeria.  

 

7.3 Strengths and limitations of the research 

The strengths and weaknesses of this study need to be considered when drawing 

specific inferences. The strengths of this study are as follows. (1) Data used for this 

study were obtained from the NDHS, a nationally representative survey, which 

reflects every ethnic and local group in Nigeria. The survey method used in the 

NDHSs is a well-established survey design to minimise selection bias, with high 

levels of participation across each of the surveys (ranging from 95% to 98%). In the 

current study,
5
 data of three NDHSs were pooled to provide a large sample size of 

deaths to examine the effect of water and sanitation on neonatal, post-neonatal, and 

child mortality, as well as risk factors associated with under-5 mortality. (2) Recall 

errors arising from dates of birth and death provided by women who were 
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interviewed and bias that may have arisen from changes in household characteristics 

were minimised by restricting all analyses to births within the 5-year period 

preceding each of the surveys. (3) Estimates provided in this study were population-

based, which increases the validity, and can be generalisable to the wider Nigerian 

population (> 350 ethnic groups with different cultures, religions, and life style). (4) 

To the best of my knowledge on the Nigeria public health literature, this study is the 

first to perform a nationally representative analysis of determinants of neonatal 

mortality, effects of water and sanitation, as well as effects of solid fuel use on 

childhood mortality in Nigeria. (5) The definitions of water and sanitation indicators, 

and cooking fuel indicators that were used were based on those recommended by the 

WHO. (6) The proportion of missing data was relatively small, such that it may not 

have affected estimates in this study. 

Despite the strengths outlined above, a number of limitations were also present in the 

study and they are as follows. (1) The DHSs are the largest source of national data, 

but they are expensive and time-consuming, and in Nigeria, this survey is usually 

conducted once in every 5 years. (2) Only surviving mothers were interviewed, 

which may have led to under-reporting of the number of neonatal deaths because of 

the relationship of newborn death with maternal death.
9
 (3) Information on the 

medical status of children younger than 5 years old and causes of death was lacking 

in the NDHS data. (4) Quality of the water sources, as well as information on 

maintenance of existing water supply infrastructure
10

, was not considered. (5) 

Information on households that use a combination of solid and non-solid fuels was 

not available from the NDHS, and misclassification of use of cooking fuels may have 

occurred. (6) Other important variables, such as gestational age, birth weight at birth, 

ventilation facility, duration of cooking, and frequency of cooking, were lacking in 
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information in the NDHS. (7) Causal effects could not be measured because the 

analyses were based on a retrospective, cross-sectional study. 

 

7.4 Future research 

The research in this thesis has identified a number of areas that could be further 

explored that may aid the government of Nigeria to formulate and adjust health 

policies to improve child healthcare services. They are as follows. 

1. Evidence from the NDHSs has shown that nearly 70% of births in Nigeria 

occur at home. Therefore, qualitative studies are required to investigate the 

quality of care provided to mothers who deliver using traditional birth 

attendants, particularly in rural communities. This will aid in providing 

appropriate training or refresher training to traditional birth attendantsto 

improve the quality of care provided to newborns in Nigeria. 

 

2. The effects of medical status, verbal autopsy, and birth weight at birth on 

children < 5 years old need to be further investigated using a community-

based, randomised, controlled trial approach. This is because the medical 

status of these children is unknown at the time of the NDHSs and the 

majority of the infants are not weighed at birth. The mother’s perceived size 

of their newborns was used in place of birth weight at birth in this study. 

However, the rationale that mothers used in estimating the size of their 

newborn remains unclear. 
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3. Quality and safety of the water sources, as well as water storage facilities, 

were not considered in this study, even though the water was from improved 

sources. Therefore, further exploration of the quality of water sources is 

important. The results of such study would provide guidance on water 

indicators that are safe to use in the Nigerian context. 

 

4.  Children aged between 1 and 4 years are mobile. As a result, they are more 

likely to be exposed to indoor and outdoor air pollution, and only indoor 

pollution was considered in this study. Therefore, incorporating outdoor air 

pollution in future studies is important to validate the estimates obtained in 

this study.  

 

7.5 Conclusion 

Modelling child mortality and its environmental effects provides an important 

framework for public health researchers and policy makers in reviewing and 

designing new effective intervention programmes that aim at improving child health. 

The relevance of this thesis in the field of global health and medical statistical 

application are as follows: 

1.) Public health researchers should consider using the Cox regression method in 

modelling child mortality to produce a better estimate than logistic regression 

because it adjusts for time to events.  

 

2.) Public health researchers should consider adjusting for potential confounding 

variables by using the Mosley and Chen conceptual framework to eliminate 

any confounders. 
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3.) The neonatal mortality rate in Nigeria is still high and is driven by child 

spacing, child bearing at a younger age, and newborns born in rural areas. 

These findings indicate that the present family programme in Nigeria should 

be reviewed and strengthened to ensure that women who marry below the age 

of 20 years are adequately informed and encouraged to delay their first 

pregnancy and perform birth spacing. In addition, addressing the 

infrastructural imbalance in rural communities by providing well-equipped 

health facilities will play a major role in reducing neonatal mortality. 

 

4.)  Similarly, the high number of deaths in the post-neonatal, infant, and child 

periods are mainly affected by mothers with no formal education, a poor 

household, and rural dwelling. These findings imply that public health 

programmes in Nigeria should engage in providing effective training to 

illiterate women, particularly those in rural communities on how best to care 

for infant and child health. This training should include the importance of 

early and exclusive breastfeeding, complementary feeding at approximately 6 

months of age, benefits of using health facilities to care for ill infants, and 

addressing harmful practices that may affect the infant’s growth. 

 

5.) Access to unimproved water and sanitation facilities significantly increases 

the risk of post-neonatal and child death during the period under study. 

Adequate provision of infrastructural amenities, such as portable water, 

electricity, and improved sanitation facilities through public-private 

partnership initiatives are required, especially in economically deprived 

communities to prevent child death. 
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6.)  Use of solid fuel for cooking and heating homes was also found to increase 

the risk of post-neonatal and child deaths. Effective strategies need to be 

implemented to improve access to modern cooking fuels, such as liquefied 

petroleum gas, particularly in rural communities that heavily depend on 

traditional cooking stoves. Effective public awareness of the risks of using 

solid fuel should include effects on health, burns and scalding from open fire, 

injury sustained while collecting firewood, and increased deforestation. 
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