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Abstract 

South Asia has the second largest burden of perinatal and childhood mortality in the world and 

Nepal has been reported as a significant contributor to this burden within the region. The main 

aim of this thesis was to statistically model perinatal and childhood mortality in Nepal. 

Specifically, this thesis will first conduct a systematic review of factors associated with 

perinatal mortality in South Asia including Nepal. Second, socioeconomic predictors of 

stillbirths in Nepal will be examined. Third, Factors associated with perinatal mortality in 

Nepal will be identified. Finally, this thesis will examine factors associated with under-5 

mortality in Nepal.  

Chapter 2 identifies the factors associated with perinatal and childhood mortality through 

literature review. The systematic literature review revealed the most common factors 

associated with perinatal mortality were: low socioeconomic status, lack of quality health care 

services, pregnancy/obstetric complications and lack of antenatal care. Similarly, poor socio-

economic status, rural residence, higher birth order and lower birth interval, use of 

contraceptives, polluted fuel for cooking at home, and antenatal care were found to be 

associated with under-5 mortality.    

Chapter 4 examined the socio-economic predictors of stillbirth in Nepal. Multivariable 

analysis and found maternal age (>25years), ecological zone (mountains or hills), religion 

(Hindu, Muslim, Christian and others), low maternal education, mother’s occupation (farming) 

and the use of open defecation system are associated with stillbirth.   

Chapter 5 presents the factors associated with Perinatal Mortality (PM) and Extended 

Perinatal Mortality (EPM) in Nepal. In this study, PM rate was 42 [95% Confidence Interval 

(CI): 39, 44] per 1000 births and the corresponding EPM rate was 49 [95% CI: 46, 51] for the 

five-year prior each survey (2001-2016). Multivariable analysis revealed that ecological zone, 
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household wealth index, birth order and birth interval; maternal age, use of contraceptives, and 

types of cooking fuel were associated with PM and EPM.  

Chapter 6 assesses the common factors associated with neonatal, post-neonatal, infant, child, 

and under-5 mortality in Nepal, and the study found that the death of the previous child, non-

usage of contraceptives and non-receipt of TT vaccination during pregnancy were associated 

with inder-5 mortality. 

In summary, household with poor socio-economic status, and non-use of contraceptives among 

mothers were strongly associated with perinatal, and under-5 mortality in Nepal. Hence, future 

intervention to reduce perinatal and under-5 mortality should focus on family planning and 

these intervention should target mothers from socioeconomically disadvantaged groups. 
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CHAPTER 1 

1. Introduction 

Perinatal and child mortality remains a major public health problem in many Low and Middle-

Income Countries (LMICs) including Nepal.  Perinatal mortality refers to fetal death occurring 

after 28 weeks of gestation (stillbirth) and before the 7th day of life (early neonatal period) [1]. 

Child mortality refers to the death of children aged between 0 and 59 months and can be 

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

mortality (0-11 months), child mortality (12-59 years) and under-5 mortality (0-59 months) 

[2].  

Evidence has shown that the leading causes of perinatal and child mortality include: congenital 

anomalies, placental abruption, placenta previa, uterine rupture, asphyxia, operative delivery, 

prolonged or breech labor, hypertensive disorders, hemorrhage, anemia, extremes of neonatal 

birth weight, fetal growth restriction, prematurity, fetal asphyxia, untreated syphilis, malaria, 

diarrhoeal diseases and other maternal infections [3-5]. Studies has also reported factors such 

as older maternal age, higher maternal body mass index, prior stillbirth, low maternal 

education, low socioeconomic status, large family size, use of solid cooking fuel, maternal 

illiteracy, unimproved water sources, geographic location, rural residence, maternal working 

status, lack of antenatal care and knowledge about family planning to be significantly 

associated with perinatal and child mortality [6-8]. 

Globally, an estimated 2.6 million babies are stillborn [3], and about 5.6 million children die 

before their fifth birthday [9]. Approximately 80% of these deaths occur in sub-Saharan Africa 

and South Asia with almost half reported during the perinatal period. South Asia including 

Nepal accounts for over 30% of the estimated global stillbirth and under-5 deaths [9, 10]. 

Though substantial global progress has been made in improving child survival [9], and  

evidence from Nepal Demographic and Health Survey (NDHS) showed that perinatal, and 
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under-5 mortality rate has reduced from 47 and 91 per 1000 births respectively in 2001 to 39 

and 31 per 1000 births in 2016 [11-14], indicating that despite the commitment of the Nepalese 

government in addressing child mortality, the pace of current progress is not sufficient enough 

to achieve the Sustainable Development Goal (SDG) child survival targets by 2030 [14]. 

Therefore, to accelerate child survival progress, it is imperative to identify the most common 

underlying factors associated with these preventable deaths in order to inform the formulation 

of effective high-impact interventions which could be integrated into current national child 

survival strategy and programs, thus making good use of limited resources. 

1.1 Rationale of the study  

In the past two decades, the Nepalese government has adopted different child survival policies 

and implemented programs such as National Newborn Health Strategy, Community Based 

Integrated Management of Childhood Illness (CB-IMCI), vitamin A supplementation, and the 

national immunisation program to reduce perinatal and under-5 deaths [11-14]. Despite these 

efforts, Nepal reported four times higher the burden of stillbirth and under-5 mortality 

compared with its regional counterpart - Sri Lanka [9, 10]. This makes achieving a substantial 

decline in perinatal and childhood mortality a seemingly unachievable goal. However, to 

improve child survival in Nepal, there is a need to statistically model perinatal and child 

mortality in order to identify the underlying factors associated with these untimely deaths.  

Previous studies on stillbirth [15-17] and perinatal mortality [18, 19] in Nepal are mainly 

district level hospital-based; and a major limitation of these studies is that the findings cannot 

be used to inform initiatives and policy responses at the national level because the samples do 

not represent geographically diverse population within the country.  

Similarly, previous studies on factors associated with childhood mortality in Nepal are limited 

in a number of ways. First, past studies on child mortality [20-22] were either community-

based experimental study in smaller settings; or population based cross sectional studies with 
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smaller sample size that may limit statistical power to detect statistical differences. Second, 

there is evidence to suggest that the risk of neonatal mortality due to pregnancy complications 

and preterm birth is higher amongst multiple births compared to singleton births [23, 24]; and 

hence, the inclusion of multiple births in the analysis may produce inaccurate mortality 

estimates.  However, none of the existing studies on factors associated with child mortality in 

Nepal restricted their analysis to the most recent singleton live births that may likely increase 

the inaccurate mortality estimates. Third, studies disaggregating analyses across different age 

ranges of the first 59 months of life in Nepal have been limited (especially for the post-neonatal 

and child mortality sub-groups).  

Therefore, the aim of this thesis was to identify factors associated with perinatal and under-5 

mortality in Nepal. Findings from this study will help to bridge the gap on existing Nepalese 

public health literature as well as help Nepalese government for effective programmatic 

response to help achieve newborn and child survival Sustainable Development Goal.   

1.2 Research objectives 

The main aim of this thesis is to statistically model perinatal and child mortality in Nepal. The 

present study was undertaken with the following specific objectives: 

1. To examine socio-economic predictors associated with stillbirths in Nepal. 

2. To examine the factors associated with perinatal mortality and extended perinatal 

mortality in Nepal. 

3. To identify common factors associated with under-five mortality in Nepal. 

1.3 Quantitative study 

We used quantitative methods to answer our research questions; and for this, the Logistic 

regression generalised linear latent and mixed models (GLLAMM), and Cox proportional 

hazards models that adjust for clustering and sampling weight were used. The statistical 

methods used are clearly outlined in each of the relevant publications.  
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1.4 Thesis outline 

This thesis includes a total of four sections. Section I is an overview of the research (chapter 

1). Section II consists of chapter 2 and chapter 3. Chapter 2 identifies factors associated with 

perinatal and under-5 mortality through systematic literature review 

(https://doi.org/10.3390/ijerph15071428); whereas Chapter 3 is based on methods of the study.   

Section III consists of two chapters. Chapter 4 examines socio-economic predictors of 

stillbirths in Nepal (2001-2011) (https://doi.org/10.1371/journal.pone.01813322). Chapter 5 

identifies factors associated with perinatal mortality in Nepal: Evidence from Nepal 

Demographic and Health Survey 2001-2016 (https://doi.org/10.1186/s12884-019-2234-6).  

Section IV consists of one chapter (Chapter 6) that assesses Under-5 mortality and associated 

factors: evidence from Nepal Demographic and Health Survey (2001-2016) 

(https://dx.doi.org/10.3390%2Fijerph16071241).  

Section V consists of final chapter (chapter 7) which presents the summary of main findings, 

policy implications of findings, strengths and limitation of the study, future research and 

conclusion.  

Supplement Diarrhoea remains a leading cause of under-five morbidity and mortality, 

particularly in low-and middle-income countries including Nepal [25-27]. According to Nepal 

Demographic and Health Survey report [12], childhood diarrhoea contributes 5% of the total 

under-5 mortality. The use of Oral Rehydration Solution (ORS), extra fluids, and continued 

feeding are the important national diarrhoea management strategy adopted by Nepalese 

government as part of its Community Based- Integrated Management of Childhood Illness(CB-

IMCI) program. However, the uptake of ORS, extra fluids, and continued feeding is not 

universally adopted across the country.  Therefore, this study also examined the association 

between health service use and diarrhoea management approach among caregivers of under-

https://doi.org/10.3390/ijerph15071428
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five children in Nepal as a supplementary field note, and this will be presented as an appendix 

(https://doi.org/10.1371/journal.pone.0191988). 

1.5 Summary 

In this chapter, the situation of perinatal and childhood mortality in Nepal has been presented. 

Pregnancy complications, low birth weight, prematurity, fetal growth restriction, birth 

asphyxia, diarrhoeal diseases, poor socio-economic status, poor maternal health care may lead 

to perinatal and under-5 mortality. Despite important public health indicators, the current rates 

of perinatal and under-5 mortality in Nepal are well above SDG targets of 12 and 20 per 1000 

births respectively.    

The specific objectives of this thesis has been clearly outlined in this chapter. In addition, the 

quantitative methods used to answer each of the research question, the rational of the study, 

and thesis outlines are important features of this chapter. 

The next chapter of this thesis will present a literature review on perinatal and childhood 

mortality, location of the study, general overview of NDHS including sample size and 

corresponding response rates. This will be followed by Mosley and Chen theoretical framework 

of childhood survival in developing countries. The chapter then discuss a brief statistical 

modelling used in identifying factors associated with perinatal and childhood mortality in 

Nepal.  
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SECTION II: Literature review and methods
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CHAPTER 2: Literature review 

2. Introduction  

Chapter two presents Mosley and Chen’s conceptual framework for child survival in 

developing countries as well as literature reviews on perinatal and childhood mortality. Section 

2.1 outlines Mosley and Chen conceptual framework for child survival in developing countries. 

As part of the literature review, section 2.2 is a systematic review of factors associated with 

perinatal mortality in South Asia. Section 2.3 discusses existing literature on factors associated 

with childhood mortality at community, household, individual, environmental, and health 

service level.  

2.1 Conceptual framework 

The Mosley and Chen’s analytical framework for the study of the determinants of child survival 

in developing countries [5] are regarded as the most comprehensive and systematic conceptual 

framework for analysing childhood mortality at various levels of causality in low- and middle-

income countries [6-8]. The framework bridges the gap between medical and social science by 

integrating research methods employed by social and medical scientists. The framework 

proposed that socioeconomic determinants of child mortality operate through a set of biological 

mechanisms, or proximate determinants, to influence childhood survival. These proximate 

determinants were grouped into five distinct categories which include maternal factors such as 

age, parity and birth interval; environmental contamination in the air, food/water/fingers, 

skin/soil/inanimate objects, and insect vectors; nutrient deficiency which include energy, 

protein, micronutrients (vitamins and minerals) deficiency; injury which could be accidental or 

intentional; personal illness control which include personal preventive measures and medical 

treatment. The socioeconomic determinants were classified into three broad levels which 

include the individual-level, household-level and community-level determinants. This study 
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used variables at each level to identify the most significant factors associated with childhood 

mortality. 
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Figure 2. Modified Mosley and Chen conceptual framework for modelling perinatal and child mortality in Nepal. 
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2.3 Previous studies on childhood mortality 

This section presents existing literature around factors associated with childhood mortality, and 

these factors are classified into four distinct groups: community-level factors, household-level 

factors, individual-level factors, environmental level factors, and health service factors. 

2.3.1 Community level factors 

Community level factors are structural determinants that are often looked as a barrier to access 

to health care services. These factors include place of residence and geopolitical regions.  

Place of residence: The place of residence determines child survival in many Low-and-Middle 

Income countries (LMICs). For example, previous studies conducted in Malawi [29], Brazil 

[6], Nigeria [30], and Bangladesh [31] found that mothers who reported living in rural areas 

were more likely to have had child mortality. The disadvantaged households within rural 

communities are less likely to use essential maternal and child health care services, that further 

contributes to higher child mortality [32].  

Geopolitical regions: Nepal is divided into 3 ecological zone, and five development regions 

and a previous study conducted in Nepal have found that mothers who resided in the Mountain 

ecological zone were more likely to report child mortality compared to those who lived in the 

Terai (flat zone), or in the hills [20, 33]. The inequality in childhood mortality based on 

geopolitical differences has been identified in the previous study conducted in Indonesia [24]. 

2.3.2 Household level factors 

In many countries in South Asia including Nepal, the health care system is financed by out of 

pocket money [34]. Therefore, Household economic status can be a strong predictor of 

receiving maternal and child health care that may affect child survival.  
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Household wealth Index: The lack of income and expenditure data in surveys conducted in 

many low- and middle-income countries have prompted researchers to use household assets as 

a proxy of measuring household economic status [35, 36]. Previous studies conducted in 

LMICs [30, 33, 37-43] have extensively used household assets to construct household wealth 

index covariate, and also found a significant association between wealth index and childhood 

mortality. 

The only household factor selected for this thesis was the household wealth index, and it was 

constructed by using the wealth index factor scores calculated in each of the four Birth Recode 

(BR), and Individual Recode (IR)  data files of NDHS [11-14]. The wealth index was classified 

into three: the bottom, 40% of households were arbitrarily referred to as poor households, the 

next 40% was classified as the middle households, and the top 20% was classified as rich 

households, consistent with previous studies [30, 41, 44]. 

2.3.3 Individual-level factors 

For the purpose of this thesis, Individual-level factors consist of maternal, child and paternal 

characteristics which are discussed as follow: 

Maternal Age: Previous studies have found that young maternal age is significantly associated 

with increased likelihood of child mortality [30, 45]. Similarly, Ghimire et al., also found that 

mothers who were <20 years were significantly more likely to have child mortality compared 

to their older counterparts [46]. However, the finding of higher risk of childhood mortality 

amongst younger mothers in above studies contradicts a previous report by Neupane et al.; and 

studies from developing countries [47, 48] also found no significant association between 

maternal age and childhood mortality.   

Religion: The Previous study that used data from the National Family Health Survey in India 

reported differences in child mortality based on religious affiliation [49]. In Nepal, there is a 

dearth of literature explaining the reason for differences in child mortality across religious 
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affiliations. However, another study from India indicated that access and utilisation of 

institutional delivery services differ by religious affiliation that may have attributed to higher 

child mortality in some religion [50]. 

Maternal Education: Education is a fundamental human right and also considered as one of 

the important determinants of health. Specifically, studies from LMICs have examined the 

impact of maternal education on child survival which found a significant protective effect of 

education against child mortality [51-53]. Previous studies from Nepal [54] Pakistan [55] and 

Bangladesh [56] reported that education could increase the uptake of quality health service 

utilisation.  

Maternal occupation: Mustafa et al. have assessed the impact of maternal occupation on 

childhood mortality [57] and found a significant association of child mortality among working 

mothers.   

The desire for pregnancy: Previous cross-sectional study conducted in Bangladesh found that 

mothers who reported not having a desire for previous pregnancy were more likely to have 

child mortality [41]. However, another cross-sectional study conducted in Indonesia found no 

such association [24].  

Paternal education: Studies conducted in Pakistan [42] and regional Bangladesh have found 

that educated fathers are less likely to have infant and child mortality. Despite initiations to 

close gender inequality, in many parts of Nepal, mainly rural communities, gender inequalities 

exist, and fathers make most of the household decisions including those of child health and 

nutrition. Educated fathers are more likely to get employment and their belief and decision on 

seeking child health may attribute to child survival outcome.      

Birth order: Previous studies found that first order births had a significantly greater risk of 

child mortality compared with subsequent infants [58, 59]. Existing literature from Nepal [60] 

and Nigeria [61] have argued that an increased risk of mortality among first-born children may 
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be linked to the high number of young women below 20 years of age, in particular, having first 

births.  

Birth Interval: The impact of short birth intervals on higher childhood mortality has been well 

documented in previous studies from Bangladesh [62] and South Africa [63]. Mothers having 

short birth interval have less time for physical and nutritional recovery and be the possible 

explanation for higher childhood mortality compared to those who have a long birth interval 

[64]. For the purpose of this thesis, we have combined birth order and birth interval in one 

because the impact of birth order on child mortality can be arbitrated by birth interval, and 

previous studies have also combined birth order and birth interval [20, 24, 30, 33, 44, 64].   

Sex of child: Studies conducted in South Asia such as Bangladesh [65, 66], and India [67] 

found that female children are more likely to die compared to male children. The higher 

mortality risk among female children may be attributed to sex-selective culture because, in 

South Asia including Nepal, son preference has significant social and economic implications 

that may have impacted the pattern of fertility and mortality. 

Previous death of a child: Several population-based studies conducted in South Asia have 

shown that childhood mortality was significantly associated with mothers who reported of 

having previous death of child compared to those whose previous child survived [31, 41, 68]. 

The higher odds of child mortality among mothers who reported of having previous death of a 

sibling may be aggravated due to the long-term psychological effect of sibling death on parents 

that the surviving child may lack essential healthcare including nutrition [69, 70]. 

2.3.4 Environmental factors 

Environmental health remains one of the major contributors to morbidity and mortality in many 

developing countries [71]. The environmental factors, for the purpose of this thesis, include 

types of the drinking water source, types of sanitation facilities, and types of cooking fuel. 
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Types of drinking water source and sanitation facility: Unimproved water and sanitation is a 

leading cause of childhood diarrhoea; and diarrhoea remains one of the major cause of under-

5 mortality [25-27] accounting for almost half a million deaths annually in developing countries 

such as Nepal [27]. Literature suggests that about 2.2 million under-5 deaths in LMICs can be 

averted with improved water and sanitation facilities [72]. According to the World Health 

Organization and the United Nations Children’s Fund Joint Monitoring Program guidelines 

[73], piped water on premises and other improved drinking water sources such as neighbours 

tap or tubewell, tubewell or borehole in yard, stone tap, protected well and rainwater are 

categorised as improved source of drinking water; whereas unprotected well in house, 

unprotected public or neighbour’s well, unprotected spring, bottled water, water from tanker 

or truck, and surface drinking water sources (river, stream, pond, lake, dam, canal, or irrigation 

water) are categorised as unimproved source of drinking water. Likewise, households with 

flush toilet, ventilated or improved pit latrine, pit latrine with the slab or composting toilet are 

categorised as improved sanitation; whereas traditional pit toilet, pit latrine without slab, bucket 

toilet, and open defecation are categorised as unimproved sanitation.  

Types of cooking fuel: According to recent Demographic and Health Survey 2016, about 66% 

of the Nepalese household use unimproved cooking fuel such as wood, straw, and animal dung 

[14]. Unimproved cooking fuel is a major cause of respiratory illness [74, 75], and according 

to the World Health Organization, over 50% of the under-5 deaths are attributed to acute 

respiratory illness often caused by the use of unimproved cooking fuel. Cooking fuel is 

categorised as improved (biogas, natural gas, Liquefied Petroleum Gas and electricity) and 

unimproved (charcoal, wood, coal/lignite, animal dung, kerosene, straw/shrubs/grass, and 

agricultural crop). 
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2.3.5 Health Service Factors 

Use of contraceptives: Previous population-based study by Abir et al. [41] has examined the 

impact of contraceptives on under-5 mortality, and found that mothers who reported of using 

contraceptives were less likely to have under-5 mortality compared to mothers with no 

contraceptives use. The use of contraceptives may help to create a long birth interval, and the 

impact of the birth interval has been previously discussed [20, 21, 41]. 

Antenatal care visits: Almost half of the newborn death occurs during delivery [76]. The major 

causes of these deaths are prematurity, low birth weight, obstruct labor and pregnancy 

complication [77-79]; and hence antenatal identification of pregnancy complications and 

timely management of such complications have become a part of the global strategy to reduce 

maternal and newborn death [80]. The protective effect of antenatal care on child mortality has 

been previously documented [33]. 

Tetanus Toxoid (TT) vaccination: The impact of TT vaccine on child survival has been well 

documented in previous studies conducted in Bangladesh [41, 44]. Maternal TT vaccine during 

pregnancy helps to protect the newborn from tetanus, and It has been reported that the TT 

vaccine during pregnancy reduces under-5 mortality by 95% [81]. 

Antenatal Iron and Folic Acid (IFA): Previous studies have shown that mothers with antenatal 

IFA supplementations are less likely to have under-5 mortality [33, 82]. Iron deficiency is a 

common cause of anaemia, and anaemia during pregnancy is associated with prematurity and 

low birth weight [83, 84]. 

The protective effect of antenatal IFA against child mortality may be aggravated because IFA 

help reduces anaemia during pregnancy so as the prematurity and low birth weight. 

Mode of delivery: The effect of mode of delivery on child survival has been previously studied 

with different findings. For example, a study conducted in Nigeria revealed that mothers who 

delivered their baby through caesarean section were more likely to have had neonatal mortality 
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[39], whereas another study from Swaziland found no significant association between child 

mortality and mode of delivery [47].  

2.4 Summary 

In this chapter, literature review of factors associated with perinatal and under-5 mortality 

accompanied by Mosley and Chen conceptual framework for child survival in developing 

countries has been presented. The next chapter (chapter 3) is based on methods of this thesis 

which encompasses: study area, overview of demographic and health survey, study population, 

and statistical analysis.  
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CHAPTER 3: Methods 

Chapter 3 explains the methods of this thesis. Section 3.1 describes the study area. Section 3.2 

is a brief overview of demographic and health survey, which is followed by a table that outlines 

the four consecutive Nepal Demographic and Health Surveys explaining sample size and 

corresponding response rates. Section 3.3 and section 3.2 explains different statistical 

modellings used to examine factors associated with perinatal and child mortality in Nepal.   

3.1 The study area 

Figure 1 shows the map of Nepal. Nepal is a landlocked country in South Asia with an 

estimated population of 26.4 million. As shown in the figure 1, Kathmandu is the capital city 

as well as the largest metropolis in Nepal, with a population of roughly 5 million people. Nepal 

is the 93rd largest country by area and 48th largest country by population. It borders China in 

the north and India in the south, east, and west while Bangladesh is located within only 27 km 

(17 mi) of its south-eastern tip and Bhutan is separated from it by the Indian state of Sikkim. 

Nepal is a Himalayan state with diverse geography, including fertile plains, subalpine forested 

hills, and eight of the world's ten tallest mountains, including Mount Everest, which is the 

highest point on Earth. Nepal has a multiethnic population with Hindu and Buddhist majority.  

Nepal is among the least developed countries in the world, with about one-quarter of its 

population living below the poverty line. Nepal is heavily dependent on remittances, which 

amount to as much as 30% of Gross Domestic Product (GDP). Agriculture is the mainstay of 

the economy, providing a livelihood for almost two-thirds of the population but accounting for 

only one-third of GDP. Industrial activity mainly involves the processing of agricultural 

products, including pulses, jute, sugarcane, tobacco, and grain.
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Figure 1: The map of Nepal:  

(Source:https://www.google.com/search?q=map+of+nepal&tbm=isch&source=hp&sa=X&ved=2ahUKEwjlgujk7oPhAhXQ7HMBHSX6AkkQs

AR6BAgFEAE&biw=1366&bih=628) 

 

3.2 Demographic and health surveys 

The DHS is a nationally representative household survey that collects, analyses, and disseminates 

data on fertility, family planning, maternal and child health, gender, HIV/AIDS, malaria, and 

nutrition [4]. Since 1984, the DHS program has provided technical assistance to more than 300 

surveys in over 90 LMICs, advancing global understanding of health and population trends in 

developing countries. Participating countries adopt standardized methods involving uniform 

questionnaires, manuals, and field procedures that are developed by the DHS to gather information 

that is comparable across countries. The surveys have large sample sizes (usually between 5,000 

and 30,000 households) and typically are conducted about every 5 years, to allow comparisons 

over time [4]. 
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New ERA implemented the Nepal Demographic and Health Survey (NDHS) [11-14] under the 

aegis of the Ministry of Health (MOH) of the Government of Nepal, and ICF International 

provided technical assistance through the DHS Program, which is funded by the United States 

Agency for International Development (USAID). The first NDHS was conducted in 1996, and 

since then four NDHSs have been conducted (2001, 2006, 2011, and 2016 NDHS). The main 

objective of NDHS was to provide up-to-date estimates of basic demographic and health 

indicators in the country [4].  

The NDHS uses a stratified, two-stage (cluster), random sampling design [11-14]. Nepal is 

divided into seven provinces with each province stratified into urban and rural areas, yielding 14 

sampling strata [14]. The target groups were women and men aged 15-49 who were either 

permanent residents of the selected households or visitors who stayed in the households the night 

before the survey. The survey was conducted using 5 questionnaires namely; the household 

questionnaire, the woman’s questionnaire, the man’s questionnaire, the biomarker questionnaire, 

the fieldworker questionnaire, and the verbal autopsy questionnaire (for neonatal deaths). 

The household questionnaire collected information on the residents of the selected household and 

their characteristics, such as age, sex, marital status, education, and relationship to the head of the 

household. The questionnaire also collected information on features of the household's dwelling 

unit, such as the source of water, type of toilet facilities, and materials used for the floor of the 

dwelling unit, as well as ownership of various durable goods, migration, and food security. 

The women’s questionnaire  collected information on background characteristics (including age, 

education, and media exposure); pregnancy history and child mortality; knowledge, use, and 

source of family planning methods; fertility preferences (including desire for more children and 

ideal number of children); antenatal, delivery, and postnatal care; breastfeeding and infant feeding 

practices; vaccinations and childhood illnesses; women’s work and husbands’ background 

characteristics; domestic violence; knowledge, awareness, and behaviour regarding HIV/AIDS 
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and other sexually transmitted infections (STIs); adult mortality, including maternal mortality; 

knowledge, attitudes, and behavior related to other health issues (e.g., tuberculosis). 

The men’s questionnaire collected similar information as the women’s questionnaire but with the 

exception of a detailed reproductive history, and questions on maternal and child health, or 

nutrition. 

The biomarker questionnaire was used to collect anthropometry measurements, haemoglobin 

testing, and blood pressure measurements for children age 0-59 months as well as women and 

men age 15 and above in the selected households. 

The verbal autopsy questionnaire was administered in households where a neonatal death took 

place within the 5 years prior to the survey [14]. The instrument included questions on the 

respondent's account of the cause of death, vital registration and certification, general signs and 

symptoms associated with the illness, history of injury, and service utilisation to assist in the 

proper diagnosis of the cause of death. 

Table 3.1 Household, women, and men sample and response rates in Nepal Demographic and 

Health Survey (NDHS) (2001-2016) 

NDHS Year Household sample 

(Response rate) 

Women sample 

(Response rate) 

Men sample 

(Response rate) 

NDHS 2001 8602(99.6%) 8726(98.2%) 2261(96.1%) 

NDHS 2006 8707(99.6%) 10793(98.4%) 4397(96.0%) 

NDHS 2011 10826(99.4%) 12674(98.1%) 4121(95.3%) 

NDHS 2016 11040(98.5%) 12862(98.3%) 4063(95.9%) 

Source: NDHS reports (2001-2016) 

 

In this thesis, we fitted the community, household, individual, environmental, and health 

service variables using models described by Rabe-Hesketh [85] and Cox [86]. The formula for 
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Logistic regression generalised linear latent and mixed models (GLLAM) [85] and the Cox 

proportional hazards model [86] have been described below. 

3.3 Cox proportional hazards model 

The letters ℎ(𝑡, 𝑘)denote the hazard function defined as the risk of dying at time 𝑡 based on an 

n-dimensional vector of predictor variables 𝐾 = (𝑘1, 𝑘2, … , 𝑘𝑛), as shown in equation (1). 

 

                   ℎ(𝑡, 𝑘) = ℎ0(𝑡) 𝑒𝑥𝑝(∑ 𝜔𝑖 𝑝𝑖
𝑛
𝑖=1 )     (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.  

 

                   
ℎ(𝑡,𝑘)

ℎ0(𝑡)
= 𝜔1𝑘1 +  𝜔2𝑘2 + 𝜔3𝑘3 + ⋯ +  𝜔𝑛𝑘𝑛   (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. 

3.4 Logistic regression generalised linear latent and mixed models (GLLAM) 

Let the dichotomous responses are an example of being wealthy (1: death; 0: alive). The 

expectation of a dichotomous response i
y is just the probability that i

y =1. That is

)1Pr(
iii

xy  . The logit link is: 
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3.5 Summary 

In this chapter, the first two sections (3.1 and 3.2) described study area, an overview of 

demographic and health survey, and sample population. This is followed by sections of 

different statistical modellings (Generalized linear latent and mixed models with the log link 

and binomial family and Cox proportional hazards models) that are planned to use while 

addressing each of the research objective. 

The next chapters (chapter 4, chapter 5, and chapter 6) are designed to address the overall 

research objectives. Chapter 4 and chapter 5 are meant to identify predictors of stillbirth and 

factors associated with perinatal mortality in Nepal using GLLAMM that adjusted for 

clustering and sampling weights; whereas, chapter 6 is meant to identify factors associated with 

under-5 mortality in Nepal using Cox proportional hazards models     
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SECTION III: Factors associated with stillbirth and perinatal 

mortality in Nepal 

This section presents two manuscripts titled “Socio-economic predictors of stillbirths in Nepal 

(2001-2011)” (https://doi.org/10.1371/journal.pone.0181332) and “Factors associated with 

perinatal mortality in Nepal: evidence from Nepal Demographic and Health Survey 2001-

2016” (https://dx.doi.org/10.3390%2Fijerp). 
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CHAPTER 4: Socio-economic predictors of stillbirths in 

Nepal (2001-2011) 

 

Ghimire PR, Agho KE, Renzaho AMN, Christou A, Nisha MK, Dibley M, Raynes-Greenow 

C. (https://doi.org/10.1371/journal.pone.01813322) 
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 CHAPTER 5: Factors associated with perinatal mortality 

in Nepal: evidence from Nepal demographic and health 

survey 2001-2016 

 

Ghimire PR, Agho KE, Renzaho, AMN, Nisha MK, Dibley M, Raynes-Greenow C. 

(https://doi.org/10.1186/s12884-019-2234-6) 

 

 

 

 

 

 

 

 

 

 



52 
 

 

 



53 
 

 

 



54 
 

 

 

 



55 
 

 

 

 



56 
 

 



57 
 

 



58 
 

 

 

 



59 
 

 

 

 



60 
 

 

 

 



61 
 

 

 

 



62 
 

 

 

 



63 
 

 

 

 



64 
 

 

 

 

 

 

 

 

 

 

 

SECTION IV: Factors associated with childhood mortality in 

Nepal 

This section presents a manuscript titled “Under-Five Mortality and Associated Factors: 

Evidence from the Nepal Demographic and Health Survey (2001–2016)” 

(https://dx.doi.org/10.3390%2Fijerph16071241) 
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CHAPTER 6: Under-Five Mortality and Associated 

Factors: Evidence from the Nepal Demographic and 

Health Survey (2001–2016) 

 

Ghimire PR, Agho KE, Ezeh OK, Renzaho AMN, Dibley M, Raynes-Greenow C. 

(https://dx.doi.org/10.3390%2Fijerph16071241) 
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SECTION V: Summary 
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CHAPTER 7: summary and recommendations for future 

research 

 

This section presents an overview of the main research findings, Policy implications, the 

strengths and limitations of the study, recommendations for future research and conclusion. 
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7.1 Overview of the main findings 

In order to achieve the main aim of this thesis, four specific objectives were each addressed in 

individual studies. First, a systematic review and meta-analysis of observational studies were 

conducted to estimate rates and identify factors associated with perinatal mortality across South 

Asia. Second, the socio-economic predictors of stillbirth in Nepal were examined. Third, the 

factors associated with perinatal mortality in Nepal were identified. Finally, under-5 mortality 

and common associated factors were examined. An overview of the main findings from each 

study is provided below: 

Systematic review of observational studies on factors associated with perinatal mortality 

in South Asia 

A total of 2,921 articles were retrieved from five databases, of which 14 studies were retained 

after meeting the selection criteria. The most common factors associated with perinatal 

mortality in South Asia were: low socioeconomic status, lack of quality health care services, 

pregnancy complications, and lack of antenatal care. The meta-analysis reported the pooled 

perinatal mortality rate across South Asia as 49 [95% CI: 41, 57] per 1000 births.   

Socio-economic predictors of stillbirths in Nepal  

A total of 18,386 pregnancies of at least 28 weeks’ gestation were identified. Of these 

pregnancies, 335 stillbirths were reported. The predictors of stillbirth were older maternal age 

(>25years); mothers residing in mountainous or hilly regions; mothers whose religion was 

Hindu, Muslim, Christian and others; parents with no schooling or only primary level of 

education; mothers whose major occupation was agriculture and those who used open 

defecation. 

Factors associated with Perinatal Mortality in Nepal: Evidence from Nepal Demographic 

and Health Survey 
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Over the study period (2001-2016), the Perinatal Mortality (PM) rate was 42[95% CI: 39, 44] 

per 1000 births, whereas the Extended Perinatal Mortality (EPM) rate was 49 (95% CI: 46, 51) 

per 1000 births. In this study, women who did not use contraceptives, women aged 19-24 years, 

women with no education and women residing in the mountains were more predisposed to PM 

and EPM. This study also reported higher PM and EPM within households using biomass as 

the cooking fuel, and households with unimproved sanitation practices. 

Under-5 Mortality and Associated Factors: Evidence from the Nepal Demographic and 

Health Survey 

A weighted total of 16,802 most recent singleton live births were reported in the five years 

preceding each survey conducted between 2001 and 2016. In this weighted total, 512 under-5 

deaths were reported. Our study found that the rate of under-5 mortality decreased significantly 

by 53% over 15 years. The most common factors associated with under-5 mortality across 

all age sub-groups included: previous death of a child, inadequate Tetanus Toxoid vaccination 

during pregnancy (< 2 doses), and non-usage of contraceptives. 

7.2 Policy implications of findings 

The findings reported in this thesis will assist policy-makers in evaluating existing child 

survival health interventions as well as formulating effective public health policies aimed at 

reducing perinatal and childhood mortality at the individual, household, and community level. 

Individual-level policy 

Maternal and child health interventions such as antenatal care, institutional birthing services, 

basic and emergency obstetric care could improve child survival, especially if accessible to all 

women irrespective of geographical location, ethnic or religious background and 

socioeconomic status. Hence, health promotion programs on emphasising the benefits of using 

available maternal and child health care services are essential, and these programs should be 

scaled up in rural areas as well as for the poor and marginalised communities. 
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Household level policy 

Findings from this study suggest the need for public health intervention strategies towards 

improving household sanitation and the use of environmental-friendly cooking fuels. Such 

interventions should focus on creating awareness on the health hazard of using solid fuel and 

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

In addition, public awareness campaigns on the benefits of maintaining optimal household 

sanitation practices in relation to effective control of environmental pollution should be 

conducted, and such campaigns should target rural and low socioeconomic status households 

to enhance child survival in Nepal. 

Community-level policy 

The health system in Nepal is primarily financed by out-of-pocket money [34]. Therefore, 

community-based income generating programs which empower women with a poor 

socioeconomic background to afford the use of essential maternal and child health care services 

are needed. In addition, to close the health-related equity gap and promote social justice, 

maternal and child health care service provided by the government should be accessible to 

those who are socio-economically marginalised. 

7.3 Strengths and limitations of the research 

This research has several key strengths. First, the four NDHS datasets that lies in between the 

MDGs period (2001-2016) were combined for increased sample size to detect any statistical 

differences including sub-group analysis. Second, the NDHS is a nationally representative, 

population-based survey with high response rate of 99.6%, 99.6%, 99.4%, and 99.6% for the 

year 2001 [11], 2006 [12], 2011 [13], and 2016 [14] respectively and the findings and the 

findings from our study can be generalizable to the entire Nepalese population. Third, the most 

recent live births five years prior to each survey were considered for analyses for under-5 

mortality to reduce maternal recall bias, as well as to minimise bias that may also occur due to 
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changes in household characteristics. Fourth, to capture more accurate estimates, our study on 

factors associated with under-5 mortality excluded multiple births because past studies have 

shown the higher risk of neonatal mortality due to pregnancy complications and preterm birth 

among multiple births compared to singleton births [23, 24].  

Despite aforementioned strengths, this study also has some limitations. First, data on antenatal 

care, Iron and Folic Acid (IFA) supplementation, Tetanus Toxoid vaccine during pregnancy, 

and types of delivery (institutional vs. home delivery) were not collected for stillbirth. Second, 

NDHS did not collect data on timing of stillbirths; and hence, this study could not distinguish 

whether the death was antepartum or intrapartum. However, it is important to know that the 

risk factors for antepartum stillbirth may differ from intrapartum stillbirth that may require 

different intervention [15, 16, 87]. Third, formal verbal autopsies were not collected in NDHS 

(2001-2016). Hence, causes more proximal to perinatal deaths such as history of previous 

stillbirth, prematurity, fetal growth, low birth weight, obstetric complications such as breech 

delivery, and birth asphyxia  mm [19, 88-90] could not be included. Fourth, due to the cross-

sectional nature of the study design, this study is limited in its ability to establish causal effects 

between the explanatory variables and the outcome variables (stillbirth, perinatal and child 

mortality). Fifth, only surviving mothers were interviewed, and this might have resulted in 

under-reporting of the number of deaths. 

7.4 Future research 

This thesis has also identified number of research gaps, and future studies can build upon those 

gaps. First, obstetric complications including gestational diabetes, placenta previa, breech 

delivery, and birth asphyxia have been documented as important causes of perinatal mortality 

which can be identified and managed through quality antenatal and delivery care. Because 

NDHS did not collect data on antenatal and delivery care for stillborn babies, future population 
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based studies are essential to allow comprehensive understanding of the impact of quality of 

antenatal and delivery care for pregnancies that ended in stillbirths. 

Studies that can quantify the burden as well as identify the risk factors associated with 

antepartum and intrapartum stillbirths at a national level could be future research to inform 

effective population specific intervention.  

Third, important medical and non-medical factors such as child respiratory infections, 

diarrhoea, nutritional and vaccination status, road accidents and burns have been considered as 

important contributors to child death in developing countries (including Nepal). NDHS did not 

collect data on these important medical and non-medical causes of under-5 mortality. 

Therefore, incorporating different medical and non-medical causes of under-5 mortality in 

future research may help validate the estimates obtained from this study. 

7.5 Conclusion 

This study has provided detailed evidence on factors associated with perinatal and under-5 

mortality in Nepal by using the NDHS data for the period (2001-2016). The study of socio-

economic predictors of stillbirth in Nepal highlights women residing in the mountain ecological 

zone, and those who are socio-economically marginalized are associated with stillbirth. This 

study also confirmed that lower socio-economic status, non-use of contraceptives, and the use 

of biomass for cooking at home were the key drivers for perinatal mortality in Nepal. Similarly, 

mothers who reported previous death of a child, non-use of contraceptives, and those who did 

not receive at least 2 doses of TT vaccine during pregnancy were found to be associated with 

under-5 mortality. Findings from this study will help to improve maternal and child health 

intervention in Nepal.       
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Appendix 

 

Ghimire PR, Agho KE, Renzaho AM, Dibley M, Raynes-Greenow C. Association between 

health service use and diarrhoea management approach among caregivers of under-five 

children in Nepal. PloS one. 2018 Mar 1; 13(3):e0191988. 

(https://doi.org/10.1371/journal.pone.0191988) 
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