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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,



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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SECTION I: Overview



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 IlIness (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



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.



1.4 Thesis outline

This thesis includes a total of four sections. Section | is an overview of the research (chapter
1). Section Il 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 111 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 1V 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 Iliness(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

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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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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2.2 Perinatal mortality in South Asia: systematic review of observational studies

(https://doi.org/10.3390/ijerph15071428)

Ghimire PR, Agho KE, Akombi BJ, Wali N, Dibley M, Raynes-Greenow, Renzaho A
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Abstract: Background: This study aimed to systematically review observational studies on perinatal
mortality in South Asia. Methods: This review was conducted according to the Preferred
Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) guidelines. Five computerized
bibliographic databases: MEDLINE, CINAHL, Embase, PsycINFO, and Scopus were searched for
published studies which reported factors associated with perinatal mortality in South Asia from
1 January 2000 to 20 March 2018. All relevant observational studies (cohort, cross-sectional and
case-control) were reviewed. Results: Fourteen studies met the selection criteria. 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. Conclusions: Interventions to
recluce perinatal mortality in the South Asia should focus on the provision of adequate antenatal care
and quality healthcare services which are accessible to women of low socioeconomic status.
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1. Introduction

Perinatal mortality is a major public health challenge in many low- and middle-income countries
(LMICs). Perinatal mortality refers to fetal death after 28 weeks of gestation and before the 7th
day of life [1]. In LMICs, perinatal mortality has been reported to be associated with inadequate
access to quality care services [2], inadequate infant nutrition [3], and suboptimal environmental
conditions such as unsafe water supply, inadequate sanitation, and poor housing facilities [4]. Almost
half of the stillbirth and early neonatal mortality occurs during the period of labor and delivery [5];
with prematurity, low birth weight, obstructed labor, pregnancy complications and infections identified
as the leading causes for these untimely deaths [6-8].

Globally, the number of perinatal deaths decreased from 5.7 million in 2000 to 4.1 million in
2015 [9]. However, 95% of these deaths occurred in LMICs with the largest numbers reported in
South Asia and sub-Saharan Africa [9,10]. Despite the substantial global progress in improving child
survival [10], perinatal mortality remains an urgent public health concern and progress made has
been slower than that reported for maternal and child mortality [10-13]. Thus, reducing inequities
among the most vulnerable pregnant women and newborns is an important strategy in achieving the
Sustainable Development Goal (SDG) target of ending preventable perinatal deaths [14,15].

Previous studies conducted in South Asia identified distal determinants such as maternal age [16],
poor socio-economic status [17], illiteracy [18], obesity and overweight [19], and poor water and

Int. J. Environ. Res. Public Health 2018, 15, 1428; doi:10.3390/ijerph15071428 www.mdpi.com/journal/ ijerph
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sanitation [20] to be significantly associated with increased perinatal mortality. The 2014 Lancet
series on Every Newborn suggested that annually 33% stillbirth can be averted with increased
coverage and quality interventions such as antenatal care and skilled birth attendant services,
detection and management of pregnancy-induced disorders as well as intrauterine growth restriction,
and management of preterm labor [21]. In addition, the World Health Organization (WHO)
recommends community-based cost-effective newborn care interventions such as immediate drying
and additional stimulation, dry cord care, skin to skin contact in the first hour of life, and immediate
breastfeeding [22] to reduce newborn death. However, these interventions are primarily focused on
minimizing the risk factors which are prevalent around the perinatal period but do not take into
cognizance the distal determinants responsible for increased perinatal mortality [16-20,23]. Previous
studies conducted on perinatal mortality in developing countries reported factors such as maternal
anemia [24], institutional delivery [25] and antenatal care services [26] as significantly associated with
increased mortality without taking into account the predisposing socioeconomic and environmental
level factors. Hence, there is a need to understand the most significant community-, household-,
environmental-, and socioeconomic-related factors associated with perinatal mortality to guide the
formulation of effective policies and programs to accelerate progress for newborn survival across
South Asia.

Presently, no study has collectively and systematically analyzed the predisposing factors at the
individual-, community-, household-, environmental-, and socioeconomic levels associated with
perinatal mortality in South Asia to drive context-specific interventions which will lead to a decline
in preventable perinatal death within the region. Hence, the aim of this study was to systematically
review the factors associated with perinatal mortality in South Asia, thus contributing to the body of
evidence needed to inform effective policy strategies to reduce perinatal mortality, and setting the
region on the path to achieving the SDG target by reducing perinatal mortality to as low as 12 deaths
per 1000 births by 2030 [14,15].

2. Materials and Methods

2.1. Outcome Measure

The outcome measure for this study was perinatal mortality which refers to the number of
stillbirths and deaths in the first week of life [1].

2.2. Search Strategy

This systematic review was conducted according to the Preferred Reporting [tems for Systematic
reviews and Meta-Analyses (PRISMA) guidelines [27]. Relevant MeSH headings and keywords were
generated and used to extensively search five bibliographic databases: MEDLINE, CINAHL, Embase,
PsycINFO, and Scopus for peer-reviewed articles published between 1 January 2000 and 20 March
2018. The year 2000 was used as a baseline for this review because this was the beginning of the
Millennium Development Goals (MDGs) and hence will aid in tracking the progress of the region in
line with the MDGs.

Retrieved articles from each database were imported into an EndNote library. To capture relevant
publications that might have been omitted, a further search of the bibliographical references of all
retrieved articles that met the inclusion criteria was performed, complemented by citation tracking
using Google Scholar.

The search strategy was developed using Boolean operators for three major concepts: perinatal
mortality, risk factors, and countries in South Asia. The following combination of keywords was used
for the search:

[“perinatal mortality™” or “Perinatal death*”]
AND
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[risk* or “risk factor*” or predictor* or determinant* or sociceconomic* or sociodemographic* or factor*]
AND

[“South Asia*” or “Southern Asia*” or Afghan* or Bangladesh* or Bhutan® or India® or Maldives or
Nepal* or Pakistan® or Sri Lanka*]

2.3. Inclusion and Exclusion Criteria

Eligibility assessment was conducted and studies were included in this review if they (i) focused
on perinatal mortality; (ii) were conducted in South Asia; (iii) reported factors associated with perinatal
mortality; (iv) were published between 1 January 2000 and 20 March 2018; (v) were observational
studies (cross-sectional studies, cohort studies and case-control studies); (vi) were published in a
peer-reviewed journal (non-peer reviewed research, reviews, commentaries, letters to editors and
conference presentations were excluded); (v) written in English. The inclusion of eight South Asian
countries (Afghanistan, Bangladesh, Bhutan, India, Maldives, Nepal, Pakistan, and Sri Lanka) in our
study is based on UNICEF regional classification [28].

24. Data Extraction

All articles identified from the search of each database were imported into an EndNote library
and duplicates were eliminated. The first author (PRG) independently read and screened the titles
and abstracts of all retrieved articles. In the final screening phase, full-texts of selected articles
were identified by PRG using electronic databases, school library and contacting author via email,
and studies which met the eligibility criteria were retained after reading the full text. All data
extraction and appraisals of retrieved studies were independently reviewed by FRG, BJA and NW,
and all disagreements among the three reviewers were resolved through discussion. The summary of
the selected studies was recorded, and this included: author, year of publication, country of publication,
study design, pregnancy outcome(N), factors associated with perinatal mortality, study limitations,
and quality assessment score (Table 1).
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Table 1. Summary of selected studies.

4ofl12

Author [Ref.] . . . .
Year Study Design c;:r::ir::%} Factors Asso;[laa::li\:;ﬂl Perinatal Study Limitations Qua]ltysa:::ssment
Country
Underreporting of violence because of the
Ahmed et al. [17] Domestic violence, first birth, lack of  involvement of perpetrators for obtaining data, no 7/14
2006 Cross-sectional study 2199 maternal education, poor direct question to justify if the violence occurred (Fair)
India socioeconomic status. during pregnancy, and underreport of pregnancy e
and death due to a retrospective study.
BT ey o P e Ay vt e e ke 1014
Bangladesh . economic ;mms, anemia pm;'alence. defined. (Good)
Guidotti et al. [30] Data were obtained from hospital records that are
2009 Cross-sectional study 53,524 Mode of delivery, medical risk factors. nql pn'm.jm.]y demg‘ned. for. research purpose; and 4/14
Afehanist B B this has limited study findings for the adjustment (Poor)
ghanistan of other important confounding factors.
Igbalet al. [31] am;_pnrt:m henlo;r]w;%ei hy;LeEensive o4
2014 Cohort study 11,260 1SOTCiets, Mechaiical probiems, Small sample size.
Pakistan - congenital anomalies, neonatal (Poor)
problems, maternal medical problems.
Khan et al. [19] Pregnancy outcomes reported in this study are
2m7z Cross-sectional study 6584 Maternal overweight and obesity. b 0; bnsteh(i on mate:lnal Ieml.] in five 'Vel‘"s 7;/1.4
Baneladesh s : 7 preceding the survey that may inaccurately {Fair)
& capture the total number of perinatal death.
Perveen et al. [23] Small sample size, hospitakbased study and it has 5/14
2016 Cohort study 234 Sideropaenic anemia. the limitation of generalization of the finding into (Fair)
Pakistan wider community level.
Sachar et al. [32] Lower maternal weight and height, ;['he 5?1"‘,3-“ Ezdmj on rEml sellinls, agctl ﬁnd::;gs 6/12
2000 Case-control study 2424 BMI, literacy, pregnancy interval, Tom Hhis & N y cannot be generalized to ma ," N
India < prematur"itv home delivery programmatic response to urban women. The risk {Fair)
< & wvariables used in the study are poorly defined.
Shabbir et al. [33] 7/14
2014 Cohort study 2010 Multiparous, advanced maternal age. Limitation of ascertainment bias. (Fair)
Pakistan
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Table 1. Cont.
Author [Ref.] .
. Pregnancy . . . " P Quality Assessment
Year Study Design Outcome (N) Factors Associated with Perinatal Mortality Study Limitations Score
Country
Antenatal care, sociceconomic status, maternal
education, tobacco consumption, parity,
history of abortion, history of stillbirth, history
of neonatal death, history of infant death,
Shah et al. [158] pregnancy spacing, maternal medical Data collection was not regionally homogeneous
problems, obstetric problems, weeks of Lo L 9/12
2000 Case-control study 10,715 . B . limiting to apply study findings across the -
. - gestation, birth we |thJ type of labor, Tuptufe - - (Fair)
India ) 3 country.
of membranes, type of presentation, mode of -
delivery, anesthesia, intrapartum medical
problems, Apgar score, state of amniotic fluid,
resuscitation of the newborn, placenta and
cord abnormalities, congenital defects.
Siddalingappa et al. The intrapartum complication, intrauterine
[34] S ] complication, small gestational size at birth, Limited sample size, limited scope for 5/14
2013 Cr ctional study e the time taken for a first ery, multiple generalization. {Fair)
India pregnancies.
Wassan et al. [35] Antenatal care, birth weight, gestational age, I|0§p:|l:a.l—_'|:\a=4.'d_stufiy and 'h"'.“udy lacks
. - generalizability of findings to a wider population. 4/14
2009 Cohort study 2778 fetal causes, types of residence, maternal risk . ) PR ) -
Pakistan factors The study has lacked statistical measure to {Poor)
) examine factors associate with perinatal mortality.
Kusiako et al. [16] M::ﬁ[::?i:g&]ﬁiftfltn;mk;ﬁ% T;:‘:i:al As the data was collected by midwives, and lack 6/14
2000 Cross-sectional study 3865 coemancy. leneth of Tt:tiun Eomp lications of verbal autopsy may increase classification bias (Fair)
Bangladesh pregnandy, length of ge ' P for perinatal mortality.
during labor. N
The use of cross-sectional data lacks establishment
of a temporal relationship between pregnancy
» 3 1 1 T 1 slechve
Khanam et al. [36] ) ) Antepartum hemorrhage, pregnancy-induced complication and perinatal murfcahty. Sn.lc.-:_:hw. 8/14
2017 Cross-sectional study 6285 - ) ? - recall bias as mothers who experienced perinatal -
N v pertension, probable infection. y {Fair)
Bangladesh deaths were more likely to recall antepartum
complications compared with those who did not
experience a complication.
- The findings are limited to reflect the whole of the
Short et al. [37] cohort as almost 60% women who measured their 8/14
2018 Cohort study 41,778 Obesity and overweight during pregnancy. weight after 12 wesks of pregnancy wens excluded (Fair)

India and Pakistan

from the analysis.
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2.5. Quality Assessment

The quality of all selected studies was assessed using the National Institute of Health (NIH) Study
Quality Assessment Tools for observational studies [38]. The tools consist of criteria which evaluate
the internal validity of studies by considering the potential risk of selection bias, information bias,
measurement bias, and confounding. Case-control studies were assessed using 12 criteria, while cohort
and cross-sectional studies were assessed based on 14 criteria. The reviewed studies were assigned
a quality score on a scale of (12 points for case-control studies and (-14 points for cohort and
cross-sectional studies (0 if the study did not meet any criteria and 12 or 14 points if the study met
all the criteria for the appropriate study design). The sum of points indicated the overall quality of
a study. Studies were rated as poor quality (score < 4); fair quality (5-9); and good quality (=10) as
shown in Supplementary Tables 51 and 52.

3. Results

A total of 2921 articles were retrieved from the five databases. After applying the selection criteria
at each screening stage, a total of 14 articles were retained (Figure 1).

Figure 1. The flow chart for study selection based on PRISMA 2015 guidelines.

3.1. Characteristics of Selected Studies

Four studies were conducted in Pakistan, 4 studies in Bangladesh, 4 studies in India, 1 study
in Afghanistan and 1 study in India and Pakistan (Table 1). There were no studies from Nepal,
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Maldives, 5ri Lanka and Bhutan. The sample size of selected studies ranged from 55 to 57,108 women
or pregnancies. Of the 14 studies selected; 6 were cohort studies [23,29,31,33,35,37], 2 were case-control
studies [18,32] and 6 were cross-sectional studies [16,17,19,30,34,36]. Based on the NIH criteria, 1 study
was of good quality [29], while 10 studies were of fair quality [16-19,23,32-34,36,37], and 3 studies
were of poor quality [30,31,35]. The details of specific scores assigned to each quality assessment
domain are provided in Supplementary Tables 51 and 52.

3.2. Summary of Reviewed Studies

Low socioeconomic status was found to be associated with perinatal mortality as reported in
studies conducted in India [17,18] and Bangladesh [29] {Table 1). A cross-sectional study [17] and a
case-control study [18] conducted in India also reported that uneducated women were more susceptible
to perinatal mortality compared to those who were educated. Furthermore, a cohort study conducted
in Pakistan reported that perinatal mortality was higher among women who reside in rural areas
compared to those residing in urban areas [35].

In this review, suboptimal maternal anthropometry such as low maternal body weight and
height [32] as well as maternal obesity and overweight [19,27], were found to be associated with
perinatal mortality in India [32], Bangladesh and Pakistan [19,37]. Maternal medical conditions, birth
and pregnancy complications such as anemia [23,29], antepartum hemorrhage [31,36], hypertensive
disorders [31], congenital anomalies [31], placenta and cord abnormalities [18], pregnancy-induced
hypertension [36], probable infection [36], and neonatal and intrapartum complications [18,34] were
also reported to be associated with perinatal mortality in studies conducted in Pakistan [23,31],
Bangladesh [29,36] and India [18,34]. A cohort study conducted in Pakistan reported that older
maternal age (=40 years) was associated with perinatal mortality [33], while another cross-sectional
study conducted in Bangladesh identified young maternal age (<18 years) to be associated with perinatal
mortality [16]. A case-control study conducted in India reported that parity of three and above was
associated with perinatal mortality [18]. Another study conducted in India found that mothers having
their first birth were more susceptible to perinatal mortality [17]. Multiple pregnancies were also reported
to be associated with perinatal mortality [34]. Furthermore, a cohort study conducted in Bangladesh
found that women having five or more pregnancies prior to the index pregnancy were associated with
perinatal mortality [29].

Home birth [18,30,32], pregnancy interval [18,30,32] and history of previous death [18] were also
reported to be associated with perinatal mortality. A cross-sectional study conducted in India found
that mothers who were victims of domestic violence were more susceptible to perinatal mortality [17].
Another case-control study conducted in India found that women who consumed tobacco were more
predisposed to perinatal mortality [18] than women who did not consume tobacco.

Low birth weight [18], small gestational size at birth [34] and prematurity [35] were found to be
associated with perinatal mortality in studies conducted in India. A case-control study conducted in
India [18] and a cohort study in Pakistan [35] also reported that poor antenatal care was associated
with perinatal mortality.

4. Discussion

This review appraises the methodological quality of reviewed observational studies. We used
observational studies because randomized controlled trials are not feasible and only data from
observational studies are available for review [39]. Findings from this study revealed that the most
common factors associated with perinatal mortality in South Asia were: low sociceconomic status,
lack of quality health care services, pregnancy and or obstetric complications, and lack of antenatal care.

Socioeconomic status (SES) was reported to be associated with perinatal mortality in South Asia.
Women with low 5ES have poorer nutrition and less access to quality maternal and child health care
services which adversely impacts fetal and newborn health. Previous studies conducted in low [40,41]
and high income countries [42] have reported that higher SES has a protective effect on perinatal
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mortality, and this maybe as a result of better access and utilization of quality healthcare services
such as skilled birth attendants, antenatal care, postnatal care, and institutional deliveries [7,25,43].
The utilization of antenatal care and institutional birth that provide high-quality care are well
established as interventions to reduce perinatal mortality [21,25,44], and are more likely to be accessed
by women from higher SES. A recent Nepalese study indicated that women of the lower socioeconomic
background were significantly less likely to use institutional birth [45] and quality antenatal care [46]
resulting in higher perinatal mortality.

In South Asia, countries such as India, Pakistan and Bangladesh have a health care system which
is primarily financed by out-of-pocket money [47]. This may pose a great barrier to the access and
utilization of quality health care services by women particularly with low SES.

In a case-control study conducted in Kuwait, it was inferred that access to free maternal health care
services for women of lower SES had a significant positive impact in reducing perinatal mortality [48].
Furthermore, a low rate of perinatal mortality was reported in 5ri Lanka (<10 per 1000 births) [9] which
may be due to the implementation of clear policies through well-structured community-based and
institutional healthcare service delivery that provides free of charge quality maternal and child health
care services irrespective of socioeconomic class [49].

In this study, lack of maternal health care services such as antenatal care and home birth were
reported to be associated with perinatal mortality. The presence and accessibility of quality health care
service greatly influence maternal and child health outcomes. A large number of avoidable perinatal
deaths are due to inadequate health care services rendered from poorly equipped health care centers with
inadequate diagnostic tools and suboptimal maternal care services. Perinatal care is intimately linked to
maternal and newborn survival, and thus effective care throughout the continuum of pregnancy, labor,
and into the postpartum period is essential [50]. A meta-analysis of estimating perinatal mortality by
place of delivery conducted in Sub-Saharan Africa reported that 14 perinatal deaths per 1000 births could
be averted if birth occurred at a high-quality health facility [25]. Hence, to reduce perinatal mortality,
an improvement in the quality and access of health care services is critical [51].

In this study, maternal obstetric complications such as gestational diabetes, anemia, hypertensive
disorders, preterm labor, and intrauterine grow th restriction were found to be associated with perinatal
mortality in South Asia. These conditions can be identified in the antenatal period, thus reinforcing the
need to improve the continuum of care between antenatal identification and subsequent management of
complications in health facilities [21,52]. Hence, high coverage quality antenatal care and institutional
delivery /skilled birth attendants have become a part of global and country level strategy to improve
birth outcome [15,53,54].

In South Asia, countries such as Bangladesh, India, Nepal and Pakistan have existing public
health policies which include conditional cash transfer and voucher schemes aimed at promoting
antenatal, delivery and postnatal care for women of lower socioeconomic status [47]. However, despite
these policies, perinatal mortality is still high within the region which indicates that these policies have
not been effective in improving health outcomes [47,55]. Hence, further research into the quality of
antenatal and delivery care services offered to women is needed.

4.1. Strengths and Limitations

This review is a comprehensive search of the existing literature to report factors associated with
perinatal mortality across South Asia. However, this study also had some limitations. First, qualitative
studies were excluded from this review. The inclusion of qualitative studies in systematic reviews
provides alternative explanations and enables triangulation of findings [56,57]. Second, relevant
studies may have been published in a language other than English, and hence were missed in our
study. Third, there were no studies from Bhutan, Maldives, Sri Lanka and Nepal on perinatal mortality;
hence, more research on perinatal mortality should be done in these countries. Fourth, most studies
retained for review were fair to poor quality which may affect the external validity of our findings.
Finally, with such different data sources and limited information from some countries, this review did
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not report the pooled estimate for the effect of each factor on perinatal mortality across all countries in
the region; this is due to the fact that the factors were measured differently in each study, thus reporting
an estimate for the pool effect would misrepresent the impact of the factors on perinatal mortality.
Furthermore, some countries have no reported studies on perinatal mortality; hence, further research
should focus on analyzing the determinants of perinatal mortality in these countries.

4.2, Policy Implications

Findings from this study are useful for identifying the underlying factors associated with perinatal
meortality in South Asia in order to assist in the proper allocation of health resources. These findings
will also assist policy makers in planning, developing and implementing of public health interventions
which provide appropriate antenatal and obstetric care services aimed at improving maternal health
and reducing perinatal mortality at both the individual and community levels. This study also serves
as a needs assessment indicator to countries having no representation of research on perinatal mortality
to further explore the factors associated with perinatal mortality within its populace.

5. Conclusions

This systematic review found that pregnancy complications are the major causes of perinatal
meortality in South Asia. A protective effect of perinatal mortality was found in women who
used antenatal care and institutional delivery as well as those with a high SES. Socioeconomic
disparity remains a significant barrier to the utilization of maternal and child health services. Hence,
cost-effective health care interventions such as quality antenatal care and institutional delivery are
needed and should target women of low socio-economic status. Furthermore, due to there being no
evidence from some countries in South Asia, there is need to improve data collection by introducing
effective health information management systems (HIMS) aimed at assisting health agencies gather
data on perinatal mortality to influence current and future needs for health care services.

Supplementary Materials: The following are available online at http:/ /www.mdpi.com/1660-4601/15/7 /1428/
s1, Table S1: Quality assessment of selected cross-sectional and cohort studies, Table 52: Quality assessment of
selected case-control studies.
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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:/imww.google.com/search?g=map+of+nepal &tbm=isch&source=hp&sa=X &ved=2ahUKEw;jlgujk70PhAhXQ7HMBHSX6AkkQs

ARGBAGFEAE&biw=1366&hih=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 Women sample Men sample
(Response rate) (Response rate) (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 = (k4, k5, ..., k), as shown in equation (1).

h(t, k) = ho(t) exp(Xi=, w; i) 1)

h,(t) denotes the baseline hazard at time t, where the exponential of the sum of wi and pi
provide the proportional change in hazard function in relation to changes in the predictor
variables. The coefficients w1 ... wn are estimated by Cox regression. The hazard ratio is then
obtained by dividing both sides of equation (1) by h,(t) and taking logarithms, which yields
equation 2.

h(tk)
1o (0) = wlkl + a)zkz + (l)3k3 + -+ wnkn (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; O: alive). The

expectation of a dichotomous response Y, is just the probability that y, =1. That is

i =Pr(y, =1| x,). The logit link is:
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Where the linear combination v, = £, + B, +...= x,Bis called the “linear predictor” and

are fixed effect. The conditional expectation of the response given the covariate is

4, = E[y, | X;]Jand g is a link function; linking the expected response g, to the linear

predictorv;.

Two-level generalised linear for logistic regression is given by:

1_ /uij m,=0

y7m . M,-1 ) )
g(/uij) =log — | = Xijﬁ + 277&2)] Zr§12)ij
Here, 11, =E[y, | X, 2”7”1 and 7{? = (], ..., m,,;) are random effects varying at

level 2 and ziﬁz’ is the corresponding covariates. It is typically assumed that the random effects

are multivariate normal with? ~ N (0, ®).

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 II1: 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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Abstract

Introduction

Stillbirth has a long-lasting impact on parents and families. This study examined socio-eco-
nomic predictors associated with stillbirth in Nepal for the year 2001, 2006 and 2011.

Methods

The Nepalese Demographic and Health Survey (NDHS) data for the period (2001-2011)
were pooled to estimate socio-economic predictors associated with stillbirths in Nepal using
binomial logistic regression while taking clustering and sampling weights into account.

Results

A total of 18,386 pregnancies of at least 28 weeks gestation were identified. Of these preg-
nancies, 335 stillbirths were reported. Stillbirth increased significantly among women that
lived in the hills ecological zones (aRR 1.38, 95% Cl 1.02, 1.87) or in the mountains ecologi-
cal zones (aRR 1.71, 95% CI 1.10, 2.66). Women with no schooling (aRR 1.72, 95% Cl
1.10, 2.69), women with primary education (aRR 1.81, 95% Cl 1.11, 2.97); open defecation
(aRR 1.48, 95% CI 1.00, 2.18), and those whose major occupation was agriculture (aRR
1.80, 95% Cl 1.16, 2.78) are more likely to report higher stillbirth.

Conclusions

Low levels of education, ecological zones and open defecation were found to be strong pre-
dictors of stillbirth. Access to antenatal care services and skilled birth attendants for women
in the mountainous and hilly ecological zones of Nepal is needed to further reduce stillbirth
and improved services should also focus on women with low levels of education.
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Introduction

Stillbirth refers to the birth of a baby with no signs of life at or after 28 weeks’ gestation[1].
Globally, stillbirth is a major public health problem, with more than 2.7 million stillbirths
occurring annually; of these, 98% are from developing countries[2]. Sub-Sahara Africa and
South Asia account for the highest numbers of stillbirth[3]. The long-lasting impact of still-
birth remains a large burden for parents, families, policy makers and public health practition-
ers[4]. Evidence has shown that stillbirth is associated with physical and psychological
morbidity, and remains a significant source of cost for the affected family and community [2,
5, 6]. Despite the huge burden of stillbirth on families and global health, progress made in low-
middle-income countries to reduce stillbirth is considerably slower than the decline in child
mortality[3].

Stillbirth rates vary within and between countries; with economically disadvantaged com-
munities having higher rates compared to their economically well-off counterparts [3, 7]. In
developing countries, the major risk factors for stillbirth include advanced maternal age,
maternal educational status, infections, fetal development, environmental hazards, diabetes,
malaria and umbilical cord complications [8-11]. Recent studies from developed countries
(such as the United Kingdom and Sweden) have also reported that psychological issues are
associated with higher stillbirth rates [12, 13].

The major causes and predictors of stillbirth in South Asia are not well understood because of
the huge variation in data availability and quality that underestimates the true number of still-
births[5]. Recent case-control studies [14, 15] conducted in Nepal found that stillbirth is associated
with older maternal age, lower level of maternal education, coming from the poorest households,
inadequate antenatal care and antepartum haemorrhage. Similarly, a verbal autopsy study con-
ducted in Nepal revealed that obstetric complications which included prolonged labour, antepar-
tum haemorrhage and pregnancy induced hypertension were associated with stillbirth[16]. A
community-based study from a rural area of Nepal found that a history of prior child loss, mater-
nal age above 30 years and low socio-economic status were associated with higher stillbirth rates
(7).

The 2011 Lancet series on stillbirths suggested that for better estimation and intervention,
the epidemiology of stillbirths should be at a country level instead of at the regional level
because of the regional variations[4]. A major limitation of these Nepalese 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 across the country. Hence, the
aim of this study was to provide nationally representative evidence on the socio-economic pre-
dictors associated with stillbirths in Nepal, using pooled data from the 2001, 2006 and 2011
Nepal Demographic and Health Surveys (NDHS). Findings from this study would enable pub-
lic health professionals to inform different policies and programmes to reduce stillbirth, with
subsequent improvements in maternal and newborn outcomes in Nepal.

Methods
Data sources

The NDHS is nationally representative, collected by the Nepalese Ministry of Health and Pop-
ulation, in collaboration with New ERA and ICF International, USA using a multi-stage cluster
sampling design. Data on fertility, mortality, family planning, and important aspects of nutri-
tion, health, and health services were collected for the years 2001, 2006 and 2011 using stan-
dard model questionnaires designed for, and widely used in developing countries[18-20]. For
the 2001 NDHS, 8726 women aged 15-49 were interviewed, of these 7089 pregnancies were
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7+ months’ gestation. Similarly in the 2006 NDHS, 10,793 women aged 15-49 years were
interviewed. Of these, 5921 pregnancies were 7+ months’ gestation. In the 2011 NDHS, 12,674
women aged 15-49 years were interviewed; of which 5376 reported pregnancies 7+ months’
gestation. A total sample of 18,386 pregnancies 7+ months’ gestation five year prior each sur-
vey was included in the final analysis. For the year 2006 and 2011, pregnancies were identified
using calendar information such as pregnancy outcomes and duration of pregnancy; whereas
for the year 2001, pregnancies were identified using information such as pregnancy history
index, and outcome and duration of pregnancy. Further detail of the survey methodology,
sampling procedure, and questionnaires are reported elsewhere[18-20]. In all surveys, the
response was more than 98%.

Study outcome

The outcome variable was stillbirth, defined as the birth of a baby with no signs of life at or
after 28 weeks’ gestation[1]. The outcome was recorded as a binary variable in the data set
coded as 1 for “stillbirth” and 0 for ‘Alive at birth’. Information on stillbirth was obtained using
reproductive calendar (for 2006 and 2011 NDHS); and pregnancy history and outcome of
pregnancies (for 2001 NDHS).

Exploratory variables

The exploratory variables selected for this study were based on previous studies from develop-
ing countries [8, 14, 16, 21-23] and the information available in the pooled data sets.

Fig 1 presented the modified Mosley and Chen [24] conceptual framework which comprise
four groups of variables used in this study: community level factors, socio-economic level fac-
tors, maternal factor and environmental factors. The community level factors assessed included
ecological zone (terai, hill and mountain), Geographical region (Eastern, Central, Western,

'ommunity Level Factor
Types of residence
Geographical region
Ecological zone/region

cio-economic Factor
Household wealth index
Religion
Parental education
Mother's literacy level
Mother's current working status
Mother's occupation

ternal Factor

Mother's age at first birth
Mother's current age
Maternal marital status
Previous death of baby

nvironmental Factor
Types of drinking water source
Types of sanitation facility

Stillbirth Live birth

Fig 1. Conceptual framework of socio-economic predictors of stillbirth in Nepal.

https://doi.org/10.1371/journal.pone.0181332.9001
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Mid-Western and Far-Western) and place of residence (rural or urban). The socio-economic
level factors considered were maternal education, literacy level, occupation (categorised as not
working or working in agricultural or working in non-agricultural sector), paternal education,
mother’s current work status and household wealth index. The household wealth index mea-
sures the economic status of the household. As a measure of household wealth index, we pooled
the wealth index factor scores in each of the three original Individual Recode data files as calcu-
lated by original DHS. The pooled original household wealth index factor scores were then cate-
gorised into three: the bottom, 40% of households was referred to as poor households, the next
40% as the middle households and the top 20% as rich households[25].

Maternal factors encompass maternal age at first birth, previous death of a baby, mother’s
current age and maternal marital status. We also considered environmental factors consisting
of drinking water source and types of sanitation facility for each household classified based on
the WHO and UNICEF Joint Monitoring Program (JMP) guidelines[26]. Based on JMP guide-
lines, we categorized sources of drinking water as: piped water on premises (piped water sys-
tem into dwelling), other improved drinking water sources (neighbours tap or tubewell,
tubewell or borehole in yard, stone tap, protected well and rainwater), unimproved water
sources (unprotected well in house, unprotected public or neighbour’s well, unprotected
spring, bottled water and water from tanker or truck) and surface drinking water sources
(river, stream, pond, lake, dam, canal, or irrigation water). Similarly, we categorized types of
sanitation facility as improved and unimproved. Improved sanitation facilities included
(households with flush toilet, ventilated or improved pit latrine, pit latrine with slab and com-
posting toilet). Unimproved sanitation facilities were traditional pit toilet, pit latrine without
slab or open pit and bucket toilet and open defecation (bush or field for defecation).

Statistical analysis

Frequency tabulations were first conducted to describe the frequency and relative frequency of
all potential confounding factors. This was followed by calculating the stillbirth rate and 95%
confidence interval, using ‘the number of stillbirths divided by the number of live births multi-
plied by 1,000".

Generalized linear latent and mixed models (GLLAM) with the log link and binomial fam-
ily[27] that adjusted for cluster and survey weights were used to identify those socio-economic
predictors associated with stillbirth. A staged modelling technique[28] was adopted. Commu-
nity-level factors were first entered into the baseline multivariable model with manual back-
ward elimination process to keep statistically significant variables with p-value <0.05 (model
1). Second, socio-economic factors were added into community-level factors associated with
outcome variable and those factors with p-values < 0.05 were retained after backward elimina-
tion process was conducted (model 2). Third, maternal factors were added into model 2. After
applying similar approach as above, variables with p-values < 0.05 were retained in the next
model (model 3). In the final stage, environmental factors were assessed with a list of signifi-
cant variables from model 3. Variables with p-values < 0.05 were retained in the final model
(model 4). Only those factors significantly associated with stillbirth at a 5% significance level in
the final model were reported in the study. In the final model, collinearity was tested and
reported. The analysis was restricted to five years preceding each of the survey.

A total of 57 missing values were excluded from the multivariate analysis, and GLLAM esti-
mates were translated to relative risk and 95% confidence interval. All analyses were performed
using STATA statistical software, version 14.1 (Stata Corporation, College Station, TX, USA)
with “Svy’ commands to allow for adjustments for sampling weights and cluster sampling
design.
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Ethics

The DHS project obtained ethical approval from the Nepal Health Research Council-Kath-
mandu. The first author communicated with MEASURE DHS/ ICF International and permis-
sion was granted to download and use the data for his doctoral dissertation with the School of
Science and Health at Western Sydney University, Australia.

Results
Basic characteristics of the study participants

The majority of mothers who reported higher rates of stillbirth were from rural and mountain-
ous areas, poor households, parents with low levels of education, households with unimproved
sources of drinking water and unimproved toilet facilities (sanitation) (Table 1). We also
noted that mothers whose major occupation was agriculture had more stillbirths compared to
those mothers who worked in non-agricultural sectors.

The prevalence of stillbirth across three ecological zones indicates that the rate was 28 per
1000 amongst mothers who resided in the mountains whereas this rate was 17 per 1000 in the
terai, and 19 per 1000 in the hills (Fig 2).

Predictors of stillbirth

The univariate analyses revealed that ecological zone (mountains or hills); religion (Muslim,
Christian and others); mother’s literacy (illiterate); parental level of education (primary educa-
tion or no schooling), currently not working mothers, mother’s whose major occupation was
agriculture, mother’s age (25 years and above at the time of the first birth), types of drinking
water source (surface drinking water sources) and types of sanitation facility (unimproved san-
itation facility or open defecation) were all significantly associated with higher stillbirth

(Table 2).

Multivariable analysis revealed that factors associated with stillbirth were mothers in the
age bracket (>>25years), mothers who lived in mountains or hills, mothers whose religion was
Hindu, Muslim, Christian and others, mothers who had no schooling or only primary level of
education. Further we found that mothers whose major occupation was agriculture and those
who used open defecation reported higher stillbirth.

In the final model, we removed maternal education level and replaced it with father’s edu-
cation level; the result indicated that stillbirth increased significantly among fathers with no
schooling (aRR 1.71, 95% CI 1.10, 2.64).

Discussion

This study reports the predictors associated with stillbirths in Nepal by using pooling the three
most recent Nepal demographic and Health survey and found that maternal age (25 years and
over), low levels of education, sanitation and ecological zones were predictors for stillbirth.
Additionally, when mother education was replaced by father education in the final model,
father with no education reported significantly higher stillbirth. This current study provides an
evidence-base that could be used to inform the design of effective interventions, policies and
programmes aimed at health professionals and individuals recognising stillbirths.

Primiparity is an established risk factor for stillbirth in both high and low income countries
[29], and our results also found this association. This study demonstrated that mothers aged
25 years and above at the time of their first birth were more likely to experience stillbirth. This
finding was supported by case-control studies conducted in Nepal, Bangladesh and Canada,
which indicated that older mothers (35 years and above) significantly reported higher stillbirth
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Table 1. Characteristics of study population as weighted counts and stillbirth, with rates with 95% confidence interval in Nepal: 2001, 2006 and

2011 (N = 18249).

Study variables N Stillbirth (n) Rate (95% Cl)
Type of residence
Urban 1656 27 17(10.3t0 22.8)
Rural 16593 308 19(16.8 0 21.0)
Ecological zone
Terai 9358 154 17(14.11019.4)
Hill 7405 141 19(16.2 to 22.6)
Mountain 1487 41 28(19.7 to 37.1)
Geographical region
Eastern 4154 75 18(14.2 to 22.5)
Central 5936 98 17(13.51t020.1)
Westem 3363 62 19(14.1 t0 23.5)
Mid-western 2596 53 21(15.2t0 26.5)
Far-western 2201 47 22(15.6t0 28.1)
Wealth index
Rich 3615 48 13(9.5t0 17.0)
Middle 7595 163 21(18.2t0 24.8)
Poor 7040 124 18(14.51020.7)
Religion
Hindu 15288 16 12(6.0t0 17.4)
Buddhist 1385 288 19(17.0t021.4)
Others 1576 32 21(13.51t027.9)
Mother education
Secondary or higher 3833 46 12(8.610 15.7)
Primary 3122 63 21(15.51025.7)
No education 11295 227 21(17.81023.2)
Mother's literacy level (N = 18228)
Canread 8096 126 16(13.0t0 18.6)
Cannot read 10133 210 21(18.3t024.0)
Father’s education
Secondary or higher 3386 40 12(8.210 15.7)
Primary 6463 113 18(14.5t021.1)
No schooling 8400 182 22(18.91t025.4)
Mother current working status
Not working 5470 72 13(10.3 t016.4)
Curmrently Working 12779 263 21(18.51023.6)
Mother occupation (N = 18247)
Not working 3834 46 12(8.61t0 15.7)
Agriculture 12849 271 22(19.0t024.1)
Non- agriculture 1565 18 12(6.3t0 17.0)
Mother’s age at first birth in years (N =18191)
<18 8043 106 13(10.7 t0 19.0)
19-24 9036 148 16(13.7 t019.0)
25+ 1112 23 21(12.21029.1)
Mother currentage
20-29 11643 201 18(15.1 t0 20.0)
<20 1198 22 19(10.9 to 26.5)
(Continued)
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Table 1. (Continued)

Study variables N Stillbirth (n) Rate (95% CI)
30-39 4527 94 21(16.9 t0 25.5)
40-49 882 17 20(10.3 t029.0)
Maternal marital status

Currently married 18069 332 19(16.7 t0 20.7)
Not currently married 180 4 23(0.5t0 45.0)
Previous death of baby

No 13457 254 19(16.9 t0 21.6)
Yes 4793 82 17(13.61t021.2)
Types of drinking water source (N = 17092)

Piped water on premises 1843 26 14(8.7 to 19.5)
Other improved drinking water sources 12012 205 17(14.7 1019.4)
Unimproved drinking water sources 1203 26 22(13.31029.9)
Surface drinking water sources 2035 53 26(19.0t033.1)
Types of sanitation facility (N = 17093)

Improved sanitation facilities 4337 50 12(8.3t014.7)
Unimproved sanitation facilities 1859 36 19(13.0t025.7)
Open defecation 10898 224 21(17.91023.2)

https://doi.org/10.1371/journal.pone.0181332.t001

than younger mothers [14, 22, 30]. Similarly, a hospital-based study conducted in Nigeria also
revealed that mothers aged 35 years or older were significantly more likely to report higher
rate of stillbirths[31]. Studies conducted in high-income countries showed a significant rela-
tionship between stillbirth and maternal age [7, 32-35]. Higher stillbirth rate in older women
has been attributed to the increase likelihood of congenital anomalies, chronic hypertension,
placenta praevia, uterine rupture, and breech deliveries in older mothers which may contribute
to an increased fetal death [36-39]. Studies have also shown that advanced maternal age has
been associated with an increased risk of abnormal chromosomes, and or decreasing uterine
and hormonal function[40, 41].

Parental education is considered as one of the important determinants of health. Previous
studies from Pakistan and Bangladesh reported that education could increase the uptake of

40 -
35
30
25 4
20
15
10 A
5 4

Rate of stillbirth per 1,000 births

0 -
Terai Hill Mountain

Ecological zone

Fig 2. Pooled stillbirth rate by ecological zone in Nepal, 2001-2011.

hitps://doi.org/10.1371/journal.pone.0181332.g002
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Table 2. Crude and adjusted Relative Risk (RR) for socio-demographic predictors of stillbirths in Nepal, 2001-2011 (N = 18249).

Study variables Unadjusted Adjusted
RR (95% Cl) P-value RR (95% Cl) P-value
Type of residence
Urban Reference
Rural 1.07 (0.71, 1.61) 0.738
Ecological zone
Terai Reference Reference
Hill 1.17(0.90, 1.51) 0.241 1.37(1.02, 1.84) 0.036
Mountain 1.71(1.16, 2.52) 0.006 1.68(1.09, 2.59) 0.018
Geographical region
Eastern Reference
Central 0.88(0.63, 1.25) 0.478
Westem 1.01(0.69, 1.48) 0.956
Mid-western 1.11(0.74, 1.65) 0.621
Far-western 1.17(0.77,1.77) 0.459
Wealth index
Rich Reference
Middle 1.56(1.12,2.17) 0.009
Poor 1.28(0.91, 1.80) 0.156
Religion
Buddhist Reference Reference
Hindu 1.64(0.97, 2.76) 0.062 2.19(1.19, 4.04) 0.012
Others including Muslim and Christian 1.87(1.00, 3.50) 0.05 2.68(1.29, 5.58) 0.008
Mother education
Secondary or higher Reference Reference
Primary 1.67(1.14, 2.45) 0.009 1.80(1.10, 2.93) 0.019
No schooling 1.65(1.20, 2.28) 0.002 1.71(1.09, 2.66) 0.019
Mother’s literacy level
Can read part or whole of the sentence Reference
Cannot read 1.31(1.05, 1.65) 0.018
Father's education
Secondary or higher Reference
Primary 1.47(1.02,2.12) 0.036
No schooling 1.83(1.30, 2.59) 0.001
Mother current working status
Not working Reference
Currently working 1.54(1.18,2.01) 0.002
Mother occupation
Notworking Reference Reference
Agriculture 1.70(1.24, 2.34) 0.001 1.78(1.16, 2.75) 0.009
Non- Agriculture 0.99(0.57, 1.70) 0.964 1.38(0.72, 2.63) 0.328
Mother’s age at first birth
<18 Reference Reference
19-24 1.23(0.95, 1.58) 0.109 1.20(0.93, 1.56) 0.186
>25 1.59(1.00, 2.50) 0.046 1.77(1.12,2.82) 0.015
Mother current age
<20 Reference
20-29 1.10(0.71, 1.70) 0.675
(Continued)
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Table 2. (Continued)

Study variables Unadjusted Adjusted
RR (95% Cl) P-value RR (95% Cl) P-value

30-39 1.18(0.92, 1.51) 0.180
4049 1.15(0.70, 1.88) 0.590
Maternal marital status
Currently married Reference
Not currently married 1.20(0.44, 3.28) 0.720
Previous death of baby
No Reference
Yes 0.88(0.69, 1.14) 0.332
Types of drinking water source
Piped water on premises Reference
Other improved drinking water sources 1,21(0.80, 1.84) 0.371
Unimproved drinking water sources 1.53(0.88, 2.65) 0.135
Surface drinking water sources 1.81(1.12, 2.94) 0.016
Types of sanitation facility
Improved sanitation facilties Reference Reference
Unimproved sanitation facilities 1.57(1.01, 2.43) 0.044 1.10(0.67, 1.82) 0.697
Open defecation 1.76(1.29, 2.41) <0.001 1.47(1.00, 2.16) 0.049

https://doi.org/10.1371/journal.pone.0181332.1002

health service utilization [42, 43] with subsequent reduction in stillbirth. This study found that
women with only primary level of education or no schooling had higher risk of stillbirth com-
pared to those who had secondary or higher levels of education. There are very few studies
from developing countries that have examined the relationship between maternal education
and stillbirth. A study conducted in a province of Thailand revealed women who had low levels
of education were at a higher risk of having stillbirths[44]. This finding is also consistent with
previous studies from Canada and Denmark, which found that lower level of maternal educa-
tion was associated with higher risk of stillbirths [45-47]. Plausible reasons for this finding
may be that educated mothers are more likely to practice healthy behaviours, including health
seeking, which may contribute to reducing their risk of stillbirth compared to mothers with no
education. Likewise, fathers with no schooling were also associated with higher risk of
stillbirth.

Our study demonstrated that the risk of stillbirth was significantly higher among women
who worked in an agricultural sector, similar to a finding from a hospital-based case-control
study conducted in the Nguyen province of Vietnam[44]. Our finding of higher risk of still-
birth among mothers residing in the high altitude mountains or hills was similar to a retro-
spective births record obtained from four regional centres in Peru, which indicated that after
controlling for potential confounding factors, mothers who lived in high altitude (greater than
3000 meters) were significantly more likely to report higher stillbirths than those mothers that
lived in low altitude [48]. Whether our finding is related to altitude or access to antenatal and
birth service is unknown due to the limitations of the DHS data. However, literature has
shown that management of pregnancy complications through quality antenatal care[49] and
provision of skilled birth attendance around labour time[4] help to prevent stillbirth. Based on
these evidences, it can be argued that the focused antenatal care as well as targeted skilled birth
attendance for women residing in the mountainous region would help to reduce the number
of stillbirth.
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Our study also found an association between stillbirth and mothers religious affiliation.
Mothers whose religion was Hindu and others including Muslim and Christian reported sig-
nificantly higher stillbirth compared to those mothers whose religion was Buddhist. Analysis
[50] conducted in India using the National Family Health Survey (NFH) reported differences
in child mortality based on religious affiliation. In Nepal access and utilization of birthing ser-
vices differs by religious affiliation and this may contribute to the increased stillbirth in some
religious groups[51].

Unimproved water and sanitation contributes 0.9% to the global Disability Adjusted Live
Years [52]. It is not surprising that women who reported open defecation were at greater risk
of stillbirth compared to mothers who reported improved sanitation facilities; similar with the
finding from a population-based prospective cohort study conducted in India that revealed
open defecation among pregnant women was associated with adverse pregnancy outcomes
(53].

The study has a number of strengths. Firstly, the analysis was based on nationally represen-
tative data (NDHS); thus, estimates from this study are generalizable to the Nepalese popula-
tion and can inform national policies and initiatives in Nepal. Secondly, the response to the
surveys was high (>>98%), reducing a likely chance of selection bias from the observed find-
ings. Thirdly, measurement bias is unlikely to affect the observed results as the data were col-
lected using a standardised questionnaire developed for developing countries including Nepal
[18-20]. It is however retrospective data, and there may be some bias in reporting stillbirth.
Despite these advantages, this study is limited in a number of ways. Firstly, the diagnosis of
stillbirth was based on self-report from mother and is subject to recall and misclassification
bias. Secondly, formal verbal autopsies were not conducted on stillbirths. Finally, no informa-
tion on health services factors or other factors such as tobacco, gestational diabetes and genetic
abnormality that may have been associated with stillbirth were included in the NDHS data.

Policy implications

To close the equity gaps, community-based interventions need to be formulated and imple-
mented in order to improve maternal and child health in Nepal. At the individual level inter-
vention, uptake and quality of antenatal care should be encouraged among mothers from low
socio-economic group and those mothers from hilly and mountainous ecological zones. At the
community level intervention, increase awareness and access to basic and emergency obstetric
care to women from hilly and mountainous ecological zones. These interventions will improve
prevention strategies that could have massive and far-reaching improvement on Nepalese
mothers and children in order for the country to accelerate progress towards achievement of
ending preventable stillbirths by 2035[54].

Conclusions

Our findings suggest that antenatal care service should be targeted to women from low socio-
economic status and those who lived in the mountainous ecological zone in order for Nepal to
further reduce the rate of stillbirth to a target of 12 stillbirths per 1000 births by the year 2030.
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Abstract

Background: Perinatal mortality is a devastating pregnancy outcome affecting millions of families in many low and
middle-income countries including Nepal. This paper examined the more distant factors assaciated with perinatal
mortality in Nepal.

Methods: A sample of 23,335 pregnancies > 28 weeks' gestation from the Nepal Demographic and Health Survey
datasets for the period (2001-2016) was analysed. Perinatal Mortality (PM) is defined as the sum of stillbirth (fetal
deaths in pregnancies > 28 weeks' gestation) and early neonatal mortality (deaths within the first week of life), while
Extended Perinatal Mortality (EPM) is denoted as the sum of stillbirth and neonatal mortality (deaths within the first

with perinatal mortality.

28 days of life). Rates of PM and EPM were calculated. Logistic regression generalized linear latent and mixed
madels (GLLAMM) that adjusted for clustering and sampling weight was used to examine the factor associated

Results: Over the study period, the PMR was 42 [95% Confidence Interval (Cl): 39, 44] per 1000 births for the
five-year before each survey; while corresponding EPMR was 49 (95% Cl, 46, 51) per 1000 births. Multivariable
analyses revealed that women residing in the mountains, who did not use contraceptives, women aged 15-18
years or 19-24 years, and women having no education were associated with increased PM and EPM. The study also
identified households using biomass as cooking fuel, and households who reparted unimproved sanitation or open
defecation were significantly more likely to experience PM and EPM.

Conclusions: Interventions aimed to imprave use of contraceptives, and reduce biomass as a source of cooking
fuel are needed to achieve the recommended target of < 12 perinatal deaths per 1000 births by 2030.

Keywords: Perinatal mortality, Extended perinatal mortality, NDHS, Nepal

Background

Availability and quality of healthcare of both mother and
newborn is reflected in the perinatal mortality rate, and
perinatal mortality remains one of the devastating preg-
nancy outcomes for millions of families in low-and-mid-
dle-income countries including Nepal [1]. A recent Lancet
systematic review for the Global Burden of Disease esti-
mated that every year over 4 million perinatal deaths occur
worldwide; and almost all (98%) of these deaths occur in
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low-and-middle-income countries, mostly in sub-Saharan
Africa and South Asia, including Nepal [2]. The perinatal
mortality rate is five times higher in low as compared to
high income countries, with 10 deaths per 1000 total births
in high income countries; 50 per 1000 total deaths in low
and middle income countries and over 60 per 1000 in the
most deprived countries [1].

In Asia, the perinatal mortality rate is estimated to be
50 per 1000 births, but as high as 65 per 1000 in
South-central Asia, the third-highest rate among the
sub-regions [1]. Past studies indicated that preterm
birth, intrapartum complications and infections are the
three leading causes of perinatal death [3], and millions

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this artide, unless otherwise stated.
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of these deaths can be averted with high coverage quality
interventions along with a population-specific action
plan for women who are socially marginalized based on
issues such as ethnicity, geography and socioeconomic
status [4]. A case-control study conducted in Pakistan
identified that maternal literacy, poor socio-economic
household, primigravida, and lack of knowledge of family
planning were associated with perinatal mortality [5].
Similarly, a population-based cross-sectional study con-
ducted in Bangladesh that examined the impact of ma-
ternal excessive body weight on a range of maternal and
child health outcomes reported that overweight and
obesity among women aged 25 years and older increased
the risk of perinatal mortality by 1.8 [95% Confidence
Interval (1.5, 2.1)] [6].

Perinatal mortality rates play an increasingly import-
ant role in childhood mortality, and there are currently
no effective community-based intervention programs
in Nepal particularly targeting perinatal mortality in-
cluding stillbirth. Despite the high burden of perinatal
mortality globally, there have been very limited epi-
demiological studies that examine potential factors as-
sociated with perinatal mortality in Nepal. Previous
studies conducted in Eastern and Central districts of
Nepal found that birth asphyxia, infection, and prema-
turity were the major causes of stillbirth and neonatal
mortality [7, 8]. A multi-centre prospective study con-
ducted in the Jhapa and Kathmandu districts revealed
that higher parity (> 4), low birthweight (< 1999 g) and
older maternal age (=35 years) were reported to be as-
sociated with PM [9]. In contrast, a cross-sectional
study conducted in central Nepal found that teenage
women were more likely to report higher perinatal
mortality [10]. Similarly, another prospective study
conducted in Kathmandu concluded that perinatal
mortality occurred more frequently among primigravid
women, and those having preterm birth reported a
higher risk of perinatal mortality [11]. However, the
external validity of these studies was limited because
they were not population-based, hence may not be
generalised to inform effective interventional policy
that will significantly reduce perinatal death. The Nepal
Demographic and Health Survey (NDHS) dataset provides
an opportunity to examine factors associated with peri-
natal mortality using a population-based sample. Using a
national population-based sample will allow the formula-
tion of an integrated policy and programmatic response to
address perinatal mortality in Nepal.

The main aim of this study was to determine more
distant factors associated with Perinatal Mortality
(PM) and Extended Perinatal Mortality (EPM) by
using the four most recent nationally representative
household data of NDHS for the years 2001, 2006,
2011, and 2016.

Page 2 of 12

Methods

Data sources and sample

This study combined data of NDHS for the years 2001
[12], 2006 [13], 2011 [14] and 2016 [15]; which were
nationally representative household surveys, using
multistage cluster sampling designs, stratified by geo-
graphical regions and urban and rural areas. All four
surveys sampling methods were similar and routinely col-
lected with the objective of estimating socio-demographic;
and maternal and child health indicators at national and
district level.

A total of 32,193 women aged 15-49 years were inter-
viewed in the four surveys (8726 women in 2001 NDHS,
10,793 women in 2006 NDHS, 12,674 women in 2011
NDHS, and 12,862 in 2016 NDHS), with the average re-
sponse rate over 97%. In the 2001 NDHS [12] women
were asked to report all pregnancies they had in their
lifetime records of pregnancy loss and the duration of
such pregnancies included; whereas in the 2006 NDHS
[13], the 2011 NDHS [14], and the 2016 NDHS [15]
women were asked to report on any pregnancy loss and
the duration of such pregnancy that occurred five years
preceding the surveys. Information such as pregnancy,
pregnancy loss and duration of pregnancy was used to
identify the number of livebirth, stillbirth and pregnan-
cies > 28 weeks’ gestation. For this study 23,335 pregnan-
cies > 28 weeks’ gestation were identified (N=7134 in
2001, N=5671 in 2006, N = 5444 in 2011, and N= 5086
in 2016). Details of the survey methodology, sampling
procedures, and questionnaires are provided in the re-
spective NDHS reports [12-15].

QOutcome

Outcome variables for this study were: (I) Perinatal Mor-
tality (PM) defined as the sum of stillbirth (fetal deaths
in pregnancies > 28 weeks’ gestation) and early neonatal
mortality (deaths within the first week of life) [12-15],
and (II) Extended Perinatal Mortality (EPM) defined as
the sum of stillbirth and neonatal mortality (deaths
within the first 28 days of life) [12—-16].

Potential explanatory variables

The selection of potential explanatory variables for this
study was based on past studies that have examined factors
associated with perinatal mortality in different low-and
middle-income countries [9, 17-19]. We also adopted
Mosley and Chen’s analytical framework for the study of
child survival in low income countries [20]. Figure 1 illus-
trates the factors used to examine their relation with PM
and EPM in that framework. Based on Mosley and Chen’s
framework, 19 explanatory variables were classified into
five categories as community level factors (types of resi-
dence and ecological zone); socioeconomic factors (wealth
index, religion, mother’s education, mother’s literacy level,
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Fig. 1 Framewaork for factors associated with perinatal mortality in Nepal, adopted from Mosley and Chen analytical framework for the study of

Qutcomes

father’s education and mother’s occupation); maternal fac-
tors (mothers current age, maternal marital status, and
birth order and birth interval); environmental factors (types
of drinking water sources, types of sanitation facility and
types of cooking fuel); and health service factors (number
of antenatal care visits, number of Tetanus Toxoid (TT)
vaccines during pregnancy, place of delivery and use of
contraceptives). Birth order and birth interval were com-
bined because a previous study found that the impact of
birth order may be mediated by birth interval [21]. A
household wealth index variable was constructed using
principle component analysis [22] of the common house-
hold facilities across four NDHS, 2001-2016 (electricity,
radio, television, bicycle, telephone, and main material of
floor). For the purpose of this study, the household wealth
index was divided into three categories. The bottom 40%
of households were arbitrarily referred to as poor house-
holds, the next 40% was classified as the middle house-
holds and the top 20% was classified as rich households,
consistent with previous studies [18, 21].

The World Health Organization and the United Nations
Children's Fund Joint Monitoring Program guidelines were
used to categorize the source of drinking water and types
of sanitation facility [23]. Categories of source of drinking
water included (1) piped water on premises, (2) other im-
proved drinking water sources, (3) unimproved drinking
water sources, and (4) surface drinking water sources.
Households with piped water system into dwelling were
categorised as piped water on premises. Households
relying on neighbour’s tap or tubewell, borehole in
yard, stone tap, protected well and rainwater for drink-
ing were categorised as other improved drinking water
sources. Households who reported unprotected well
in-house, unprotected public or neighbour’s well, un-
protected spring, bottled water or water from tanker or
truck as sources of drinking water were categorised as
unimproved water sources. Households who reported river,
stream, pond, lake, dam, canal, or irrigation water for
drinking were categorised as surface drinking water
sources. Likewise, categories of sanitation facility included
(1) improved sanitation facilities, (2) unimproved sanitation

facilities, and (3) open defecation. Households having flush
toilet, ventilated or improved pit latrine, pit latrine with
slab or composting toilet were categorised as improved
sanitation facilities. Households who reported traditional
pit toilet, pit latrine without slab, bucket toilet were cate-
gorised as unimproved sanitation facilities. Households
relying on bush or open field for defecation were cate-
gorised as open defecation.

Statistical analysis

Weighted frequencies for all explanatory variables were
calculated (Table 2). Perinatal Mortality Rate (PMR) and
Extended Perinatal Mortality Rate (EPMR) with 95% confi-
dence interval across all explanatory variables were calcu-
lated (Table 2). The sample was restricted to five years
preceding each survey. Data were analysed using STATA
14.1 (Stata Corp, College Station, Texas, US). SVY functions
were used to adjust for sampling weights. Logistic regression
generalized linear latent and mixed models (GLLAMM)
with the logit link and binomial family [24] that adjusted for
clustering and sampling weights were used to measure the
level of association between outcomes and explanatory vari-
ables. Multivariate analysis was conducted using staged
technique described by Victora et al. [25] and based on this
technique, the effect of distal determinants can be assessed
without adjustment of proximal or intermediate determi-
nants [21]. Therefore, at the first stage, all community-level
factors (more distal determinants) were assessed in the
baseline multivariable model with manual backward elimin-
ation to keep statistically significant factors (model 1). Sec-
ond, socioeconomic factors were added with model 1 and
manual backward elimination process was repeated to keep
statistically significant factors (model 2). This procedure was
followed when maternal, environmental and health service
variables were included in the third (model 3), in the fourth
(model 4) and in the fifth stage (model 5) respectively. Vari-
ables significantly associated at the 5% significance level
were included in model 5 and reported in the study. In the
final model (Model 5), we tested and reported any collinear-
ity. Unadjusted and adjusted odd ratios with 95% confidence
interval of the final model were reported.
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Table 1 Rates and 95% Confidence Intervals (Cl) of stillbirth, early
neonatal mortality, late neonatal mortality, neonatal mortality,
perinatal mortality, and extended perinatal mortality in Nepal
(2001-2016)

Birth and mortality rate Birth/Mortality Rate (95% CI)
Al births, N* 23335 -
Stillbirth, rate® per 1000 414 18 (16, 19)
births (95% CI)

Early neonatal mortality, rate® 561 24 (22,27)
per 1000 live births (95% CI)

Late neonatal mortality, rate® 160 7 (6 8)
per 1000 live births (95% Cl)

Neonatal mortality, rate® per 721 31 (29, 34)
1000 live births (95% Cl)

Perinatal mortality, rate” (95% CI) 975 42 (39, 44)
Extended perinatal mortality, 1135 49 (46, 51)

rate? (95% CI)

*N included stillbirths and live births from pregnancies > 28 weeks' gestation
The rate of stillbirth was calculated from the number of stillbirths divided by
all births multiplied by 1000

“Early neonatal mortality rate is early neonatal mortality divided by total live
births multiplied by 1000

Y ate neonatal mortality rate is late neonatal mortality divided by total live
births multiplied by 1000

“Neonatal mortality rate is neonatal mortality divided by total live births
multiplied by 1000

fPerinatal mortality rate is stillbirths plus mortality within the first week of life
per 1000 births

“Extended perinatal mortality rate is stillbirths plus mortality within the first
28 days of life per 1000 births

Page 4 of 12

“We double checked our findings by re-normalising
the sampling weights for each year of survey to add up
to 1. This process involved computing the total sum of
weights for each survey round and divide each year of
survey sampling weights with the total sum of weights.
The results obtained from using each year of survey
sampling weights presented in the manuscript and those
obtained from re-normalized sampling weights were
similar (see Additional files 1 and 2).

Results

Over the study period (2001-2016), PMR was 42 (95%
CIL: 39, 44) per 1000 births; whereas EPMR was 49
(95% Cl: 46, 51) per 1000 births (Table 1). PMR and
EPMR decreased significantly in 2011 and 2016 com-
pared to 2001 (Fig. 2a, b). Similarly, PMR and EPMR
decreased significantly in 2016 compared to 2006.
However, there was no significant decrease in PMR
and EPMR in 2016 compared to 2011.

Mothers residing in the mountains reported significantly
higher PMR and EPMR than those who resided in the Terai
or the hills (Table 2). Lower rates of perinatal and extended
perinatal mortality were observed among women with aged
between 25 to 49years. Households with improved
sanitation facilities, as well as those who used natural
gas for cooking at home reported lower PMRs and
EPMRs. Women who currently used contraceptives also
reported lower PMR and EPMR.

a
Year of survey Rate (95% CI)
NDHS 2001 —_—— 49 (44, 54)
NDHS 2006 —— 45 (40, 51)
NDHS 2011 —_— 38(33.43)
NDHS 2016 —— 31(27,37)
T T T T T T
15 25 35 45 55 635
b
Year of survey Rate (95% CI)
NDHS 2001 e — 59 (54, 65)
NDHS 2006 —_— 54 (48, 60)
NDHS 2011 —_— 42 (37, 48)
NDHS 2016 —_— 35(30,41)
T T T T T T
15 25 35 45 55 65
Fig. 2 a Rate and 95% Confidence Interval (C) of perinatal mortality per 1000 births in NDHS 2001, 2006, 2011, and 2016. b Rate and 95%
Confidence Interval (Cl) of extended perinatal mortality per 1000 births in NDHS 2001, 2006, 2011, and 2016
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Table 2 Characteristics of study population as weighted counts, and Perinatal Mortality (PM) and Extended Perinatal Mortality (EPM)
rates with 95% Confidence Interval (Cl) in Nepal (2001-2016), (N=23,335)

Explanatory Variables N? PM Rate (95% CI) EPM Rate (95% ClI)

Comrunity level factor

Types of residence

Urban 4395 31 (28, 33) 34 (32,37)

Rural 18,940 44 (42, 47) 52 (49, 55)
Ecological zone

Terai 12,169 42 (40, 45) 49 (46, 52)

Hill 9319 38 (35, 40) 45 (42, 47)

Mountain 1847 56 (53, 59) 67 (63, 70)

Socio-economic factor

Wealth index
Rich 4946 26 (24, 28) 29 (27, 31)
Middle 9644 44 (41, 47) 51 (48, 54)
Poor 8745 48 (45, 51) 57 (54, 60)
Religion
Buddhist 1601 31 (28, 33) 41 (39, 44)
Hindu 19,639 42 (40, 45) 49 (46, 52)
Others® 2096 45 (42, 48) 48 (45, 51)
Ethnicity
Brahmin/chettry 6323 37 (34, 39) 43 (40, 46)
Dalit 3716 51 (48, 54) 61 (58, 64)
Janajati 7647 37 (35, 40) 43 (40, 46)
Madhesi 5649 47 (44, 50) 55 (52, 58)
Mother education
Secondary or higher 6151 29 (27,32) 33 (31, 36)
Primary 4148 42 (39, 45) 48 (45, 51)
No education 13,036 47 (45, 50) 56 (53, 59)

Mother’s literacy level (N= 23,333)
Can read part or whole of the sentence 11,391 32 (30, 35) 37 (34, 39)
Cannot read 11,942 51 (48, 54) 60 (57, 63)
Father education (N= 23,299)

Secondary or higher 11,382 36 (33, 38) 41 (38, 44)
Primary 5923 43 (40, 46) 51 (48, 54)
No education 5994 52 (49, 55) 61 (58, 64)

Mother occupation (N=23333)

Not working 5906 34 (32, 36) 39 (36, 41)
Agriculture 15157 45 (43, 48) 53 (50, 56)
Non- Agriculture® 2270 36 (33, 38) 41 (38, 43)

Maternal factor

Mother's current age (years)

2549 14,131 39 (37,42) 45 (42, 47)
15-18 821 67 (64, 70) 77 (73, 80)
19-24 8383 44 (41, 46) 53 (50, 56)

Maternal marital status
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Table 2 Characteristics of study population as weighted counts, and Perinatal Mortality (PM) and Extended Perinatal Martality (EPM)
rates with 95% Confidence Interval (Cl) in Nepal (2001-2016), (N =23,335) (Continued)

Explanatory Variables N PM Rate (95% CI) EPM Rate (95% Cl)
Not currently married 219 32 (30, 34) 32 (30, 34)
Currently married 23,116 42 (39, 45) 49 (46, 52)

Birth order and birth interval
2nd/3rd birth order, interval > 2 years 7065 19 (18, 21) 24 (22, 26)
1st birth order 7074 36 (33, 38) 44 (41, 46)
2nd/3rd birth order, interval £ 2 years 2613 42 (39, 45) 52 (48, 55)
4th or higher birth order, interval > 2 years 1727 82 (78, 85) 86 (83, 90)
4th or higher birth order, interval < 2 years 4856 45 (42, 47) 59 (56, 62)

Environmental factor

Types of drinking water source (N =21,779)

Piped water on premises 2990 31 (29, 33) 36 (34, 39)

Other improved drinking water sources 15,231 40 (38, 43) 47 (45, 50)

Unimproved drinking water sources 1434 45 (42, 47) 50 (47, 52)

Surface drinking water sources 2124 52 (49, 55) 59 (56, 62)
Types of sanitation facility (N = 21,775)

Improved sanitation facilities 7931 30(27,32) 34 (31, 36)

Unimproved sanitation facilities 1924 42 (39, 45) 50 (47, 53)

Open defecation 11,920 47 (45, 50) 56 (53, 59)
Types of cooking fuel (N=21,782)

Natural gas 3035 22 (20, 24) 25(23, 27)

Biorass energy 18,747 44 (41, 46) 51 (48, 54)

Health service factor

Number of antenatal care (ANC) visits (N= 23,164)

A+ 8442 29(27,32) 34 (32,37
(1-3) 8330 37 (34,39) 44 (41, 46)
No ANC 6392 40 (37, 42) 49 (47, 52)

Number of TT during pregnancy (N = 23,164)

2417 13461 33 (31, 36) 39(37,42)

17T 3551 34 (32, 36) 40 (38, 43)

Never 6152 39 (36, 41) 48 (46, 51)
IFA supplementation during pregnancy(N = 23,168)

Yes 13460 33 (30, 35) 38 (35, 40)

No 9708 38 (36, 41) 47 (44, 50)
Place and assistance during delivery (N=23,154)

Health facility 6816 31 (29, 34) 35(33,37)

Home delivery with skilled attendants® 167 48 (45, 51) 54 (51, 57)

Home delivery without skilled attendants 16171 36 (34, 39) 44 (42, 47)
Use of contraceptives

Yes 8483 24 (22, 26) 29 (27, 32)

No 14,852 52 (49, 55) 60 (57, 63)

“Weighted study population. N varies between categories because of missing values
bother religion includes mainly Christians, Muslims, and Kirats
“Non-agriculture occupation includes skilled or professional jobs; dskilled attendants: doctors/nurses/midwives
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Table 3 Unadjusted and adjusted Odd Ratios (OR) for factors
associated with perinatal mortality in Nepal, 2001-2016 (N =23335)

Explanatory Variables

Unadjusted

Adjusted

OR (95% CI)

OR (95% CI)

Year of survey
2001
2006
20M
2016
Community level factor
Types of residence
Urban
Rural
Ecological zone
Terai
Hill
Mountain
Socio-economic factor
Wealth index
Rich
Middle
Poor
Religion
Buddhist
Hindu

Others including
Muslim and Christian

Ethnidty
Brahmin/chettri
Dalit
Janajati
Madhesi

Mother education
Secondary or higher
Primary
No education

Mother's literacy level

Can read part or whole

of the sentence
Cannot read
Father education
Secondary or higher
Primary
No education
Mother occupation
Not working
Agriculture

Non-agriculture

1.00 (Reference)
092 (0.78, 1.10)
0.77 (064, 093)
062 (051,077)

1.00 (Reference)
146 (1.20, 1.79)

1.00 (Reference)
089 (0.75, 1.05)
1.35(1.09, 166)

1.00 (Reference)
1.73(141,213)
193 (1.57, 239)

1.00 (Reference)
1.37 (099, 191)
147 (097, 221)

1.00 (Reference)
144 (1.13,1.82)
1.02 (0.83, 1.26)
131107, 162)

1.00 (Reference)
144 (1.11,1.85)
164 (1.33, 203)

1.00 (Reference)

142 (1.24,163)

1.00 (Reference)
1.21(1.00, 146)
147 (1.23,1.77)

1.00 (Reference)
1.28 (1.05, 156)
0395 (066, 1.36)

1.00 (Reference)
0.95 (078, 1.16)
0.98 (080, 1.21)
0.72 (056, 0.92)

1.00 (Reference)
1.02 (083, 1.26)
1.44 (107, 1.95)

1.00 (Reference)
1.30 (102, 1.65)
1.05 (084,1.31)
1.28 (099, 1.65)
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Table 3 Unadjusted and adjusted Odd Ratios (OR) for factors

associated with perinatal mortality in Nepal, 2001-2016 (N = 23,335)

(Continued)

Explanatory Variables

Unadjusted

Adjusted

OR (95% Cl)

OR (95% (1)

Maternal factor

Mother's current age (years)
25-49
15-18
19-24

Maternal marital status
Not currently married
Currently married

Birth order and birth interval

2nd/3rd birth order,
interval > 2 years

1st birth order

2nd/3rd birth order,
interval £ 2 years

4th or higher birth order,
interval > 2years

4th or higher birth order,
interval < 2 years

Environmental factor
Types of drinking water source
Piped water on premises

Other improved drinking
water sources

Unimproved drinking
water sources

Surface drinking water sources
Types of sanitation fadlity
Improved sanitation facilities
Unimproved sanitation facilities
Open defecation
Types of cooking fuel
Natural gas
Biomass energy

Health service factor

Number of antenatal care (ANQ) visits

4+
(1-3)
No ANC

Number of TT during pregnancy
2+TT
17T

Never

1.00 (Reference)
1.76 (127, 2.45)
1.12 (095, 1.33)

1.00 (Reference)
143 (063, 3.26)

1.00 (Reference)

1.90 (154, 2.35)
220 (171, 2.85)

448 (367, 547)

235(176,3.12)

1.00 (Reference)
1.30 (1.00, 1.68)

145 (100, 2.12)

1.70 (124, 235)

1.00 (Reference)
1.44 (106, 1.95)
1.63 (137, 1.94)

1.00 (Reference)
205 (154,2.73)

1.00 (Reference)
1.25 (104, 151)
1.37 (110, 1.70)

1.00 (Reference)
1.02 (080, 1.30)
1.18 (097, 1.43)

IFA supplementation during pregnancy

Yes
No

58

1.00 (Reference)
1.18 (099, 141)

1.00 (Reference)
1.99 (130, 3.09)
171 (139, 211)

1.00 (Reference)

132 (1.03, 1.69)
1.83 (139, 242)

327 (258, 4.15)

241 (1.76,329)

1.00 (Reference)
146 (1.08, 1.97)
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Table 3 Unadjusted and adjusted Odd Ratios (OR) for factors
associated with perinatal mortality in Nepal, 2001-2016 (N =23335)
(Continued)

Explanatory Variables

Unadjusted
OR (95% Cl)

Adjusted
OR (95% Cl)

Place and assistance during delivery

Health facility 1.00 (Reference)

Home delivery with skilled 159 (0.76, 332)
attendants
Home delivery without skilled 1.12 (094, 132)
attendants
Use of contraceptives
Yes 1.00 (Reference) 1.00 (Reference)
No 2.25(1.87, 270) 1.93 (161, 2.31)

Multivariate analysis

Table 3 shows unadjusted and adjusted Odd Ratios (OR)
for the association between perinatal mortality and ex-
ploratory variables, while Table 4 summarizes the corre-
sponding ORs for extended perinatal mortality.

Factors associated with perinatal mortality (PM)

After adjusting for potential explanatory variables, peri-
natal mortality has decreased significantly by 28% (aOR:
0.72; 95% CI: 0.56, 0.92) between 2001 and 2016. Women
residing in the mountain ecological zone and women of
the dalit ethnic group had increased risk of perinatal mor-
tality compared to those who reside in the terai ecological
zone and belong to Brahmin/Chettri ethnic group. A sig-
nificant increment of perinatal mortality was observed
among women having 4th or higher birth order with any
years of interval compared to women having 2nd or 3rd
birth order with > 2 years of interval. Women aged 15 to
18 years orl9 to 24 years, and those not using contracep-
tion reported higher risk of perinatal mortality compared
to those with aged 25 to 49 years, and who were using
contraception. Women who used biomass energy for
cooking at home had significantly higher odds of having
perinatal mortality compared to those who used natural
gas for cooking.

In the final model of PM, when types of cooking fuel
were removed and replaced by household wealth index,
we found that women from the middle households were
more likely to report PM (aOR: 1.44; 95% CI: 1.13, 1.83)
compared to their richer counterparts.

Factors associated with extended perinatal mortality (EPM)
Our results showed similar factors to be associated with
EPM as those mentioned for PM. We replaced household
wealth index with types of cooking fuel in the final model;
and our results indicated that women from middle house-
holds were more likely to report EPM (aOR: 1.42; 95% CIL:
1.13, 1.78) compared to their richer counterparts.
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Discussion

This study identified more distant factors associated
with PM and EPM in Nepal. Over the study period
(2001-2016), there has been a significant decline in PM
and EPM. However, the pace of progress is not sufficient
enough to achieve SDG target of 12 or fewer perinatal
deaths per 1000 births by the year 2030. We found that
the factors that were consistent across PM and EPM
were ecological zone, household wealth index, birth
order and birth interval; maternal age, use of contracep-
tives, and type of cooking fuel. Similarly, the study also
found that maternal ethnic background was associated
with PM; whereas maternal literacy level was found to
be associated with EPM.

In this study, the odds of PM and EPM were signifi-
cantly higher among women residing in the mountain
ecological zone compared to those who lived in the terai
ecological zone. This finding is consistent with a past
study conducted in a landlocked country of Peru which
has shown that high altitude (23000 m above the sea
level) was associated with perinatal mortality [26]. Simi-
larly, a study conducted in Nepal revealed that mothers
who lived in mountainous region, with altitude ranges
from 4877 m to 8848 m above the sea level were signifi-
cantly more likely to report an increased risk of perinatal
mortality [27]. Aadditionally, higher perinatal mortality
in the mountains could be connected to access to ser-
vices. Absence of adequate medical facilities would be an
important contributor to the increased risk of perinatal
mortality due to difficulties in timely accessing maternal
and newborn health care services including emergency
obstetric care during labour.

Women who were illiterate had a higher risk of EPM.
This finding was consistent with a prospective longitudinal
study conducted in Northwest Ethiopia [19]. Similarly, a
case-control study conducted in Mashonaland East Prov-
ince of Zimbabwe revealed that mothers who completed
Primary education or no schooling were 54 times more
likely to report PM compared with educated mothers [28].
These findings contradict a study carried out in Bangladesh
that used prospective data on maternal morbidity which
indicated that women who completed secondary or more
level of education reported higher risks of perinatal mor-
tality compared with women with no schooling [29].

Higher PM and EPM among younger age women re-
ported in this study were similar to those reported in a
population-based nested case-control conducted in Ethiopia
[30]. Younger women are more likely to receive inadequate
health care including family planning than older women
due to the low level of women’s autonomy regarding health
care decisions in the households [31], psychological prob-
lems and less social support from family members [32].
Higher odds of perinatal mortality among younger women
may be due to inadequate weight gain during pregnancy,
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Table 4 Unadjusted and adjusted Odd Ratios (OR) for factors
associated with extended perinatal mortality in Nepal, 2001-2016

(N=23335)
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Table 4 Unadjusted and adjusted Odd Ratios (OR) for factors
associated with extended perinatal mortality in Nepal, 2001-2016

(N = 23,335) (Continued)

Explanatory Variables

Unadjusted

Adjusted

OR (95% CI)

OR (95% CI)

Explanatory Variables

Unadjusted

Adjusted

OR (95% CI)

OR (95% CI)

Year of survey
2001
2006
2011
2016
Types of residence
Urban
Rural
Ecological zone
Terai
Hill
Mountain
Socio-economic factor
Wealth index
Rich
Middle
Poor
Religion
Buddhist
Hindu

Others including Muslim
and Christian

Ethnicity
Brahmin/chettri
Dalit
Janajati
Madhesi

Mother education
Secondary or higher
Primary
No education

Mother’s literacy level

Can read part or whole
of the sentence

Cannot read
Father education
Secondary or higher
Primary
No education
Mother occupation
Not working
Agriculture

Non-agriculture

1.00 (Reference)
0.92(0.79, 1.08)
0.70 (0.58, 083)
0.58 (0.48, 0.70)

1.00 (Reference)
1.54 (1.27, 1.86)

1.00 (Reference)
0.91 (0.78, 1.06)
1.39 (1.15, 1.68)

1.00 (Reference)
1.66 (1.33, 208)
1.53(1.13,181)

1.00 (Reference)
1.21 (0.89, 1.63)
1.18 (0.80, 1.74)

1.00 (Reference)
145 (1.16, 1.80)
1.00 (0.83,1.22)
1.28 (1.05,157)

1.00 (Reference)
146 (1.14, 1.86)
1.73(142,211)

1.00 (Reference)

151 (1.33,1.72)

1.00 (Reference)
1.27 (1.08, 1.50)
152 (1.28,181)

1.00 (Reference)
1.32 (1.09, 1.59)
094 (068, 132)

1.00 (Reference)
098 (0.82,1.18)
088 (0.73,1.08)
0.69 (0.54, 0.86)

1.00 (Reference)
099 (0.84,1.18)
1.37 (1.06, 1.76)

1.00 (Reference)

1.23 (1.05,1.45)

Maternal factor

Mother's current age (years)
25-49
15-18
19-24

Maternal marital status
Not currently married
Currently married

Birth order and birth interval

2nd/3rd birth order,
interval > 2 years

1st birth order

2nd/3rd birth order,
interval = 2 years

4th or higher birth order,
interval > 2 years

4th or higher birth order,
interval £ 2 years

Environmental factor
Types of drinking water source
Piped water on premises

Other improved drinking
water sources

Unimproved drinking
water sources

Surface drinking water sources
Types of sanitation facility
Improved sanitation facilities
Unimproved sanitation facilities
Open defecation
Types of cooking fuel
Natural gas
Biomass energy

Health service factor

1.00 (Reference)
179 (132, 242)
119 (103, 1.39)

1.00 (Reference)
168 (0.74,3.82)

1.00 (Reference)

1.86 (154, 2.25)
217 (1.72,274)

3.79 (3.15,4.55)

252 (1.96,3.25)

1.00 (Reference)
1.33 (1.05, 1.69)

140 (097, 2.00)

168 (1.25, 2.26)

1.00 (Reference)
1.51 (1.10, 2.07)
1.70 (1.44, 2.01)

1.00 (Reference)
211 (160, 2.79)

Number of antenatal care (ANC) visits

4+
(1-3)
No ANC
Number of TT during pregnancy
24TT
177

Never

1.00 (Reference)
1.29 (107, 1.54)
147 (1.21, 1.80)

1.00 (Reference)
1.03 (083, 1.29)
1.25 (1.04, 1.50)

IFA supplementation during pregnancy

Yes
No
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1.00 (Reference)
125 (1.07,1.47)

1.00 (Reference)
2.15(145,3.18)
1.78 (147, 2.15)

1.00 (Reference)

1.30 (1.04, 1.63)
1.80 (141, 2.31)

275(220,343)

2561(1.94,338)

1.00 (Reference)
144 (109, 1.91)
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Table 4 Unadjusted and adjusted Odd Ratios (OR) for factors
associated with extended perinatal mortality in Nepal, 2001-2016
(N =23,335) (Continued)

Explanatory Variables

Unadjusted
OR (95% CI)

Adjusted
OR (95% CI)

Place and assistance during delivery

Health facility 1.00 (Reference)

Home delivery with skilled 169 (0.87, 3.31)
attendants
Home delivery without skilled 123 (1.05143)
attendants
Use of contraceptives
Yes 1.00 (Reference)  1.00 (Reference)
No 2.10(1.77, 251) 179 (1.52,211)

low socioeconomic status, and inadequate prenatal care
[33]. In Nepal, early marriage and pregnancy is still a com-
mon practice with about 17% of girls married before the age
of 19 years [15]. Early marriage is a deeply rooted and widely
practised socio-cultural norm. For example, in the regional
part of Nepal, bride family are required to pay extra money
when young unmarried girls grow older [34].

In agreement with our findings a previous study in Nepal
and India showed that mothers with 4th or higher birth
order had higher probability of perinatal death [9, 35]. Ob-
stetric complications are important causes of perinatal
mortality in South Asia [17]; and a previous study has sug-
gested that women with 4th or higher birth order were at
greater risk of having any obstetric complication compared
to women with birth order < 3 [36].

In Asia, while environmental factors (unimproved water,
sanitation, and smoke from unimproved cooking fuel) are
considered among the ten leading risks for disease [37],
Nepal has made substantial improvements in the use of im-
proved drinking water sources and sanitation facilities over
the past 15years [12-15]. Yet, the majority (over 65%) of
households in the same period have constantly been using
biomass energy for cooking at home [12-15]. The finding
of an increased risk of PM and EPM has also been reported
in a hospital-based surveillance and case-control study,
linked with a population survey in India [38]. Past studies
suggested that chronic exposure to carbon monoxide from
biomass energy will deteriorate newborn respiratory health
that may lead to a lower chance of survival especially in the
first month of infant life [39]. In Nepal, natural gas is ex-
pensive; and the use of natural gas is more prevalent among
rich households [12-15]. Our study also revealed that
women from a rich household wealth index were less
likely to report PM and EMP compared to women
from a lower household wealth index. Access to af-
fordable renewal energy both at home and community
could benefit health and thus help in reducing peri-
natal deaths.
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A plausible reason for the finding of a higher PM among
Dalit women may be because Dalits were ethnic minority
women, less empowered, and socio-economically margin-
alised with limited ability to improve their health and the
health of their newborn. It has been documented that 90%
of total Dalit populations living below the poverty line in
Nepal have limited access to health care [40].

The higher perinatal mortality rate in home births
with skilled birth attendants compared to those without
skilled birth attendants in this study may be the reflec-
tion of high-risk pregnancies which may be difficult to
manage in home settings.

This study has many strengths, including the use of the
pooled Nepal DHS (2001-2016) with large sample sizes,
and higher response rates (almost 97%). Second, the study
investigated factors associated with PM and EPM using
household national-wide representative surveys; and find-
ings from a population-based study can be used by public
health practitioners to formulate and inform national level
policies to improve fetal and newborn survival. Third, the
same questionnaires were used to collect information in all
four surveys which increase accuracy and promote coher-
ence of the data used for analysis. Despite these strengths,
this study also has limitations. First, information about dur-
ation of pregnancy and birth intervals (which may be com-
plex for illiterate women) may lead to reporting bias.
Second, twin stillbirths are recorded as one stillbirth in the
calendar that may undercount the number of total still-
births, but they are very rare events. Third, this study is lim-
ited by the fact that data on important explanatory
variables such as a history of previous stillbirth, prematur-
ity, fetal growth, low birthweight, maternal anaemia, obstet-
ric complications such as breech delivery, and birth
asphyxia were not collected in the four NDHS. Fourthly,
maternal body mass index, an important confounder, was
not included in our multivariate analysis due to large num-
bers of missing data (23%) which if included could have
biased the results.

Conclusions

Our analyses examined more distant factors associated with
PM and EPM in Nepal using pooled population-based sur-
veys for the year 2001, 2006, 2011, and 2016. Women who
lived in the mountains, women who did not use contracep-
tives at the time of the survey, younger women, and women
having 4th or higher birth order had significantly higher
risks of PM and EPM. At household level, educating
illiterate women about the benefits of using contraceptives
is required to further reduce perinatal mortality. At com-
munity level, modern energy technologies such as the use
of liquefied petroleum gas or electricity to all households
may help to reduce perinatal mortality; and these interven-
tions should target rural women and women from low so-
cioeconomic households.
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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)”
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Abstract: Child mortality in Nepal has reduced, but the rate is still above the Sustainable Development
Goal target of 20 deaths per 1000 live births. This study aimed to identify common factors associated
with under-five mortality in Nepal. Survival information of 16,802 most recent singleton live
births from the Nepal Demographic and Health Survey for the period (2001-2016) were utilized.
Survey-based Cox proportional hazard models were used to examine factors associated with
under-five mortality. Multivariable analyses revealed the most common factors associated with
mortality across all age subgroups included: mothers who reported previous death of a child
[adjusted hazard ratio (aHR) 17.33, 95% confidence interval (CI) 11.44, 26.26 for neonatal; aHR 13.05,
95% C17.19, 23.67 for post-neonatal; aHR 15.90, 95% CI 11.38, 22.22 for infant; aHR 16.98, 95% CI
6.19, 46.58 for child; and aHR 15.97, 95% CI 11.64, 21.92 for under-five mortality]; nonuse of tetanus
toxoids (TT) vaccinations during pregnancy (aHR 2.28, 95% CI 1.68, 3.09 for neonatal; aHR 1.86, 95%
C11.24, 2.79 for post-neonatal; aHR 2.44, 95% CI 1.89, 3.15 for infant; aHR 2.93, 95% CI 1.51, 5.69 for
child; and aHR 2.39, 95% CI 1.89, 3.01 for under-five mortality); and nonuse of contraceptives among
mothers (aHR 1.69, 95% CI 1.21, 2.37 for neonatal; aHR 2.69, 95% CI 1.67, 4.32 for post-neonatal; aHR
2.01, 95% CI 1.53, 2.64 for infant; aHR 2.47, 95% C1 1.30, 4.71 for child; and aHR 2.03, 95% CI 1.57, 2.62
for under-five mortality). Family planning intervention as well as promotion of universal coverage of
at least two doses of TT vaccine are essential to help achieve child survival Sustainable Development
Goal (SDG) targets of <20 under-five deaths and <12 neonatal deaths per 1000 births by the year 2030.

Keywords: risk factors; child mortality; infants; mortality rates; Nepal

1. Introduction

Globally, approximately 5.6 million deaths of children under-five years of age (under-five deaths)
were reported in the year 2016. Of these deaths, three million occurred between 1 and 59 months of age
while the remainder occurred between birth and the first month of life [1]. Deaths occurring at these
age periods remain a huge public health concern, especially in sub-Saharan Africa (SSA) and South
Asia (SA) including Nepal. An overwhelming majority (80%) of the world’s estimated under-five
deaths occurred in SSA and SA, and most are preventable or treatable. Preterm birth complications,
pneumonia, malaria and diarrhea contribute approximately 16%, 13%, 5% and 8% of these deaths,
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respectively [1,2]. In 2015, neonatal tetanus accounted for about 10,000 neonatal deaths in South Asia
including Nepal [3].

A recent Nepal Demographic and Health Survey (NDHS) report revealed that over a 15-year
period, Nepal’s under-five mortality rate (USMR) decreased by approximately 57%, from 91 deaths
per 1000 live births in 2001 to 39 in 2016 [4]. However, under-five mortality in Nepal still remains
higher than the Sustainable Development Goal (SDG) target of 20 per 1000 live births [4]. Therefore, to
achieve the child survival SDG target, substantial efforts are needed mainly in developing countries
such as Nepal.

Previous studies that examined child mortality in Nepal found that the use of antenatal Iron and
folic acid (IFA) supplementation; tetanus toxoid (TT) vaccination during pregnancy; lack of skilled
birth attendance, lack of antenatal care (ANC) visits; older maternal age; use of polluting fuel; higher
parity, mortality inequality among poor household and mothers with no schooling were linked with
child mortality [5-11]. However, these studies were either community-based experimental in smaller
settings or community-based or population based cross-sectional studies; and did not restrict their
analysis to the most recent singleton live births in order to reduce recall bias. There is evidence to
suggest that multiple births are biologically more likely to die during infancy than with singletons [12].
Additionally, studies disaggregating analyses by different age ranges of the first 59 months of life have
been limited in Nepal, especially for the post-neonatal and child mortality subgroups.

This study aimed to identify common factors associated with mortality across all age subgroups
from 0 to 59 months of life (neonatal: 0-30 days, post-neonatal: 1-11 months, infant: 0-11 months, child:
12-59 months, and under-five: 0-59 months) using survival information of most recent singleton live
births from the NDHS data for the years 2001, 2006, 2011, and 2016. Findings obtained will assist health
administrators and public health researchers, as well as government policy makers, to re-evaluate and
revitalize existing intervention strategies to accelerate the reduction of under-five mortality in Nepal.

2. Materials and Methods

2.1. Data Source

The NDHS data for the year 2001 [13], 2006 [14], 2011 [15] and 2016 [4] were combined to yield
a large sample size of reported deaths. Stratified multi-stage cluster sampling design was used to
collect NDHS data and the procedures for collecting data were similar across the surveys (2001-2016).
The details of survey methods, sampling techniques and questionnaires used in the NDHS surveys
have been described elsewhere [4,13-15]. A weighted sample of 16,802 singleton most recent live
births five years preceding each survey was used for the analysis (2001: n = 4714; 2006: n = 4029; 2011:
n =4118; and 2016: n = 3941). In our analyses, 125 multiple births were excluded because of known
higher risk of neonatal mortality due to pregnancy complications and preterm birth amongst multiple
births compared to singleton births [12,16,17].

2.2. Study Outcomes

Study outcomes for this study were derived from reported deaths of under-five children [4,13-15],
which was disaggregated as neonatal mortality (0-30 days), post-neonatal mortality (1-11 months),
infant mortality (0-11 months), child mortality (12-59 months) and under-five mortality (0-59 months).
Direct estimates of childhood mortality were calculated using complete maternal birth histories that
include date of every live birth (singleton and multiple birth), survival status, current age for living
children and age at death of children [4,13-15].

2.3. Covariates

The selection of covariates for this study was based on Mosley and Chen conceptual framework
for child survival in developing countries [18], previous studies on child mortality [5-8,10,11,19],
and information available in combined NDHS datasets [4,13-15]. Selected covariates variables were
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categorized into five distinct groups: community level factors, household level factor, individual
level factors, environmental factors and health service factors. The community-level factors consist
of types of residence (rural or urban) and ecological zone (Terai, Hill and Mountain). The household
factor selected was household wealth index which was constructed by using a principle component
analysis [20] of the household facilities and assets (electricity, radio, television, bicycle, telephone,
and main material of floor) that was common in the four datasets. For the purpose of this study, the
household wealth index was divided into three categories. 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 study [19].

The individual-level factors consist of maternal, child and paternal characteristics. Maternal
characteristics were religion (Buddhist, Hindu or others), ethnicity (Brahmin/Chettri, Dalit, Janajati or
Madhesi), education (secondary/higher, primary or no education), literacy level (can read or cannot
read), age (4049, 30-39, 20-29 or <20), desire for pregnancy (wanted then, wanted later or no more),
and occupation (not working, agriculture or skilled/ professional). Child characteristics were combined
birth rank and birth interval (2nd/3rd birth rank and >2 years’ interval, Ist birth, 2nd/3rd birth rank
and <2 years’ interval, 4th/higher birth rank and >2 years’ interval or 4th/higher birth rank and <2
years’ interval), previous death of a child (no or yes), and child sex (male or female). The only paternal
characteristic was education (secondary /higher, primary or no education).

The environmental factors were types of drinking water source, types of sanitation facilities, and
types of cooking fuel. We used World Health Organization and the United Nations Children’s Fund
Joint Monitoring Program guidelines [21] to construct types of drinking water source and types of
sanitation facilities. Types of cooking fuel were categorized as improved (biogas, natural gas, liquefied
petroleum gas and electricity) and unimproved (charcoal, wood, coal/lignite, animal dung, kerosene,
straw / shrubs/grass, and agricultural crops).

The health service factors were ANC visits (4+ANC visits, 1-3 ANC visits or no ANC visits), TT
vaccination during pregnancy (Two or more TT, one TT or no TT), antenatal IFA supplementation
(ves or no), place of delivery (health facility or home facility), delivery assistance (doctors/nurses or
others), mode of delivery (vaginal or caesarean) and current use of contraceptive at the time of the
survey (yes or no).

2.4. Statistical Analysis

STATA (version 14.1, Stata Corp, College Station, TX, USA) was used for the study analysis and
Survey “SVY” function was employed to adjust for stratified multi-stage cluster sampling procedure.
Weighted counts, and percentage of all covariates were first performed. Mortality rates and 95%
confidence interval (CI) by year of survey were obtained by using Roja’s approach [22]. In multivariable
analysis, survey Cox proportional hazard models were used to examine the independent factors for
each of the study outcome. Tobit and truncreg commands in Stata were used to account for censoring
and truncation.

A staged technique [23] was used to determine the final multivariate regression model. In the
first stage, year of survey and community level factors (types of residence, and ecological zone) were
entered into the baseline model with manual backward elimination process to remove statistically
nonsignificant variables (Model 1). In the second stage, household wealth status and individual level
factors (religion, ethnicity, mother’s education, father’s education, mother’s literacy level, mother’s age,
desire for pregnancy, mother’s occupation, combined birth rank and birth interval, previous death of a
child and child sex) were assessed with Model 1 with manual backward elimination process to remove
statistically nonsignificant variables (Model 2). This procedure was followed when environmental
(types of drinking water source, types of sanitation facilities, and types of cooking fuel), and health
service variables (ANC visits, TT vaccination during pregnancy, antenatal IFA supplementation, place
of delivery, delivery assistance, mode of delivery and current use of contraceptive) were included
in the third (Model 3), and in the fourth (Model 4), respectively. In each stage, the significance level
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was set at 0.05; and variables that were statistically significant with the study outcomes in the final
model (Model 4) were reported in the study. Variables that were statistically significant with the study
outcomes in models 1-3 are presented in supplementary tables (Supplementary Tables 51 and S2).
Collinearity was tested and reported in the final model.

We also estimated total risk of deaths in each of the sub-age groups in the population between
2001 and 2016 attributable to each of the common significant independent variables across the age
groups in the final multivariable model, under the assumption that the association were causal. The
adjusted Population Attributable Risk (PAR) was estimated using the formula below, which is similar
to that described by Stafford et al. [24].

PAR= ¥ x (aHR-1)/(aHR) (1)

where ¥ is the weighted proportion of deaths during neonatal, post-neonatal, infant, child and
under-five period and aHR is the adjusted hazard ratio.

2.5. Ethical Considerations

The ethics committees of the ICF International, USA and the Nepal Health Research Council,
Kathmandu, approved all surveys. The first author obtained approval from Measure DHS to download
and use the data as part of his doctoral dissertation with the School of Science and Health, Western
Sydney University, Australia.

3. Results

Over the study period, a total of 1474 deaths occurred consisting of 287 (19%) neonatal mortality,
163 (11%) post-neonatal mortality, 450 (31%) infant mortality, 62 (4%) child mortality, and 512 (35%)
under-five mortality. A total of 16,290 observations were left-censored, 512 observations were
uncensored and () observations were right-censored and truncated for under-five mortality.

The majority (79%) of mothers were rural residents, whereas over half (52%) of the study
population were from Terai ecological zone (Table 1). Women who received at least two doses of TT
vaccine or those who used antenatal IFA were almost equally represented (60% and 61% respectively).

Figure 1 presents the trends in rates of neonatal, post-neonatal, infant, child, and under-five
mortality in Nepal. The mortality rates across the five age subgroups were higher among mothers who
resided in the mountain ecological zone, who were rural residents, who could not read, who used
unimproved sanitation facilities, and those who reported of having a history of previous death of a
child (Table 1). It is worthy to note that mortality rates in this study differ sharply from those reported
by NDHS because multiple births were excluded, and analysis was restricted to the most recent live
births five years prior each survey.
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Figure 1. (a) Neonatal, (b) post-neonatal, (c) infant, (d) child and (e) under-five mortality per 1000 live
births with 95% CI by year of survey, Nepal.

Factors Associated with Childhood Mortality

Mothers with a history of previous death of a child, who did not receive TT vaccine during
pregnancy, or who were not using contraceptives at the time of the survey were significantly associated
with neonatal, post-neonatal, infant, child and under-five mortality (Table 2). In order to investigate
collinearity in the final model, when TT vaccine was removed and replaced with IFA supplementation;
the results indicated that mothers who did not receive IFA supplementation had the higher risk of
neonatal [adjusted HR (aHR) 1.49, 95% CI 1.12, 2.00; p-value: 0.007], infant (aHR 1.50, 95% CI 1.20, 1.87;
p-value: <0.001), child (aHR 2.46, 95% CI 2.08, 9.58; p-value: <0.001), and under-five mortality (aHR
1.54, 95% CI 1.24, 1.93; p-value: <0.001).

During the study period, the estimated proportion of deaths in children attributed to mothers
who had had a previous death of a child was 58.2% for neonatal deaths, 51.6% for post-neonatal deaths,
55.9% for infant deaths, 68.6% for child deaths and 57.4% for the overall under-five deaths. Similarly,
23.8%, 50.9%, 39.9%, 35.6% and 24.7% of neonatal, post-neonatal, infant, child and under-five deaths,
respectively, were attributed to children whose mothers were not vaccinated for TT during pregnancy
(Table 3).
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Table 1. Characteristics of the population in Nepal for the 2001-2016 waves (n = 16,802).

Study Variable 1 (% ) NMR = (95% CI 1) PNMR * (95% CI) IMR ¢ (95% CI) CMR 4 (95% CT) UsMR ® (95% CI)
Year of survey
2001 4714 (28) 22 (20, 23) 13(12,14) 35 (32, 37) 7(5 8) 42 (37, 45)
2006 4029 (24) 17 (15, 19) 11(9,12) 28 (24, 31) 403, 3) 32 (27, 36)
2011 4118 (25) 18 (16, 21) 7 (6, 8) 25 (22, 29) 2(1,3) 77 (23, 32)
2016 3941 (23) 101(9,12) 8(7.9 18 (16, 21) 1(L2) 19 (17, 23)
Type of nesidence
Urban 3461 (21) 9(8,11) 9(7,10) 18 (15, 21) 2(L3) 20 (16, 24)
Rural 13,341 (79) 19 (17, 21) 10(8,11) 29 (25,32) 4(3,5) 33 (28, 37)
Ecological zone
Terai 8663 (52) 18 (16, 20) 9 (8, 11) 27 (24, 31) 4(3,5) 31 (27, 36)
Hill 6871 (41) 16 (14, 18) 8(7,10) 2421, 28) 324 X7 (23, 32)
Mountain 1268 (8) 20 (18, 22) 19 (17, 21) 39 (35, 43) 5(4 6) 44 (39, 49)
Wealth index
Rich 3239 (19) 9(8,11) 6(5,7) 15 (14, 18) 211, 3) 17 (14, 21)
Middle 6220 (37) 18 (16, 20) 10(8, 11) 28 (24, 31) 32 31 (26, 35)
Poor 7343 (44) 20 (18, 22) 11 (9,13) 31(27,35) 5(4 6) 36 (31, 41)
Religion
Buddhist 1191 (7) 14 (12, 16) 5(4,6) 19 (16, 22) 4(3,5) 23 (19, 27)
Hindu 14,191 (84) 17 (15, 19) 10(8, 11) 27 (23, 30) 4(3,5) 31 (26, 35)
Others 1420 (8) 18 (16, 20) 11 (10,13) 29 (26,33) 211, 3) 31 (27, 36)
Ethnicity
Brahmin/chettri 4735 (28) 15 (13, 14) 9(8,11) 24(21,27) 2(L3) 26 (22, 30)
Dalit 2550 (15) 22 (20, 24) 10(9, 12) 32 (29, 36) 5(4, 6) 37 (33, 42)
Janajati 5694 (34) 12 (11, 14) 8(7,10) 20(18, 24) 403, 3) 24 (21, 29)
Madhesi 3824 (23) 24 (22, 77} 12 (10, 13) 36 (32, 40) 4(3,5) 40 (35, 45)
Mother education
Secondary or higher 5000 (30) 10(9,12) 6(5,8) 16 (14, 20) 2(1,3) 18 (15, 23)
Primary 3010 (18) 14 (12, 14) 11 (10,13) 2522, 29) 2(L3) X7 (23, 32)
No education 5792 (52) 22 (20, 24) 11 (9, 13) 33 (29, 37) 6(57) 39 (34, 44)
Mother's literacy level (n = 16,800)
Can read 8828 (53) 12 (10, 13) 8(6,9) 20 (16, 22) 211, 3) 22 (17, 25)
Cannot read 7972 (47) 23 (21, 25) 12 (10,13) 35 (31, 38) 6(57) 41 (36, 45)
Father's education (r = 16,770)
Secondary or higher 8647 (51) 14 (12, 15) 9(7,10) 23(19,24) 324 26 (21, 28)
Primary 4136 (25) 19 (17, 21) 11(9,12) 30 (26, 33) 54, 6) 35 (30, 39)
No education 3986 (24) 23 (21, 25) 11(9,13) 34 (30, 38) 5(46) 39 (35, 44)
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Table 1. Cont.
Study Variable 1 (% *) NMR = (95% CI ) PNMR * (95% CI) IMR © (95% CD) CMR 4 (95% CI) UsMR ¢ (95% CI)
Muother occupation (16,800)
Mot working 4226 (25) 15(13,17) 6(5.7) 2118, 24) 2(1,2) 22 (20, 24)
Agriculture 10,725 (64) 17 (15, 19) 1110, 13) 28 (25, 32) 5 (4, 6) 33(31, 36)
Skilled/ professional 1850 (11) 19 (17, 22) 10(8,11) 2925, 33) 3(2.4) 32 (30, 35)
Mothers age
4049 524 (5) 21 (18, 23) 11(9,13) 32 (27, 36) 15(13, 16) 47 (40, 52)
30-39 4089 (24) 15 (14, 17) 10 (8, 11) 25 (22, 28) 4(3,5) 29 (25, 33)
2029 10,525 (63) 16 (14, 18) 98, 11) 25 (22, 29) 3(2,4) 28 (24, 33)
<20 1364 (8) 28 (25, 30) 12(11, 14) 40 (36, 44) 1(1,2) 41(37, 46)
Mother"s desite for Pregnancy (n = 16,801)
Wanted then 11,695 (71 18 (16, 20) 10 (9, 12) 28 (25, 32) 4(3,5) 32 (28, 37)
Wanted later 2165 (13) 14 (12, 16) 7 (6,9) 21 (19, 25) NA 2119, 25)
No more 2940 (18) 17 (15, 19) 10 (8, 11) 27 (23, 30) 6(5,7) 33(28, 37)
Birth rank and birth interval
Ind /3rd birth rank, >2 years 5607 (33) 13 (11, 15) 97, 10) 22 (18, 25) 2(1,3) 24 (19, 28)
1st child 4881 (29) 20 (18, 22) 10 (8,11) 32 (26, 33) 3(2,4) 35(28, 37)
2nd/3rd child, interval <2 years 1740 (10) 20 (18, 22) 9(7,10) 29 (25, 32) 3(2,4) 32(27, 36)
4ih /higher child, interval »2 years 3503 (21) 14 (12, 16) 11 (10, 13) 75 (22, 29) 5(4,6) 30 (26, 35)
4th/ higher child, interval < 2 years 1072 (&) 31(28,33) 11(10,13) 42 (38, 46) 11(10, 13) 53 (48, 59)
Previous Death of a child
No 13,809 (82) 817,9) 5(4,6) 13011, 15) 1(1,2) 14(12,17)
Yes 2993 (18) 59 (55, 63) 301028, 33) 89 (83, 96) 15(13,17) 104 (96, 113)
Child Sex
Male 8822 (53) 17 (15, 19) 8 (7, 10) 25(22, 29) 4(3,5) 2925, 3)
Female TR0 (47) 17 (15,19) 11(10,13) 28 (26, 32) 4(3,5) 32(29,37)
Types of drinking water source (15,659)
Improved 13,199 (79) 16 (14, 18) 9(8,11) 25(22,29) 3, 4) 28(24, 33)
Unimproved 24460 (15) 15(13,17) 12(10,13) 27 (23, 30) 715, 8) 3 (28, 38)
Types of sanitation facilities (n = 15,652)
Improved 6302 (38) 12 (11, 14) 97, 10) 21(18, 24) 1(1,2) 22 (20, 24)
Unimproved 9350 (56) 19 (16, 21) 10(9,12) 29 (25, 33) 5(4,6) M (29, 39)
Types of Cooking Fuel (15,659)
Improved 2478 (15) B (6,9) B (6,9) 16(12, 18) 2(1,3) 18 (13, 21)
Unimproved 13,182 (78) 18 (16, 20) 10(9,12) 28 (25, 32) 4(3,5) 32 (28, 37)
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Table 1. Cont.
Study Variable (% %) NMR = (95% CIf) PNMR b (95% CI) IMR © (95% CI) CMR 4 (95% CI) UsMR ® (95% CI)
MNumber of ANC vigits (n = 16,792)
4+ANC visits 6660 (40) 98 11) 86, 9) 17 (14 20) 2(1,3) 19 (15, 23)
1-3 ANC visits 5825 (35) 19 (17, 22) 8(7.9) 27 (24 31) 2(1,3) 20 (25, 34)
No ANC visits 4307 (26) 26 (23, 28) 15(13,17) 41 (36, 45) 97,10} 50 (43, 55)
TT Pregnancy Times (n = 16,798)
Two or more TT 10,143 (60) 12410, 13) 7(6,9) 19 (14 22) 2(1,3) 21 (17, 25)
One TT 2441 (15) 20(18, 22 10(9, 12) 30(27, 34) 324 33 (29, 38)
NoTT 4214 (25) 29 (26, 31) 15(13, 17) 44 (39, 48) 8 (6, 9) 52 (45, 57)
[FA supplementation (16,801)
Yes 10,168 (61) 13411, 15) B(7.9) 21(18 24) 1(1,2) 22 (19, 26)
No 6633 (39) 23 (21, 25) 13(11, 14 36 (32, 39) 7(6,9) 473 (38, 48)
Place of delivery (16,801)
Health facility 5462 (33) 12 (11, 14) 8(7, 10) 20 (18, 24) 1(1,2) 21 (19, 26)
Home facility 11,338 (67) 19 (17, 21) 10(9, 12) 29 (28, 33) 54 6) 34(32,39)
Delivery assistance (16,801)
Doctors/ nurses 4544 (27) 12(10,14) 98, 11) 21(18 25) 1(1L2) 22 (19,27)
Others 12,257 (73) 1917, 21) 10(8,11) 29 (25 32) 54, 6) 34 (29, 38)
Mode of delivery (16,801)
Non caesarean 16,006 (95) 18 (16, 20) 10(8,11) 28 (24, 31) 4(3,5) 32 (27, 36)
Caesarean 796 (5) 6(5,7) 10(9, 12) 16 (14, 19) 2(1,3) 18 (15, 22)
Current use of contraceptives at the time of the
S'IJWL‘F
Yes 422 (38) 108, 11) 5(4,6) 15(12,17) 2(1,3) 17 (13, 20)
No 10,380 (62) 22(19, 24) 13(11, 14) 35 (30, 38) 5(4, 6) 40 (35, 44)

* Percentage did not add up to 100% because of missing values. * Neonatal Mortality Rates; ® Post-neonatal Mortality Rates; ¢ Infant Mortality Rates; 4 Child Mortality Rates (CMR);
Under-five Mortality Rates; f Confidence Interval.
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Table 2. aHR (95% CI) for factors associated with neonatal, post-neonatal, infant, child and under-five mortality in Nepal, 2001-2016, (1 = 15,750).

Post-Neonatal Mortality (1-11 Under-Five Mortality (0-59

Neonatal Mortality (0-30 Days) Infant Mortality (0-11 Months) Child Mortality (12-59 Months)

Variables Months) Months)
aHR (95% CI) p-value aHR (95% CI) p-value aHR (95% CI) p -value aHR (95% CI) p-value aHR (95% CI) p-value

Religion
Buddhist Loo

Hindu 2.48 (102, 6.03) 0.046

Others 3.55 (1.7, 9.93) nol6
Ethnicity

Brahmin/ chettri 100 1.00

Dalit 1.19 (0.86, 1.65) 0.285 1.16(0.85, 1.59) 0341

Janajati 0.84 (0.63, 1.12) 0.239 0.90(0.70, 1.16) 0.426

Madhesi 1.82(1.35, 2.45) <0001 173(1.29,232) <0.001
Mother's literacy level

Can read 1.o0 1.oo

Cannot read 157 (113, 2.17) 0.007 1.33 (103, 1.72) 0.031
Mother's occupation

Not working Lo0 100 100

Agriculture 1.52 (1.08, 3.22) n.odo 1.45 (1.06, 2.00) 0022 1.45 (106, 1.98) 0018

Skilled/ pm&s&icna.] 2.33 (0.99, 5.46) 0053 2.15(1.38, 3.35) 0.001 215(1.40, 3.30) <0.001
Mother's age

4049 1.00 Lo0 1.00 1.oo

30-39 1.46 (0.53, 2.58) 0192 2.20 (1.08, 4.50) n.031 1.68 (107, 2.63) 0025 1.41 (0.95, 2.08) 0.085

20-20 1.71 (0.97, 3.01) 0.065 3.28 (1.39, 777) 0.007 2.00 (1.30, 3.37) n.002 1.88 (1.24, 2.86) 0.003

<20 2.39 (113, 5.05) 0022 5.04 (173, 147) 0.003 3.06 (164, 5.66) <0001 2.76 (157, 4.85) <0.001
Birth rank and birth interval
Ind/3rd birth rank, =2 years 100 100 Loo 1.00 1.00
1st child 291 (1.79, 4.74) <0.001 212 (1.10, 4.10) 0025 2.56 (1.72, 3.80) =0.001 1.7 (0.54, 6.47) 0322 2,55 (177, 3.68) =0.001
Ind/3rd birth rank, interval <2 years 122 (0.75, 1.99) 0421 1.01 (053, 1.92) 0985 1.15 (0.76, 1.73) 0501 1.43 (044, 4.58) 0.551 1.16(0.78, 1.73) 0463
4th/higher birth rank, interval >2 years  0.29 (0.17, 0.50) <0.001 0.54 (0.7, 1.07) 0.078 0.37 (0.24, 0.56) =0.001 0.33 (0.14, 0.78) n.o11 0.36(0.24, 0.52) =0.001
4th/higher birth rank, interval < 2 years 0,62 (0.34, 1.11) 0109 0.52 (0.26, 1.05) 0,066 0.60 (0,385, 0.95) 0.028 078 (0.39, 1.50) 0.459 042 (0.42, 0.91) 0015
Previous death of a child

Nao 1.00 Loo 1.00 1.00 1.oo

Yes 17.33 (11.44, 26.26) <0.001 13.05 (7.19, 23.67) =0.001 15.90 (11.38, 22.22) =0.001 16.98 (5.19, 46.58) <0001 15.97 (1164, 21.02) =0.001
TT Pregnancy Times
Two or more TT 1.00 Loo 100 1.00 1.00
One TT 1.65 (104, 2.60) 0.033 1.34 (078, 2.29) 0,259 1.51 (106, 2.16) 0.022 162 (0,58, 4.54) 0.353 154 (109, 2.16) 0013
No TT 228 (168, 3.09) 20,001 1.86 (1.24, 279) 0.003 244 (189, 3.15) <0001 2,03 (1.51, 5.60) n.002 239 (1.89, 3.01) 0001
Contraceptive use

yes 1.00 Lo0 1.o0 1.00 1.oo

No 1.69 (121, 2.37) 0.002 2,60 (167, 4.32) =0.001 2.01 (153, 2.64) <0001 247 (130, 471) 0.005 203 (1.57, 2.62) =0.001

aHR: adjusted Hazard Ratio; Hazard ratio adjusted for: model 3; and number of ANC visits, TT pregnancy times, IFA supplementation, place of delivery, delivery assistance, mode of
delivery, and current use of contraceptives at the time of the survey.
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Table 3. Estimated PAR with 95% CI for common significant factors for child mortality across the five age groups in Nepal, 2001-2016 (1 = 15,750).

100f 14

‘Variable Neonatal Mortality Post-Neonatal Mortality Infant Mortality Child Mortality Under-Five Mortality
Previous death of a child n* aHR* PAR (95% CI) n* aHR® PAR (95% CT) n* aHR# PAR (95% CI) n* aHR# PAR (95% CI) n* aHR#* PAR (95% CI)

No 382 1.00 4.1 100 404 1.00 71 1.00 38.8 100

Yes 618 17.3 58.2(50.5-65.2) 559 13.05 516 (40.2-620) 594 15.9 559 (49.6-617) 719 1698 686 (48.7-811) 612 1547 57.4 (51.5-62.9)

TT pregnancy times

Two or more 40.8 1.00 468 100 430 1.00 e 1.00 418 100

One TT 16.7 1.65 6.58 (0.45-142) 153 134 — 162 1.51 547 (070-113) 124 1.62 — 15.8 1.54 5.54 (1.01-10.9)

NoTT 424 228 23.8(14.6-332) 379 186 17.5(5.81-20.8) 408 44 241 (16.8-315) 5.0 2493 35,6 (142-545) 424 39 247 (17.7-317)

Contraceptive use

Yes 217 1.00 190 oo 0.7 Lo0 77 100 210 100

No 783 1.69 32.0(12.5-483) 810 2.69 509 (29.6-66.6) 793 zm 399(259-516) 773 14 46.0 (15.1-67.8)  79.0 203 40.1({27.2-51.1)

* Weighted propertion of deaths in each of the five age groups. aHR: adjusted Hazard Ratio; PAR: Population Attributable Risk; CE Confidence Interval. # Adjusted model included: model
3; and number of ANC visits, TT pregnancy times, [FA supplementation, place of delivery, delivery assistance, mode of delivery, and current use of contraceptives at the time of the survey.
— PAR was not estimated because variables were not significant.
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4. Discussion

In Nepal, rates of neonatal, post-neonatal, infant, child and under-five mortality have declined
over the past 15 years. In this study, mothers who reported previous death of a child, who did not
receive TT vaccines during pregnancy, and nonuse of contraceptives among mothers were found to
be associated with neonatal, post-neonatal, infant, child or under-five mortality. We also found
that mothers aged <20 years, and those who reported of having a first birth were significantly
associated with neonatal, post- neonatal, infant and under-five mortality. In addition, mothers who
did not use antenatal IFA supplementation were at greater risk of having neonatal, infant, child and
under-five mortality.

Despite substantial improvements in reducing overall under-five mortality within the Asia Pacific
region, the progress made during MDG period has been uneven across countries [1], and in a country
like Nepal, the current child mortality rate stands well above child survival SDG targets (20 under-five
mortality and 12 neonatal mortality per 1000 births by the year 2030).

Our study identified that rates of neonatal, post-neonatal, infant, child and under-five mortality
were significantly associated with mothers who reported of having previous death of a child compared
to mothers whose previous child survived. This finding is consistent with a previous population-based
study conducted in Bangladesh [19]. A plausible reason for this higher risk of mortality may be
attributed due to long-term psychological effect of child death on parents [25] resulting in poor
nufrition and inadequate essential healthcare given to the surviving children.

The global burden of disease study conducted in 2015 estimated that the neonatal tetanus mortality
rate per 100,000 persons in Nepal (778.52) was higher than Bangladesh (442.94), India (314.21), and
Pakistan (358.50) [3]. This study found that mothers who did not receive at least two doses of TT
vaccines during pregnancy were more likely to report child mortality across all five age subgroups.
This finding is consistent with previous population-based studies in Nepal and Bangladesh [5,19].
Blencowe et al. argued that if mothers received the two recommended dosages of TT vaccination
during pregnancy, tetanus related under-five mortality would reduce by 94%, particularly during the
neonatal period (0-30 days) [26].

In Nepal, 26% of married women of reproductive age have an unmet need for family
planning [4,13-15]. Our study found that mothers who were nonusers of contraception were
significantly more likely to have a child death in all age subgroups. Shah et al. suggested that
the use of contraceptives would reduce child mortality by creating a long birth interval [27] and the
impact of short birth intervals on child survival has been well documented in previous studies [5,19].

Higher risk of neconatal, post-neonatal, infant and under-five mortality with mothers aged <
20 years compared to older mothers in our study is in agreement with previous studies [19,28]. An
increased risk of mortality observed in the current study may be attributed to inadequate use of
obstetric and or antenatal care by younger mothers [29], which often leads to preterm births and
low birth weights [30]. Additionally, younger mothers are more likely to be poor, uneducated and
unemployed [31], which may affect the health of their infants.

Our study found that first order births had a significantly greater risk of neonatal, post neonatal,
infant and under-five mortality compared with subsequent infants. Existing research has argued that
an increased risk of mortality among first-born children may be linked to the high number of young
women <20 years of age, in particular, having first births [32]. The increased risk of mortality among
the first-born children in this study may be attributed to the fact that a substantial proportion (18%) of
Nepalese women gave birth before they reached 20 years of age [4,13-15]. A conceivable explanation to
this may be due to younger mother’s physical and reproductive immaturity as well as poor nutritional
intake during pregnancy, which often leads to low birth weight. More importantly, young mothers are
infrequent users of maternal health care services [33].

Similar to the findings from studies conducted in Nepal and Indonesia [5,7,34], this study showed
that neonatal, infant, child, and under-five mortality were significantly higher among mothers who did
not use antenatal IFA supplementation. Literature suggests that iron deficiency is the most common
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cause of maternal anaemia; and anaemia during pregnancy is associated with higher risk of prematurity
and low birth weight [35,36]. The protective effect of antenatal IFA against child mortality may be
aggravated due to the fact that IFA help reduce anaemia during pregnancy so as the prematurity and
low birth weight.

The nonsignificant mortality decline in the post-neonatal group in this study may be due to the
focus on neonatal mortality of the IFA intervention in Nepal aimed at reducing neonatal mortality. The
IFA program in Nepal was expanded across all districts by 2012, which may have resulted a significant
reduction of neonatal mortality in 2016 compared with 2011 [37].

Strengths and Limitations

This study has several strengths and limitations. First, the study has a great statistical power to
detect statistical differences because four NDHS datasets that lies within MDGs period were combined;
and the findings can shed light for effective intervention to help achieve SDG child survival targets.
Second, the most recent singleton live births five years prior toeach survey were considered for analyses
to reduce maternal recall bias [5,34]. Third, the data used in this study was nationally representative
with average response rate of 97%; therefore, the findings from this study can be generalizable to the
entire Nepalese population. Despite these strengths, this study also has some limitations. First, we
cannot make casual inference with observational data such as cross-sectional data used in this study.
Second, it is also possible that the number of deaths may have been under-reported because only
surviving mothers gave an account of their child’s birth and death during the surveys; and hence, the
mortality estimates reported in this study may have been under estimated or overestimated. Third,
information on the medical history of the child and mother as well as the cause of child death was
unknown as verbal autopsy was not conducted in 2001 and 2011 NDHS. Fourth, information on
respiratory infections, diarrhea, nutritional and vaccination status were only collected for surviving
children and we were not able to include these important variables in this study.

5. Conclusions

We found that mothers with a previous death of a child, who did not receive TT vaccines during
pregnancy, and those who were nonusers of contraceptives were at greater risk of having neonatal,
post-neonatal, infant, child and under-five mortality in Nepal. Hence, to achieve child survival SDG
targets, our findings indicate the need for community-based family planning interventions such as the
promotion of contraceptives as well as universal coverage of two recommended doses of TT vaccines
during pregnancy, and these interventions should target women from socioeconomically marginalized
groups as well as those who have had previous death of a child.

Supplementary Materials: The following are available online at http:/ /www.mdpi.com/1660-4601/16/7/1241/
s1, Table 51: aHR and 95% Confidence Interval (CI) for factors associated with neonatal, post-necnatal, and infant
mortality in Nepal (2001-2016), Table 52: aHR and 95% Confidence Interval (CI) for factors associated with child,
and under-five mortality in Nepal (2001-2016).
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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.
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Abstract

Introduction

Diarrhoea among children under-five is a serious public health problem in many developing
countries, including Nepal. This study aimed to examine the association between health service
utilization and diarrhoea management approaches among children under-five years in Nepal.

Methods

The combined 2001, 2006 and 2011 Nepal Demographic and Health Survey (NDHS) data
sets were examined and the sample included 2,655 children aged 0—-59 months who had
diarrhoea 2-weeks prior to the each survey. Multilevel logistic regression analyses that
adjust for clustering and sampling weight were used to examine the association between
health service utilization and diarrhoea management approaches (Oral Rehydration Solu-
tion, increased fluids and/or continued feeding).

Results

The prevalence of extra fluids decreased significantly from 27% in 2001 to 15% in 2011
while that of ORS increased significantly from 32% in 2001 to 40% in 2011. The prevalence
of continued feeding fluctuated between 83—-89%. Multivariate analysis revealed that care-
givers whose children received treatment or advice from health care providers during diar-
rhoea were 5.78 times more likely to treat diarrhoea with Oral Rehydration Solution (ORS)
[adjusted Odds Ratio (aOR) 5.78, 95% confidence interval (Cl) 4.50, 7.44], 1.56 (aOR 1.56,
95% Cl 1.19, 2.05) times more likely to offer extra fluids, and 2.25 (aOR 2.25, 95% CI 1.50,
3.39) times more likely to use continued feeding than those who did not seek advice.

Conclusions

Our findings indicate that health service utilization significantly improves diarrhoea manage-
ment among under-five children. However, a broader national diarrhoeal disease control
program to further reduce diarrhoea related morbidity and mortality in Nepal should focus on
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educating caregivers about the importance of the use of ORS as well as increase fluid intake
to children under-five years with diarrhoea.

Introduction

Globally, diarrhoea remains a leading cause of under-five mortality and morbidity, particularly
in low-and middle-income countries including Nepal [1, 2, 3]. The 2015 global burden of dis-
ease study estimated that nearly half a million under-five deaths were caused by diarrhoea, and
south Asia (including Nepal) stands second to sub-Saharan Africa with the highest number of
these under-five deaths [3].

During the past three decades, international organizations such as World Health Organiza-
tion (WHQ) and the United Nations Children’s Fund (UNICEF) have proposed various man-
agement approaches for diarrhoea[4]. The first line approaches include: the use of oral
rehydration solutions (ORS), increasing fluid intake, use of zinc supplements and continued
feeding (including breastfeeding)[4, 5]. The impact of diarrhoeal disease control programs on
childhood mortality have been documented in previous studies conducted in Egypt and the
Philippines[6, 7]. These studies revealed that the decline in child mortality associated with
diarrhoea may be due to increased use of ORS, extra fluids and continued feeding [6, 7], and
other research concluded that diarrhoea management approaches are cost effective in reducing
the overall burden of diarrhoea [8-14].

In Nepal, the national diarrhoeal disease control program emphasizes the use of the four
treatment approaches for childhood diarrhoea; ORS, zinc supplementation, counselling on
continued feeding to the caregivers, and the use of extra fluids; which are provided at all levels
of the Nepalese health care system [15, 16]. Despite these initiatives, diarrhoea remains a public
health concern, particularly in remote regions[17, 18]. Recently, the prevalence estimates for
diarrhoea increased from 12% in 2006[19] to 14% in 2011[15]. Almost 50% of Nepalese chil-
dren who experience diarrhoea do not have access to basic diarrhoea treatment approaches
such as ORS or extra fluids[15].

There is substantial variation in uses around ORS, extra fluids and continued feeding as
reported in the Nepal Demographic and Health Surveys of 2001, 2006 and 2011[15, 19, 20].
Hence, studies that examine the impact of health service use on ORS, continued feeding and/
or extra fluids during childhood diarrhoea would provide important locally-relevant evidence
to inform context-specific interventions geared towards reducing diarrhoea-related morbidity
and mortality among children under-five years. Therefore, the aim of this study was to exam-
ine the association between health service use and diarrhoea management approaches among
children aged 0-5 years in Nepal using nationally representative data from the Nepal Demo-
graphic and Health Survey (NDHS) for the years 2001, 2006 and 2011. This paper also provide
insights into the three main diarrhoeal management approaches used by Nepalese government
in order to be able to recommend the changes necessary for the successful implementation of
the national diarrheal disease control program.

Methods
Data sources

The present study used nationally representative data from the Nepal Demographic and
Health Survey (NDHS) for the period (2001-2011). The present analyses is based on publicly
available NDHS datasets collected for the years 2001, 2006 and 2011[21]. Using multi-stage
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cluster sampling design, all NDHS collected data on various socio-demographic and health
indicators including diarrhoea prevalence and its management approaches. The average
response of three recent NDHS was 98.2% and the sample represents more than 98% of
Nepal’s population. The details of survey methodology, sampling techniques and standard
questionnaires are described elsewhere[15, 19, 20].

From 17,714 children aged 0-5 years (N = 6978 in 2001 NDHS[15], N = 5545 in 2006
NDHS[19], and N = 5391 in 2011 NDHS[20]), a sample of 2655 children (n = 1320 in 2001
NDHS, n =624 in 2006 NDHS, and n = 711 in 2011 NDHS) who had diarrhoea 2 weeks prior
the interviews of each survey were identified. The sample population was weighted to adjust
for the multi stage cluster sampling effect.

Qutcome variables

In the NDHS, if a child had diarrhoea two weeks prior to each survey, mothers were asked
how much a child was given to drink (including breastmilk), how much a child was given to
eat, and was a child given a fluid made from ORS packets during the diarrhoea. The outcome
variables are: (a) use of ORS, (b) use of increased fluids, (c) use of continued feeding (d) com-
bination of all treatment approaches (ORS & extra fluids & continued feeding) and (e) combi-
nation of any treatment approaches (ORS or extra fluids or continued feeding) during recent
diarrhoeal episodes. If a child had diarrhoea and was given fluid made from ORS packets, it
was coded as 1, otherwise 0. If a child had diarrhoea and was given more liquids to drink, it
was coded as 1, otherwise 0. If a child had diarrhoea and was given more, same as usual, or
somewhat less food, it was coded as 1, otherwise 0.

Exposure variable

The exposure variable of the study was derived from the women’s questionnaire for the section
of immunization and health (Did you seek advice or treatment for the diarrhoea from any
source?). The exposure variable was coded as 1 if the parents or carer of a child with diarrhoea
sought treatment or advice from health care providers (except from pharmacies, shops and tra-
ditional practitioners), otherwise coded as 0.

Potential confounding factors

The confounding factors examined in the study were based on the modified Anderson beha-
vioural model[22] to examine the relationship between health service use and diarrhoea man-
agement approaches (Fig 1). We analysed 15 key confounding factors and they were classified
as: external environment, predisposing factor, enabling factor and need factor. The external
environmental factors consisted of: type of residence (Rural and Urban), ecological zone
(Mountain, Hill and Terai), and geographical region (Eastern, Central, Western, Mid-Western
and Far-Western). Nepal was divided into five Development Regions: Mid-Western, Western,
Eastern, Central and Far-Western [15,19,20,23]. The Mid-Western Development Region com-
prised of three zones (Karnali, Bheri, Rapti) whereas, Western Development Region comprised
of three zones (Gandaki. Lumbini, Daulagiri). Similarly, Eastern Development Region and
Central Development Region covered three zones (Mechi, Koshi, Sagarmatha) and (Janakpur,
Bagmati, Narayani), respectively. Far-Western Development Region only comprised two
zones (Seti, Mahakali). Mid-Western, Western, Eastern, Central and Far-Western Develop-
ment Regions covered 28%, 20%, 19%, 19% and 14%, respectively of the total land of Nepal
[15,19,20,23]. The predisposing factors included mother’s current age, mother’s education,
mother’s literacy level, father’s education, parity, mother’s religion, and mother’s working sta-
tus. The enabling factors examined were mother’s occupation, household wealth index and the
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sex of the child. The household wealth index measures the economic status of the household.
We used the wealth index factor scores as calculated by original DHS[15, 19, 20]. The com-
bined original household wealth index factor scores were categorised into three: the bottom,
40% of households was referred to as poor households, the next 40% as the middle households
and the top 20% as rich households, consistent with previous studies[24, 25].

Statistical analysis

As part of the analysis, weighted frequency tabulation and percentage of study variables were first
performed for exposure and all confounding factors. This was followed by univariate analyses that
independently examined the association of all potential confounding and exposure variables. Mul-
tivariate analyses were used to examine the association between health service use and diarrhoea
management approaches. As part of the multivariate analyses, staged modelling technique[26]
was employed. As a process of staged hierarchical modelling technique, all external environmental
factors were first entered into the baseline multivariable model with backward elimination to
remove statistically non-significant variables (Model 1). Similarly, in the next stage, predisposing
factors were examined with model 1 (Model 2). Next, enabling factors were assessed with model 2
(Model 3). Afterward, need factors were examined with model 3 (Model 4). In the final model
(model 5), we examined the use of health service variable with the statistically significant environ-
mental, predisposing, enabling, and need factors identified in the previous model. Variables sig-
nificantly associated at the 5% significance level with each outcome measure were included in
model 5 and reported in the study. We also tested collinearity and reported these findings. The
analyses were performed using STATA (version 14.1). The Survey (SVY) function was applied,
which allowed for adjustments for sampling weights for cluster sampling. We reported adjusted
and unadjusted odds ratios and 95% confidence intervals.

Ethics

The consent statement was read to each respondent in all three surveys and informed verbal
consent from each respondent was signed by the interviewer. The Nepal Health Research
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Fig 1. Conceptual framework for health service utilization and diarrhoea management approaches among children aged 0-5
years in Nepal, adopted from Anderson behavioural model.
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Council (NHRC) in Kathmandu, Nepal and the ICF Institutional Review Board in Maryland,
USA, approved all surveys. The first author sought and obtained permission from Measure
DHS/ ICF International to use data as part of his doctoral dissertation within the School of Sci-
ence and Health at Western Sydney University, Australia.

Results

Of the 2655 children with diarrhoea, only 27% of their caregivers sought treatment or advice
from health care providers (Table 1). Of the 27% who sought treatment or advice from the
health care providers during diarrhoea, 17% used ORS and sought treatment and 10% sought
treatment but did not use ORS. About half (46.5%) of the diarrhoea cases in the study occurred
during the high diarrhoea prevalence period (April-August). The majority of children (92%)

Table 1. Characteristics of children under-five years of age with diarrhoea in Nepal, NDHS 2001-2011.

Study variables n(%) Study variables n(%)

Type of Residence Parity

Rural 2443(92.0) 6+ 332(12.5)
Urban 211(8.0) (4-5) 505(19.0)
Ecological zone (2-3) 1144(43.1)
Mountain 219(8.3) 1 674(25.4)
Hill 1030(38.8) Sex of child

Terai 1405(53.0) Female 1220(46.0)
Geographical region Male 1435(54.1)
Central 948(35.7) Mother working status (n = 2628)

Eastern 632(23.8) Currently working 1829(68.9)
Western 480(18.1) Currently not working 798(31.1)
Mid-western 312(11.8) Mother occupation (n = 2611)

Far-western 283(10.7) Agriculture 1827(68.8)
Mother education Non- agriculture 191(7.2)
No education 1723(64.9) Not working 593(23.3)
Primary 442(16.7) Household wealth index

Some secondary to higher 489(18.4) Poor 1300(49.0)
Mother literacy level (n = 2651) Middle 577(21.7)
Cannot read at all 1567(59.0) Rich 777(29.3)
Able to read 1084(40.8) Months of data collection

Father education January- March 1420(53.5)
No education 1288(48.5) April- August 1235(46.5)
Primary 869(32.7) Child age in months

Some secondary to higher 498(18.7) (0-11) 690(26.0)
Mother age (12-23) 819(30.9)
30-49 787(39.6) (24-59) 1145(43.1)
20-29 1662(62.6) Use of health service during diarrhoea

<20 206(7.8) No 1937(73.0)
Religion Yes 718(27.0)
Buddhist 218(8.2)

Hindu 2166(81.6)

Others 271(10.2)

n: Weighted counts. Other religion Includes mainly Christian, Muslims and Kirat; Non-agriculture occupation
includes skilled and professional jobs; Counts and percentages vary between categories because of missing values.

https://doi.org/10.1371/ounal. pone.0191988.t001
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Fig 2. Number and percentage of children who received ORS, continued feeding and/or extra fluids during
diarrhoea in Nepal (2001-2011).
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were rural residents, and 74% were at least two years of age. Nearly half (49%) of the children
were from poor socioeconomic households.

The Venn diagram shows all the three treatment approaches in Nepal, 2001-2011 (Fig 2).
In the figure, 21%, 10% and 1% of children aged 0-59 months were given ORS and continued
feeding, continued feeding and extra fluids, and ORS and extra fluids, respectively. 10% of chil-
dren were given ORS, extra fluids and continued feeding and 11% of children did not use any
of three treatment approaches.

Trends in diarrhoea management approaches

We found that the prevalence of ORS use increased significantly from 29% in 2006 to 40% in
2011, whereas the use of extra fluids decreased significantly from 27% in 2001 to 15% in 2011
(Fig 3). Over the 10 years, the prevalence of continued feeding fluctuated from between 83% in
2001, 89% in 2006, and 85% in 2011, and the prevalence of continued feeding significantly
increased by 6% in 2006 compared to 2001, and a non-statistically significant reduction of 4%
in 2011 compared to 2006.

Univariate and multivariate logistic analyses

Univariate analyses revealed that caregivers who sought treatment or advice from the health
care providers were significantly more likely to use at least one the three prescribed ap-
proaches, ORS or extra fluids or continued feeding (OR 3.64, 95% CI 2.24, 5.90) for the treat-
ment of childhood diarrhoea compared to those who did not seek treatment or advice from
the health care providers (S1 Table). We also found increasing use of all approaches, ORS (OR
5.48, 95% CI 4.36, 6.88), extra fluids (OR 1.67, 95% CI 1.30, 2.15), continued feeding (OR 2.04,
95%CI 1.49, 2.80) among caregivers who sought treatment or advice from health care provid-
ers compared to those who did not seek treatment or advice from health care providers. This
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result was also found for the combination of all treatment approaches, ORS and extra fluids
and continued feeding (OR 3.44, 95% CI 2.52, 4.72). These results remained significant in the
adjusted model: ORS or extra fluids or continued feeding (aOR 4.05, 95% CI 2.37, 6.93), ORS
(aOR 5.63, 95% CI 4.43, 7.26), extra fluids (aOR 1.56, 95% CI 1.20, 2.04), continued feeding
(aOR 2.25, 95% CI 1.52, 3.31), ORS and extra fluids and continued feeding (aOR 3.27, 95% CI
2.31, 4.62) (Fig 4).

There were several socio-demographic variables that were important determinants of use of
the management approaches, including geographical area of residence, maternal education,
paternal education, and household wealth index. The use of all treatment approaches was sig-
nificantly higher among mothers residing in the eastern geographical region (aOR 1.88, 95%
CI 1.09, 3.26) compared to mothers residing in the central geographical region, mothers with
primary education (aOR 1.48, 95% CI 1.00, 2.19) or secondary to higher education (aOR 2.93,
95% CI 1.86, 4.63) compared to uneducated mothers, fathers with primary education (aOR
1.55,95% CI 1.11, 2.17) or secondary to higher education (aOR 1.58, 95% CI 1.01, 2.49) com-
pared to uneducated fathers, and the family with middle household wealth index (aOR 2.25,
95% CI 1.53, 3.32) or rich household wealth index (aOR 1.63, 95% CI 1.02, 2.60) compared to
the family with poor household wealth index. Among mothers who reported childhood diar-
rhoea, the majority (24%) of the illiterate women were from Central Geographical Region
compared to 14% in Eastern, 7% in Mid-western, 6% in Far-western, and 8% in Western Geo-
graphical Region.

Discussion

Despite the established benefits of using ORS, extra fluids and continued feeding as strategies
to reduce mortality and morbidity from diarrhoea [6, 7, 11], optimal management is still not
universally adopted in Nepal. Our study found that caregivers who sought treatment or advice
from the health care providers were more likely to use treatment approaches (ORS, extra fluids
and/or continued feeding) for childhood diarrhoea compared to those who did not seek treat-
ment or advice from the health care providers.

The knowledge of ORS is almost universal in Nepal [27, 20]. However, this study found
that the aggregate prevalence of ORS was about one-third whereas approximately a quarter of
the sample reported extra fluids. The difference between knowledge and practice may be asa
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Fig 4. Impact of health service use on diarrhoea treatment ap proaches among children aged 0-59 months in Nepal (2001-2011).
sAdjusted for type of residence, ecological zone, geographical region, mother education, mother literacy level, father education, mother
age, religion, parity, sex of child, mother working status, mother occupation, household wealth, months of data collection, age of child,
and use of health service during diarrhoea.
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result of socio-cultural values related to help seeking for childhood illness and different ethni-
cal views about causes and consequences of diarrhoea which prevented mothers from access-
ing modern healthcare for management of diarrhoea[28]. Similarly, the study conducted in a
rural part of Nigeria reported that large improvements in knowledge of Oral Rehydration
Therapy (ORT) from about 6 to 47 percent did not translate into practice with only 10 percent
using ORT during diarrhoeal episodes[29]. The gap between knowledge and ORS use was
also reported in hospital based studies in India, and a hospital based cross-sectional study in
Pakistan [30-32]. These studies recommended that community outreach programs[30], wide-
spread health education for mothers[31], and awareness programs around diarrhoea manage-
ment approaches can bridge the knowledge and practice gap among mothers.

Our study found that attending a health service improved the management of diarrhoea
(Fig 4). We found a strong association between health service utilization and the use of ORS,
extra fluids and/or continued feeding during diarrhoea treatment. This finding is similar to a
study conducted in a poor neighbourhood in Nicaragua[33] which reported that that ORS use
was significantly associated to health service utilization. The authors concluded that mothers
did not use ORS until they visited the health professional. A study conducted in Uganda by
Nanyonjo et al [34] revealed that Integrated Community Case Management attendance for
diarrhoea was associated with ORS use. It is useful to note that studies from developing coun-
tries including Nepal have documented some beliefs such as high fluid intake worsened diar-
rhoea, children with diarrhoea should be given only water due to teething, some forms of
diarrhoea require traditional methods like exorcism, and intensity of diarrhoea is decreased
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with food restriction [28, 35-37]. These beliefs might have negatively affected the management
of diarrhoea. Hence, knowledge, attitude and practice, which are deeply rooted into local cul-
tural values and norms, appear to be important and health professionals can change cultural
beliefs and improve knowledge about the use of diarrhoea treatment approach. For example,
health care workers proving information to caregivers were found to improve the use of ORS
and extra fluids as indicated in a study conducted in Ethiopia[38]. The government of Nepal
policy to provide counselling on continued feeding during diarrhoea while patients are sought
treatment or advice from health care providers may have contributed for the significant role
for patient’s adherence to continued feeding(15]. Hence, widespread heath education for care-
givers as well as awareness programs to improve knowledge, attitude and practice could bridge
the widening gap and motivate caregivers to use recommended treatment approaches during
diarrhoea. Past studies [34, 38, 39] have also suggested that a proper interaction between health
worker and patient/care giver is crucial to improve the rate of treatment use and recovery.
These findings suggest the need for educating family members particularly, mothers, their hus-
bands and mother in-law about the importance and how to adequately use complementary
and ORS to the children during diarrhoea.

Our study found that caregivers of children aged 0-59 months who received treatment or
advice from health care provider reported higher odds of practicing ORS compared to other
diarrhoea management approaches (extra fluids, continued feeding, combination of ORS &
extra fluids & continued feeding, and combination of ORS or extra fluids or continued feed-
ing). This finding was supported by a recent systematic review that estimated the effectiveness
of ORS on diarrhoea mortality and the study concluded that ORS is more effective in reducing
mortality related childhood diarrhoea in home, community and facility settings[11].

The major strengths of this study include the use of a nationally representative pooled sample,
with an average response of 97%, use of standardised survey questionnaires, and the adjustment
for the cluster sampling design with sampling weight. However, findings from this study do not
accurately capture changes in diarrhoea management in Nepal as the Nepalese government intro-
duced zinc in the treatment protocol for the management of childhood diarrhoea in 2007. We
could not retain the use of the zinc variable into our pooled study because NDHS 2001 had no
zinc related data. Similarly, the use of antibiotics or other medicine, an important confounder was
excluded from this study due to no observations recorded in 2001 NDHS dataset.

Conclusions

Our study concludes that caregivers of children aged 0-59 months of age are more likely to adhere
with all three treatment approaches if they seek care or advice from health care providers. How-
ever, community based complete intervention packages such as the use of ORS, extra fluids and
continued feeding are needed to further manage childhood diarrhoea in Nepal and such interven-
tion should target caregivers of children from low socioeconomic disadvantaged group.
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