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Abstract

The People’s Republic of Bangladesh is a South Asian country with a vast
population. The early childhood mortality is a noticeable public health prob-
lem. The study work aims to determine the factors related to under-5 aged
child mortality in both rural and urban areas of Bangladesh; data pulled out
from BDHS (Bangladesh Demographic and Health Survey)-2014. In rural
and urban areas, 5306 and 2454 less than five years aged children born before
in 5 years preceding the survey respectively. The Kaplan-Meier log-rank test
is applied to determine the risk factors in bivariate analysis to multivariate
survival models. In multivariate analysis to find out the risk factors of under-
five aged child mortality, the Cox proportional hazard model and the Cox
frailty model were employed. Religion, father’s educational level, number of
antenatal care visits, multiplicity of birth, child size at birth, place of delivery,
total children ever born, number of living children are the significant factors
of child mortality in rural, urban areas. The variability among children for
mortality is 0.000529 and 0.001225 in rural and urban areas individually.
Proper notable attention needed for significant determinants, which may
increase child survival.
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1 Introduction

In developing countries, under-5 child mortality is found to be global progress
has been made in increasing child survivals. To reducing child (<60 months)
mortality to at least 25 or less per 1,000 live births in every country, which
is one of the vulnerable targets of Sustainable Development Goals (SDGs).
Rural-urban differences for under-five child mortality in Bangladesh favor
that, urban children who have a risk of dying lower than the rural children
before reaching his or her fifth birthday. The rural and urban areas under-
five age child mortality are, 49 deaths (per 1,000 live births) and 37 deaths
(per 1,000 live births) respectively. Bangladesh has a vast population, about
161.75 million approximately4 and among majority of them (63.37%) lives
in rural area. Also, from the latest census on slum dwellers and floating
population conducted by BBS 2.23 million people live in slum area and most
of them are from urban areas.

Socioeconomic, demographic and health care development of every cit-
izen is one of the important rights laid down in the laws of Bangladesh. To
attain the health facilities at a maximum level of every people in Bangladesh,
the Ministry of Health and Family Welfare (MOHFW) planned the 4th
Sector-Wide Approach (SWAp), called 4th HPNSP (4th Health, Population
and Nutrition Sector Program). This program is for gaining the health-related
SDGs by 2017–2022. On the other hand, the health system of Bangladesh
is confronting poorest service coverage and is short of economic risk pro-
tection mechanism. Then resulting outcome then maternal-child health is at
risk and a high level of early childhood mortality at present. The parental
educational level is conversely related to child mortality. In describing, lower
educational attainment is associated with higher child’s risk of dying because
education exposes parents to information about better mother-child health
care, nutrition, vaccination, acute respiratory infection (ARI) and treatments.
The wealth or economic status of a household linked with the child’s risk
of dying. Some demographic variables also correlated with under-five child
death. Moreover, age of mother at first birth, sex of the child, birth order
number, preceding-succeeding birth interval, child-size at birth, place of
delivery (home or medical, clinic, NGO satellite or static clinic), Antenatal
care (ANC) visits during pregnancy, mode of delivery (by cesarean section or
not), lactation period, Acute Respiratory Infection of the child, vaccination
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are dynamically related to under-five child mortality. Some hygienic, house-
hold and environmental factors (the type of toilet facility, source of drinking
water, region, and exposure to mass media) might be significantly associated
with, who died before reaching his or her fifth birthday. However, many
concerning determinants might be correlated with early childhood (less than
five years) mortality in rural-urban areas of Bangladesh.

2 Materials and Methods

Data for determinants of under-five child mortality in rural-urban areas in
Bangladesh extracted from BDHS (Bangladesh Demographic Health Sur-
vey and Data)-2014 is the seventh DHS survey; the expected number of
interviews was 17863 with ever-married women age 15–49 years. Among
43842 total live births (weighted) and under-five aged children are 5306, 2454
from rural, urban areas respectively are taken as the sample in two separate
datasets. The dependent variable used for the analysis is “survival status of a
child (death or alive)”, defined as the probability of dying before reaching the
age 60 months in a specific period. The independent variables or determinants
of under-five child mortality in rural-urban areas were classified into three
categories:

1. Socioeconomic determinants (Region, Type of place of residence,
Mother’s educational level, Mother’s working status, Father’s educa-
tional level, Father’s occupation, Wealth status of the family, Religion,
Sex of the household head)

2. Demographic determinants (Mother’s age at first birth, Place of delivery,
Currently breastfeeding, Number of living children, Preceding birth
interval, Sex of child, Birth order number, Child is twin or Multiplicity
of birth, Child size at birth, Number of ANC visits);

3. Hygienic and household determinants (Source of drinking water, Type
of toilet facility, Exposure to Mass media).

2.1 Statistical Methods and Analysis

The Kaplan-Meier procedure is employed to estimate the survival rate of
individuals from survival function. It is a non-parametric method of estimat-
ing survival function from right-censored data and utilizes the information
content of observed cases. For testing the equality of survival functions, i.e.,
all event times have the same weights the null hypothesis is, H0: S1(t) =
S2(t) = · · · = Sk(t); All survival function or curves are the same.
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Log-Rank test statistics for more than two groups follow Chi-square
distribution. The Cox-Mantel log-rank test statistic is,

χ2
CM =

k∑
j=1

(Oj − Ej)
2

Ej
; with (K − 1) d.f. (1)

K is the number of groups. The Bonferroni correction is the method for
the adjustment of p-values which are calculated from multiple tests and used
for comparisons; when more than two survival curves need to compare.

The multivariate analysis with the Cox proportional hazard model, covari-
ates/determinants are significantly taken by Log-rank test with Bonferroni
correction then need to satisfy the proportional hazard assumption using Log-
minus-log (LML) plots. If the survival curves of different categories of an
independent variable do not cross each other, also parallel and well defined,
the proportional hazard (PH) assumption is satisfied. The Cox proportional
hazard model has the form as,

h0(t/X) = h0(t)exp(β
tX) (2)

Where h0(t) constitutes the baseline hazard function and common to all
the individuals in the study population, β is a parameter vector and X is a
covariate vector. The exponential part exp(βtX) indicates that the hazard
rate remains positive for all values of X.

The Cox proportional hazard model let out the effect of the covariates
by estimating their coefficients. The covariates do not always fully account
for estimating the true differences in risk of getting the event and it is due to
the frailty term which not included in the model. Including frailty term in the
model allows correctly measuring the covariate effects. The Cox proportional
hazard model entered as a random effect in the frailty model. The estimated
variance of the frailty component measures the heterogeneity or variability
among individuals. Then the Cox proportional hazard model is modified as
follows:

h(t,X/Z) = Z h0(t)exp(β
tX) (3)

is the Cox frailty model and Z is a variable represent the frailty term and for
some random positive quantity it is distributed as gamma distribution and the
probability density function is,

f(z) =
λαzα−1e−λz

Γ(α)
; (4)
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Where
z > 0 and α, λ > 0.

And,
E(z) =

α

λ
and V ar(z) =

α

λ2

In the Cox frailty model, the restriction is about the shape parameter (α)
and scale parameter (β) that are equal. By which the result in E(z) = 1 and
V ar(z) = 1

λ = θ; θ measure the heterogeneity among the sample.

3 Results

To determine the under-five child mortality, Table 1 represents the percentage
distribution of children for selected variables and Log-rank (Mantel-Cox)
test results for rural and urban areas. Region, religion, wealth status of
family, sex of household head, total children ever born, exposure to mass
media, multiplicity of birth were found to be significant determinants in rural
areas in bivariate analysis. Father’s educational level, mother’s educational
level was significant in urban areas under-five child mortality. Also, in both
rural and urban areas, numbers of living children, preceding birth interval,
number of ANC visits, place of delivery and child size at birth were common
significant determinants. After Bonferroni correction, the LML plots justified
that which determinants are satisfied with the PH assumption or not. For
rural areas, religion, number of ANC visits, multiplicity of birth, child size
at birth, place of delivery, number of living children, total children ever born
are satisfied PH assumption and considered as covariates for hazard model
(Figure 1). Furthermore, father’s educational level, numbers of ANC visits,
child size at birth, place of delivery, number of living children are satisfied PH
assumption for multivariate analysis (Figure 2). Table 2 represent the results
of hazard ratios and 95% confidence interval for determinants of under-five
child mortality in both rural and urban areas.

The Cox proportional hazard model is significant (p < 0.01) for both
areas. In rural areas, children under-five aged from Muslim family have a
higher risk of dying; non-Muslim children have 45% (HR = 0.558, p < 0.10)
lower risk of dying than Muslim children. The educational qualification
of father is a significant factor for urban areas under-five child mortality;
illiterate (HR = 2.801 p < 0.05), primary educated (HR = 3.167, p < 0.01)
and secondary educated (HR = 2.996, p < 0.01) father’s children have more
risk of dying than the highly educated father’s children. Children whose
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Figure 1 LML plot for the determinants of under-5 child (rural area).
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Figure 2 LML plot for the determinants of under-5 child (urban area).

mothers got ANC visits at least once during pregnancy period have 35%
(rural; HR = 0.654, p < 0.05) and 55% (urban; HR = 0.454, p < 0.05)
lower risk of dying than the children whose mother did not get any ANC
visits respectively. Children born with their siblings have more risk of dying
(HR = 6.301, p< 0.01) than the single birth children in rural areas. Child size
at birth is another common significant determinant in rural, urban areas; chil-
dren born with very small size (<= 2.5 kg) have 2.228 times (HR = 2.228,
p < 0.01) and 3.930times (HR = 3.930, p < 0.01) more likely to die than the
children born with average or large sized respectively. Also, place of delivery
is another significant determinant in rural and urban areas also; children born
under any medical facilities have 85% (rural, HR = 0.157, p< 0.01) and 55%
(urban, HR = 0.456, p < 0.01) lower risk of dying than the children born at
home with the assistance of a birth attendant. The number of living children
also a common significant factor of under-five child mortality in both areas;
the category “3 or more” has the lowest hazard ratio (rural, HR = 0.111,
p < 0.01; urban, HR = 0.312, p < 0.01) than the category “1 or 2 children”.
In rural area, total children born to mother have also impact on under-five
child mortality; for categories “2 or 3 children”, children have 2.027 more
times risk of dying (HR = 2.027, p < 0.01) and “4 or more”, 8.113 more
times (HR = 8.113, p < 0.01) than the category “1 child” respectively.
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On the other hand, to estimate variability among children for risk of
dying, the Cox frailty model is significant at 1% level of significance for
both rural and urban areas. The heterogeneity among children in urban areas
(0.001225) is higher than the rural areas (0.000529); which are minimal
variability. The same determinants were found significant in the Cox frailty
model for rural and urban areas respectively with a slight change in hazard
ratios and 95% CI (Confidence Interval) also.

4 Discussion

The study revealed the variables significantly associated with under-five aged
child mortality in rural and urban areas of Bangladesh by employing the
Cox proportional hazard model and the Cox frailty model. Over the last few
years, there has been observed a declining trend in under-five child mortality
in Bangladesh. There are several study work conducted previously about
early childhood health, mortality associated with risk factors. Reducing the
mortality rate of children indicates the level of improvement of a country and
quality of life also (Mosely and Chen; 1984) [1]. In this study work, rural
areas non-Muslim children have a lower risk of dying than Muslim children.
Lower awareness about child-maternal health care, religious influence and
superstitions lead to the higher deaths of children in the Muslim family (Nath;
2013) [2]. Father’s educational level affects urban areas under-five child mor-
tality. The highest risk of dying (3.167 times more) was for primary educated
father’s children than the children whose fathers were highly educated. i.e,
there is a negative association between higher educational attainment and
child (<60 months) mortality. The effects on education on child mortality
insight into the determinants of demographic phenomenon and father’s edu-
cational attainment is a consistent risk factor of early childhood mortality in
Bangladesh (Maniruzzaman et al.; 2018, Rahman; 2019) [3, 4]. The number
of ANC visits during pregnancy is a notable determinant of under-5 child
mortality in rural-urban areas. The ANC is the service that provided to
mother and her unborn child’s health care during the gestational period; is
a vital health service that can detect, treat, prevent the factors early on in
the pregnancy which the risk of mother-child mortality (Kohnt and Vollmer;
2017) [5]. The Antenatal care (ANC) coverage is very impoverished and
substandard in the rural area of Bangladesh. (Garham et al.; 2016) [6]. The
ANC service in the urban area is also inadequate; especially in the slum
area. Due to urbanization, many women are coming from remote or rural
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for a better opportunity to lead life, also start living in a slum area in low-
income level conditions. As a result, poverty;lower educational level and lack
of basic amenities of life; health services of mother-child health during pre-
post pregnancy are necessitous (Kabir and Khan; 2013) [7]. In this study
work, models depicted that multiplicity of birth i.e., child born with their
one or more siblings is a consequential variable of under-5 child mortality
in the rural area. The risk of under-5 child death during their infancy period
(0–11 months) among multiple births was significantly high and some of the
findings are consistently studies in the medical literature (Hong; 2006) [8].
In developing countries, the health care system for high-risk cause on preg-
nancies, childbirths, afterbirths treatment is faced with problems of providing
basic maternal-child health care to their population (Atiyeh; 2005) [9].

The child-size at birth is a common determinant of under-5 child mortality
in both rural, urban areas of Bangladesh. Children born with average or large-
sized have chance to more survive than very small-sized (<=2.5 kg) children.
In the year of 2015 about 20 and half million newborns (approximately
15%) put up with low birth weight; were likely to die during their neonatal
period (0–30 days) (UNICEF data; 2019). In developing countries, children
born with lower birth-weight experiences a public health problem. Due to
this reason, they suffer from some chronic health conditions, as cardio-
metabolic, mental disorder and early death in infancy period (0–11 months)
and adulthood (Whincup et al.; 2006–2016) [10]. From previous research
work by Khan JR et al., data pulled out from MICS (Multiple Indicator
Cluster Survey) 2012–2013 revealed that about 20% of babies born with low
birth-weight in Bangladesh.

From this research work, it has been depicted that place of delivery
(babies born in home or under any medical facilities) is a noteable variable
of under-5 child mortality in rural-urban areas. Children born in medical or
clinic or any under medical facilities have higher surviving than children born
at home with the help of traditional birth attendant (TBA). In Bangladesh,
only 35.6% of deliveries were attended by skilled birth attendants (SBAs)
(Kibria et al.; 2017) [11]. The risk of dying between under-5 children is
higher in rural area than urban area for babies born at home. People live
in rural areas of Bangladesh get little access to health care benefits (Khan-
dakar; 2014) [12]. The number of living children in the household is another
determinant of under-5 child mortality in rural-urban areas of Bangladesh.
From this research work, it has been found that there is an inverse relationship
between the greater number of living children and lower risk of child deaths.
A previous study work constituted that more than four living children are
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distinctly significant and about 99% less likely as compared with single living
child of child mortality in Bangladesh (Kabir et al.; 2011) [13]. Total children
born to mother are an important and highly significant determinant of rural
areas under-5 child mortality. There is a remaining positive association was
recorded between the number of children ever born to mother and the child
deaths; because of subsequently higher fertility in Bangladesh and most of
the women are from the rural areas (Chowdhury et al.; 2011) [14].

The study work was illustrated that under-5 child mortality varies due to
some unobserved factors/variables/determinants that were not included in the
survival model (Cox proportional hazard model). The heterogeneity among
children for risk of dying sum up the effect of various unobserved biological,
household facts; quality of social life; health facilities and so on. When the
hazard model fails adequately to account for all the variability in the observed
failure times, the frailty models then can provide a convenient alternative
model. However, the aim is to found an additional parameter to the hazard
rate that consider for the random frailties. Ignoring the existence of frailty
will produce an incorrect estimation of parameters and their standard errors in
survival analysis. Dawit G Ayele et al. studied the risk factors of under-5 child
mortality on Ethiopian Demographic Health Survey-2011 data by employing
the Cox model and frailty models [15]. Another recent work by Anthony I
Wegbon et al. applied the Cox model to determine the risk factors of under-
five aged child mortality in Nigeria [16]. Chuku Angela and Okonkwo Uju
employed the Cox proportional hazard model and the Cox frailty model to
find out the variables related to child (less than five years) mortality from
Nigerian Demographic and Health Survey-2008 [17].

5 Conclusion

The findings of the research work have some essential policy implications
and related to the steps need for Sustainable Development Goals for decline
the under-5 child mortality rate and lift child survival. To reduce the under-5
child mortality in rural and urban areas in Bangladesh, need better monitoring
in health programs. It is necessary to take care of the maternal-child health
facilities and increase the parental educational attainment. It is needed to
increase public health awareness about the cause of early childhood deaths
through mass media. Due to unobserved heterogeneity that is likely to be
related to under-5 child mortality which is least. To recapitulate, proper
steps and strategies should be planned and targeted on focusing the improve
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child health outcomes, which may increase the survival rate of children and
decrease the mortality rate as well.
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