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Factors Associated with Neonatal Mortality in Bangladesh: A Multilevel Analysis
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Abstract
This study aims at disentangling the influence of both individual and community level factors on neonatal death in Bangladesh. For
analysis purpose, data are extracted from Bangladesh Demographic and Health Survey 2014. Bivariate analysis is used to examine
the differentials in neonatal mortality by selected background variables of both levels. As the survey is based on a two-stage
stratified sample of households, multilevel logistic regression model is used to analyze the cluster effect and to determine the
factors associated with neonatal mortality. Multilevel logistic model confirmed that there exists clustering impact on neonatal death.
Moreover, the study has suggested implementation of intervention addressing several individual and community level factors to
ameliorate the current neonatal health scenario in Bangladesh.
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I. Introduction
Child mortality is considered as a key indicator of overall
growth in health sector in any country. The first year for a
child is critical period to survive during childhood 1. The
probability of dying a child with 28 days is known as
neonatal mortality2. A study conducted by UNICEF
reported that neonatal death represents 46 per cent of total
deaths among children under five3 which point out the high
concentration of neonatal death instead of a significant
reduction in child mortality as an alarming notion for
lower-middle income countries like Bangladesh.
The number of neonatal deaths has a decline from 5.1
million in 1990 to 2.6 million in 2016 which is slower
than that of post-neonatal under-5 mortality all over the
world4. As the world is now passing through an era where
all countries are in a race of achieving Sustainable
Development Goal by 2030 aiming to reduce neonatal
mortality to at least as low as 12 per 1,000 live births 5, the
factors influencing neonatal death are needed to be
spotted.
In the context of Bangladesh, despite the outstanding
progress in reduction of child mortality due to promotion
of several life-saving interventions, obstacles like
inequalities in terms of access and utilization of health
services among the populations still are hindering to
achieve the SDG for Bangladesh 6. According to 2014
BDHS, over the last two decades, the data confirm a
steady downward trend in childhood mortality 2. Between
1993 and 2014 neonatal mortality fell from 52/1000 live
births to 28/1000 live births, with newborn deaths now
accounting for 61 percent of all under 5 mortality 4. It
reveals that mortality has become increasingly
concentrated in the neonates. Though the decline in
childhood mortality continues, it would be difficult to
achieve the HPNSDP target of 21 neonatal deaths per
1,000 live births for the neonatal mortality rate 7.
Therefore, it is highly demanded to shed light on the
reasons that influence neonatal death.
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There are many studies that examined the factors affecting
neonatal death and they revealed some interesting findings
associated with it. Kayode et al. observed through his study
that there is a marked impact of both individual and
community level factors on neonatal survival in Ghana1.
Nepaune and Doku investigated the factors influencing
neonatal mortality in three levels-individual, community
and district and emphasized on the need of proper steps in
individual level along with access to health care service to
improve the neonatal health in Nepal8. A cross sectional
study performed by Titaley et al. also suggested that
community, household and individual level factors should
be addressed while interventions being implemented9.
However, a strand of literature review suggested that both
individual and community level variables play a vital role
to influence neonatal death. The main aim of this study is to
assess the impact of several community level and individual
level characteristics on neonatal mortality through a
multilevel analysis study.
II. Methodology
Data
For the study purpose, data are extracted from 2014
Bangladesh Demographic and Health Survey2. The 2014
Bangladesh Demographic and Health Survey (BDHS) is the
seventh national-level demographic and health survey2
where ever married women aged 15 to 49 are included as
respondents. The survey also included a community
questionnaire administered during the listing of households
to informants in communities around the sample points
from which the households were selected.
The survey is based on a two-stage stratified sample of
households. In the first stage, 600 EAs were selected with
probability proportional to the EA size, with 207 EAs in
urban areas and 393 in rural areas. In the second stage of
sampling, a systematic sample of 30 households was
selected per EA. In accord with this design, 18,000
residential households were selected and completed
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interviews were expected from about 18,000 ever-married
women age 15-492.

The specified two-level multilevel logistic regression model
is

Dependent Variable
In this study, neonatal mortality is considered as dependent
variable as children face highest risk of dying in neonate
period10. The dependent variable
can be defined as
follows for ith individual{
Independent Variables
As one of the main aims of this study is to explore the
cluster effect on neonatal death, the independent variables
are classified into two groups- individual level and
community level.
According to previous literature, several individual level
variables are considered in this study. They are Mother’s
age at birth (less than 15 years, between 15 to 24 years and
greater than 24 years), Education level of mother (no
education or primary, secondary, higher), Education level
of father (no education or primary, secondary, higher),
Wealth index (rich, middle/poor), Sex of child (male,
female), Number of antenatal visits (no ANC visit, 1 to 3
times, 4 times or more), Delivery by caesarean section (no,
yes), Size of child at birth (small, others), Birth order (first
birth, second to fourth birth, greater than fourth birth),
Preceding birth interval (first birth, less than 2 years,
between 2 to 4 years, greater than 4 years), Delivery
assistance (unqualified, qualified), Place of delivery
(facility, others), Breastfeeding (within 1 hour, later),
Postnatal care (PNC) check time (first two days, others),
Postnatal care (PNC) by qualified person (no, yes) and
Exposer to media (not at all, sometimes/ regular).
The community level variables that are included in this
study are- Place of residence (Barisal, Chittagong, Dhaka,
Khulna, Rajshahi, Rangpur, Sylhet), Type of region (rural,
urban), Electricity availability (yes, no), Telephone service
availability (yes, no), NGO activity (yes, no), Availability
of fieldworker (yes, no), Presence of qualified doctor (yes,
no), Presence of pharmacy (yes, no), Availability of family
planning (FP) methods (yes, no).
Statistical Analysis
To reveal the effect of the variables included in the study on
neonatal death, bivariate analysis is employed at first to test
the measure of association. Because of sampling design of
2014 BDHS, it may happen that the response of children
belonging to same household are correlated. Again, the
responses of children among same cluster may also hold
some correlation. For this reason, two level multilevel
logistic regression model is applied to explore the random
effect of cluster along with the adjusted effect of individual
and community level of variables on neonatal death.
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where
is the probability of death of neonatal i , residing
in a community j;
is the log odds of the
intercept;
are the coefficients of individual
and community level variables;
are
individual and community level variables;
is random
error at community levels;
is random error at individual
levels11, 12.
The random effect of the multilevel model can be estimated
by Intra Cluster Correlation (ICC) and Median Odds Ratio
(MOR).
The intra-cluster correlation for community level in
multilevel logistic model will be

This correlation measures the proportion of the total
variance which is between-cluster11.
The MOR depends directly on the community level
variance and can be computed with the following formula:
[√
(
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√
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where
is the community level variance, and 0.6745 is
the 75th centile of the cumulative distribution function of
the normal distribution with mean 0 and variance 1 13.
In this study, observations on the dependent variable were
collected only from those ever-married woman who gave at
least one birth in last three years. Sampling weight is
considered in this study for analysis to remove the
disparities in response rates among national level and
domain level due to non-proportional allocation study
design of the survey. After cleaning the cases which have
missing information of covariates due to non-response,
4734 observations were available for multivariate analysis.
The entire analysis of the study is done by using software
SPSS (version 20) and Stata (version 12).
III. Result
Table 1 is representing percentage distribution of neonatal
death according to demographic and socio-economic
characteristics of individual and community level factors
included in the study.
Among individual level factors, it is found that education
level of mother, education level of father, wealth index,
delivery by caesarean section, delivery assistance,
breastfeeding, postnatal care time and PNC by qualified
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person has significant impact on neonatal death. It is
evident from the result that, and the event of neonatal death
is less reported with the increase in education level of both
parents. The result shows that there exist a significant
negative association between neonatal death and wealth
index which follows that the increase of economic
condition of a family decrease neonatal death Table 1 also
indicates that those who takes caesarean section delivery
has lower neonatal death risk (2.0%) than those with
vaginal delivery (3.1%). The neonatal death rate for
qualified delivery assistant is 2.2 percent whereas for
unqualified delivery assistant the rate is 3.3 percent and the
change is statistically significant (p-value=0.016). This
study also points out that the child who are given breast
milk immediately or within an hour has less chance of
neonatal that compared to later. The rate of neonatal
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mortality is 1.5 percent who took PNC in first two days
while 4.2 percent for who did not take PNC in first two
days. It is also revealed by the study that if postnatal care is
provided by a qualified person then the risk of neonatal
mortality is lower (almost 2%) than those who received
postnatal care from unqualified person.
Among community level factors, place of residence,
telephone service availability, presence of qualified doctor,
presence of pharmacy, availability of family planning
methods is found to be significantly associated with
neonatal death. Table 1 depicts that neonatal death rate is
highest in Sylhet (5.3%) while the scenario is opposite in
Barisal (1.8%). Moreover, that neonatal death rate is
extreme where the telephone service is not available
(3.5%).

Table 1. Percentage distribution of child born in last three years by neonatal death according to demographic and
socioeconomic characteristics of individual level and community level factors
Variables
Individual Level Factors
Mother’s age at birth

Education level of mother

Education level of father

Wealth index
Sex of child
Number of antenatal visits

Delivery by caesarian section
Size of child at birth
Birth order

Preceding birth interval

Delivery assistance
Place of delivery
Breastfeeding
PNC check time
PNC by qualified person
Exposer to Media

Category
Less than 15 years
Between 15 to 24 years
Greater than 24 years
No Education/primary
Secondary
Higher
No Education/primary
Secondary
Higher
Middle/Poor
Rich
Male
Female
No ANC visit
1 to 3 times
4 times or more
Yes
No
Small
Others
First birth
2nd to 4th birth
Greater than 4th birth
First birth
Less than 2 years
Between 2 to 4 years
Greater than 4 years
Qualified
Unqualified
Facility
Others
Within 1 hour
Later
First two days
Others
Yes
No
Not at all
Sometimes/regular

Proportion (%)
4.5
2.8
3.0
3.1
3.0
1.0
3.4
2.8
1
3.4
2.0
3.3
2.4
2.7
1.7
1.8
2.0
3.1
3.4
2.7
3.0
3.0
1.5
3.1
2.6
2.4
2.5
2.2
3.3
2.4
3.0
0
5.5
1.5
4.2
1.9
3.3
2.9
1.2

Base (N)
22
2844
2038
2084
2330
490
2659
1547
697
2958
1945
2576
2329
992
2187
1448
1122
3782
978
3919
1979
2601
325
1979
375
883
1656
2062
2842
1847
3048
2323
2582
2385
2519
1458
3447
4824
80

p-value
0.812
0.037**
0.003**
0.004**
0.890
0.152
0.037**
0.240
0.328

0.604

0.016**
0.231
<0.001***
<0.001***
0.005**
0.380
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Category

Community Level Factors
Place of residence

Barisal
Chittagong
Dhaka
Khulna
Rajshahi
Rangpur
Sylhet
Type of region
Rural
Urban
Electricity availability
Yes
No
Telephone service availability
Yes
No
NGO activity
Yes
No
Availability of fieldworker
Yes
No
Presence of qualified doctor
Yes
No
Presence of pharmacy
Yes
No
Availability of FP methods
Yes
No
Significance Level: ***p-value<0.001, **p-value<0.05, *p-value<0.1

The study reveals that availability of qualified doctor has
lowered the percentage of neonatal death (2.1%)
significantly. Additionally, presence of pharmacy also
worked as protective factor from neonatal death. The study
also reveals that the clusters where family planning
methods are not available are more at risk of neonatal death
(3.5%).
Table 2 is representing the random effect at community
level and fixed effect of several factors on neonatal death
obtained through multilevel logistic regression model.
At first, a null model is considered (Model 1) to estimate
community-level variance for justification of applicability
of multilevel logistic regression model. Standard error of
null model is 0.536 which gives an idea that there may have
cluster effect and following the result the ICC and MOR
arises. The intra-cluster correlation (ICC) value is estimated
at 0.08, which simply means that about 8 percent of the
total variance in neonatal mortality in Bangladesh can be
attributed to the communities in which the mothers were
residing. This also implies that correlation between
mothers living in the same community regarding the
likelihood of experiencing neonatal mortality is 0.08 in
studying that there exists cluster effect in neonatal mortality
in Bangladesh. The estimated MOR is 1.67 which means
that the likelihood of having neonatal mortality increased
by 67 percent when a woman moved from a community
with lower risk to a higher risk community. In other word it
can also be said that the residual heterogeneity between
communities increased by 1.7 times the individual odds of
neonatal death when randomly picking out two mothers in
different communities. Both ICC and MOR indicate that

Proportion (%)
1.8
2.0
2.9
3.6
3.1
2.4
5.3
3.1
2.2
2.8
3.0
2.2
3.5
2.8
4.2
2.8
3.6
2.1
3.4
2.6
3.3
2.5
3.5

Base (N)

p-value

279
1074
1740
387
488
461
474
3637
1267
3835
1066
2361
2543
4712
192
4654
250
2085
2813
3122
1782
2951
1953

0.018**

0.109
0.783
0.007**
0.274
0.489
0.004**
0.071*
0.039**

there exists community-level impact in neonatal mortality
in Bangladesh.
In Model 2, individual level factors that are found
significant in bivariate analysis are incorporated in null
model. It is found that education level of father, delivery by
caesarian section, PNC check time and breastfeeding has
significant fixed effect on neonatal death. In Model 3, only
community level factors are included. All community level
factors that are found significant in bivariate analysis except
division are considered. Although divisions show
significant result in bivariate section, it is not considered in
multivariate analysis as clusters are coincides in division
and so the cluster effect can be nullified because of
division14. Among all community level factors, only
telephone service is found to have significant adjusted
impact on neonatal death. In both of Model 2 and Model 3,
standard error for random part leads to existence of cluster
impact on neonatal death (.573 and 0.449 respectively).
Additionally, the estimated intra-cluster correlation (ICC)
for each model is greater than zero (0.091 and 0.058
respectively) and the values of MOR for them are greater
than 1 (1.727 and 1.537 respectively) that evidenced the
cluster effect on neonatal death.
In Model 4, both individual and community level variables
that are found to be significant in bivariate analysis (except
division as it may nullify the cluster effect on neonatal
mortality) are incorporated as independent variables.
Model 4 reveals that father’s education has significant
impact on neonatal death. The estimated value of odds ratio
(OR) decreases as level of father’s education increases that
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indicates that risk of neonatal death slows down with the
improvement in father’s education level.
The odds ratio for delivery by caesarean section is 0.71
which reveals that the odds to neonatal death for who has
been delivered by caesarean section is 0.71 times of the
odds to neonatal death for who has vaginal delivery. The
results show that the odds ratio is 1.53 for qualified birth
attendant that leads to conclusion that the odds of neonatal
death for qualified birth attendant is 1.53 times of
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unqualified birth attendant. It is notable that the odds ratio
for PNC within two days in model 4 is 0.48 indicating that
the odds of neonatal death who took PNC in first two days
is 0.48 times of odds of neonatal death who did not take
PNC in first two days keeping all other factors at a fixed
level. The estimated odds ratio for breast feeding
(OR=0.015) discloses that the odds of neonatal death is
lower if baby got breast milk immediately or within an hour
compared to who did not get in within 1 hour.

Table 2. Fixed effects of individual and community level factors and random effects on neonatal mortality obtained
from multilevel logistics regression model
Variables and
Model 1
Categories
OR
S.E
p-value
Intercept
0.025
0.153
<0.001
Fixed Effects for Individual Level Variables
Education level of mother
No Education / Primary
Secondary
Higher (ref.)
Education level of father
No Education/Primary
Secondary
Higher (ref.)
Wealth index
Middle/Poor
Rich (ref.)
Delivery by caesarean section
Yes
No(ref.)
Delivery assistance
Qualified
Unqualified (ref.)
PNC check time
First Two Days
Others (ref.)
PNC by qualified person
Yes
No(ref.)
Breastfeeding
Within 1 hour
Later (ref.)
Fixed Effect for community level variables
Telephone service availability
Yes
No(ref.)
Availability of FP methods
Yes
No(ref.)
Presence of pharmacy
Yes
No(ref.)
Presence of qualified doctor
Yes
No(ref.)

Model 2
OR
p-value
0.021
<0.001

Model 3
OR
p-value
0.044
<0.001

Model 4
OR
p-value
0.041
<0.001

0.833
1.463
-

0.250
0.445

1.789
1.385
-

0.269
0.512

2.574
2.540
-

0.051
0.046

2.511
2.482
-

0.057
0.052

0.820
-

0.370

0.706
-

0.129

0.566
-

0.060

0.553
-

0.051

1.468
-

0.123

1.531
-

0.088

0.453
-

0.001

0.480
-

0.002

0.884
-

0.663

0.859
-

0.590

0.015
-

<0.001

0.015
-

<0.001

0.648
-

0.024

0.666
-

0.044

0.794
-

0.250

0.812
-

0.320

0.847
-

0.421

0.764
-

0.213

0.879
-

0.535

0.906
-

0.652
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Table 2 continued…

Random Effect
S. E
0.536
ICC
0.080
MOR
1.67
Model Statistic
AIC
1222.14
Among the community level variables incorporated in
Model 4, telephone service has significant impact on
neonatal mortality (p-value=0.044). The odds of neonatal
death for those who belongs to a community where
telephone access is available is 0.67 times of odds of
neonatal death for those who does not belong to a
community where telephone access is found (OR= 0.67).
While judging random effect of Model 4, it is noticed that
standard error of full model is 0.5 which gives an idea that
there may have cluster effect both adjusting both individual
and community level variables. The intra-cluster correlation
(ICC) value is estimated at 0.07 and the estimated MOR is
1.612 which expose that the total variation in neonatal
mortality is attributable to variation in cluster even after
incorporating individual and community level variables in
the regression model.
While focusing on the Akaike Information Criteria (AIC), it
is seen that null model possessed highest AIC value
(AIC=1222.14) whereas AIC value is least for Model 4
(AIC=1037.080) which implies that factors are explained in
the best way when we consider both individual and
community level variables as covariates in the model
(Model 4).
IV. Discussion
Bangladesh has made tremendous progress in improving
the health of its children and is one of the few countries in
the developing world that is on track to achieve Millennium
Development Goal 4. Despite a sharp decline in neonatal
mortality rate, some burning issues still obstruct the pace of
the current situation. In the remote areas of Bangladesh, the
proneness of neonatal and infant mortality is still high. In
this study, one of the main objectives is to analyze the
cluster effect on neonatal mortality along with determining
the factors that influence neonatal mortality.
The findings of this study shed light on the fact that the
composition of community level characteristics influence
the risk of neonatal mortality in conjunction with the
individual level characteristics which is evident from
previous study1. People living in same community will
share same demographic and socio-economic condition
which may lead to similar health outcome. That is why
people living in same communities which suffer from
deprivation of health care facilities and coexistence of
poverty, illiteracy and unemployment are tend to be at
higher risk of neonatal death due to cluster effect.
Among individual level factors, results shows that paternal
education works as a protective factor for neonatal
mortality rate which embraces the previous study15. The

0.573
0.091
1.727

0.449
0.058
1.537

0.501
0.071
1.612

1040.67
1216.93
1037.080
increasing level of education of father will improve the
socio-economic status of household which can ensure the
access to health care facilities that reduce neonatal
mortality16. Moreover, it is found from the study that the
rate of neonatal mortality is low for the women who had
delivery by caesarean section17. Caesarean section
performed with adequate medical facilities can assist to
avoid the pregnancy complications and neonatal morbidity
successfully that results in reduction in neonatal mortality
rate. Trained birth attendance and PNC check time in first
two days reduce neonatal mortality to a great extent that is
supported by literature review9. The postnatal period is
critical phase for both mother and newborn. Early postnatal
care can identify the emergency problems and need of the
newborn and suggestions by trained health professional
during receiving PNC check time work as a shield against
neonatal mortality. It is evident from the study that early
initiation of breastfeeding lowers the risk of neonatal
mortality1, 18. Breast milk contains colostrum in first stage
which is high in antibodies. If babies are breastfed early, the
antibody of colostrum passes from mother to babies that
strengthen their immune system against infectious diseases
and as a result, neonatal mortality decreases. Additionally,
the communities that have available accessibility of
telephone service experience lower risk of neonatal
mortality as they can call to health care center in case of
emergency.
The discussion of findings of this study demonstrates that
both individual and community level factors influence
neonatal mortality. In the context of patriarchal society in
Bangladesh, it is necessary to ensure that the education on
mother and child health care should also be given to father
along with mother to reduce neonatal mortality. It should be
taken care of that health care facilities like hospital facility,
qualified delivery assistance etc. should be provided to all
over Bangladesh. Every mother should take postnatal care
after delivery. It is highly recommended that the PNC must
be received by qualified person. It helps to reduce the
chance of child death. Government and non-governmental
bodies should implement programs on promotion of
exclusive breastfeeding. Moreover, the communities that
are at high risk of neonatal death should be provided basic
needs like qualified doctor facility, pharmacy facility,
proper telephone service etc. that may protect the neonates
from vulnerability of untimed death.
However, this study can be conducted on three level:
Division level, Community level and Individual level to
examine all the factor. If there exists any division level
random effect for which the rate of neonatal mortality has
significant change, the study will have further scope.
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