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ABSTRACT

Under-five mortality is a substantial indicator of childrens health, well-being, and consequently, socioeconomic development
of a country. The primary focus of this study was to estimate the prevalence and identify the factors associated with under-5
mortality in Nigeria. This research utilized the most recent data from the Nigeria Demographic and Health Survey (NDHS
2018), which is a nationally representative survey. We included all children within 59 months from their birth. Cox proportional
hazard (PH) and Cox frailty models were applied to identify the factors associated with under-5 child mortality. A total of 33,924
under-5 children were included. The prevalence of under-5 death was 9.5% [95% Confidence Interval (CI): 9.2-9.8]. In the Cox
frailty model at community level, the model reported that multiple births [Hazard Ratio (HR) = 3.0; 95% CI: 2.7-3.4], male
children (HR = 1.2; 95% CI: 1.1-1.2), and small-size babies at birth (HR = 1.4; 95% CI: 1.2-1.5) were strongly associated with
the high risk of under-5 mortality. Parents with lower education, children from lower wealth quantities, and shorter childbirth
intervals similarly had higher hazards of under-5 mortality for both the Cox PH and Cox frailty models. Our results suggest that
different health strategies for improving education, nutrition, and family planning might contribute to reduce under-5 mortality
in Nigeria. The Nigerian Federal Ministry of Health and other agencies should consider to scale up health interventions to reduce

under-5 mortality.

1. INTRODUCTION

The paramount ill health of a community is often indicated by
mortality [1]. Under-five mortality is considered a useful index for
assessing a country’s improvement in general medical and public
health conditions. Globally, many low-and-middle income coun-
tries have been concerned about reducing mortality over the past
four decades because its rise indicates a decline in living standards
[2,3]. For a specific year if age-specific mortality is considered, the
probability of death of a newborn child per thousand before its 5th
birthday is termed as under-5 mortality [4]. During 1990-2016,
under-5 mortality decreased from 93 to 41 deaths per 1000 live
births, resulting in approximately 56% reduction in child mortality
worldwide [5]. Moreover, the Sub-Saharan African region has pro-
ceeded to the worst improvement in reducing childhood mortality
since 1990 [6].
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Nigeria currently has the highest under-5 mortality rate (132
deaths for every 1000 live births) in Africa and globally ranked
second highest [7]. In 2012, approximately 13% of Sub-Saharan
child mortality occurred in Nigeria [8]. A summary of the 2018
Nigeria Demographic and Health Survey (NDHS) has been used to
track the reported information [7]. The above statistics mark that
under-5 death is still a significant health crisis in Nigeria.

Child mortality has a substantial impact on children’s health
and well-being and overall progress toward the Sustainable
Development Goals (SDGs) [5]. UNICEF 2014 reported that more
than 50 countries including Nigeria would probably miss the SDG
goal on child mortality, and approximately 60 million under-5 chil-
dren will die over the period 2017-2030 if the upward trend con-
tinues [9]. A previous study reported that children from the smaller
birth interval and multiple births had higher odds of dying over
the past 10 years in Ghana [10]. Mother’s age, higher number of
births, and region are linked with child mortality [11]. Besides, a
Gini-type decomposition analysis reported that children’s socio-
economic characteristics were the general contributor to the dis-
parities in mortality among Sub-Saharan children [12]. A study in
Nigeria found health-related, biodemographic, and socioeconomic
factors associated with death among children within 5 years of life
[13]. Uganda’s children had higher childhood mortality hazards
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due to household head’s gender, children’s gender, and previous
year’s number of children [14]. Other studies found that women
empowerment, family size, marital type, polygamy of fathers, and
mothers’ Nongovernmental Organization (NGO) membership are
associated with under-5 mortality [15-18].

Nigeria was unsuccessful in attaining the target of Millennium
Development Goal 4 as under-5 mortality is a complicated issue.
Authors perceived the under-5 mortality trends have not fluctuated
uniformly in Nigeria over the passage of time. Moreover, it substan-
tially depends on various factors and obviously varies over time and
location, and therefore needs to be studied on a regular basis. This
study visualized the current scenario, related factors, and practi-
cal strategies to reduce Nigerian under-5 child mortality using the
most recent and updated NDHS data.

Additionally, two different statistical techniques for the time-
to-event dataset were adopted to detect the best-fitted model for
acquiring precise estimates, nonexistent for Nigerian children.

The current study was designed to determine factors associ-
ated with childhood death before achieving their 5th birthday in
Nigeria. Additionally, this research will help the government and
NGOs formulate strategies to achieve SDG 3.2 for the Nigerian
government.

2. MATERIALS AND METHODS

2.1. Data Source

This study analyzed data from the 2018 NDHS. Selection of sam-
pling frames for conducting a survey is dependent on the 2006
Population and Housing Census of the Federal Republic of Nigeria
(NPHC) [10]. The Primary Sampling Unit (PSU) of 2018 NDHS
was the Enumeration Areas’ (EAs) overall index. The sampling
design was mentioned in the final report of 2018 NDHS [7]. The
survey collected data through a stratified two-stage cluster sam-
pling technique. It separated each state and the Federal Capital
Territory into two broad sectors that were urban-rural localities.
The first phase of sampling, 1400 EAs, was assigned with the sam-
pling technique named probability proportional sampling, and it
was proportionate to the EA shape. Here, a household recording
procedure was performed, and the concluding list of households
assisted as a skeleton of sampling in the second phase of selection.
In the second phase, 30 households were determined for every EA
with equal probability of systematic sampling. The survey curricu-
lum movement started on August 14, 2018 and was completed on
December 29, 2018.

Here, a total of 41,821 women aged 15-49 years participated in the
interview. Mothers with children aged 0-59 months within 2015-
2018 attended the survey to provide demographic and health infor-
mation about children [7]. Overall, 33,924 children aged <5 years
formed the study’s analysis unit.

2.2 Response Variable

Under-five mortality refers to the death rate of children within their
first 5 years. Here, the response was whether children were dead or

not. The basic concept about time-to-event is that it combines the
age and survival status (alive/death) of children. The age of each
child (alive/dead) was recorded during the interview, and the age
at death was reported. Children who survived at the age of 5 years
counted as right censoring. Here, code one stood for dead cases and
zero was for alive cases.

2.3. Independent Variables

The following socioeconomic and demographic factors of chil-
dren and parents are expected to impact child mortality in
Nigeria, selected based on the literature review [10-17]. Thirteen
covariates were chosen for the analysis: maternal age (<20, 20-29,
30-39 or 240 years); maternal education (illiterate, completed
primary, or secondary and higher); paternal education (illit-
erate, completed primary, or secondary and higher); maternal
working status (no or yes); wealth status of the family (poor,
middle or rich), sex of the child (male or female), maternal age
at first birth (12-17, 18-30 or 230 years); number of living chil-
dren (no living child or one or more living children); preceding
birth interval (<24, 24-48 or >48 months); birth status (single
or multiple births); child size at birth (average, small or large);
place of residence (urban or rural); and place of delivery (home
or hospital). Maternal age is considered a quantitative variable
in the NDHS data set. The derivation of wealth status was from
the wealth index. Principal component analysis was used to create
the variable, and quintiles ranged from poorest to richest. The
lower category (poor) was generated from merging poorest and
poorer, whereas rich was created by combining richest and richer
groups of study participants.

2.4. Missing Value Handling

The dataset had a small number of missing cases in explanatory
variables. The missing cases were appended by variables, that is,
husband education (6%), preceding birth interval (19%), and child
size at birth (2%). The statistical model was run after discarding the
missing case from independent variables. Finally, 25,141 children
aged <5 years were prepared for multivariate analysis after exclud-
ing unnecessary and missing information.

2.5. Statistical Analysis

We used bivariate analysis to check the association between the
response and the predictors. Rao-Scott X test was used to check
the bivariate association between two covariates, testing the bivar-
iate association’s significance. Finally, the factors affecting under-5
mortality were determined using the Cox Proportional Hazard
(PH) and Cox frailty models.

The useful method of identifying possible covariates effects on
hazard function is a semiparametric method called the Cox PH
model [19]. For the ith child, Y, denotes the event or censoring
time and the model indicator is C, for,

C =

i

1; when an event occurs
0; when an event does not occur
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The model has the following functional form [20]:
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Here, for ith child at time ¢, the vectors of the covariate are X, and
B=(B+ L+t ﬂP)T representing unknown regression
parameters vector assuming equal for the children at time point .

or,

In this research, the risk of experiencing under-5 mortality is
defined as the hazard function. Thus under-5 mortality is calcu-
lated from the probability of experiencing the demise of a child
aged 0-59 months conditioned on the survival up to that time.

The Cox frailty model is the extended form of the standard Cox
PH model. This model uses a multiplicative factor called the frailty
factor (random effects) [19]. This model’s basic assumption is that
the frailty distribution form and its shape and structure of a hazard
function contain the hidden internal or external factors infor-
mation [20]. In mathematical notation, jth individual (children)
belonging to the ith community or region called subgroup is pre-
sented as [21,22],

h (i u.]— U 0™, i =100G, j=10)n
inij’J_jO [ ] = i
An individual experiencing death at time ¢ (0 < t < 59) (months)
has the hazard h_(¢/X,,u). The baseline hazard function is defined
by h,(£). The vector set of the explanatory variables (covariates) is
denoted by X, and the unknown regression parameters are A

Therefore, the frailty term U, = ¢* having a unit mean and © vari-
ance is independently and identically distributed for a given distri-
bution. This term indicates dependency within a group. Moreover,
with positive support, the term U. follows different distributions.
Gompertz, Gamma, Compound Poisson, lognormal, Positive
Stable, Inverse Gaussian, and power variance function distribution
are some of those distributions [22]. Gamma distribution is com-
paratively easy to implement among all other distributions, can fit
failure data seemingly, and is one of the most popular ones [22].
Thus, for both the frailties (i.e., region and community), we used
Gamma distribution.

To assess the frailty term’s significance, the frailty effect’s estimated
variance (&) was used. Heterogeneity was suspected when 8> 0; it
can be interpreted as the correlation of the likelihood of mortality
in children belonging to similar communities/regions. If the esti-
mated variance had zero magnitudes &= 0, child mortality was not
different between communities/regions.

The current study adopted two frailty terms, which were com-
munity and region. Cluster number was considered a community
variable and mentioned in the published report of 2018 NDHS [7].
These cluster numbers are called EAs, the PSU of the 2018 NDHS.
According to the report of 2018 NDHS, there was 1400 EAs in the
primary data set. EAs were deployed to find out an unobserved

variation in child mortality. In Nigeria, the region was divided into
six parts: south-west, south-south, south-east, north-west, north-
east, and north-central. This was also used as a frailty term and had
an unobserved effect on the study.

We used the Akaike Information Criterion (AIC) to select the data-
set’s best model. The model with the least amount of the mentioned
criterion (AIC) for the Nigerian child mortality data was consid-
ered the best [23]. The sampling weight was applied in the analysis
to make the findings nationally representative. All statistical anal-
yses were conducted using Stata version 13 (StataCorp. 2013. Stata
Statistical Software: Release 13. College Station, TX: StataCorp LP).
Therefore, the complex sampling design was considered through
Stata software using the command svyset for Cox models. The
frailty model was delineated to deal with complex survey design.

2.6. Ethical Approval

The National Population Commission (Abuja, Nigeria) and
Federal Ministry of Health jointly implemented the 2018 NDHS.
The survey was conducted with human participants and followed
Helsinki Declaration (1964) ethical standards [7]. As the data
source was secondary, it was accessible from www.dhsprogram.
com after DHS approval. The survey protocol was reviewed and
approved by the National Health Ethics Committee of Nigeria and
ICF International Review Board (FWA00000845, approval number:
132989.0.000.NG.DHS.01) [7]. An informed consent statement
was provided to each parent/guardian before starting the interview
to ensure the legally authorized participation and confidentiality
of each child. We followed all the terms and conditions of the DHS
program, and then the DHS program sent a confirmation in the
format of an authorization letter. Therefore, we were eligible to uti-
lize the dataset according to maintaining the signed confidentiality
deed. More details regarding DHS data and ethical standards are
available at http://goo.gl/ny8T6X.

3. RESULTS

3.1. Bivariate Analysis

Results from the bivariate analysis are shown in Table 1. Maternal
age, maternal education, paternal education, wealth status of the
family, maternal age at first birth, number of living children, pre-
ceding birth interval, birth status, child size at birth, place res-
idence, and place of delivery were associated with under-5 child
mortality in Nigeria.

3.2. Multivariate Analysis

In the multivariate analysis, community-level shared frailty had the
smallest values of AIC (Table 2). Therefore, based on model selec-
tion criteria, the community-level shared frailty was the best-fitted
model for NDHS (2018) under-5 child dataset. The model consid-
ered the Cox frailty model with community level, and there were
1400 communities in Nigeria. Among all considered covariates,
unobserved heterogeneity of the death in the under-5 children in
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Table 1 Percentage distributions of child survival and mortality by

2
selected covariates and Rao-Scott X test for determinates’ association

with under-5 mortality

Child survival status

Characteristics Dead Alive P
n (%) n (%)

Maternal age (years) 0.005

<20 148 (10.32) 1286 (89.68)
20-29 1476 (9.17) 14,620 (90.83)
30-39 1216 (9.29) 11,878 (90.71)

>40 371 (11.24) 2929 (88.76)

Maternal education <0.001
Illiterate 1864 (12.11) 13,527 (87.89)
Completed primary 498 (9.44) 4776 (90.56)
Secondary & higher 849 (6.40) 12,410 (93.60)

Paternal education <0.001
Illiterate 1472 (12.74) 10,079 (87.26)
Completed primary 451 (9.73) 4186 (90.27)
Secondary & higher 1074 (6.88) 14,528 (93.12)

Maternal working status 0.059
No 1138 (10.26) 9949 (89.74)

Yes 2073 (9.08) 20,764 (90.92)

Wealth status of family <0.001
Poor 1889 (11.95) 13,920 (88.05)

Middle 662 (9.23) 6509 (90.77)
Rich 660 (6.03) 10,284 (93.97)

Sex of child 0.171
Male 1720 (9.97) 15,537 (90.03)

Female 1491 (8.95) 15,176 (91.05)

MaFernal age at first <0.001

birth (years)

12-17 1484 (11.69) 11,209 (88.31)
18-30 1678 (8.21) 18,764 (91.79)
=30 49 (6.21) 740 (93.79)

Number of living children <0.001
0 324 (100.00) 0 (0.00)
>1 2887 (8.59) 30,713 (91.41)

Preceding birth interval <0.001
(months)
<24 944 (14.08) 5762 (85.92)

24-48 1348 (8.33) 14,826 (91.67)
>48 312 (6.93) 4190 (93.07)

Birth status <0.001
Single birth 2883 (8.83) 29,778 (91.17)

Multiple births 328 (25.97) 935 (74.03)

Child size at birth <0.001
Average 1551 (8.84) 16,000 (91.16)

Small 595 (13.01) 3977 (86.99)
Large 982 (8.71) 10,293 (91.29)

Place of residence <0.001
Urban 848 (7.25) 10,851 (92.75)

Rural 2363 (10.63) 19,862 (89.37)

Place of delivery <0.001
Home 2177 (10.91) 17,772 (89.09)

Hospital 1034 (7.40) 12,941 (92.60)

terms of community-level showed significant small changes to esti-
mated parameters. The p-value for frailty test under the Cox frailty
model provided evidence that community-level shared frailty was
significant at a 1% level of significance and the variance of frailty
term was 0.20 (Table 2).

Table 2 highlights factors significant for mortality within age
5 years. In the model, maternal age, maternal education, paternal
education, wealth status of the family, sex of the child, maternal
age at first birth, number of living children, preceding birth inter-
val, twin child, and child size at birth were significant factors for
under-5 mortality. Mothers aged 20-29, 30-39, or 240 years had
70% [Hazard Ratio (HR) = 0.3; 95% Confidence Interval (CI):
0.2-0.4], 70% (HR = 0.3; 95% CI: 0.2-0.4) and 70% (HR = 0.3;
95% CI: 0.2-0.4) respectively lower risk of experiencing their chil-
dren’s demise before 5 years compared to children whose maternal
age was <20 years. However, the oldest women’s children had a
lower risk of under-5 mortality than the youngest aged mother’s
children had.

Children of mothers who completed primary education were 0.9
(HR = 0.9; 95% CI: 0.8-1.0) times less likely to die before age
5 years compared to children of mothers with no education.
However, fathers who completed primary education and higher
education had 10% (HR = 0.9; 95% CI: 0.8-1.0) and 20% (HR = 0.8;
95% CI: 0.7-0.9) lower likelihood of under-5 mortality compared
to fathers with no education.

The wealth index of families significantly impacted child mortality.
The probability of dying was reduced by 30% (HR = 0.7; 95% CI:
0.6-0.8) for children from a rich family compared to children from
a low-income family.

The likelihood of under-5 mortality was 1.2 (HR = 1.2; 95% CI:
1.1-1.2) times higher among male than female children.

First birth age of mothers at 18-30 years and >30 years had 10%
(HR = 0.9; 95% CI: 0.8-1.0) and 30% (HR = 0.7; 95% CI: 0.4-1.0)
lower risk of under-5 mortality compared to mothers with first
birth at 12-17 years.

Children whose mothers had one or more living children were
0.1 (HR = 0.1; 95% CI: 0.0-0.1) times less likely to die before age
5 years than were children whose mothers had no live children.

Mothers with a preceding birth interval of 24-48 months and >48
months had a 20% (HR = 0.8; 95% CI: 0.7-0.9) and 20% (HR =
0.8; 95% CI: 0.7-0.9) lower risk of mortality compared to the chil-
dren with birth interval <24 months. Children with birth interval
>48 months were less likely to die before 5 years than children with
birth interval <24 months.

The likelihood of child mortality was increased by 200% (HR = 3.0;
95% CI: 2.7-3.4) for children of twin/triple/other multiple births
compared to single birth. The mortality risks were about 40% (HR =
1.4; 95% CI: 1.2-1.5) higher and 10% (HR = 0.9; 95% CI: 0.9-1.0)
lower among children of small and large size at birth compared to
children with average size.

Maternal working status, residence, and place of delivery had no
significant association with under-5 child mortality.

4. DISCUSSION

Using recent NDHS 2018 data, this study obtained several prox-
imate determinants or factors related to under-5 child mortality
using Cox PH and Cox frailty models. Community frailty and
regional frailty are two frailty terms added to the study. For the
Nigerian children’s dataset, the best-fitted model based on model
selection criteria (i.e., AIC) was the community-level shared frailty



158 A. Talukder et al. / Dr. Sulaiman Al Habib Medical Journal 3(4) 154-161

Table 2 Estimated hazard ratio for selected risk factors from Cox PH model and Cox frailty model of under-5 mortality

Cox frailty
Cox PH
Characteristics Community frailty Regional frailty
HR 95% CI HR 95% CI HR 95% CI
Maternal age (years)

<20 (RC)

20-29 0.32 [0.22-0.46]" 0.29 [0.20-0.42] 0.29 [0.20-0.41]"

30-39 0.29 [0.20-0.42] 0.26 [0.18-0.38] 0.27 [0.19-0.38]™

>40 0.28 [0.20-0.41]"" 0.26 [0.18-0.38]" 0.25 [0.18-0.37]™"
Maternal education

Illiterate (RC)

Completed primary 0.89 [0.80-1.00]" 0.94 [0.83-0.95]" 0.97 [0.87-1.09]

Secondary & higher 0.89 [0.79-1.01] 0.95 [0.84-1.07] 1.01 [0.89-1.15]
Paternal education

Illiterate (RC)

Completed primary 0.87 [0.78-0.98]" 0.86 [0.77-0.97]" 0.90 [0.81-1.01]

Secondary & higher 0.82 [0.73-0.91]" 0.80 [0.72-0.90]" 0.82 [0.74-0.91]"
Maternal working status

Yes (RC)

No 1.07 [0.99-1.15] 1.06 [0.98-1.14] 1.03 [0.96-1.12]
Wealth status of family

Poor (RC)

Middle 0.99 [0.90-1.09] 0.98 [0.88-1.08] 1.00 [0.91-1.10]

Rich 0.68 [0.60-0.77]" 0.67 [0.59-0.76]" 0.70 [0.62-0.79]™
Sex of child

Female (RC)

Male 1.16 [1.08-1.24]"" 1.16 [1.08-1.24]" 115 [1.08-1.23]"
Maternal age at first birth (years)

12-17 (RC)

18-30 0.90 [0.84-0.97]" 0.91 [0.84-0.98]" 0.92 [0.86-1.00]

>30 0.66 [0.44-0.99]" 0.66 [0.44-0.99]" 0.72 [0.48-1.08]
Number of living children

0 (RC)

>1 0.07 [0. 05-0.08]"" 0.06 [0.05-0.08]" 0.07 [0.06-0.08]"
Preceding birth interval (months)

<24 (RC)

24-48 0.79 [0.74-0.85]" 0.79 [0.73-0.85]" 0.79 [0.74-0.85]""

>48 0.77 [0.68-0.86]"" 0.77 [0.68-0.87]"" 0.79 [0.70-0.89]"
Birth status

Single birth (RC)

Multiple birth 2.99 [2.68-3.33] 3.02 [2.69-3.39] 2.88 [2.58-3.21]"
Child size at birth

Average (RC)

Small 1.32 [1.20-1.44]" 1.35 [1.23-1.49]™ 1.31 [1.19-1.44]"

Large 0.96 [0.89-1.03] 0.94 [0.87-1.02] 0.94 [0.87-1.01]
Place of residence

Urban (RC)

Rural 1.06 [0.97-1.16] 1.09 [0.99-1.21] 1.07 [0.97-1.17]
Place of delivery

Home (RC)

Hospital 1.01 [0.92-1.10] 1.04 [0.95-1.15] 1.08 [0.98-1.19]
Variance of frailty term (SE) 0.20 (0.03) 0.03 (0.02)
Likelihood ratio £~ of theta (p-value) 79.04™ 31217
AIC 41857.18 12911.63 12959.46

p<0.01,"p <0.05 "p <0.001. RC, reference category.

model. A previous study found similar dealing with the NHDS
2008 children’s records [24]. Our results showed that before reach-
ing their 5th birthday, children in Nigeria face community-level
inequalities regarding mortality. For Nigerian under-5 mortality,

the frailty model suggested strong evidence of high heterogene-
ity. The community-level frailty model, when compared with the
regional-level frailty model, explained higher heterogeneity per-
centages. Thus, a preferable model for analyzing Nigerian under-5
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mortality data is a community-level frailty model relative to the
regional level frailty and traditional Cox PH model.

Children’s health status and well-being are inter-related with their
residing area since children are clustered under the same commu-
nity. Therefore, the above-mentioned contextual influences may
easily arise [25]. Additionally, community-level effects on individ-
ual child mortality create unobserved variation, which is difficult to
understand. The impact of multiple unobserved risk factors can be
abridged by the community variations that include paternal rear-
ing, genetics, environment, health facilities, cultural norms, behav-
ioral factors, siblings’ resource competition, religion, etc. [25]. This
study reported that maternal age and under-5 mortality are sig-
nificantly inversely associated with increase in maternal age. The
under-5 children’s probability of dying reduces; this corresponds to
previously conducted studies in Nigeria [26]. Young mothers may
experience pregnancy difficulties, physical imperfection, financial
crises, or malnutrition problems [27]. Additionally, inadequate
health-related knowledge of those mothers during pregnancy and
children upbringing could be another plausible reason [27].

We found a significant negative interaction between maternal
education and child mortality. Maternal higher education plays a
vital role in reducing under-5 mortality as it enhances awareness;
similar findings were seen in earlier Nigerian studies that used dif-
ferent statistical tools [19,26,28]. Hence, mothers having an edu-
cation can utilize health services, adequate care, and appropriate
feeding practices to ensure better child health using their academic
learning [26].

In unpredictable ways, the association between child mortality
and paternal education is significantly inversely related. Studies
conducted in Bangladesh and Uganda had similar findings, where
children’s good health was assured with reduced child mortality for
educated fathers [14,29]. These study outcomes found that pater-
nal and maternal education are crucial determinants of childrens’
health. The findings suggest that paternal education is a protective
factor for under-5 mortality in Nigeria. Additionally, healthy life-
style goals and the bulk of health facilities may be of concern to
educated fathers who promote good physical fitness. To explain
this relationship more precisely, further investigation is necessary.

Families with low income have increased under-5 mortality risk
compared to wealthy families, according to previous studies in
Nigeria [26,28]. A household with low socioeconomic status fails
to ensure facilities like well-furnished housing, sanitation, proper
nutritional food, and expensive medical attention for children
that can ultimately reduce child mortality risk [28]. Mothers from
developing countries like Nigeria with low wealth status usually
do not receive enough government grants to treat their children’s
illnesses and other health care. This could be a possible cause for
increased child mortality among low-income households in devel-
oping countries [26].

There was a higher risk of under-5 mortality for male children
compared to female children. This agrees with previous studies
conducted in developing countries [13,26,28]. However, under-5
mortality is reduced in female children due to biological advan-
tages, which helps fight different infectious diseases [25].

Under-five mortality is associated with maternal age at birth.
Higher risk of under-5 mortality is reported among mothers
who give birth at an early age, which agrees with previous studies

[25,28,30]. Pregnancy complications cannot be handled properly
due to the immature body structure of younger women [25].

Another significant factor reducing early childhood mortality is
the current number of children of a mother. Hazards of under-5
mortality decrease for mothers having at least one living child,
echoing a study conducted in Bangladesh [29]. Additionally, when
women have surviving children, this improves their knowledge
about upbringing and birth complexities, resulting in reduced child
mortality.

We showed that preceding birth intervals play a crucial role in
reducing child mortality. Our study suggested a lower risk of
under-5 mortality when birth intervals were at least 2 years.
Different countries (i.e., Nigeria, Bangladesh, and Ethiopia) that
utilized DHS data found similar results [7,26,31-33]. Women who
have short birth intervals have increased obstetric complications
for their babies [31]. The study found an increased risk of under-5
mortality for multiple-birth babies compared with single-birth
babies, which is consistent with a study conducted in Ghana [18].
However, multiple-birth babies often have complications during
delivery, low birth weight, and nutrition intake competition. These
can be potential causes of higher child mortality [27,34,35].

Low birth weight babies are more prone to die before reaching age
5 years than children of normal birth weight. Previous studies in
Nigeria support this finding [7,29,31]. A low birth weight baby has
several disadvantages such as immature organ development, mal-
nutrition, and poor immunity to fight infectious diseases, causing
an increased child mortality rate [29,36].

Most of our findings are similar to those of previous studies,
although they were obtained through different statistical tools.
However, some previous studies found several factors (i.e., place
of residence, maternal working status, and place of delivery) to be
significant determinants of child mortality, but our study did not
find such results [25,26,31,33]. However, these dissimilarities in
findings can be explained by the time gap between previous and
current research, as our study used the most recent demographic
data for Nigerian children.

There were several limitations to our study. (1) We used retro-
spective cross-sectional data, limiting the estimation of the causal
effects. (2) The retrospective nature of the data could have resulted
in reporting bias. The child mortality data were based on the moth-
ers memory, and it is natural to forget past events. (3) The exact
causes of child death were not identified as the 2018 NDHS did
not gather such information. (4) The cross-sectional setup of the
survey was not optimal for obtaining maternal or household exact
socioeconomic status at the time of child mortality. (5) Due to the
incomplete data structure for maternal body mass index, breast-
feeding history, antenatal care (ANC), etc., this essential informa-
tion was not included in our study.

There were numerous strengths to the current study. (1) One
advantage of using nationally representative cross-sectional data is
the reflection of the true population as the sampling procedure uses
a randomized technique with a large population. This study thus
can draw a valid general conclusion about the population of Nigeria
and similar countries. (2) The least sampling bias was ensured as
the DHS program considers the whole population of a country
before applying a two-stage stratified random sampling technique.
(3) The DHS program provides transparency with its high response
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rate; this boosts precise estimates during statistical analysis. (4)
The most valuable feature of the DHS program is that it does not
encompass contextual factors information (norms, cultural prac-
tices, health facilities, customs, etc.). In such a situation, to decipher
unobserved heterogeneity in child mortality, the frailty model is the
most appropriate as the individual-level variables at the PSU level
are not aggregated, ensuring a multicollinearity free environment
[25]. Thus, surveys and censuses, which focus on community-level
information, are essential for future research when the association
is investigated between under-5 mortality and contextual factors.

5. CONCLUSION

This study identified maternal age, parental education, wealth
index, child sex, maternal age at first birth, child size at birth,
total number of living children, birth status, and preceding birth
interval as being associated with under-5 mortality in Nigeria.
Different health strategies might be required for children from
double, triple, or multiple births. The government and NGOs
should provide multiple births complexity-related knowledge to
create awareness among women during the gestational period.
Additionally, consideration of cluster effects can explain approxi-
mately 20% of the variation due to unobserved heterogeneity exist-
ing in under-5 mortality. Under-five mortality can be minimized
by implementing maternal and child health-related programs.
Furthermore, this study emphasized the necessity of incorporat-
ing community-level interventions for Nigerian communities that
are economically, socially, and medically impoverished to reduce
under-5 mortality.
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