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Abstract

Background: Child survival is a major concern in Nigeria, as it contributes 13% of the global under-five mortalities.
Although studies have examined the determinants of under-five mortality in Nigeria, the comparative roles of social
determinants of health at the different stages of early childhood development have not been concurrently
investigated. This study, therefore, aimed to identify the social determinants of age-specific childhood (0-59
months) mortalities, which are disaggregated into neonatal mortality (0-27 days), post-neonatal mortality (1-11
months) and child mortality (12-59 months), and estimate the within-and between-community variations of
mortality among under-five children in Nigeria. This study provides evidence to guide stakeholders in planning for
effective child survival strategies in the Nigerian communities during the Sustainable Development Goals era.

Methods: Using the 2016/2017 Nigeria Multiple Indicator Cluster Survey, we performed multilevel multinomial
logistic regression analysis on data of a nationally representative sample of 29,786 (weighted = 30,960) live births
delivered 5 years before the survey to 18,497 women aged 15-49 years and nested within 16,151 households and
2227 communities.

Results: Determinants of under-five mortality differ across the neonatal, post-neonatal and toddler/pre-school
stages in Nigeria. Unexpectedly, attendance of skilled health providers during delivery was associated with an
increased neonatal mortality risk, although its effect disappeared during post-neonatal and toddler/pre-school
stages. Also, our study found maternal-level factors such as maternal education, contraceptive use, maternal wealth
index, parity, death of previous children, and quality of perinatal care accounted for high variation (39%) in
childhood mortalities across the communities. The inclusion of other compositional and contextual factors had no
significant additional effect on childhood mortality risks across the communities.
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improve the quality of perinatal care in Nigeria.

Conclusion: This study reinforces the importance of maternal-level factors in reducing childhood mortality,
independent of the child, household, and community-level characteristics in the Nigerian communities. To tackle
childhood mortalities in the communities, government-led strategies should prioritize implementation of
community-based and community-specific interventions aimed at improving socioeconomic conditions of women.
Training and continuous mentoring with adequate supervision of skilled health workers must be ensured to

Keywords: Social determinants of health, Sustainable development goals, Neonatal mortality, Post-neonatal
mortality, Child mortality, Child survival, Multilevel analysis, Multinomial regression, Nigeria

Background

As a critical element of socioeconomic and health indi-
cators of a country, child survival has consistently been
prominent in the United Nations suite of indicator
frameworks [1]. The Sustainable Development Goal 3
(SDG-3) aims to reduce under-five mortality rates
(U5MR) to 25 deaths per 1000 live births and neonatal
mortality rates (NMR) to 12 deaths per 1000 live births
by 2030 [2, 3]. Despite concerted global efforts in cur-
tailing the preventable childhood deaths, progress in
sub-Saharan Africa is lagging behind that of developed
countries [1]. Specifically, childhood mortality remains a
major social and public health problem in Nigeria,
making the country the second largest contributor to
under-five deaths globally [1]. Like many countries in
the region, Nigeria could not achieve the childhood
mortality targets of Millennium Development Goals
(MDG)—aimed at reducing USMR by two-thirds from
1990 to 2015 [1]. NMR and U5MR in Nigeria are un-
acceptably high—32.9 deaths per 1000 live births and
100.2 deaths per 1000 live births in 2017, respectively
[1]. These are 1.8 and 2.6 times higher than the global
NMR and U5MR, respectively [1].

For decades, some child survival initiatives for redu-
cing under-five deaths have been non-specific, ineffect-
ively addressing the varying roles of social determinants
of health on mortality risks across the different stages of
a child’s early development i.e., neonatal (0-27 days),
post-neonatal (1-11 months) and toddler/pre-school
(12—59 months) [4, 5]. Previous studies conducted in
Nigeria have identified the micro-level/compositional
(i.e., child and maternal and household-level factors) as-
sociated with neonatal, infant, and under-five mortality.
Generally, male child, low level of parental education,
poverty, previous short birth intervals (< 2 years), teenage
motherhood, inadequate access to maternal healthcare
services, and poor sanitation are associated with under-
five mortality risk [6—-19]. Despite these findings, litera-
ture remains limited regarding the effects of some
individual compositional, and community contextual
factors. Some of these available studies in Nigeria have
provided contradictory results. For example, Ezeh et al.

[17] and Morakinyo et al. [13] have linked maternal edu-
cation to lower mortality risk among under-five children.
Counterintuitively, Kayode et al. [20], Yaya et al. [21],
and Akinyemi et al. [22] reported that maternal educa-
tion had no significant effect on child survival. While
studies [13, 17, 20, 23] in Nigeria have shown that
children in urban settings have lower mortality risks,
Akinyemi et al. [22] reported no significant association
between place of residence and under-five mortality in
Nigeria.

Earlier epidemiologic studies have not concomitantly
examined the factors influencing mortality at the differ-
ent stages of early childhood development [4, 5] in a sin-
gle analytical model. Given the varying roles of social
determinants of health (SDH) across the three different
stages of early childhood development, results from
multinomial modeling will be more insightful to imple-
menting targeted and universal child survival interven-
tions. With respect to statistical methods, standard
errors are higher by fitting separate dichotomous models
of early childhood mortality (as used in the past studies),
compared to a single multinomial model [24, 25]. Also,
some of these studies in Nigeria have been hospital-
based [26, 27] or limited to a specific geographical
region, [26-31] making generalizability of findings some-
what challenging. Despite the high post-neonatal mortal-
ity rate in Nigeria (i.e., 31 deaths per 1000 live births)
[32], only a handful of studies [17, 33] have been
conducted. To fill these research gaps, we performed a
secondary analysis of the latest (2016/2017) Multiple In-
dicator Cluster Survey (MICS) dataset [34]. By focusing
on SDG-implementation era, this study extends the
current evidence on social determinants of child survival
in Nigeria, and other similar settings.

Nigeria needs to implement impactful policies/inter-
ventions towards making child-related SDG-3 targets,
and the social inclusion perspective of SDG-10 targets
(i.e., to reduce inequalities within and among countries)
achievable by 2030. Interventions and policies that
would drastically reduce childhood mortalities hinge on
a sound understanding of the complex variations in the
associations of the social determinants of health in the
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communities, and across the early child developmental
stages. The objectives of this study, therefore, were to:
(1) identify the social determinants of age-specific child-
hood (0-59 months) mortalities, which are disaggregated
into neonatal mortality (0—27 days), post-neonatal mor-
tality (1-11 months) and child mortality (12-59 months),
and (2) estimate the within- and between-community
variations of mortality among under-five children in
Nigeria. In line with the expectations of the 2014 United
Nations’ call for data revolution that would expedite sus-
tainable development [35], this study provides evidence
to guide stakeholders in planning for effective child sur-
vival strategies in the Nigerian communities during the
Sustainable Development Goals era.

Theoretical focus

In order to identify the key socio-economic variables in-
fluencing childhood mortality in Nigeria, we adapted the
Mosley-Chen framework [36]. We hypothesized that
micro-level/compositional factors (i.e., child, maternal,
and household-level factors) and macro-level/contextual
factors (i.e, community-level factors) influence child-
hood mortality risk across each of the successive devel-
opmental stages and that these relationships occur at
hierarchical levels. Also, siblings are likely to share the
same biological and social factors, especially those who
are born within 5 years of each other as was the case in
this study. However, children residing in different com-
munities will likely have different mortality risks. We
postulated that the mortality risks will vary across com-
munities in Nigeria because of a complex mix of com-
positional and contextual factors influencing them.
Multilevel analysis was employed to measure the extent
by which compositional and contextual factors account
for variation in mortality across the early child develop-
mental stages at the community-level.

Methods

Study setting and population

The data for this study were drawn from the 2016/2017
MICS in Nigeria [34]. With a population of 200 million,
Nigeria—a country located in West Africa, is the most
populated country in sub-Saharan Africa. It has six geo-
political regions (i.e., North-West (NW), North-East
(NE), North-Central (NC), South-West (SW), South-
East (SE), and South-South (SS), which are further di-
vided into 36 states and Federal Capital Territory (FCT).

Study design and data collection

The 2016/2017 MICS is the fifth-round of the national
representative household survey, which was conducted
between September 2016 and January 2017 in Nigeria
[34]. The household survey is designed by the United
Nations to provide national and subnational estimates of
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maternal and child indicators to monitor the SDG tar-
gets. Using multi-stage stratified cluster sampling tech-
nique in all 36 states and the FCT of Nigeria, the sample
size was 36,176 women aged 15-49 years (out of which
34,376 women were interviewed, 95% response rate).
The sampling frame which was within the states were
stratified into urban (36.6%) and rural areas (63.4%). In
total, 33,901 households from 2239 enumeration areas
(ie., primary sampling unit) were covered during field-
work. Household is a unit consisting of family members
and servants living together in a house, while commu-
nity refers to the primary sampling unit (PSU), compris-
ing of cluster of geographical and administratively
distinct areas of homogenous households. The complete
description of sample size calculation and sampling
technique have been provided in the full 2016/2017
Nigeria MICS report [32]. For the purpose of this study,
we merged birth history datafile with maternal and
household files. To minimize recall bias, our inclusion
criteria included every live birth delivered to all women
aged 15-49 years in each household within 5 years prior
to survey commencement (i.e., September 2011-Sep-
tember 2016). The children without documented sur-
vival outcome (i.e., alive, or dead), as well as the dates of
birth and deaths were excluded from the analysis. Over-
all, a subpopulation of all 29,786 under-five children de-
livered to 18,497 women aged 15-49 years (irrespective
of their marital status) was analyzed. These mothers
were nested within 16,151 households and 2227 commu-
nities. The average number of children per community
was 13.4.

Outcome variable We considered under-five mortality
as the omnibus outcome variable. This was generated
from the variables that captured survival status, age at
death, and current age of living children. The outcome
variable was categorized into four levels, (i.e., alive (ref-
erence), and three age- and stage-specific mortality: neo-
natal, post-neonatal, and child mortality). Neonatal
mortality is defined as under-five death occurring from
birth to 27 days of life. Post-neonatal mortality is under-
five death happening between 28 days and 11 months,
and child mortality is under-five death occurring be-
tween 12 months and 59 months (i.e., toddler/pre-school
stages).

Explanatory variables The selection of independent
variables was guided by data availability, theoretical
focus of this study—Mosely-Chen framework [36], and
evidence from literature that the potential covariables
are expected to influence the outcome (child survival).
The explanatory variables were layered across the child,
maternal, household, and community-levels (Table 1).
From the existing data, we generated variables on



Adeyinka et al. BMC Public Health (2020) 20:1613 Page 4 of 18

Table 1 Definition of variables

Variable Description

Dependent variable

Under-five survival status Alive =0, neonatal mortality = 1, post-neonatal mortality = 2, child
mortality =3

Independent variables

Child-level
Child's sex Male =0, female =1
Gestation type Singleton =0, multiple =1
Birth order First birth=0,2-3=1,4-6=2, 27 =3
Previous birth interval <2years=0, first birth=1, 22 years =2
Maternal age at birth <20years=0, 20-34years=1, 235 years=2
Maternal level
Maternal education None/primary = 0, secondary/technical = 1, post-secondary = 2
Maternal wealth index Poor=0, middle=1, rich=2
Maternal media exposure High =0, medium =1, low =2, none=3
Death of previous children at the time of the survey <3=0,3-4=1,25=2
Parity <3=0,34=1,25=2
Access to antenatal care (ANC) None =0, skilled =1, unskilled = 2
Frequency of ANC visits None=0,1-7=1, 28=2
Skilled birth attendants during delivery None = 0, skilled birth attendants = 1, unskilled/friend = 2
Institutional delivery Home =0, health facility =1
Marital status Currently married/in union =0, formerly married/in union =1, never
married/in union =2
History of contraceptive use Yes=0,no=1
Ever drank alcohol Yes=0,no=1
Ever smoked cigarette Yes=0,no=1

Household-level

Sex of household head Male =0, female =1

Household head education None/primary =0, secondary/technical = 1, post-secondary = 2
Ethnic group Hausa=0, Igbo =1, Yoruba =2, others=3

Housing condition Inadequate =0, adequate =1

Polygamy Yes=0,no=1

Access to drinking water Unimproved source =0, improved source = 1

Sanitation Unimproved =0, improved = 1

Indoor pollution Polluting fuel =0, clean fuel =1

Household size Discrete

Community-level

Place of residence Urban =0, rural =1

Community infrastructural development (based on proportion of Low =0, high=1

households with electricity in the community)

Region North-Central (NC) = 0, North-East (NE) = 1, North-West (NW) =2,

South-East (SE) = 3, South-South (SS) = 4, South-West (SW) =5

Aggregated (community) level maternal education (based on proportion  Low =0, medium =1, high=2
of households with women who had at least secondary education in the
community)
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maternal media exposure (accessibility to newspaper/
magazine or listening to the radio or watching televi-
sion), housing condition index (using principal compo-
nents analysis (PCA) of three variables—quality of roof,
exterior wall and floor), access to drinking water, sanita-
tion, indoor pollution, community level of maternal edu-
cation, and community infrastructural development.
Concerning marital status, the variable was defined as
currently married/in union, formerly married/in union,
and never married/in union. Also, maternal wealth index
was used as a proxy for relative socioeconomic condition
of women. In MICS, there is no information about a
standard measure of absolute socioeconomic status (in-
come). For this reason, we have used wealth index. The
wealth index is a composite variable that was con-
structed using PCA of assets owned by mothers, such as
television, car, bicycle, mobile phones etc. The wealth
index was categorized into low (i.e., poorest and poor),
middle, and high (i.e., rich and richest) socioeconomic
status. The wealth index does not give information about
current maternal income and expenditure. The
community-level of maternal education was calculated
as the proportion of households in a community that re-
ported at least maternal secondary education. The scores
were aggregated into three levels based on quartile
classification (i.e., 2nd quartile = 50%, and 3rd quartile =
75%); (lower education < 50% of overall score), moderate
education 50% < x < 75% of the overall score, high educa-
tion (75% <x<100% of overall score). This study used
proportion of households with access to electricity as a
proxy for community infrastructural development. The
variable has two groups based on median value. This
variable was used primarily because of existing evidence
that access to electricity strongly drives not only the de-
velopment of social infrastructure, but also community
health service delivery [37—41]. In Nigeria, electricity is
mainly provided by the government, and where electri-
city is available, it is accessed by most of the population
[42, 43]. Overall, missing data ranged from 0 to 33.2%.
Except for access to antenatal care (ANC), frequency of
ANC visits, skilled birth attendants during delivery, and
institutional delivery, no variable had missing variable
above 30%.

Statistical analysis

All statistical analyses were performed using Stata™ soft-
ware version 15.1 [44]. Parallel to MICS methodology of
mortality estimation [32], neonatal and post-neonatal
mortality rates were estimated using cumulative inci-
dence (otherwise known as incidence proportion); and
child and under-five mortality rates were derived from
real sample cohorts using life tables. Given the hierarch-
ical nature of the data and multinomial outcome, we
performed multilevel multinomial logistic regression. By
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using survey analysis procedure (svyset cluster command
in Stata™ software), bivariate analyses were conducted
using Chi-square test for categorical variables and one-
way analysis of variance (ANOVA) for discrete variable
(household size) to select the potential covariates for
multinomial regression models. To ensure representa-
tiveness of data, sample weights were applied. We used
log-likelihood, Bayesian Information Criterion (BIC) and
Akaike’s Information Criterion (AIC) to ascertain model
goodness-of-fit. Missing data were addressed with list-
wise deletion.

Model building

Measures of association (fixed-effects) The association
between survival outcomes, and macro-level/contextual
variables (community-level) and micro-level (child, ma-
ternal and household-level) variables were examined
separately. Hence, six blocks of models were fitted,
reflecting intercept-only, child, maternal, household,
community-level factors, and parsimonious final model.
In the interest of achieving a parsimonious model, we
used a backward elimination strategy, retaining variables
with p-value <0.25 from bivariate analyses as candidate
variables in models 1—4. In the final model (model 5),
variables with p-value < 0.05 from models 1-4 were se-
lected. Based on the parsimonious approach, the covari-
ates that were entered into the final multivariate model
included child’s sex, gestation type, previous birth inter-
val, maternal age at birth, maternal education, wealth
index, death of previous children, parity, skilled birth at-
tendants during delivery, contraceptive use, place of resi-
dence, and region. Exponentiating the coefficients (f)
from multilevel logistic regression, we obtained the rela-
tive risk ratios (RRR) and their 95% confidence intervals
(95%CI) [44]. We tested for interaction effects between
the significant covariates in the multivariate models but
found them not statistically significant; hence dropped
from the analysis.

Measures of variation (random-effects) Considering
that small average sample sizes (<2) at hierarchical levels
could bias variance estimates and effect sizes (Type-I
error) in multilevel analysis, we collapsed child, maternal
and household-levels into a single level (i.e., child/mater-
nal/household) [45]. The limited number of children at
maternal-level (mean = 1.6) and household-level (mean =
1.8) could not allow for four-level model, with random
effects at child, maternal, household and community-
levels. Parallel to previous multilevel studies [46, 47], we
had two levels of data hierarchies—child/maternal/
household (micro) and community (macro) levels. With
micro-and macro-levels defined as random effects, we
examined whether and how much variation of child
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survival outcomes in the communities can be attributed
to the compositional and contextual variables. The
extent of the variability in mortality risks from
community-to-community was estimated by median
odds ratios (MOR) and percentage change in variance
(PCV) [48]. MOR is preferable to intra-cluster correl-
ation (ICC) because it quantifies the community-level
variance (unexplained contextual heterogeneity) on the
odds ratio scale, making it easier to interpret [48]. The
MOR value is always equal or greater than one. MOR of
1 implies that no variation in mortality risk across the
developmental stages exist between communities. MOR
was computed using the following equation: [48]

MOR = >95VVe (1)

Where V, is the community-level variance.

The proportional change in variance assesses the influ-
ence of compositional and contextual variables on inter-
community variations of the outcome variable; we esti-
mate this by comparing intercept-only model (model 0)
with the five other models (models 1-5).

Predicted probabilities

Using estimates in the final model (model 5), we pre-
dicted the probabilities of death in each of neonatal,
post-neonatal, and toddler/preschool stages by holding
the final variables in the model constant at their mean
values. Pairwise comparisons of predictive margins of
significant correlates were also performed [44].

Results

Sample characteristics

Table 2 shows the socio-economic and demographic dis-
tribution of the study participants. Out of the weighted
sample of 30,960 live births during the interview period,
29,729 (96.0%) were reported as singletons. The male to
female ratio was 1.03:1. About 1 in 7 children were de-
livered by teenage mothers and 17.1% by women aged
>35years. More than half (66.6%) were children of
women with no formal or primary education. In 44.5%
of the children, their mothers were poor. More children
were reported to be residing in NW region (39.1%), rural
area (69.9%), and from infrastructurally less-developed
communities (52.4%).

Differentials of age-specific mortality rates

Of the weighted 30,960 live births included in this study,
2840 died before reaching 5 years—121.6 deaths per
1000 live births, 95%CI: 116.8-126.5. The NMR was
37.9 deaths per 1000 live births, 95%CI: 34.9-41.1, post-
neonatal mortality rate was 28.7 deaths per 1000 live
births, 95%CI: 26.2-31.4, and child mortality rate was
54.3 deaths per 1000 children surviving to age one,
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95%CI: 50.2—-58.7. Among the children who died, 41.3%
(95%CI: 38.8—43.9%) occurred at neonatal stage, 30.1%
(95%CI: 28.0-32.3%) at post-neonatal stage, and 28.6%
(95%CI: 26.2—-31.1%) at toddler/preschool stage. More
male children died during the neonatal (57.9%) and
post-neonatal (54.4%) stages, but more female deaths
(51%) occurred during toddler/preschool stage (p-
value < 0.001) (Table 2). Uniformly across the early child
developmental stages, deaths were significantly lower
among women who were rich, in monogamous settings,
and resided in houses deemed of adequate quality. In all
the stages, mortality was higher in children whose
mother had many children (grand multiparity), lived in
rural communities, communities with low level of ma-
ternal education, less infrastructurally developed com-
munities, and lived in NW region of Nigeria (Additional
file 1: Table S1).

Measures of variation (random effects)

In the intercept-only model (model 0), the estimated
community-level variance was 0.49 (95%CI: 0.41-0.60),
implying a significant variation of mortality risks across
the communities. The heterogeneity at the community-
level was confirmed by MOR of 1.95. As shown in
Tables 3, 4, 5 and 6, the variations in under-five mortal-
ities across the communities were mostly explained by
maternal-level variables (PCV =38.8%), followed by
community-level variables (PCV = 28.6%), and child-level
variables contributed the least (PCV =14.3%). The
combined effect of child, maternal, household and
community-level variables (model 5) did not further re-
duce variability in the risk of under-five mortality be-
tween communities, compared to model that included
only maternal-level variables (model 2). Also, in both
model 2 (maternal-level variables) and model 5 (com-
positional and contextual variables), the community het-
erogeneity decreased from 1.95 to 1.68, thus, there is
evidence to suggest residual variability of childhood
mortality risks at the community-level.

Measures of association (fixed effects)
The results from the bivariate analyses indicate that all
the variables were significantly associated with under-
five mortality, except marital status and sex of household
head (Table 2). As shown by adjusted relative risk ratios
(aRRR) in the final model (Table 7), the risks of dying
during neonatal (0.67, 95%CI: 0.55-0.81, p-value < 0.001)
and post-neonatal stages (0.80, 95%CI: 0.65-0.98, p-
value = 0.035) were reduced for female compared to
male child, but no significant reduction in the later
stage, from 1 to 5 years of age.

Children of mothers born two or more years apart,
compared to those closer together (less than two-year
gap) had decreased risk of neonatal mortality (aRRR:
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Table 2 Characteristics of study participants according to survival status, 2016/2017 MICS, Nigeria

Variable Sample size  Alive Neonatal Post-neonatal Child P-value
Mean (SD)/ n  Mean (SD)/ n  mortality mortality mortality
(%) (%) Mean (SD)/ n Mean (SD)/ n (%) Mean (SD)/ n
(%) (%)
Child-level factors
Child's sex (N=30,959) 0.0009
Male 15,725 (50.8) 14,165 (504) 679 (57.9) 483 (54.4) 398 (49.0)
Female 15234 (49.2) 13,919 (49.6) 494 (42.1) 406 (45.6) 415 (51.0)
Gestation type (N=30,957) <0.001
Singleton 29,729 (96.0) 27,135 (96.6) 1003 (85.5) 820 (92.3) 771 (94.9)
Multiple 1228 (4.0) 974 (34) 171 (14.5) 69 (7.7) 41 (5.1)
Birth order (N = 30,960) <0.001
First 5436 (17.6) 4892 (174) 257 (21.9) 164 (18.5) 122 (15.0)
2-3 10,358 (33.5) 9617 (34.2) 287 (24.5) 240 (27.0) 213 (26.2)
4-6 9971 (32.2) 9108 (32.4) 309 (26.3) 278 (31.3) 276 (34.0)
27 5195 (16.8) 4466 (15.9) 321 (27.3) 207 (23.2) 202 (24.8)
Previous birth interval (N =30,960) <0.001
< 2years 6601 (21.3) 5630 (20.0) 413 (35.2) 292 (32.8) 266 (32.7)
First birth 5501 (17.8) 4942 (17.6) 270 (23.0) 166 (18.7) 123 (15.2)
2 2 years 18,858 (60.9) 17,512 (62.4) 491 (41.8) 431 (485) 423 (52.1)
Maternal age at birth (N =30,960) <0.001
< 20 years 4320 (14.0) 3781 (13.5) 241 (20.5) 153 (17.3) 144 (17.8)
20-34 years 21,338 (68.9) 19,547 (69.6) 709 (60.4) 579 (65.1) 504 (62.0)
2 35 years 5302(17.1) 4757 (16.9) 224 (19.1) 157 (17.6) 165 (20.3)
Maternal-level factors
Maternal education (N = 30,960) <0.001
None/primary 20,609 (66.6) 18,333 (65.3) 842 (71.7) 718 (80.8) 716 (88.0)
Secondary 7981 (25.8) 7498 (26.7) 253 (21.5) 140 (15.7) 90 (11.1)
Post-secondary 2369 (7.7) 2253 (8.0) 79 (6.7) 31 (347) 7 (09)
Maternal wealth index (N = 30,960) <0.001
Poor 13,912 (44.9) 12,287 (43.7) 552 (47.1) 522 (58.7) 552 (67.9)
Middle 6068 (19.6) 5471 (19.5) 260 (22.1) 176 (19.8) 161 (19.8)
Rich 10,980 (35.5) 10,326 (36.8) 362 (30.8) 191 (21.5) 101 (12.4)
Maternal media exposure (N = 30,956) <0.001
High 10,047 (32.5) 9296 (33.1) 367 (31.3) 227 (25.5) 158 (19.4)
Medium 4972 (16.1) 4588 (16.3) 8 (13.5) 118 (13.2) 107 (13.2)
Low 3542 (114) 3221 (11.5) 1(11.2) 100 (11.2) 91 (11.1)
None 12,394 (40.0) 10,976 (39.1) 517 (44.1) 444 (50.0) 457 (56.3)
Death of previous children (N =30,960) <0.001
<3 28,584 (92.3) 26,557 (94.6) 834 (71.1) 640 (72.0) 553 (68.0)
3-4 1882 (6.1) 1252 (4.5) 254 (21.7) 174 (19.6) 201 (24.7)
25 494 (1.6) 275 (1.0) 85 (7.3) 75 (84) 60 (7.3)
Parity (N = 30,960)
<3 7847 (25.3) 7293 (26.0) 262 (224) 168 (18.9) 123 (15.2) <0.001
3-4 10,136 (32.7) 9338 (33.3) 317 (27.0) 262 (29.5) 219 (27.0)

25 12,977 (41.9) 11,453 (40.8) 594 (50.7) 459 (51.6) 470 (57.9)
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Table 2 Characteristics of study participants according to survival status, 2016/2017 MICS, Nigeria (Continued)

Variable Sample size  Alive Neonatal Post-neonatal Child P-value
Mean (SD)/ n  Mean (SD)/ n  mortality mortality mortality
(%) (%) Mean (SD)/ n Mean (SD)/ n (%) Mean (SD)/ n
(%) (%)

Access to ANC (N=20,775)° <0.001
None 6726 (32.4) 5972 (31.6) 267 (332) 266 (45.0) 221 (449)
Skilled 12,600 (60.7) 11,667 (61.8) 457 (56.8) 257 (43.5) 220 (44.6)
Unskilled 1449 (7.0) 1250 (6.6) 80 (99) 68 (11.5) 51 (104)

Freq of ANC visits (N = 20,775)° <0001
None 6726 (32.4) 5972 (31.6) 267 (33.2) 266 (45.0) 221 (44.9)
1-7 10416 (50.1) 9541 (50.5) 381 (47.4) 265 (44.9) 228 (46.4)
28 3633 (17.5) 3375 (17.9) 155 (19.3) 59 (10.1) 43 (87)

Skilled birth attendants during delivery <0.001

(N=20,786)°
None 2646(12.7) 2318 (12.3) 113 (14.0) 97 (16.3) 118 (24.0)
Skilled 8072 (38.8) 7540 (39.9) 310 (384) 135 (22.7) 88 (17.8)
Unskilled 10,068 (484) 9035 (47.8) 385 (47.7) 362 (61.0) 286 (58.2)

Institutional delivery (N = 20,783)° <0001
Home 13,358 (64.3) 11,971 (63.3) 516 (64.2) 457 (774) 415 (84.3)
Health facilities 7425 (35.7) 6926 (36.7) 288 (35.8) 134 (22.6) 77 (15.7)

Marital status (N = 30,934) 0.5392
Currently married/in union 29,748 (96.2) 26,998 (96.2) 1120 (95.7) 852 (96.3) 778 (95.7)
Formerly married/in union 803 (2.6) 717 (2.6) 32 (2.8) 25 (2.9) 29 (3.6)
Never married/in union 382 (1.2) 351 (1.3) 18 (1.6) 8 (0.9) 6 (0.7)

Contraceptive use (N = 26,807) <0.001
Yes 1947 (7.3) 1832 (7.6) 55 (54) 46 (5.6) 15 (1.9
No 24,860 (92.7) 22,363 (924) 973 (94.6) 776 (94.4) 749 (98.1)

Alcohol intake (N =30,807) < 0.001
Yes 3649 (11.8) 3401 (12.2) 124 (106) 819.2) 42 (5.21)
No 27,158 (88.2) 24,547 (87.8) 1045 (89.4) 801 (90.8) 765 (94.8)

Smoking experience (N =30,898) 0.02
Yes 213(07) 180 (0.6) 13(1.2) 14 (1.6) 5(06)
No 30,685 (99.3) 27,855 (994) 1153 (98.8) 869 (98.4) 808 (99.4)

Household-level factors

Sex of household head (N = 30,960) 0.502
Male 29,614 (95.7) 26,844 (95.6) 1132 (96.4) 851 (95.7) 787 (96.8)
Female 1346 (4.4) 1240 (4.4) 42 (3.6) 38 (4.3) 26 (3.2)

Household head education (N=30,881) <0.001
None/primary 18,114 (58.7) 16,116 (57.5) 760 (65.1) 614 (69.2) 623 (77.1)
Secondary 8320 (26.9) 7702 (27.5) 267 (22.9) 207 (233) 143 (17.7)
Post-secondary 4448 (14.4) 4199 (15.0) 140 (12.0) 66 (7.5) 42 (5.2)

Ethnic group (N=30,960) <0.001
Hausa 17,484 (56.5) 15,505 (55.2) 714 (60.8) 611 (68.7) 655 (80.6)
Igbo 2409 (7.8) 2278 (8.1) 69 (5.9) 41 (4.6) 21 (2.2
Yoruba 2929 (9.5) 2755 (9.8) 104 (8.8) 46 (5.2) 21 (26)

Others 8140 (26.3) 7546 (26.9) 287 (24.4) 191 (21.5) 116 (14.2)
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Table 2 Characteristics of study participants according to survival status, 2016/2017 MICS, Nigeria (Continued)

Variable Sample size  Alive Neonatal Post-neonatal Child P-value
Mean (SD)/ n  Mean (SD)/ n  mortality mortality mortality
(%) (%) Mean (SD)/ n Mean (SD)/ n (%) Mean (SD)/ n
(%) (%)
Housing condition (N = 30,960) <0.001
Inadequate 13,172(42.5) 11,694 (41.6) 511 (43.5) 480 (54.1) 487 (59.9)
Adequate 17,788 (57.5) 16,391 (584) 663 (56.5) 408 (45.9) 326 (40.1)
Polygamy (N = 30,960) <0.001
Yes 10,880 (35.1) 9699 (34.5) 432 (36.9) 375 (42.2) 373 (45.9)
No 20,079 (64.9) 18,385 (65.5) 741 (63.1) 514 (57.8) 439 (54.1)
Household access to drinking water (N= <0.001
30,959)
Unimproved 10,820 (35.0) 9587 (34.1) 480 (40.9) 405 (45.6) 348 (42.8)
Improved 20,139 (65.1) 18,497 (65.9) 694 (59.1) 484 (54.4) 465 (57.2)
Household sanitation (N =30,959) <0.001
Unimproved 15,926 (514) 14,266 (50.8) 619 (52.7) 548 (61.6) 493 (60.7)
Improved 15,033 (48.6) 13,817 (49.2) 555 (47.3) 341 (384) 320 (39.3)
Indoor pollution (N = 30,960) <0.001
Polluting fuel 29,120 (94.1) 26,331 (93.8) 1123 (95.7) 860 (96.7) 806 (99.1)
Clean fuel 1840 (5.9) 1753 (6.2) 50 (4.3) 29 (33) 7 (09
Household size (N = 30,960) <0.001
Mean (standard deviation)® 78 (4.0) 78 (4.1) 72 (40) 7.2 (3.8 76 (3.9)

Community-level factors

Place of residence (N =30,960) <0.001
Urban 9327 (30.1) 8710 (31.0) 323 (27.5) 162 (18.2) 131 (16.2)
Rural 21,633 (69.9) 19,374 (69.0) 850 (72.5) 727 (81.8) 631 (83.8)

Region (N =30,960)
North-Central (NC) 5084 (16.4) 4636 (16.5) 216 (184) 136 (15.3) 96 (11.8) <0.001
North-East (NE) 6517 (21.1) 5950 (21.2) 213 (18.1) 173 (194) 181 (22.2)
North-West (NW) 12,113 (39.1) 10,651 (37.9) 534 (45.5) 453 (50.9) 475 (58.5)
South-East (SE) 1604 (5.2) 1513 (54) 42 (3.6) 3337) 15(1.9)
South-South (SS) 2370 (7.7) 2252 (8.0) 52 (44) 45 (5.0) 21 (2.6)
South-West (SW) 3272 (10.6) 3081 (11.0) 117 (99 49 (5.6) 25 (3.0)

Infrastructural development (N = 30,960) <0.001
Low 16,235 (524) 14,452 (51.5) 657 (56.0) 555 (62.5) 571 (70.2)
High 14,724 (47.6) 13,632 (48.5) 516 (44.0) 334 (37.5) 242 (29.8)

Comm. Maternal education (N = 30,960) <0.001
Low 16,451 (53.1) 14,434 (51.4) 727 (62.0) 627 (70.5) 663 (81.6)
Medium 5842 (18.9) 5466 (19.5) 183 (15.6) 116 (13.1) 76 (94)
High 8666 (28.0) 8184 (29.1) 263 (22.4) 146 (164) 74 (9.0)

20ne-way ANOVA, data available for only women with a live birth in the 2 years preceding the survey

0.38, 95%CIL: 0.30-0.49, p-value <0.001), post-neonatal (aRRR: 1.68, 95%CIL: 1.07-2.63, p-value=0.024) than
mortality (aRRR: 0.57, 95%CI: 0.44-0.73, p-value<  births less than 2 years after a previous birth.

0.001), and child mortality (aRRR: 0.48, 95%CI: 0.36— Children delivered as part of multiple births were
0.64, p-value <0.001). On the contrary, first births had  about 6 times (aRRR: 5.77, 95%CI: 4.07-8.17, p-value <
higher risks of post-neonatal mortality (aRRR: 1.82, 0.001) more likely to die during neonatal stage, and
95%CI: 1.18-2.82, p-value=0.007) and child mortality —about twice (aRRR: 2.28, 95%CI: 1.52-3.44, p-value <
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Table 3 Multivariate multilevel multinomial regression of child-level factors associated with age-specific under-five mortality, 2016/

217 Nigeria MICS

Post-neonatal mortality Child mortality

Model 0 Model 1 (child-level factors)
Ref: alive
(N =30,957)

Intercept-only Neonatal mortality

RRR (95%Cl) (0-27 days)

RRR (95%Cl)

(28 days-11 months)
RRR (95%Cl)

(12 months to 11 months)
RRR (95%Cl)

Fixed effects

Child's sex
Male Ref.
Female 0.72 (0.61-0.85)***

Gestation type

Singleton Ref.

Multiple 5.64 (4.25-7.49)%**
Birth order

First Ref.

2-3 1.14 (0.58-2.25)

4-6 1.38 (0.68-2.80)

27 2.83 (1.37-5.84)**

Previous birth interval
< 2years Ref.
First birth 0.99 (0.49-2.00)
22 years 0.37 (0.31-0.44)***
Maternal age at birth
< 20years Ref.
20-34 years 0.59 (0.45-0.76)***
2 35years 0.55 (0.39-0.78)***

Random effects (community-level)

Variance (SE) 049 (0.05) 042 (0.05)
95%(Cl 041,060 0.34,0.53
pCv Ref. 14.3%
MOR 1.95 1.85

Ref. Ref.
0.84 (0.71-0.98)* 1.04 (0.85-1.27)

Ref. Ref.
2.76 (2.03-3.75)*** 1.68 (1.09-2.58)*

Ref. Ref.

047 (0.10-2.17) 0.67 (0.13-3.49)
0.59 (0.13-2.74) 1.02 (0.19-5.43)
0.88 (0.19-4.13) 144 (0.26-7.88)

Ref. Ref.

0.35 (0.08-1.66)
047 (0.39-0.57)***

Ref.
0.71(0.54-0.93)*
0.64 (0.44-0.95)*

041 (0.08-2.10)
0.52 (043-0.63)***

Ref.
0.54 (0.40-0.71)***
0.55 (0.38-0.80)**

***p-value< 0.001 **p-value< 0.01 *p-value< 0.05; SE Robust standard error, RRR Relative risk ratio, C/ Confidence interval, PCV Proportional change in variance, MOR

Median odds ratio

0.001) the mortality risk at post-neonatal stage, com-
pared to singletons. There were reduced neonatal, post-
neonatal, and child mortality risks for children of older
women, compared to teen mothers (Table 7).

Compared to children whose mothers were unedu-
cated or had primary education, those with secondary
education had lesser post-neonatal mortality risk (aRRR:
0.68, 95%CIL: 0.47-0.97, p-value=0.035). Also, for
children aged 1-5 years, there was reduced mortality risk
among those whose mothers were rich (aRRR: 0.57,
95%CI: 0.35-0.92, p-value=0.02). Women with no
history of contraceptive use had increased mortality risk
for toddlers/preschoolers (aRRR: 3.34, 95%CI: 1.27-8.81,
p-value =0.015). Death of previous children reduced
survival of subsequent children across the three child

developmental stages. The mortality risk increases as the
number of deaths of previous children increases (dose-
response relationship). Grand multiparous women (> 5
deliveries) were more likely to experience increased
mortality for children in post-neonatal stage (aRR: 1.76,
95%CI: 1.06—2.93, p-value = 0.03) and toddler/preschool
stage (aRRR: 3.66, 95%CIL: 2.18-6.17, p-value <0.001).
Unexpectedly, risk of neonatal mortality was higher
among women who experienced skilled birth delivery
compared to women with none (aRRR: 1.39, 95%ClL:
1.02-1.90, p-value = 0.039). However, there was no sta-
tistically significant association between post-neonatal
and child mortality. Further sensitivity analyses based on
pairwise deletion (inclusion of missing data) showed
similar associations between skilled birth delivery and
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Table 4 Multivariate multilevel multinomial regression of maternal-level factors associated with age-specific under-five mortality,

2016/2017 Nigeria MICS

Model 2 (maternal-level factors)

Model 0

Ref: alive

(N =18,120)
Intercept-only Neonatal mortality
RRR (95%Cl) (0-27 days)

RRR (95%Cl)

Post-neonatal mortality
(28 days-11 months)
RRR (95%Cl)

Child mortality
(12 months to 11 months)
RRR (95%Cl)

Fixed effects

Maternal education

None/primary
Secondary
Post-secondary

Maternal wealth index

Ref.
0.72 (0.53-0.99)*
0.92 (0.51-1.65)

Ref.
0.69 (0.48-0.99)*
0.74 (0.39-1.41)

Ref.
1.09 (0.80-1.49)
1.14 (0.79-1.65)

Ref.
062 (041-0.93)*
0.28 (0.09-0.82)*

Ref.
097 (0.71-1.33)
046 (0.31-0.69)***

Poor Ref.

Middle 1.31 (0.99-1.73)

Rich 1.19 (0.87-1.62)
Death of previous children

<3 Ref.

3-4 940 (6.66-13.27)***

25 10.00 (5.98-16.73)***
Parity

<3 Ref.

3-4 0.86 (0.67-1.10)

25 0.57 (043-0.76)***
Freq of ANC visits®

None Ref.

1-7 1.04 (0.82-1.32)

28 1.26 (0.82-1.93)

Skilled birth attendants during delivery?

None Ref.
Skilled 1.22 (0.87-1.71)
Unskilled 1.05 (0.79-1.40)
Contraceptive use
Yes Ref.
No 1.36 (0.91-2.03)
Random effects (community-level)
Variance (SE) 0.49 (0.05) 0.30 (0.05)
95%Cl 041,060 021,041
PCV Ref. 38.8%
MOR 1.95 1.68

Ref. Ref.
537 (3.83-7.55)%** 6.34 (4.55-8.83)***
10.70 (6.27-18.25)*** 7.75 (4.75-12.63)***

Ref. Ref.
1.23 (0.90-1.67) 1.71 (1.19-247)**
0.76 (0.54-1.06) 1.25 (0.86-1.82)

Ref. Ref.
092 (0.71-1.18) 1.19 (0.92-1.52)
0.65 (041-1.03) 1.19 (0.75-1.87)
Ref. Ref.

0.73 (0.50-1.06)
1.06 (0.78-1.45)

0.58 (0.38-0.87)*
0.79 (0.60-1.04)

Ref. Ref.
0.97 (0.59-1.60) 3,69 (1.40-9.75)*

***p-value< 0.001 **p-value< 0.01 *p-value< 0.05; *data available for only women with a live birth in the 2 years preceding the survey; SE Robust standard error,
RRR Relative risk ratio, CI Confidence interval, PCV Proportional change in variance, MOR Median odds ratio

neonatal mortality risk (aRRR: 1.38, 95%CI: 1.02-1.87, p-
value = 0.037). Pairwise deletion also showed that skilled
birth delivery was not significantly associated with post-
neonatal mortality (aRRR: 0.85, 95%CI: 0.59-1.23, p-
value = 0.387), and child mortality (aRRR: 0.70, 95%CI:
0.48-1.04, p-value = 0.075).

Children residing in rural areas had 2-fold increase in
post-neonatal mortality risk compared to those in the
urban areas (aRRR: 1.66, 95%CIL: 1.13-2.45, p-value =
0.01), however, no statistically significant association was
observed for neonatal and child mortalities. Living in SS
and SE regions had protective effect on neonatal
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Table 5 Multivariate multilevel multinomial regression of household-level factors associated with age-specific under-five mortality,

2016/2017 Nigeria MICS
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Model 0 Model 3 (household-level factors)

Ref: alive
(N =30,958)

Intercept-only
RRR (95%Cl) (0-27 days)
RRR (95%Cl)

Neonatal mortality

Post-neonatal mortality
(28 days-11 months)

RRR (95%Cl)

Child mortality

(12 months to 11 months)

RRR (95%Cl)

Fixed effects

Housing condition

Inadequate Ref.

Adequate 1.14 (0.93-1.38)
Polygamy

Yes Ref.

No 1.01 (0.85-1.197)
Household access to drinking water

Unimproved Ref.

Improved 0.77 (0.62-0.95)*
Household sanitation

Unimproved Ref.

Improved 1.02 (0.85-1.22)
Indoor pollution

Polluting fuel Ref.

Clean fuel 0.78 (0.54-1.12)

Ref.
0.82 (0.67-1.01)

Ref.
0.87 (0.73-1.04)

Ref.
0.76 (0.63-0.92)**

Ref.
0.80 (0.64-0.99)*

Ref.
0.79 (0.51-1.24)

Ref.
0.62 (0.50-0.78)***

Ref.
0.78 (0.63-0.95)*

Ref.
093 (0.75-1.14)

Ref.
091 (0.75-1.11)

Ref.
0.20 (0.08-0.50)**

Random effects (community-level)

Variance (SE) 0.49 (0.05) 0.41 (0.05)
95%(Cl 041,060 0.34, 051
PCV Ref. 16.3%
MOR 1.95 1.84

***p-value< 0.001 **p-value< 0.01 *p-value< 0.05; SE Robust standard error, RRR Relative risk ratio, C/ Confidence interval, PCV Proportional change in variance, MOR

Median odds ratio

survival, while residing in NE region increased the mor-
tality risk during toddler/pre-school stage.

Predicted probabilities

Given that the compositional and contextual variables
are at mean values, the adjusted predicted probability
of dying during the neonatal stage is 0.028 (95%CI:
0.024-0.031, p-value <0.001), post-neonatal stage is
0.025 (95%CI: 0.022-0.028, p-value<0.001), and
toddler/pre-school stage is 0.015 (95%CI: 0.013-0.018,
p-value < 0.001).

Discussion

Using the recent datasets of the Multiple Indicator Clus-
ter Survey for Nigeria, we identified the key social deter-
minants of under-five mortality across the neonatal,
post-neonatal, and toddler/preschool stages. At each
stage of early childhood development, there are different
factors relating to child survival, which require different

interventions. Our results show that high variation (39%)
of under-five mortality across the Nigerian communities
is mainly accounted for by maternal-level factors such as
maternal education, contraceptive use, maternal wealth,
parity, death of previous children and quality of perinatal
care. The inclusion of other compositional and context-
ual factors had no significant additional effect on the
community variation of childhood mortality risks. To
our surprise somewhat, attendance of skilled providers
during delivery was associated (only) with an increased
neonatal mortality risk. Female child and singleton had
decreased mortality risk during neonatal and post-
neonatal stages. Also, teenage mothers experienced
increased neonatal and child mortality risks. The signifi-
cant factors associated with reduced mortality risk at
post-neonatal stage were maternal secondary education
and urban residence. Maternal wealth and contraceptive
use lowered mortality risks among toddlers/pre-school-
ers. While living in South-East and South-South regions
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Table 6 Multivariate multilevel multinomial regression of community-level factors associated with age-specific under-five mortality,

2016/2017 Nigeria MICS

Model 0
Ref: alive
(N =30,960)

Model 4 (Community-level factors)

Intercept-only
RRR (95%Cl) (0-27 days)

RRR (95%Cl)

Neonatal mortality

Post-neonatal mortality
(28 days-11 months)
RRR (95%Cl)

Child mortality
(12 months to 11 months)
RRR (95%Cl)

Fixed effects

Place of residence

Urban Ref. Ref. Ref.
Rural 1.04 (0.81-1.33) 148 (1.12-1.95)** 1.25 (0.84-1.88)
Region
North-Central (NC) Ref. Ref. Ref.
North-East (NE) 0.80 (0.59-1.08) 1.0 (0.73-1.36) 1.38 (0.95-2.00)
North-West (NW) 1.08 (0.86-1.35) 6 (1.07-1.73)* 1.83 (1.32-2.53)***
South-East (SE) 0.75 (0.52-1.07) 9 (0.71-1.67) 0.99 (0.57-1.72)
South-South (SS) 061 (0.43-0.87)** 0.98 (0.66-1.45) 0.92 (0.55-1.54)
South-West (SW) 1.02 (0.75-1.38) 092 (0.61-1.39) 0.79 (0.43-1.44)
Comm. Maternal education
Low Ref. Ref. Ref.
Medium 0.73 (0.55-0.97)* 0.62 (0.47-0.82)*** 041 (0.28-0.60)***
High 0.71 (0.53-0.95)* 0.55 (041-0.75)*** 0.31 (0.20-0.46)***
Random effects (community-level)
Variance (SE) 0.49 (0.05) 035 (0.04)
95%(Cl 0.41,0.60 0.28, 0.44
PCV Ref. 28.6%
MOR 1.95 1.75

***p-value< 0.001 **p-value< 0.01 *p-value< 0.05; SE Robust standard error, RRR Relative risk ratio, C/ Confidence interval, PCV Proportional change in variance, MOR

Median odds ratio

of Nigeria lowered neonatal mortality risk, residence of
North-West region had increased child mortality risk.

Our analysis showed an overall under-five mortality
rate of 122 deaths per 1000 live births, which is similar
to a rate of 120 deaths per 1000 live births reported in
the 2016/2017 MICS report [32]. Also, the neonatal,
post-neonatal and child mortality rates in this study
(i.e., 38 deaths per 1000 live births, 29 deaths per 1000
live births, and 54 deaths per 1000 children surviving to
age one, respectively) are consistent with those reported
by MICS team (i.e., 39 deaths per 1000 live births, 31
deaths per 1000 live births, and 54 deaths per 1000
children surviving to age one, respectively). As one
would expect, our estimates are comparable with the
rates reported in the MICS report for the socioeco-
nomic differentials of age- and stage-specific childhood
mortality rates.

Consistent with existing literature from resource-
limited countries [17, 49], we found that the probability
of under-five mortality was highest during neonatal

stage, followed by post-neonatal stage, and lowest in the
toddler/preschool stage. In terms of child’s sex, our
study found higher mortality risks among male children
during neonatal and post-neonatal stages, and higher
mortality risk among female children during toddler/
pre-school stage. These findings align with reports from
previous studies [17, 49-51]. Many authors argued that
female survival in the early childhood is physiologically
related [17, 49-51]. In addition, male neonates have in-
creased risks of infections, jaundice, birth complications,
congenital malformations, and more importantly pre-
term births. According to Lawn et al. [50], the high risk
of male neonatal deaths could be explained, in part, by
the physiological fact that males’ lungs and other vital
organs develop less rapidly in-utero and within first
week of life, making them more susceptible to respira-
tory infections compared to females. In the same vein,
male pre-term children are more likely to have placental
problems and maternal history of hypertension (includ-
ing pre-eclampsia) during their pregnancies, which
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Table 7 Multivariate multilevel multinomial regression of child, maternal, household and community-level factors associated with
age-specific under-five mortality, 2016/2017 Nigeria MICS

Model 0 Model 5 (Final model)
Ref: alive
(N =18,219)
Intercept-only Neonatal mortality Post-neonatal mortality Child mortality
RRR (95%Cl) (0-27 days) (28 days-11 months) (12 months to 11 months)

RRR (95%Cl)

RRR (95%Cl)

RRR (95%Cl)

Child-level factors

Child’s sex
Male Ref. Ref. Ref.
Female 0.67 (0.55-0.81)*** 0.80 (0.65-0.98)* 1.02 (0.80-1.30)

Gestation type

Single Ref. Ref. Ref.

Multiple 5.77 (407-8.17)** 228 (1.52-3.44)*** 133 (0.70-2.53)
Previous birth interval

< 2years Ref. Ref. Ref.

First birth 1.26 (0.84-1.90) 1.82 (1.18-2.82)** 1.68 (1.07-2.63)*

2 2 years 0.38 (0.30-0.49)*** 0.57 (0.44-0.73)*** 048 (0.36-0.64)***

Maternal age at birth

< 20vyears Ref. Ref. Ref.
20-34 years 046 (0.33-0.62)*** 0.84 (0.58-1.23) 0.66 (0.44-0.99)*
2 35years 0.36 (0.24-0.55)*** 0.71 (042-1.21) 0.52 (0.30-0.93)*

Maternal-level factors

Maternal education
None/primary
Secondary
Post-secondary

Maternal wealth index

Ref.
0.85 (0.62-1.17)
1.13 (0.64-2.02)

Ref.
0.68 (0.47-0.97)*
0.74 (0.39-143)

Ref.
0.77 (0.50-1.17)
0.34 (0.12-1.03)

Poor Ref. Ref. Ref.

Middle 1.30 (0.98-1.71) 1.15 (0.85-1.57) 1.07 (0.80-1.45)

Rich 1.35 (0.94-1.93) 1.37 (0.94-2.01) 0.57 (0.35-0.92)*
Death of previous children

<3 Ref. Ref. Ref.

3-4 9.07 (6.48-12.68)*** 523 (3.71-7.37)*** 6.12 (442-847)***

25 10.01 (5.75-17.44)*** 10.52 (6.21-17.82)*** 7.78 (4.74-12.77)***
Parity

<3 Ref. Ref. Ref.

3-4 1.77 (125-2.53)*** 242 (1.57-3.73)*** 3.87 (246-6.08)***

25 1.54 (0.96-2.46) 1.76 (1.06-2.93)* 3.66 (2.18-6.17)***

Skilled birth attendants during delivery®

None Ref. Ref. Ref.

Skilled 1.39 (1.02-1.90)* 0.72 (049-1.07) 0.75 (0.50-1.12)

Unskilled 1.08 (0.81-1.45) 1.07 (0.78-147) 0.87 (0.66-1.15)
Contraceptive use

Yes Ref. Ref. Ref.

No 1.22 (0.82-1.84) 0.97 (0.58-1.60) 334 (1.27-881)*

Community-level factors
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Table 7 Multivariate multilevel multinomial regression of child, maternal, household and community-level factors associated with
age-specific under-five mortality, 2016/2017 Nigeria MICS (Continued)

Model 0
Ref: alive
(N =18,219)

Model 5 (Final model)

Intercept-only
RRR (95%Cl) (0-27 days)

RRR (95%Cl)

Neonatal mortality

Post-neonatal mortality
(28 days-11 months)
RRR (95%Cl)

Child mortality
(12 months to 11 months)
RRR (95%Cl)

Place of residence

Urban Ref.
Rural 1.08 (0.79-1.47)
Region
North-Central (NC) Ref.
North-East (NE) 0.75 (0.53-1.06)
North-West (NW) 1.07 (0.82-1.40)
South-East (SE) 045 (0.27-0.76)**
South-South (SS) 0.50 (0.32-0.79)**
South-West (SW) 1.28 (0.87-1.88)
Random effects (community-level)
Variance (SE) 0.49 (0.05) 0.30 (0.05)
95%(Cl 041,060 022,042
pCv Ref. 38.78%
MOR 1.95 1.68

Ref. Ref.

1.66 (1.13-2.45)** 1.15 (0.74-1.79)
Ref. Ref.

093 (0.64-1.34) 1.05 (0.67-1.64)
1.15 (0.86-1.54) 1.63 (1.09-241)*
0.94 (0.54-1.65) 0.85 (0.40-1.80)
0.99 (0.61-1.60) 0.57 (029-1.13)
1.00 (0.58-1.70) 0.96 (043-2.17)

***p-value< 0.001 **p-value< 0.01 *p-value< 0.05; *data available for only women with a live birth in the 2 years preceding the survey; SE Robust standard error,
RRR Relative risk ratio, C! Confidence interval, PCV Proportional change in variance, MOR Median odds ratio

might increase their risk of dying during neonatal and
post-natal stages. By contrast, male-preference, inad-
equate care, and malnutrition among females are plaus-
ible reasons for the reversal in mortality risk among
toddler/pre-schoolers [49].

Our study also highlights that mothers with secondary
education had lesser risk of post-neonatal deaths, and
wealthy mothers had lesser risk of child mortality. This
observation could be due to better health literacy and ac-
cess to financial resources. Strikingly, we did not observe
statistically significant association between post-secondary
education and mortality risk across the early childhood
developmental stages. Furthermore, this study explicates
the need for improving perinatal care in Nigeria because
of its short and long-term benefits, especially during neo-
natal stage. However, we speculate that the observed asso-
ciation between skilled birth attendants during delivery
and neonatal outcomes might be due to late presentation
of expectant mothers at health facilities, when complica-
tions might have occurred and/or progressed. Late arrival
for skilled birth deliveries could be the result of poor
health seeking behaviour or long distance to health facil-
ities. Given the complications arising from childbirth, such
newborns may die shortly after delivery. This finding may
also be indicative of sub-optimal quality of perinatal ser-
vices in Nigeria. More needs to be done to support

assisted deliveries by skilled health professional, which is
currently low in Nigeria (43%) [52]. Past studies have
suggested some of the contributing factors for poor per-
formance of healthcare workers in the resource-limited
countries [53-55]. These include burn-out due to short-
age of skilled birth attendants, lack of motivation, inad-
equate supervision, weak patient-healthcare worker
relationships, bad transportation system, and frequent
stock-out of essential drugs [53-55]. With 18.3 skilled
birth attendants per 10,000 population [56], Nigeria still
struggles to achieve the recommended United Nations’
threshold of 44.5 skilled birth attendants per 10,000 popu-
lation needed to achieve the maternal and child health
targets of SDG-3 [57]. Also, there are other potential
explanations for the association between skilled birth de-
livery and neonatal mortality risk. There is a possibility of
under-reporting under-five mortalities among mothers
with no or unskilled birth deliveries at the community
level. Alternatively, it could indicate a functioning referral
system that sends the high-risk deliveries to health facil-
ities to a greater extent. It is also important to note that
the unique relationship could be due to misclassification
of cadre of skilled health workers by uneducated mothers.
Another explanation might be iatrogenic injuries or noso-
comial infections, or poor quality of care overall that is
posing a risk of children dying.
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After controlling for other variables, our findings sug-
gest that rural residence influences mortality in post-
neonates, unlike neonates and toddlers/pre-schoolers.
Past studies [17, 19] in Nigeria have also reported that
urban residence is a protective factor for post-natal and
child mortality due to potential access to quality health-
care services. Our study further revealed that previous
child death remained the strongest determinant of sub-
sequent deaths among children (as determined with the
highest relative risk ratios). In line with a study in rural
Nepal, Gubhaju [58] asserts that death of previous chil-
dren could lead to increased parity and shorter birth in-
tervals, arising from early resumption of ovulation and
unprotected coital exposure. However, from this study,
short birth intervals have independent effect on mortal-
ity risks across the three developmental stages. Much at-
tention has been given to the effects of birth spacing on
child survival, however, the results are conflicting. Some
authors argue that short and prolonged interpregnancy
intervals are associated with increased risks of adverse
perinatal outcomes [59-61]. Furthermore, this study
identifies increased mortality risks among children of
mothers born less than 2 years apart, part of multiple
births, and had > five deliveries. Some authors [61, 62]
have opined that the detrimental effects of short previ-
ous birth intervals on childhood mortality might be due
to biological (“maternal depletion syndrome”) and be-
havioural (competition of household resources among
closely spaced siblings). Our analysis found evidence that
the adverse influence of multiple births was highest for
neonates and waned across the developmental stages.
Taken with the findings from Bangladesh [51], the dwin-
dling mortality risk for children who are part of multiple
births might be an indication of additional supports
given to mothers by the extended family members as the
children grow. Also, it has been speculated that in-
creased mortality risk among children delivered as part
of multiple gestation during neonatal and post-neonatal
stages could be partly due to prematurity, twin-to-twin
transfusion syndrome [63], and vulnerability to infection
due to low birth weight [64].

The limitations of the present study include a ten-
dency for information bias arising from maternal self-
reporting of data. There might be some recall bias/poor
memory leading to (over)under-reporting of childhood
mortality—heaping of deaths (i.e., displacement of age at
death and preference for selecting certain ages/digits
over others as interviewers fail to probe the exact timing
of deaths because of its cultural implications). However,
recall bias is unlikely to have played a major role since
we included only the live births preceding 5 years to the
survey. Due to absence of some variables in the dataset,
the data did not allow us to adjust for child nutrition,
prematurity, HIV, immunization, and birth weight.
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However, we used maternal wealth index in-lieu of food
(in)security because of its association [65]. Also, cautious
interpretations are needed because of the cross-sectional
nature of this study, which do not allow for causal infer-
ence. Nevertheless, we have reported associations be-
tween social determinants of health and age-specific
under-five mortality in Nigeria. As far as we know, no
previous published research has investigated the factors
associated with neonatal, post-neonatal, and child mor-
tality for Nigeria, using multilevel multinomial logistic
regression. By simultaneously fitting with multinomial
regression models, standard errors were reduced, unlike
separate binary logistic regression used in past studies.
Our results were further strengthened by using an ana-
lytical approach on a national representative dataset,
which allows for the findings to be generalized across
Nigeria and other settings with similar characteristics.
Further studies are needed to establish the disappear-
ance of urban advantage during the neonatal and tod-
dler/pre-school stages. Also, future investigations are
necessary to validate the association between quality of
perinatal care and childhood mortality, and mechanisms
that connect maternal-level factors with community
variation of childhood mortalities in Nigeria.

In conclusion, this study provides evidence to guide
policymakers in Nigeria on the appropriate interventions
to make child-health related Sustainable Development
Goals achievable by 2030.

The study reinforces the importance of maternal-level
factors in reducing childhood mortality. As maternal-
level factors majorly contributed to community variation
of under-five mortality in Nigeria, the government with
other stakeholders should prioritize making education
accessible for girls and in reducing economic hardships
for women. In addition, focusing on other social factors
operating at different stages of early childhood develop-
ment, such as short spacing in-between pregnancies,
teenage pregnancy, contraceptive use and urbanization,
offer potentials of improving child survival in Nigeria.
Also, community awareness and health counseling at the
health facilities should include child spacing and contra-
ceptive use. At the health facilities, healthcare workers
should be alert to the potential mortality risks among
high-risk children (especially those delivered to mothers
with previous history of child loss), and are advised to
take detailed history to screen newborns delivered to
such high-risk mothers.
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