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Summary
Background Globally, over the past two decades, many countries have significantly reduced the rate of infant mortal-
ity. Yet, in Africa, Nigeria remains one of the countries with the highest infant mortality rate (IMR).

Methods We conducted a population-level study using the 2018 Nigeria Demographic Health Survey (NDHS). A
total of 41,668 household data were analyzed retrospectively. The association between each exposure and infant
mortality was analyzed in logistic regression models (independently adjusted by demographic and socioeconomic
status variables) and confirmed by the multiple comparisons analysis.

Findings The overall IMR of 2013−2017 was 61.5 (95% CI 58.0, 65.3) per 1000 live births. In general, the North-
West and North-East regions had the highest IMR, whereas the South-West, South-East and South-South regions
had the lowest IMR. The regression analysis found women who delivered their babies at the age <=18 years old
(odds ratio (OR): 1.37 [1.17, 1.62]), had religion of Islam (OR: 1.35 [1.10, 1.65]), no ANC visit (OR: 1.69 [1.21, 2.35]), >4
ANC visits (OR: 1.70 [1.23, 2.34]), ANC not at home or skilled provider (0.40 [0.35, 0.46]) and the babies as the first
child (OR: 1.23 [1.07, 1.42]) to be associated with higher IMR.

Interpretation Our findings imply that Nigeria is not on track to achieving the SDG target of reducing child mortal-
ity by 2030. Sustainable interventions are urgently needed to address the challenges for women of reproductive age,
particularly those that are living in the rural areas and Northern regions, having limited/no access to health care/
skilled providers, and delivered their first child.
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Introduction
Infant mortality (IM) is the death of an infant before his
or her first birthday.1 Infant mortality rate (IMR) is a
key indicator of the overall health of a society and is
essential for social and economic development.1,2 In the
National Demographic Health Survey (NDHS), IMR of
each year was calculated as the number of infant deaths
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among the total number of alive-born children in the
year.

In the past two decades, many countries have
achieved significant improvements in reducing IM.
According to the UN 2018 mortality report, IMR
declined by 51% between 2000 and 2017.2 Despite this
progress, wide disparities exist between low-income
and high-income countries—76 deaths per 1000 live
births and 7 deaths per 1000 live births respectively.3

Nigeria reported 72 deaths per 1000 live births among
infants in 2020 with disparities across its regions and
geopolitical zones.4 Nigeria has worse IMR compared
1

http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:mshobiye@mgh.harvard.edu
https://doi.org/10.1016/j.eclinm.2022.101622
https://doi.org/10.1016/j.eclinm.2022.101622


Research in context

Evidence before this study

Nigeria is one of countries with the highest infant
mortality rate in Africa; however, little is known about
the social determinants of the women that contribute
to the high mortality rate. The 2018 Nigeria Demo-
graphic Health Survey (NDHS) surveyed a total of
41,668 households, which provides an opportunity to
conduct a range of statistical analyses to understand
the risk factors associated with infant mortality in the
country.

Added value of this study

North-West and North-East regions of Nigeria had the
highest number of infant deaths compared to the
Southern regions. Demographic and socioeconomic fac-
tors associated with a higher infant mortality rate were
women who delivered their babies at a younger age
(i.e., <18 years old) live(d) in rural areas, have limited
access to health care, or skilled healthcare providers,
and delivered their first child.

Implications of all the available evidence

High infant mortality rate in Nigeria indicates that effec-
tive and sustainable interventions are still needed to
reduce the challenges and burden from infant mortality
for women of reproductive age. This may require the
provision of targeted, customized, and localized inter-
ventions, particularly for younger women living in the
Northern regions, with limited or no access to health
care/skilled providers. Further research should investi-
gate the impact of such interventions and how they can
be scaled across the country to reduce the rate of infant
mortality.
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with neighboring West African countries such as
Benin, Cameroon, Togo and Ghana, with 57, 48, 44
and 33 deaths per 1000 live births, respectively.4,5 The
rate makes Nigeria one of the countries with the high-
est IMR rate in Africa.

Studies show that there are several determinants of
IM in Nigeria. In 2010, low birth weight was
highlighted as the most common cause of IM account-
ing for 25% of IM.6 The study also identified lack of
delivery attendants, home delivery and traditional birth
attendants as predictors of IM in Nigeria. This is sup-
ported by Samantha Slinkard et al., 2018 who reported
lack of access to Antenatal care (ANC) or delayed ANC
initiation as an important risk factor for increased IM.7

According to the 2013 NDHS report, 34% of women did
not receive ANC and only 18% of those who received
ANC did so in the first trimester. Some factors are asso-
ciated with this high IMR in Nigeria, such as age of
mother, socioeconomic status and region which
contribute to the impact of ANC initiation. Other factors
highlighted include place of residence, child’s sex, skill
of birth attendant, delivery by caesarean operation, birth
order, birth interval, maternal education, maternal age,
and wealth index.7−10

Meanwhile, Nigeria has implemented several inter-
ventions and policies to improve IMR. An example is
the Nigeria Midwives Service Scheme (MSS), a public
sector collaborative initiative established in December
2009 by the National Primary Health Care Develop-
ment Agency (NPHCDA).11,12 However, despite these
interventions and policies, IMR in Nigeria remains
high—the 4th highest in Sub-Saharan Africa as of
2020.4,13,14

As Nigeria continues to grapple with the burden of
infant mortality, child survival remains an urgent con-
cern. Often, the mortality is related to the antenatal con-
dition of the women—such as pregnancy hypertension,
preeclampsia, and anemia—that may complicate pre-
term births and affect the survival of the baby. These
antenatal conditions mentioned above emphasizes the
need to address social determinants of IM in the coun-
try. Addressing these factors would therefore require a
strong design and implementation of targeted, innova-
tive, and sustainable health interventions. For this
study, the data from the 2018 Nigeria Demographic and
Health Survey will be used to demonstrate the up-to-
date epidemiological statistics including the trend in
IMR in Nigeria. It will also be used to determine factors
associated with IM, in the most recent five years—to
understand the changes that might have occurred over
the years, which would have impacted the rate of IM.
Findings from the study would be useful to public
health researchers and policy makers in updating,
reviewing, and designing intervention strategies aimed
at reducing infant mortality in Nigeria.
Methods

Nigeria demographic and health survey (NDHS)
Nigeria Demographic and Health Survey (NDHS) 2018
is the most up-to-date demographic and health informa-
tion on the Nigerian population. It is supported by the
National Population Commission (NPC) and the
National Malaria Elimination Program (NMEP) of the
Federal Ministry of Health, Nigeria. In the 2018 NDHS,
a total of 41,668 households were surveyed retrospec-
tively in the year of 2018 (from 14 August to 29 Decem-
ber) with a response rate of 99%.15 The sample was
selected using a stratified, two-stage cluster design: the
first stage was to select enumeration areas (EAs) as the
sampling units; based on each of the 1400 EAs selected,
the second stage was a complete listing of households
that targeted men and women aged 15−59 and 15−49,
respectively, and that were selected randomly for survey.
www.thelancet.com Vol 51 September, 2022
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The survey was conducted using computer-assisted per-
sonal interviewing (CAPI).15
Participants, study size
In NDHS, IMR is defined as the number of deaths
among the number of alive-born children at ages 0 to 11
months; the deaths include those reported at age 0 but
does not include stillbirth. Given the definition of IM,
we only included children born at least a year prior to
the interview date; therefore, 31,775 children born
between 2013 and 2017 were included. Sample weights
in descriptive statistics and data analyses were applied
to adjust for the over- and under-sampling. According
to the DHS, the individual weight for both women and
children (variable: v005) is the household weight (vari-
able: hv005) multiplied by the inverse of the individual
response rate for women in the stratum. In this man-
ner, the weighted total number of live births are 32,003
in 2013−2017 (2013: 6489; 2014: 6825; 2015: 6752;
2016: 6434; 2017: 5503). Detailed theory and process of
sampling and weighting in DHS can be found on these
websites: https://dhsprogram.com/publications/publica
tion-dhsg1-dhs-questionnaires-and-manuals.cfm;
https://dhsprogram.com/Data/Guide-to-DHS-Statis
tics/Early_Childhood_Mortality.htm.
Variables
The overall participants’ characteristics in 2013−2017
were analyzed prior to further analysis of the survey
data. Participants’ characteristics include the region
(North-Central, North-East, North-West, South-East,
South-South and South-West), sex of child (male or
female), mother's age (≤18, 19−35 or ≥36), rurality
(rural or urban), mother’s religion (Christian, Islam or
Traditionalism), ethnicity (Igbo, Hausa, Yoruba or
other), wealth index (poorest, poorer, middle, richer or
richest), mother's education level (no education, pri-
mary, secondary or higher educations), insurance cover-
age (yes or no), place of delivery (skilled provider, home
or other), number of antenatal care (ANC) visit (no visit,
1 to 3, 4, ≥5), place of ANC (skilled provider/home or
other), caesarean section (c-section; yes or no), first child
(yes or no) and low birth weight (yes or no; defined as
<2500 g). Also, the geospatial distribution of the overall
IMR of all years (2013−2017) was mapped across each
state of the country. In addition, a line chart was used to
show the trend of IMR in Nigeria and by Nigeria’s
region. To develop the map and line chart, we used soft-
ware QGIS (Desktop 3.12.2 version) and RStudio 1.1.423
(RStudio, PBC, Boston, MA). Specific to the IMR in
Nigeria, we used time series analysis to present the
trend, addressing potential instability due to low sample
size over the year. In the line chart, we also present the
trend of IMRs globally and in Africa, as the comparison
of IMR in Nigeria. The global and African aggregated
www.thelancet.com Vol 51 September, 2022
data of the mortality rate under one year old were
directly obtained from the Global Health Data Exchange of
the Global Burden of Disease (GBD) Study (open-access
resource to the public: http://ghdx.healthdata.org).16
Ethics statement
The study is a secondary analysis based on an approved
and established program—the Demographic and
Health Survey (DHS). We obtained approval to use the
data from the DHS repository, including for this publi-
cation. All data were obtained from the 2018 Nigeria
Demographic and Health Survey. With no identifiable
information of respondents, additional ethical approval
was not required for the data access. More information
about the ethics approval process for DHS can be found
here: https://dhsprogram.com/Methodology/Protect
ing-the-Privacy-of-DHS-Survey-Respondents.cfm.
Statistical analysis
We investigated the risk factors of IM for all the com-
bined years and for each single year separately. The expo-
sure is each of the 15 characteristics described above; the
outcome is infant mortality (yes or no for each observa-
tion). The association between each exposure and IM
was analyzed in each of the logistic regression models,
independently adjusted by demographic variables includ-
ing year (only used for all years but not for each year), sex
of child, region, rurality, religion, ethnicity (model 1), and
socioeconomic variables including wealth index and
mother’s education (model 2), and both the demographic
and socioeconomic variables (model 3). Among the expo-
sures, low birth weight was only analysed based on all
years rather than each year due to the limited sample
size with a large amount of missing data. The corre-
sponding variable for adjustment was removed if the
same variable was used as exposure. In addition, we also
applied model 1 only to analyze the associations of wealth
index, mother’s education, insurance status and rurality
with infant mortality, because these four factors are
strongly correlated and could have an intersected impact
on the IM outcome. Considering that many (a total of 15)
exposures were investigated, and the results might be sig-
nificant by chance, we applied multiple comparisons
analysis to further confirm the significant results from
the logistic regression models. The confirmation was
considered when the p value from the logistic regression
was less than the value of 0.05 divided by the number of
the exposures, which is 0.003 (0.003 = 0.05/15). Data
management and statistical analyses were conducted
using Stata SE 15.
Role of the funding source
The authors received no financial support for the
research, authorship, or publication of this article.
Therefore, there is no role of funding source.
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Results

Infant mortality
The details of IMR by population characteristics are pre-
sented in Table 1. The overall IMR from 2013 to 2017
was 61.5 (95% CI 58.0, 65.3) per 1000 live births. In
each year (from 2013 to 2016), the rate was 50.1 (44.0,
56.9), 60.1 (53.8, 67.1), 68.5 (61.5, 76.3) and 68¢6 (61.2,
76.9) per 1000 live births, respectively, as a whole indi-
cating an increasing trend; while in 2017, the rate
decreased to 59.9 (52.1, 68.9) per 1000 live births
(Figure 1). Nigeria’s IMR was far higher than the aver-
age of IMR worldwide and was also higher compared to
IMR of Africa in 2014−2017 (Supplemental Figure 1).
The details of the number of infant births and deaths by
population characteristics are documented in Supple-
mental Table 1.

By population’s characteristics at the regional level,
the North-West and North-East regions had the highest
IMRs of 75.0 (68.1, 82.6) and 67.2 (59.8, 75.3) per 1000
live births respectively between 2013 and 2017; the
South-West, South-East and South-South regions had
lower IMRs of 42.6 (34.4, 52.6), 44.2 (37.5, 52.2) and
45.0 (36.3, 55¢6) per 1000 live births, respectively
between 2013 and 2017 (Table 1). In the five-year period,
the disparity in IMR by region was more evident in
2015, 2016 and 2017 (Table 1, Supplemental Figure 1).
Disparities also existed as seen from the results of the
mothers’ age, rurality, religion, ethnicity, education
level, wealth index, place of delivery, number of ANC
visits, and ANC at home or skilled provider. Specifically,
we point out that the high IMR was among mothers
aged ≤ 18 years old, with 86.5 (75.0, 99.6) per 1000 live
births between 2013 and 2017 (Table 1).

Figure 2 further shows the regional disparity of IM
by state in Nigeria between 2013 and 2017. A higher
IMR was more apparent in the Northern part of Nigeria
compared to the Southern part. Specifically, Kebbi in
the North-West region, Gombe and Sokoto in the
North-East region had the highest IMR, of 104.9 (89.0,
123.3), 100.3 (67.8, 145.9) and 102.9 (80.6, 130.5) per
1000 live births, respectively; Bayelsa in the South-
South region and Ogun in the South-West region had
the lowest IMR, of 19.0 (10.8, 33.3) and 21.7 (12.0, 39.1)
per 1000 live births, respectively. The IMR of each
region from 2013 to 2017 discrete years are presented in
Supplemental Table 2.
Risk factors for infant mortality
In Table 2, we summarize selected results of model 3
(adjusted for demographic and socio-economic varia-
bles) indicating risk factors for IM in NDHS data; all
detailed results of three models can be found in Supple-
mental Table 3. According to the logistic regression,
results of 2013−2017 data indicated that risk factors of
the IMR were: male children (odds ratio (OR) in female:
0.84 [95% CI 0.74, 0.95]), mother aged ≤18 years old
(OR: 1.37 [1.17, 1.62]), mother aged ≥36 years old (OR:
1.18 [1.01, 1.37]), religion of Islam (OR: 1.35 [1.10, 1.65]),
no ANC visit (OR: 1.69 [1.21, 2.35]), 1-3 ANC visits (OR:
1.53 [1.04, 2.26]), >4 ANC visits (OR: 1.70 [1.23, 2.34]),
ANC not at home or skilled provider (OR of ANC at
home or skilled provider: 0.40 [0.35, 0.46]), C-section
(OR: 1.83 [1.18, 2.84]), and first child (OR: 1.23 [1.07,
1.42]). The multiple comparisons analysis further con-
firmed the associations of IM with mother aged
≤18 years old, religion of Islam, no ANC visit, >4 ANC
visits, ANC not at home or skilled provider, and first
child.

In each of 2013−2017, results were still statistically
significant for ANC at home or skilled provider, regard-
less of the model. The significant association results
indicated by the logistic regression and confirmed by
the multiple comparisons analysis were found in: rural-
ity in 2013 (OR: 1.66 [1.25, 2.21]), Islam in 2015 (OR:
2.07 [1.32, 3.27]) and 2016 (OR: 1.83 [1.21, 2.78]), no
ANC visit in 2017 (OR: 2.42 [1.37, 4.29]), ANC at home
or skilled provider in 2015 (OR: 0.53 ([0.40, 0.70]), 2016
(OR: 0.26 [0.20, 0.34]) and 2017 (OR: 0.36 [0.26,
0.49]), and the first child in 2014 (OR: 1.63 [1.24, 2.14])
(Table 2).
Discussion
This study used the 2018 NDHS dataset to understand
the epidemiological statistics of IMR and its risk factors
in Nigeria, for the years of 2013−2017. The results show
that IMR in Nigeria increased from 50.1 per 1000 live
births in 2013 to 59.9 per 1000 live births in 2017 with
aggregate figure of 61.5 per 1000 live births over the
five-year period.15 This rate reinforces Nigeria’s rank as
one of the leading countries with infant mortality.17

At the regional level, our findings show that between
2013 and 2017, the IMR increased for all regions except
for the North-East and South-South. Nevertheless, the
Northern regions continue to bear the highest burden
of infant mortality, particularly the North-West with the
highest mortality rate of 77.0 per 1000 live births in
2017. The Northern part of the country is rife with pov-
erty, poor access to antenatal care and insecurity that
may prevent access to quality maternal healthcare serv-
ices. With regards to the determinants of infant mortal-
ity, we observed that at the individual level, the gender
of the child, birth order, and the mother’s age are risk
factors for infant mortality. As our findings show, male
infants are more likely to experience death relative to
female infants. This result is consistent with findings
from other studies using the NDHS dataset from prior
years.8,18,19 In addition, children born to women having
their first birth are more likely to experience mortality
relative to children born to women who have had more
than one birth. Lastly, children born to women aged
less than 18 and greater than 35 years are at a higher
www.thelancet.com Vol 51 September, 2022



Characteristics 2013 2014 Change (%) 2015 Change (%) 2016 Change (%) 2017 Change (%) 2013-2017
Infant
mortality rate
(N=6489)

Infant
mortality rate
(N=6825)

Infant
mortality rate
(N=6752)

Infant
mortality rate
(N=6434)

Infant
mortality rate
(N=5503)

Infant
mortality rate
(N=32,003)

Total 50.1 60.1 20% 68.5 14% 68.6 0% 59.9 �12.7% 61.5
(44.0, 56.9) (53.8, 67.1) (1%, 39%) (61.5, 76.3) (�3%, 31%) (61.2, 76.9) (�15%, 16%) (52.1, 68.9) (�27%, 2%) (58.0, 65.3)

Region
North central 42.2 56.6 34% 73.2 29% 58.6 �20% 60.3 3% 58.3

(30.7, 57.7) (43.8, 72.9) (�21%, 89%) (56.1, 94.9) (�22%, 80%) (45.3, 75.6) (�49%, 9%) (43.7, 82.6) (�42%, 48%) (51.4, 66.0)
North-East 59.8 58.6 �2% 81.6 39% 78.3 �4% 56.6 �28% 67.2

(46.5, 76.5) (47.0, 72.9) (�36%, 32%) (67.4, 98.4) (�3%, 81%) (61.9, 98.5) (�30%, 22%) (43.8, 72.8) (�52%, �4%) (59.8, 75.3)
North-WestNorth-West 61.9 68.1 10% 78.7 16% 90.3 15% 77 �15% 75

(50.4, 75.7) (56.4, 81.9) (�16%, 36%) (65.8, 93.8) (�9%, 40%) (76.0, 107.0) (�14%, 44%) (61.0, 96.8) (�37%, 7%) (68.1, 82.6)
South-East 39.7 65.9 66% 40.1 �39% 31 �23% 46.6 50% 44.2

(28.7, 54.5) (49.7, 87.1) (�3%, 136%) (28.1, 57.0) (�66%, �12%) (19.5, 48.9) (�67%, 22%) (32.5, 66.2) (�32%, 133%) (37.5, 52.2)
South-South 36.3 68.3 88% 44.6 �35% 40.6 �9% 33.8 �17% 45

(22.0, 59.2) (44.6, 103.3) (�33%, 209%) (28.5, 69.2) (�75%, 5%) (27.0, 60.5) (�59%, 41%) (19.6, 57.8) (�63%, 29%) (36.3, 55.6)
South-WestSouth-West 29.7 33.7 14% 53.5 59% 52.5 �2% 44.7 �15% 42.6

(16.2, 53.6) (22.1, 51.2) (�73%, 100%) (34.9, 81.3) (�43%, 160%) (35.8, 76.5) (�58%, 55%) (29.6, 67.0) (�64%, 34%) (34.4, 52.6)
Sex of child
Male 52.2 66.7 28% 76.4 15% 72.2 �5% 62.8 �13% 66.3

(44.1, 61.7) (57.6, 77.0) (�1%, 56%) (66.0, 88.3) (�9%, 38%) (62.6, 83.1) (�24%, 13%) (52.6, 74.8) (�33%, 7%) (61.5, 71.4)
Female 47.9 53.3 11% 60.4 13% 64.8 7% 56.7 �13% 56.6

(40.0, 57.3) (45.3, 62.7) (�13%, 36%) (51.9, 70.3) (�10%, 37%) (54.0, 77.7) (�18%, 33%) (45.1, 71.1) (�33%, 7%) (51.6, 62.0)
Mother's age
<=18 78.4 88.7 13% 94.2 6% 76.7 �19% 97.4 27% 86.5

(57.4, 106.3) (66.0, 118.1) NA (71.2, 123.6) NA (58.3, 100.4) NA (65.2, 142.9) NA (75.0, 99.6)
19-35 45.3 56.2 24% 64.9 16% 66.5 2% 52.2 �21% 57.2

(38.8, 52.9) (49.5, 63.8) (0%, 48%) (57.2, 73.6) (�4%, 35%) (57.8, 76.4) (�17%, 22%) (44.5, 61.2) (�37%, �6%) (53.4, 61.2)
>=36 57.2 60.4 6% 68.7 14% 74.8 9% 80.4 7% 68.4

(41.4, 78.6) (44.0, 82.3) (�42%, 54%) (50.9, 92.1) (�36%, 64%) (57.7, 96.5) (�34%, 52%) (60.6, 105.9) (�33%, 48%) (60.2, 77.6)
Rurality
Urban 34.1 55.7 63% 55.9 0% 56.5 1% 54.6 �3% 51.2

(26.5, 43.7) (45.7, 67.6) (12%, 115%) (45.2, 69.1) (�28%, 29%) (46.8, 67.9) (�27%, 29%) (43.0, 69.0) (�32%, 25%) (46.1, 56.8)
Rural 60.7 62.9 4% 76.2 21% 76.4 0% 63.2 �17% 68.1

(52.3, 70.4) (55.0, 71.8) (�15%, 22%) (67.3, 86.2) (1%, 41%) (66.3, 87.9) (�18%, 19%) (53.2, 75.0) (�34%, �1%) (63.3, 73.1)
Religion
Christian 35.8 59.4 66% 44.2 �26% 39.8 �10% 47.3 19% 45.1

(28.2, 45.2) (49.1, 71.6) NA (35.8, 54.5) NA (32.0, 49.4) NA (38.3, 58.4) NA (40.9, 49.7)
Islam 59 60.5 2% 81.7 35% 85.6 5% 67 �22% 70.8

(50.6, 68.8) (52.7, 69.4) NA (71.9, 92.7) NA (75.2, 97.3) NA (56.2, 79.7) NA (65.9, 76.1)
Traditionalism 31.8 112.5 254% 91.3 �19% 80.2 �12% 71.2 �11% 70.6

(9.2, 103.6) (42.0, 268.3) NA (37.4, 206.4) NA (17.4, 299.8) NA (16.6, 258.5) NA (40.0, 121.7)
Ethnicity
Igbo 40.3 60.3 49% 51.5 �15% 43.8 �15% 39.9 �9% 47.2

(30.3, 53.6) (45.3, 79.8) NA (39.0, 67.7) NA (31.8, 60.2) NA (28.8, 55.0) NA (41.2, 53.9)

Table 1 (Continued) A
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Characteristics 2013 2014 Change (%) 2015 Change (%) 2016 Change (%) 2017 Change (%) 2013-2017
Infant
mortality rate
(N=6489)

Infant
mortality rate
(N=6825)

Infant
mortality rate
(N=6752)

Infant
mortality rate
(N=6434)

Infant
mortality rate
(N=5503)

Infant
mortality rate
(N=32,003)

Hausa 60.6 65.5 8% 79.4 21% 83.1 5% 74.7 �10% 72.6
(51.1, 71.8) (56.3, 76.0) NA (68.6, 91.7) NA (71.6, 96.2) NA (61.7, 90.0) NA (67.0, 78.7)

Yoruba 30.2 37.5 24% 44.9 20% 53.1 18% 39.7 �25% 40.9
(16.2, 55.6) (25.1, 55.7) NA (26.1, 76.2) NA (35.3, 79.1) NA (25.3, 61.8) NA (32.1, 52.0)

Other 43.9 58.5 33% 65.9 13% 60.6 -8% 51.9 �14% 56.5
(34.5, 55.7) (46.5, 73.3) NA (54.2, 80.0) NA (49.1, 74.7) NA (39.8, 67.5) NA (50.8, 62.7)

Mother's education
No education 62.8 64.6 3% 82.2 27% 91.7 12% 70.5 �23% 74.3

(53.4, 73.7) (55.1, 75.6) NA (71.9, 93.9) NA (78.8, 106.6) NA (57.6, 86.1) NA (68.3, 80.7)
Primary education 44.1 64.3 46% 66 3% 49 �26% 66.2 35% 57.7

(32.5, 59.4) (50.4, 81.6) (�9%, 100%) (49.6, 87.4) (�36%, 42%) (37.1, 64.4) (�55%, 4%) (48.7, 89.3) (�21%, 91%) (50.7, 65.5)
Secondary education 40.9 54.7 34% 47.8 �13% 52.3 9% 41.7 �20% 47.6

(31.1, 53.7) (44.2, 67.5) (�14%, 81%) (38.2, 59.7) (�40%, 14%) (41.9, 65.1) (�24%, 43%) (31.6, 54.9) (�46%, 6%) (42.8, 52.9)
Higher education 17.7 42 137% 67.6 61% 38.7 �43% 59.4 53% 44.9

(9.6, 32.2) (25.9, 67.3) NA (42.8, 105.1) NA (24.0, 61.7) NA (37.4, 93.1) NA (35.1, 57.4)
Wealth index
Poorest 68.5 68.3 0% 82.5 21% 103.4 25% 56.3 �46% 76.3

(54.4, 86.0) (56.1, 82.8) NA (67.5, 100.5) NA (86.9, 122.6) NA (42.9, 73.6) NA (68.3, 85.0)
Poorer 59.8 71.2 19% 79.6 12% 69.7 �12% 75.1 8% 71

(46.9, 75.9) (56.5, 89.3) NA (66.6, 94.8) NA (54.2, 89.1) NA (59.7, 94.1) NA (63.0, 79.9)
Middle 50.8 59.6 17% 72.1 21% 55.1 �24% 59.1 7% 59.6

(39.3, 65.5) (46.9, 75.4) NA (57.1, 90.6) NA (42.5, 71.1) NA (44.1, 78.7) NA (53.0, 66.9)
Richer 41.2 48.6 18% 51.4 6% 55.8 9% 60 7% 51.1

(28.5, 59.2) (37.1, 63.3) NA (37.9, 69.3) NA (41.0, 75.6) NA (43.0, 83.1) NA (43.7, 59.6)
Richest 20.6 45.9 123% 46 0% 50.9 11% 44.7 �12% 41.5

(13.3, 31.8) (31.7, 66.0) NA (31.2, 67.3) NA (35.8, 71.9) NA (30.0, 66.0) NA (34.6, 49.7)
Covered by insurance
No 49.7 61 23% 69 13% 69.4 1% 60.3 �13% 62

(43.7, 56.5) (54.5, 68.1) (3%, 43%) (61.9, 76.9) (�3%, 30%) (62.0, 77.6) (�15%, 16%) (52.3, 69.3) (�27%, 1%) (58.4, 65.7)
Yes 64.7 21.9 �66% 45.5 108% 37.2 �18% 42.4 14% 42.3

(33.1, 122.5) (7.5, 62.1) NA (19.7, 101.5) NA (12.0, 109.4) NA (14.6, 117.1) NA (27.4, 64.7)
Place of delivery
Home 42.6 65.5 54% 76.9 17% 78.1 2% 62.1 �20% 70.2

NA (56.9, 75.3) (�13%, 121%) (67¢6, 87.3) (�2%, 37%) (67.6, 90.1) (�18%, 21%) (52.7, 73.2) (�37%, �4%) (64.9, 75.9)
Skilled provider 26.6 53 100% 56.1 6% 56.1 0% 55.8 �1% 54

NA (44.2, 63.5) (�18%, 217%) (45.6, 68.8) (�24%, 36%) (46.8, 67.1) �27%, 27%) (44.6, 69.5) (�28%, 27%) (48.7, 59.9)
Other 27.6 15.9 �42% 43.9 177% 28 �36% 76.7 174% 41.1

NA (4.9, 49.7) NA (16.3, 112.8) NA (8.2, 90.9) NA (33.8, 164.8) NA (23.4, 71.1)
# of ANC visit
No visit 47.5 35.3 �26% 45 28% 47.4 5% 61.2 29% 50.9

NA (21.1, 58.5) NA (30.2, 66.7) NA (35.5, 63.1) NA (48.5, 77.1) NA (43.7, 59.3)

Table 1 (Continued)
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Characteristics 2013 2014 Change (%) 2015 Change (%) 2016 Change (%) 2017 Change (%) 2013-2017
Infant
mortality rate
(N=6489)

Infant
mortality rate
(N=6825)

Infant
mortality rate
(N=6752)

Infant
mortality rate
(N=6434)

Infant
mortality rate
(N=5503)

Infant
mortality rate
(N=32,003)

1-3 visits 0 44.7 �96% 46.7 4% 34.4 �26% 51.6 50% 43.4
NA (19.8, 97.9) NA (26.6, 80.7) NA (23.9, 49.1) NA (36.5, 72.5) NA (34.4, 54.7)

4 visits 0 36.1 �96% 34.9 �3% 22.3 �36% 26.5 19% 27.4
NA (18.9, 67.9) NA (19.3, 62.4) NA (12.6, 39.0) NA (16.7, 41.6) NA (21.0, 35.8)

>4 visits 12.9 31.3 143% 38.4 23% 32.2 �16% 44.2 37% 36.9
NA (21.0, 46.5) (�206%, 491%) (27.9, 52.8) (�40%, 85%) (24.8, 41.6) (�51%, 18%) (35.0, 55.6) (�12%, 86%) (32.1, 42.4)

ANC at home or skilled provider
No 51.3 66.1 29% 81.4 23% 115.3 42% 103.7 �10% 74.8

(45.1, 58.3) (58.7, 74.4) (8%, 50%) (72.6, 91.1) (4%, 42%) (101.0, 131.4) (17%, 66%) (87.2, 123.0) (�29%, 8%) (70.0, 79.9)
Yes 9.2 37.6 308% 39.2 4% 30.8 �21% 42.3 37% 36.9

(2.3, 36.1) (27.6, 51.0) (�272%, 888%) (30.5, 50.1) (�37%, 46%) (25.4, 37.3) (�46%, 4%) (35.3, 50.7) (0%, 75%) (33.2, 41.0)
C-section
No 33.5 60.5 80% 68.9 14% 68.6 0% 57.6 �16% 63.1

NA (54.0, 67.6) (17%, 144%) (61.7, 76.9) (�3%, 31%) (61.1, 77.1) (�16%, 15%) (50.3, 66.0) (�30%, �2%) (59.2, 67.3)
Yes 71.2 51 �28% 56.1 10% 75.2 34% 147.8 97% 80.5

NA (25.4, 99.7) NA (26.6, 114.3) NA (41.2, 133.4) NA (76.6, 266.3) NA (55.7, 115.0)
First child
No 50.0 55.0 10% 64.8 18% 72.2 11% 58.6 �19% 60.2

(43.3, 57.7) (48.8, 62.1) (�10%, 30%) (57.4, 73.2) (�1%, 37%) (64.4, 80.9) (�6%, 29%) (50.8, 67.5) (�34%, �4%) (56.5, 64.1)
Yes 50.3 79.1 57% 83.0 5% 53.2 �36% 65.4 23% 66.7

(38.3, 65.6) (63.4, 98.2) (6%, 109%) (66.6, 103.0) (�27%, 37%) (38.8, 72.5) (�61%, �11%) (48.1, 88.4) (�21%, 67%) (59.1, 75.2)
Low birth weight
No NA NA NA NA NA NA NA NA NA 25.5

(21.3, 30.6)
Yes NA NA NA NA NA NA NA NA NA 37.3

(21.9, 31.1)

Table 1: Infant mortality by population characteristics in 2013−2017 (per 1000 births).
ANC: Antenatal care; C-section: Caesarean section; NA: Not applicable.

Note: Due to the small sample size or large variation, confidence intervals cannot be calculated in which “not applicable (NA)” is marked.
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Figure 1. Trend of infant mortality rate from 2013 to 2017. Blue and red lines represent the calculated and predicted infant mor-
tality rates, respectively, in years from 2013 to 2017. Each data point on lines is the point estimate and its 95% confidence interval
for infant mortality rate in each month.
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risk of experiencing death relative to children born to
women aged 19 to 35.

At the demographic level, we observed that rurality
and religion are risk factors for infant mortality. Chil-
dren born to women living in the rural areas relative to
urban areas are more likely to experience death as
infants. Living in rural areas could be associated with
higher levels of poverty and dearth of quality health
services to prevent infant mortality. This pattern has
been documented severally in the literature.18,19 In addi-
tion, our findings show that children born to women
who reported Islam as a religion were more likely to
experience death as infants. This association may have
nothing to do with Islamic practice but could be because
of the prevalence of high mortality rate in the North,
where Islamic religion is more predominant.

At the level of healthcare delivery, the number of
ANC visits, type of delivery, and location of ANC visits
are risk factors for infant mortality. With regards to the
number of ANC visits, our findings show that children
born to women who had less than the recommended
ANC visits of 4 were more likely to experience death rel-
ative to women who went for the recommended visits.
ANC visit is a strong predictor of health facility delivery
by a skilled health professional and postnatal care utili-
zation.20 Thus, ensuring that pregnant women have
access to timely ANC services is crucial to reducing
infant mortality. However, we also observed that chil-
dren born to women who went for more than the rec-
ommended ANC visits of 4 were more likely to
experience death. The mechanism for this result is
unclear since high ANC visits should correlate with bet-
ter health outcomes. Our hypothesis is that there might
be some health-related conditions among the women or
their babies so that they have to visit ANC more than
the recommended time. However, the type and quality
of services received during the visit is not known and
may influence the outcome of care for the infants.

Furthermore, children born to women who received
C-section during delivery were more likely to experience
death as infants relative to children born to women who
did not deliver through C-section. The higher likelihood
of death for infants born through C-section could be
due to the complexity of the procedure, category of the
c-section (primary or repeat) and the lack of a quality
skilled health provider to oversee the process and
address any complications that may arise during child
delivery. In fact, many studies have documented the
association between C-section and infant mortality.7,18

Finally, the location of ANC visits is extremely cru-
cial. Children born to women who received ANC at
home or from a skilled provider were more likely not to
experience death relative to children born to women
who did not receive ANC at home or from a skilled pro-
vider. The place where ANC is received is important,
particularly when it is delivered by an untrained person,
who may not be able to recognize signs of complications
and provide necessary guidance on how to receive
timely and quality care. In Nigeria, particularly in the
rural areas, there is a prevalence of cultural practices
that promotes the use of traditional birth attendants
during pregnancy and delivery. Studies have shown that
care received at this level and through such personnel is
more likely to be suboptimal and lack the clinical com-
ponents necessary for a good-quality care.21,22

With regards to reducing the high IMR, Nigeria has
implemented several interventions and policies to
improve infant mortality. An example is the Nigeria
Midwives Service Scheme (MSS), a public sector collab-
orative initiative established in December 2009 by the
National Primary Health Care Development Agency
(NPHCDA). The goal of MSS was to facilitate an
www.thelancet.com Vol 51 September, 2022



Figure 2. Infant mortality rate of 2013 to 2017 by the state of Nigeria. Categorized symbolism was used to represent the rate of
infant mortality in each state: whereby the lighter the color ramp, the lower the rate of infant mortality (20 per 1,000 live births) and
the darker the color ramp, the higher the rate of infant mortality (100 per 1000 live births).
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increase in the coverage of skilled Birth Attendance
(SBA) to reduce maternal, newborn and child mortality
in rural, underserved areas in Nigeria by December
2015. MSS was implemented by deploying midwives,
including newly qualified, unemployed, and retired
midwives to selected primary health care (PHC) facili-
ties in rural communities equipping clinics to provide
basic emergency obstetric care. The first phase of the
initiative took place in 652 PHC facilities across the 36
states in Nigeria with over 10 million people served.
Based on our results, however, the persistent high IMR
means that Nigeria is not on track to achieving the SDG
target of reducing child mortality by 2030 despite inter-
ventions and policies like the MSS. The Nigerian gov-
ernment would need to fully evaluate the design and
impact of all old and current policies, learn from them,
and use the findings to re-create context-specific inter-
ventions that would help mitigate the high prevalence
of infant mortality in the country.

A recent comparison study linked the socioeconomic
inequalities in the North with the high prevalence of
IMR in the region.23 The government must continue to
www.thelancet.com Vol 51 September, 2022
work intentionally and collaboratively with the private
sector, international donors, healthcare providers and
community actors to prioritize maternal and childcare
interventions in the North if it hopes to reverse the
increasing infant mortality trend in the country. Evi-
dence abounds in the literature linking children of
younger mothers to having poorer health outcomes
including mortality.24−26 Studies have also shown the
association between older maternal age and adverse
birth and child outcomes.27,28 Having children born to
both younger and elderly women at higher risk of infant
mortality means that interventions to reduce child mor-
tality must be targeted to address the entire spectrum of
a woman’s reproductive period.

According to our results and the previous evidence,
specifically, some interventions for improving the moth-
ers’ condition need to be considered. Such as improving
antenatal to postnatal care across regions to ensure a
healthy pregnancy, labor, and delivery for both the
mother and the infant; evaluating the delivery method
procedures in cases such as c-section, to avoid prevent-
able complications during child delivery that could lead
9



Characteristics 2013 2014 2015 2016 2017 2013-2017
OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI)

Region

North central 1.00 1.00 1.00 1.00 1.00 1.00

South-East 0.96 (0.46, 1.99) 1.36 (0.60, 3.08) 0.47 (0.22, 1.00)a 0.41 (0.19, 0.88)a 1.22 (0.49, 3.05) 0.77 (0.53, 1.12)

Sex of child: female 0.92 (0.72, 1.17) 0.79 (0.63, 1.00)a 0.78 (0.63, 0.98)a 0.90 (0.71, 1.15) 0.90 (0.66, 1.22) 0.84 (0.74, 0.95)a

Mother's age

<=18 1.49 (1.02, 2.18)a 1.56 (1.11, 2.21)a 1.32 (0.94, 1.85) 1.00 (0.72, 1.40) 1.81 (1.16, 2.81)a 1.37 (1.17, 1.62)a,b

19-35 1.00 1.00 1.00 1.00 1.00 1.00

>=36 1.27 (0.86, 1.86) 1.04 (0.73, 1.50) 1.02 (0.72, 1.45) 1.11 (0.80, 1.53) 1.57 (1.10, 2.23)a 1.18 (1.01, 1.37)a

Rurality (model 1) 1.66 (1.25, 2.21)a,b 1.01 (0.78, 1.32) 1.20 (0.92, 1.58) 1.17 (0.91, 1.49) 0.95 (0.67, 1.34) 1.17 (1.02, 1.34)a

Religion

Christian 1.00 1.00 1.00 1.00 1.00 1.00

Islam 1.45 (0.86, 2.47) 0.84 (0.57, 1.22) 2.07 (1.32, 3.27)a,b 1.83 (1.21, 2.78)a,b 0.85 (0.53, 1.36) 1.35 (1.10, 1.65)a,b

Ethnicity

Igbo 1.68 (0.79, 3.59) 0.74 (0.36, 1.55) 2.14 (1.07, 4.31)a 2.66 (1.38, 5.13)a 0.46 (0.19, 1.12) 1.31 (0.92, 1.85)

Hausa 1.00 1.00 1.00 1.00 1.00 1.00

Wealth index (model 1)

Poorest 1.16 (0.78, 1.74) 1.23 (0.84, 1.78) 1.05 (0.73, 1.49) 1.69 (1.16, 2.45)a 0.81 (0.51, 1.29) 1.17 (0.97, 1.41)

Middle 1.00 1.00 1.00 1.00 1.00 1.00

Richest 0.48 (0.28, 0.82)a 0.80 (0.50, 1.28) 0.70 (0.43, 1.14) 1.07 (0.68, 1.67) 0.93 (0.57, 1.53) 0.79 (0.63, 1.00)

Mother's education (model 1)

No education 1.00 1.00 1.00 1.00 1.00 1.00

Primary 0.85 (0.58, 1.23) 1.01 (0.72, 1.42) 0.96 (0.67, 1.36) 0.62 (0.44, 0.89)a 1.13 (0.73, 1.75) 0.90 (0.76, 1.06)

Secondary 0.92 (0.63, 1.35) 0.85 (0.60, 1.19) 0.83 (0.59, 1.18) 0¢77 (0.57, 1.04) 0.75 (0.46, 1.23) 0.82 (0.69, 0.98)a

Higher 0.43 (0.21, 0.89)a 0.68 (0.38, 1.22) 1.26 (0.75, 2.11) 0.56 (0.32, 0.97)a 1.12 (0.61, 2.04) 0.81 (0.61, 1.08)

Place of delivery

Home 1.13 (1.13, 1.13)a 1.06 (0.76, 1.49) 0.98 (0.71, 1.36) 0.84 (0.62, 1.13) 0.76(0.52, 1.11) 0.91 (0.76, 1.09)

Skilled provider 1.00 1.00 1.00 1.00 1.00 1.00

Other 3.46(3.46, 3.46) 0.30 (0.09, 0.99)a 1.05 (0.35, 3.15) 0.53 (0.14, 1.91) 2.11 (0.83, 5.35) 0.89 (0.49, 1.63)

# of ANC visit

No visit NA 0.71 (0.28, 1.81) 1.05 (0.48, 2.27) 1.70 (0.86, 3.36) 2.42 (1.37, 4.29)a,b 1.69 (1.21, 2.35)a,b

1-3 visits NA 1.09 (0.38, 3.15) 1.27 (0.54, 2.99) 1.39 (0.68, 2.84) 2.01 (1.08, 3.74)a 1.53 (1.04, 2.26)a

4 visits NA 1.00 1.00 1.00 1.00 1.00

> 4 visits NA 1.05 (0.45, 2.48) 1.44 (0.69, 2.99) 1.74 (0.91, 3.33) 1.98 (1.14, 3.42)a 1.70 (1.23, 2.34)a,b

ANC at home or

skilled provider

0.24 (0.06, 0.98)a 0.60 (0.42, 0.85)a 0.53 (0.40, 0.70)a,b 0.26 (0.20, 0.34)a,b 0.36 (0.26, 0.49)a,b 0.40 (0.35, 0.46)a,b

C-section NA 1.07 (0.50, 2.32) 1.00 (0.44, 2.28) 1.82 (0.90, 3.68)a 4.59 (2.00, 10.55)a 1.83 (1.18, 2.84)a

First child 1.12 (0.80, 1.56) 1.63 (1.24, 2.14)a,b 1.42 (1.09, 1.85)a 0.81 (0.57, 1.16) 1.24 (0.87, 1.6) 1.23 (1.07, 1.42)a,b

Table 2: Factors to infant mortality (summary results).
OR: Odds ratio; NA: Not applicable.

a Significant difference in the logistic model.
b Significant difference based on the multiple comparison analysis (conducted only for the results of all years): p value from the logistic model <0.003

(0.003=0.05/15 of risk factors).

Note: 1) All the above selected results are based on model 3 (adjusted by demographic variables including year (only used for all years but not for each year), sex

of child, region, rurality, religion, ethnicity, and socioeconomic variables including wealth index and education), except for the results of rurality, wealth index

and mother’s education, for which we applied model 1 only (adjusted by demographic variables), since these three factors are strongly correlated and could

have intersected impact on infant mortality so that each of them should not be adjusted by wealth index and mother’s education in model 3; 2) during analysis

for the demographic exposures (region, sex of child, rurality, religion, ethnicity), the same variable used for adjustment was removed in models.
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to death. Additionally, strategies to maintain the avail-
ability of health care workers in low resource settings
need to be sustained to improve maternal care quality.
Lastly, with the recent development of the pandemic on
an already strained health system, we recommend fur-
ther research into the effect of COVID-19 on the SDG
target of reducing child mortality by 2030.
This is a large, population-level study analyzing IMR
in Nigeria. Along with the descriptive demonstration of
cross-sectional and trend analyses on overall IMR and
IMR by participants’ characteristics, we also investi-
gated how the characteristics could be associated with
the risk of IM. For the analysis on the association, we
used rigorous methods including the application of
www.thelancet.com Vol 51 September, 2022
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careful adjustment in the statistical models as well as
the use of multiple comparisons analysis to confirm the
statistical significance from the models. However, this
study is not without any limitations. The NDHS was
conducted in a retrospective manner at a population-
level scale. Accordingly, the survey is not specifically
designed to investigate infant mortality and its risk fac-
tors. Also, it is likely that some responses to the survey
would have been limited due to potential recall bias and
a small sample size of participants. Especially for the
association between low birth weight and IM, the qual-
ity of the variable, low birth weight (small sample size
with a large amount of missing data in the NDHS),
mainly accounted for the non-positive result on its asso-
ciation with IMR, which should be considered as non-
meaningful value for data interpretation. Potentially
valuable variables that are missing in the study include
gestational age, diseases occurring during the infant
period, mothers’ and infants’ nutrition status, etc. For a
potential risk factor, the impact of these variables
deserves to be investigated among Nigerian people in
future studies. Some of these variables (e.g., low birth
weight, gestational age) could be valuable as used for
adjustment; again, we failed to fully use the variables
due to the availability or quality as mentioned. Further-
more, the results from our study may not indicate a
causal effect between risk factors and IM, due to the
cross-sectional design. This is the main reason we inves-
tigated the associations for each year separately between
2013 and 2017, to know whether a temporary effect
could occur in the associations. However, the investiga-
tions by year were affected by the limited sample size.
Regarding sample size, we did not provide a sample size
estimate in the research, since the NDHS is likely the
largest population-level survey with available variables to
investigate IMR and its risk factors in the country.

In conclusion, higher risks for infant mortality rates
in Nigeria were found for women who were less than 18
years old, from rural areas, have limited or no access to
health care/skilled providers, and women who delivered
their first child. The associations are influenced by
mothers’ community, financial hardship, and inability
to access quality of care.
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