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ABSTRACT
Objectives  In line with the child survival and gender 
equality targets of Sustainable Development Goals (SDG) 
3 and 5, we aimed to: (1) estimate the age and sex-
specific mortality trends in child-related SDG indicators (ie, 
neonatal mortality rate (NMR) and under-five mortality rate 
(U5MR)) over the 1960s–2017 period, and (2) estimate the 
expected annual reduction rates needed to achieve the 
SDG-3 targets by projecting rates from 2018 to 2030.
Design  Group method of data handling-type artificial 
neural network (GMDH-type ANN) time series.
Methods  This study used an artificial intelligence time 
series (GMDH-type ANN) to forecast age-specific childhood 
mortality rates (neonatal and under-five) and sex-specific 
U5MR from 2018 to 2030. The data sets were the yearly 
historical mortality rates between 1960s and 2017, 
obtained from the World Bank website. Two scenarios 
of mortality trajectories were simulated: (1) status quo 
scenarios—assuming the current trend continues; and (2) 
acceleration scenarios—consistent with the SDG targets.
Results  At the projected rates of decline of 2.0% for NMR 
and 1.2% for U5MR, Nigeria will not achieve the child 
survival SDG targets by 2030. Unexpectedly, U5MR will 
begin to increase by 2028. To put Nigeria back on track, 
annual reduction rates of 7.8% for NMR and 10.7% for 
U5MR are required. Also, female U5MR is decreasing more 
slowly than male U5MR. At the end of SDG era, female 
deaths will be higher than male deaths (80.9 vs 62.6 
deaths per 1000 live births).
Conclusion  Nigeria is not likely to achieve SDG targets 
for child survival and gender equities because female 
disadvantages will worsen. A plausible reason for 
the projected increase in female mortality is societal 
discrimination and victimisation faced by female child. 
Stakeholders in Nigeria need to adequately plan for child 
health to achieve SDG targets by 2030. Addressing gender 
inequities in childhood mortality in Nigeria would require 
gender-sensitive policies and community mobilisation 
against gender-based discrimination towards female child.

INTRODUCTION
In recent years, there have been substantial 
global improvements in child survival.1 The 

success has been attributed to the intensifi-
cation of international and national actions 
targeting improvements in the major drivers 
of child health (eg, poverty, illiteracy, inade-
quate access to prenatal/postnatal care, sani-
tation) in resource-limited countries. Despite 
the reduction in mortality risks among chil-
dren, most childhood deaths occur in sub-
Saharan Africa, where 1 in 13 children died 
before reaching 5 years of age (ie, 76 deaths 
per 1000 live births) in 2017.1 With an under-
five mortality rate (U5MR) at 100 deaths per 
1000 live births in 2017, Nigeria accounted 
for 13% of the global burden of under-five 
deaths, ranked second only after India.1 The 
rate in Nigeria is 2.6 times the global U5MR.1

Previously, Nigeria did not achieve the 
Millennium Development Goal 4, which 
was aimed at reducing U5MR by two-thirds 
between 1990 and 2015.2 Further, given 
the problems that consistently threaten 

Strengths and limitations of this study

►► This is the first known published study that used ar-
tificial neural network time series to forecast child-
hood mortality rates for Nigeria, which potentially 
makes estimates more accurate.

►► To our knowledge, this is the first study that exam-
ined gender inequities in under-five mortality rates 
in Nigeria, with a view of providing additional infor-
mation on the country’s progress towards reaching 
the child survival and gender equality targets of 
Sustainable Development Goals (SDG) 3 and 5.

►► Reliability test was performed to evaluate the con-
sistency of the changing patterns of gender inequity 
in under-five mortality rates during SDG era.

►► This study was limited in identifying trends and pro-
jecting for sex-specific neonatal mortality rates due 
to unavailability of sex-disaggregated neonatal data.
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child survival (eg, preterm complications, pneumonia, 
intrapartum-related events, malaria, neonatal sepsis and 
diarrhoea, environmental factors and malnutrition),1 
studies have reported that most countries in sub-Saharan 
Africa might fall short on achieving the Sustainable 
Development Goal 3 (SDG-3),3–5 which aims to reduce 
U5MR to 25 deaths per 1000 live births and neonatal 
mortality rate (NMR) to 12 deaths per 1000 live births by 
2030.6 7 However, evidence on long-term trends in NMR 
and U5MR for Nigeria, and whether these rates are on 
track to meet SDG-3 targets is scanty. Also, there are study 
limitations based on methods used in previous studies 
(eg, conventional statistical methods used to model non-
linear data).8–10 In addition, no known published study 
has forecasted sex-specific under-five mortalities for 
Nigeria. Often, aggregation of forecasts obscures gender 
differences in childhood mortality; hence, it is difficult to 
monitor the country’s progress towards achieving gender 
equality aspirations of SDG-5 by 2030, with a focus on child 
survival.11 While the United Nations Inter-agency Group 
for Child Mortality Estimation (UN-IGME) continues to 
generate sex-specific U5MR data, sex-disaggregated NMR 
is more difficult to come by. As noted by Sawyer,12 esti-
mating mortality rates by sex introduces large sampling 
error arising from a small number of deaths for both 
sexes.

In a recent analysis of child mortality data from 195 
countries, Iqbal et al13 concluded that girls were more 
likely to die within the first few years of life in low and 
middle-income countries (LMICs). In many regions of 
the world, this pattern has been attributed to gender 
discrimination towards the female child.13 14 Conversely, 
studies in Nigeria have reported male disadvantage in 
under-five mortality.15 16 The high mortalities among 
males in the early childhood stage have been attributed to 
biological differences between boys and girls.17 However, 
some authors have pointed out that there is tendency for 
the resource-limited countries (as in the case of Nigeria) 
to under-report female deaths because families are more 
inclined towards reporting male deaths.13 14

It is imperative to implement timely policy actions 
in order to close the existing inequity gaps—a critical 
component of SDG-5 and SDG-10 targets. In line with 
the expectations of the 2014 UN call for data revolution 
that would expedite sustainable development,18 this study 
aimed at using an artificial intelligence technique to: (1) 
estimate the age and sex-specific mortality trends in child-
related SDG indicators (ie, NMR and U5MR) over the 
1960s–2017 period; and (2) estimate the expected annual 
reduction rates needed to achieve the SDG-3 targets by 
projecting rates from 2018 to 2030.

METHODS
In this study, we used an artificial intelligence model-
ling technique, known as the deep learning technique 
of group method of data handling-type artificial neural 
network (GMDH-type ANN) algorithm, to extend the 

previous work of the UN-IGME.19 We analysed age-specific 
historical data—yearly U5MR for 1964–2017, and NMR 
for 1967–2017 in Nigeria (as estimated by UN-IGME). 
In consultation with the key stakeholders in Nigeria, the 
UN-IGME recalculates childhood mortality estimates 
based on the full birth histories, obtained from the two 
nationally representative surveys (ie, National Demo-
graphic and Health Survey and Multiple Indicator Cluster 
Survey). To ensure data comparability with other coun-
tries, the team adjusted for the dual effects of HIV and 
civil conflicts on child survival using Bayesian B-splines 
Bias-adjusted regression. The U5MRs were disaggregated 
by biological attribute (sex). Unlike U5MR, we could not 
report sex-specific NMR because of data unavailability. 
The data sets were obtained from the official website of 
World Bank.20

Prior to long-term forecasting, the aggregated histor-
ical U5MR was first implemented with autoregressive inte-
grated moving average (ARIMA) regression, Holt-Winters 
exponential smoothing model, long short-term memory 
recurrent neural network (LSTM RNN) and GMDH-
type ANN.21 This initial intermethod assessment was to 
determine the best forecasting technique for childhood 
mortality data for Nigeria. Judging by the coefficient of 
the intercept from Deming regression, modified Nash-
Sutcliffe efficiency coefficient model, root mean squared 
error (RMSE), root mean absolute error (MAE) and 
Diebold-Mariano test, GMDH-type ANN outperformed 
the conventional statistical techniques (ARIMA and Holt-
Winters models) and LSTM RNN.21 The comprehensive 
details of the different statistical methods can be found in 
our previous article.21

Model fitting
The artificial intelligence time series was implemented by 
the polynomial neuron function of GMDH-type neural 
network core algorithm in GMDH Shell DS V.3.8.9 soft-
ware.22 The GMDH-type algorithm is a family of inductive 
ANNs with self-organising characteristics for modelling 
complex systems.23 The theoretical advantage of GMDH-
type ANN over the traditional statistical method is its ability 
to automatically learn the pattern of data, without a priori 
human knowledge, hence minimising errors.24 Similar to 
the human brain, the ANN architecture (ie, hyperparame-
ters) comprised large computational units—neural layers 
connected via synaptic weights.25 These hyperparameters 
had to be adequately specified when configuring neural 
network to reduce computational time and errors. In 
order to reduce forecasting errors, the neural architec-
tures (hyperparameters) were calibrated to closely follow 
the methodological approach used by Banica et al.26 The 
stopping rules were: (1) failure of the successive neural 
layers to further improve the model accuracy, (2) less 
than 1% change in testing error, and (3) saturation of 
layers. In selecting the number of layers and neurons, we 
followed the recommendations of Berry and Linoff which 
suggest that the number of hidden neurons should be less 
than twice the input layer size.27 28 The maximum number 
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of network layers configured by the algorithm and initial 
neurons added to the layered architecture of inputs was 
60 and 25, respectively.25 With this neural architecture, 
in-sample predictions (1960s–2017) and out-of-sample 
forecasting (2018–2030), along with their 95% predic-
tion intervals (PI), were generated for the mortality rates. 
The PIs were generated from the quantiles of the normal 
distribution of estimated standard errors.

As previous studies have noted, the validity of time 
series lies in data stationarity and model complexi-
ties.29 30 However, it is generally agreed that neural 
network performs better when it is trained on a number 
of datapoints that do not overfit (or underfit).29 30 Also, 
in conformity with evidence that multivariable time series 
does not improve forecasting accuracy,31–34 we modelled 
long-term trends of NMR and U5MR with univariable 
time series. The built-in solver of GMDH-type algorithm22 
was used for data preprocessing (removal of trend). 
Using the Pareto principle,35 36 the data set was randomly 
partitioned into training set (80%) and testing set (20%). 
We augmented the validation process by using an iterative 
perceptron-type procedure—polynomial neural networks 
of GMDH-type and RMSE-balance criteria.25 The resid-
uals obtained from testing parts were used for model 
comparison. The predictive performance of the neural 
networks was verified with accuracy, RMSE and MAE.

Estimation of changes in mortality rate trends
We performed Mann-Kendall and Sen’s slope tests to eval-
uate significance changes in trend. To estimate changes 
in trend, annual rate of reduction (ARR) was calculated 
as follows4:

	﻿‍
ARR =

(
ln
(

MRt+n
MRt

)

n

)
∗
(
−100

) (
1
)
‍�

where MRt is the mortality rate for baseline year and n 
is the number of years between the two rates.4

The ARR describes a constant rate of decline in the 
mortality rates between two time periods.4 To generate 
the expected ARR of mortality rates up to 2030 (ending of 
SDG era), we built two scenarios of mortality trajectories: 
(1) status quo scenarios—projected estimates derived 
from GMDH-type ANN from 2018 to 2030, assuming the 
current strategies and historical trend continue; and (2) 
acceleration scenarios—consistent with the SDG targets 
of 25 deaths per 1000 live births for U5MR and 12 deaths 
per 1000 live births for NMR by 2030.

Estimation of relative and absolute gender inequity
The dimensions of gender inequity (ie, unfair differences 
in U5MR between males and females) were assessed with 
relative inequity and absolute inequity.37 Both relative and 
absolute mortality inequities were used as proxy measures 
for gender bias.13 14 In this paper, societal inequality 
connotes different forms of gender disadvantages relating 
to cultural norms/practices, educational and economic 
opportunities, civic participation, culminating in adverse 
health outcomes and shorter life expectancy.

The relative inequity (otherwise known as relative risk 
or risk ratio) was estimated as male to female sex ratio 
of U5MR. Sex mortality ratio is the number of male 
deaths per 100 female deaths in the population. The 
absolute inequity—an estimate of excess risk or attribut-
able risk—was calculated as the risk difference between 
males and females. Sex mortality ratio (<1) or negative 
excess mortality risk signifies gender bias unfavourable 
to females (ie, female disadvantage and male advantage) 
and vice versa. In addition, we assessed the relationship 
between sex mortality ratios and U5MR with Spearman’s 
rank correlation (r). As used in this study, sex refers to 
biological and physiological identities, while gender is a 
social and cultural construct.

Reliability test
To assess reliability of the changing patterns of gender 
inequities in child survival during SDG era, we generated 
a Bland-Altman plot and used Pitman’s test and Lin’s 
concordance correlation coefficient to statistically eval-
uate the agreement of the projected sex ratios (derived 
from GMDH-type ANN) with sex ratios derived from 
ARIMA regression. The motivation is to identify system-
atic differences and possible outliers of the relative 
magnitudes of male and female U5MR (in ratio scale) 
from both time series methods. According to McBride,38 
agreement concordance coefficient was interpreted as: 
poor (<0.90), moderate (0.90–0.95), substantial (0.95–
0.99) and excellent (0.99). The conventional statistical 
analyses were implemented in Stata V.15.1 software.39 A 
two-sided p-value <0.05 and 95% CIs were used to assess 
statistical significance.

RESULTS
Historical trends in mortality rates from 1964 to 2017
Table 1 displays the historical mortality rates for neonates 
and under-five children in Nigeria. In 2017, the aggre-
gated U5MR was 100.2 per 1000 live births—69.2% 
decrease from 324.8 deaths per 1000 live births in 1964 (p 
trend <0.001). Also, NMR showed a significant decline—
53.2%, from 70.3 deaths per 1000 live births in 1967 to 
32.9 deaths per 1000 live births in 2017 (p trend <0.001). 
For the entire study period (1964–2017), NMR declined 
at a slower rate annually (ARR=1.5%) compared with 
U5MR (ARR=2.2%). Across the mortality indicators, rates 
of decline were higher between 1990 and 2017 compared 
with 1960s–1990 (table  1). As shown in online supple-
mental figure S1, age and sex-specific mortality rates in 
Nigeria showed a similar pattern of stepwise decline. The 
initial phase of decline was evidenced between 1960s and 
1980s. While the rates mildly increased between early 
1980s and late 1990s, the steepest decline (third phase) 
was observed between late 1990s and 2017.

Although males were observed to have higher U5MR 
than females (106.1 vs 93.8 deaths per 1000 live births), 
there was no substantial difference in the ARR at the end 
of 2017 (2.2% vs 2.3%). It is striking that relative inequity 
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(as determined by sex mortality ratio) progressively wors-
ened for males from 1.09 in 1964 to 1.13 in 2017, whereas 
the absolute inequity improved, with an excess male 
under-five mortality dropping from 27.3 per 1000 live 
births in 1964 to 12.3 per 1000 live births in 2017. The 

influence of gender bias on under-five mortality is 
presented in figure 1. There was a strong inverse correla-
tion between relative inequities and U5MR (Spearman’s 
r=−0.83, p<0.001). As female mortality disadvantage 
increases, U5MR increases.

GMDH-type ANN mortality forecasts from 2018 to 2030
The forecasts from GMDH-type ANN time series have low 
error rates—RMSE (range: 0.07–0.17) and MAE (range: 
0.05–0.14), and high level of accuracy (range: 81.3%–
100%) (online supplemental table S1).

Scenarios of age-specific childhood mortality
The modelled mortality rates from 2018 to 2030 for under-
five and neonates are presented in figure 2A, B, respectively. 
The corresponding numerical estimates and the 95% PIs are 
shown in online supplemental table S1. From the GMDH-
type ANN time series, childhood mortalities in Nigeria will 
continue to steadily decline but the forecasted rates will not be 
enough to achieve the child survival targets of SDG by 2030. 
With a projected ARR of 1.19% (status quo scenario), the 
U5MR will be 85.9 (95% PI 85.7–86.1) deaths per 1000 live 
births in 2030—14.3% decline from 100.2 deaths per 1000 
live births in 2017 (figure 2A). Following the predicted trend 
of annual rate of 2.01%, NMR will be 25.3 (95% PI 25.1–25.5) 

Figure 1  Relationship between relative inequities (sex 
mortality ratios) and under-five mortality rates, Nigeria, 1964–
2017.

Table 1  Historical age and sex-specific mortality rates for Nigeria, 1960s–2017

Year* Under-five mortality rate (per 1000 live births)
Neonatal mortality rate (per 
1000 live births)

Aggregated Male Female Aggregated

1964/1967 324.8 338.0 310.7 70.3

1990 211.9 222.2 200.9 50.3

2017 100.2 106.1 93.8 32.9

Decline (%)

 � 1964/1967–1990 34.8† 34.3† 35.3† 28.5†

 � 1990–2017 52.7† 52.3† 53.3† 34.6†

 � 1964/1967–2017 69.2† 68.6† 69.8† 53.2†

Annual rate of reduction (%)

 � 1964/1967–1990 1.6 1.6 1.7 1.5

 � 1990–2017 2.8 2.7 2.8 1.6

 � 1964/1967–2017 2.2 2.2 2.3 1.5

Relative mortality inequity (male:female ratio)‡

 � 1964 1.09

 � 1990 1.11

 � 2017 1.13

Absolute mortality inequity (male-female difference)§

 � 1964 27.3

 � 1990 21.3

 � 2017 12.3

*Study years: Under-five mortality rate (1964–2017) and neonatal mortality rate (1967–2017).
†Significant at p trend <0.001 (Mann-Kendall and Sen’s slope tests).
‡Relative inequity: sex mortality ratio (>1) signifies gender bias unfavourable to males.
§Absolute inequity: excess risk (positive value) signifies gender bias unfavourable to males.
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deaths per 1000 live births in 2030—23.1% decrease from 
32.9 deaths per 1000 live births in 2017 (figure 2B). After an 
initial decline between 2018 and 2027, NMR will rise steadily 
to peak at 30.7 deaths per 1000 live births in 2029, then it will 
decline to 25.3 deaths per 1000 live births by 2030. However, 
U5MR will decline until 2028. Surprisingly, U5MR will rise 
from 2028 to 2030 (figure 2). Further analysis of mortality 
trajectories shows that the increasing U5MR between 2028 
and 2029 is likely to be driven by the surge in the NMR 
during this period. However, the increasing U5MR between 
2029 and 2030 could be due to rising child (1–4 years) 
mortality rates (online supplemental figure S2). Increasing 
annual rates of reduction (acceleration scenarios) of U5MR 
to 10.7% and NMR to 7.8% (ie, 9 and 3.9 times the rates of 
status quo scenario) will result in achieving the SDG-3 targets 
by 2030 (figure 3).

Scenarios of sex-specific childhood mortality
Figure  2A shows the forecasting trend of U5MR, stratified 
by sex. Male and female mortality rates will decrease to 62.6 
(95% PI 62.2–62.9) deaths per 1000 live births and 80.9 (95% 
PI 80.7–81.0) deaths per 1000 live births, respectively, by 2030. 
In the status quo scenario, we forecasted that male U5MR will 
reduce at a much faster rate (ARR=4.1%) than female U5MR 
(ARR=1.1%). The mortality rate for males will continue to be 
higher than the female U5MR until 2024. Remarkably, the 
female mortality rate will overtake male U5MR by 2025 and 
will steadily increase afterwards. However, male mortality rate 
will continue to decline until 2029, and afterwards increase. 
Strikingly, the unmet gap for female U5MR will be higher 
than male U5MR (57.6 vs 39.7 deaths per 1000 live births) by 
2030 if the current trend continues. Achieving SDG targets for 
both sexes will only be possible with ARR of 11.1% for males 
and 10.2% for females (acceleration scenario) (figure 4).

Future trajectories of relative and absolute gender inequities
As shown in online supplemental table S2, for the out-of-
sample forecasts, the relative inequity (ratios of male to 
female U5MR) changed by 31.9% (1.13 in 2018 to 0.77 in 
2030) and absolute inequity changed by 57.8% (11.6 in 2018 
to −18.3 deaths per 1000 live births in 2030). While the rela-
tive inequity constantly rose from 1.09 in 1964, it reached its 
peak of male disadvantage of 1.13 during 2013–2018. The sex 
mortality ratios will begin to decrease (ie, increasing female 
disadvantage)—from 1.11 in 2020 to 0.77 in 2030. This indi-
cates that, by 2030, 77 male deaths will occur for every 100 
female deaths, unlike 113 male deaths that occurred for every 
100 female deaths in 2018. Also, there has been consistent 
decline in excess mortality risk for males (ie, increasing abso-
lute inequity for females) from 27.3 in 1964 to −18.3 deaths 
per 1000 live births in 2030 (p trend <0.001). This indicates 
that, by 2030, 18 deaths per 1000 live births among female 
children will be attributed to gender bias towards the female 
child. These trends predict the mortality risks that Nigeria 
would expect to reduce U5MR with successful interventions 

Figure 2  Long-term forecasts of group method of data 
handling-type artificial neural network (GMDH-type ANN) 
for Nigeria, 2018–2030. (A) Under-five mortality rates. (B) 
Neonatal mortality rates.

Figure 3  Projection scenarios for age-specific mortality 
rates, Nigeria, 2018–2030. (A) Under-five mortality rate. 
(B) Neonatal mortality rate. Artificial neural network (ANN) 
estimates were redrawn with Stata V.15.1. ARR, annual rate 
of reduction; SDG, Sustainable Development Goals.

Figure 4  Projection scenarios for sex-specific mortality 
rates, Nigeria, 2018–2030. (A) Male mortality rate. (B) Female 
mortality rate. Artificial neural network (ANN) estimates were 
redrawn with Stata V.15.1. ARR, annual rate of reduction; 
SDG, Sustainable Development Goals.
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by 2030. In the same vein, for female deaths, 22.7% of the 
under-five mortality risk is attributable to gender bias towards 
female child, indicating that if gender bias towards female 
child could be decreased, Nigeria would expect 23% fewer 
under-five mortalities by 2030.

Reliability test
From the Bland-Altman plot, Lin’s concordance correlation 
coefficient and Pitman’s test, the projected sex mortality ratios 
derived from GMDH-type ANN were consistent with ratios 
from ARIMA (online supplemental figure S3). The concor-
dance correlation coefficient was 0.96, suggesting substantial 
agreement between GMDH-type ANN and ARIMA. Further-
more, Bland-Altman plot showed 92.3% agreement. The two 
measurements are not statistically different as their mean 
difference (bias)=−0.009, SD=0.04 and the limit of agree-
ment=−0.092 to 0.075. Thus, the changing pattern of gender 
inequity disfavouring female child during the SDG era is valid 
(Pitman’s test of difference in variance: r=0.50, p=0.08).

DISCUSSION
Despite the need for better evidence in LMICs to guide 
healthcare planning and resource deployments, there 
remains paucity of studies on accurate forecast of yearly 
childhood mortality rates. Also, no known study as of date 
has forecasted sex-specific mortality rates to establish gender 
differences in childhood mortality in Nigeria. This study used 
an artificial intelligence method to forecast and offers rates 
of reducing age and sex-specific childhood mortality rates 
for Nigeria to achieve SDG-3 and SDG-5 targets by 2030. 
At the current rates of decline of 2.0% for NMR and 1.2% 
for U5MR, Nigeria will not achieve the child survival SDG 
targets by 2030. Unexpectedly, U5MR will begin to increase 
by 2028. However, the reasons for the upsurge in mortality 
rates by 2030 are not clear. The reversal in trend may be due 
to possible slowdown in interventions after moderate prog-
ress in reducing childhood mortality has been achieved. To 
put Nigeria back on track, annual reduction rates of 7.8% for 
NMR and 10.7% for U5MR are required. Also, female U5MR 
is decreasing more slowly than male U5MR. At the end of 
SDG era, female deaths will be higher than male deaths (80.9 
vs 62.6 deaths per 1000 live births).

Across the child survival indicators, it is apparent that 
historical trends show slightly increased mortality rates from 
1980s to 1990s, which declined afterwards. We speculate that 
this pattern might be related to military dictatorship and 
structural adjustment programmes introduced to combat 
economic crises in the country during this period.40 None-
theless, we believe that it is well justified to attribute the 
modest decline in childhood mortality in the late 1990s to 
the restoration of democracy in the country.41 In line with 
our position, several studies have correlated improvement 
in population health to democracy.42–44 Some authors have 
also argued that military expansions (ie, spending in military 
and arms importation) sharply rose during the era of mili-
tary dictatorship at the expense of public health spending 
and education.45–47 According to Golkhandan, an increment 

of 1% in the per-capita military expenditure is associated 
with 0.2% decline in the per-capita health expenditure in 
resource-limited countries.47 In addition to the unstable 
military governments coupled with human rights viola-
tions and expansions in military spending, it should also be 
noted that the fiscal austerity could have negatively impacted 
population health (as measured by U5MR) by cutting social 
programmes for vulnerable populations (ie, unemployed, 
homeless and destitute) and increasing taxes.48–50 According 
to Ortiz and Cummins,50 women and their children are 
disproportionately affected by such austerity measures in 
resource-limited settings. Compared with the period ruled by 
military, there has been an increase in total health expendi-
ture during democratic regimes, in turn positively impacting 
child survival. However, investments in healthcare are mostly 
drawn from external sources (eg, bilateral and multilateral 
channels) and out-of-pocket payments.51 52 The government 
investments in health have been consistently dwindling in 
recent years. The current government health expenditure is 
below the 2001 Abuja declaration of 15% annual budgetary 
allocation to strengthening healthcare. In a recent study, the 
annual health budget for Nigeria was noted to have reduced 
from 7.2% in 2014 to 4.4% in 2020.52 The incessant cuts 
in government healthcare spending have severely affected 
maternal and childcare services in Nigeria. It is important 
to highlight that there is a progressive donor fatigue in 
funding population health programmes which may under-
mine the child survival gains in the future.53–55 We antici-
pate that if government continues to cut funds and there is 
no commitment from donors to fill the funding gaps, the 
year 2028 might be the potential breaking point to trigger 
an increase in mortality rates. As shown in our study, the 
projected increase in U5MR by 2028 should be a wake-up 
call to increase government funding to avert the anticipated 
future tragedy. Also, our results are consistent with research 
showing that societal-level gender inequalities are associated 
with increase in U5MR.56–59

This study confirms previous research findings that Nigeria 
will not achieve child survival targets of SDG-3 in 2030, at the 
current rate of progress.3 The U5MR and NMR will remain 
substantially high at 85.9 and 25.3 deaths per 1000 live births, 
respectively, if there are no impactful policy and program-
matic actions. With Lee-Carter model, Mejía-Guevara et al3 
reported a slightly lower U5MR of 73 deaths per 1000 live 
births for Nigeria. Along this line of research, Nigri et al60 
acknowledged superiority of neural networks (as used in this 
study) over the classical Lee-Carter procedure to model non-
linear data such as mortality rates. The study by Mejía-Guevara 
et al provided no information on the yearly progress and vari-
ability in trends for Nigeria. In this study, we provided fluc-
tuating patterns of childhood mortality rates—an important 
part of mortality surveillance, and whether mortality trend 
will be sustained by 2030. Our results indicate downward 
trend in U5MR, occurring before 2028, whereas the rates 
are likely to increase afterwards. Likewise, there are changing 
patterns of sex-specific U5MR in the SDG era. As indicated 
by the positive values of sex differences (absolute inequity) 
and sex ratios (relative inequity) greater than 1 from 2018 to 
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2024, there are higher male mortalities, although the trend is 
closing. Nevertheless, female U5MR will begin to rise steadily 
from 2025 to 2030—female advantage for survival disappears. 
Consistent with findings from other studies,12 13 61–64 this 
study suggests that under-five mortalities increased as female 
survival advantages decreased (ie, decreasing sex ratios). 
While studies have reported that under similar circum-
stances, females have a biological advantage than males 
during early childhood, the advantage disappears due to 
subsequent discrimination and victimisation even faced by 
female child.12 61–63 For example, there have been concerns 
about the increasing cultural preference for male child in 
Nigeria due to social, political and economic reasons.65–67 
In the same context, studies have demonstrated that health 
needs of girls are often neglected.68 69 Evidence from Asian 
and African countries69–72 suggests societal discrimination 
against female child as evidenced by gender selective abor-
tions (due to prenatal sex determination).69 73 According to 
recent reports from United Nations Human Rights Council74 
and Thomson Reuters Foundation,75 Nigeria is ranked ninth 
among countries practising female infanticide worldwide. 
The female infanticide in Nigeria is carried out covertly, 
and often denied in communities, hence its true scale is 
unknown.76 However, studies have substantiated extensive 
practice of infanticide and male preference in Nigeria.65 77 78 
The reasons for gender discrimination and infanticide are 
deeply rooted in culture and traditions. Evidence suggests 
that male preference is dominant in Southern Nigeria, 
especially among Igbo communities.65 77 78 Previous studies 
concluded that female infanticide was embraced in Nigeria 
because of the patriarchal considerations and sociocultural 
prestige.65 77 78

The future prospect of Nigeria to achieve child survival 
targets of SDG will continue to depend on inclination to 
accelerate annual reduction of NMR and U5MR by four and 
nine times the current rates, respectively. NMR is expected 
to decline at a relatively faster rate than U5MR (ARR: 2.0% 
vs 1.2%), hence there is an opportunity to fast-track the 12 
deaths per 1000 live births target of 2030. NMR requires lesser 
efforts as depicted by the annual reduction rate, compared 
with overall U5MR (7.8% vs 10.7%). The practical implica-
tion of this finding is that intrapartum and neonatal services 
must be strengthened in Nigeria. In addition, improving 
neonatal survival may lead to momentous decrease in the 
country’s U5MR. As new evidence on gender imbalance 
emerges from this study, the stakeholders through coordi-
nated multidisciplinary efforts should address gender-based 
discrimination towards female child, while social and health 
needs of the males are not neglected.

Our study has several strengths. It is the first published 
study to our knowledge that used ANN time series to fore-
cast childhood mortality rates for Nigeria. GMDH-type 
ANN provides more accurate mortality estimates. Also, this 
is the first known study that examined gender inequities in 
U5MR in Nigeria, with a view of providing additional infor-
mation on the country’s progress towards reaching the child 
survival and gender equality targets of SDG-3 and SDG-5, 
respectively. Given that nationally representative data were 

analysed, the findings are generalisable to all the regions in 
Nigeria.

However, our study suffered from a few limitations. There 
is currently no theoretical framework guiding the optimal 
number of neurons for building ANN architecture.79 The 
process hinged on implementing different simulations and 
selecting the models with highest performances. Although 
this study could not look for trend and project for sex-specific 
NMR due to unavailability of sex-disaggregated neonatal data, 
this is a desirable objective for future work. More so, disaggre-
gating NMR by sex will provide insight about the increasing 
trend between 2028 and 2029, and the projected decline 
in neonatal deaths afterwards. The finding of female child 
disadvantage in child survival provides a good starting point 
for discourse on why this is so and what needs to be done 
including further research. Plurality of research methods, 
such as mixed methods studies, is recommended to glean 
insight to the complex sociocultural context influencing 
gender differences in U5MR during SDG era. It would also 
be useful to examine the variability in age and sex-specific 
childhood mortality trends at the subnational levels (ie, states 
or regions). Future research should therefore consider fore-
casting subnational childhood mortality rates with ANNs. 
The civil vital registration systems are more cost-effective plat-
forms for continuous tracking of childhood mortality (than 
surveys), but presently are not reliable in Nigeria and other 
resource-limited settings.80–82 Civil registration in Nigeria and 
other resource-limited countries should be strengthened to 
produce accurate and reliable vital statistics data that can be 
used for tracking age, sex and geographic-specific mortality 
rates. Disaggregating childhood mortality rates by region 
would help identify the vulnerable populations for imple-
mentation of targeted policies and interventions.

In conclusion, our study attempts to forecast the overall 
and age-specific childhood mortality rates for Nigeria during 
the SDG era to determine where Nigeria is heading in terms 
of child survival and gender inequality targets of SDGs. As 
presented in this paper, monitoring of childhood mortality 
rates will allow the stakeholders to detect early, investigate 
and respond to any undesired outcomes related to child-
hood mortality trajectories. In addition, this study adds to the 
growing corpus of studies showing the application of artificial 
intelligence techniques in population health for effectively 
designing, planning and mobilisation of resources for child 
survival programmes. Our study is a further validation that 
Nigeria currently is not on track to achieve the SDG-3 and 
SDG-5 targets for NMR and U5MR. In the context of universal 
health coverage, gender mortality gaps among under-five 
children will continue to widen. This study recognises ineq-
uitable pace of progress for sex-specific mortality rates, worse 
for females. We highlight that U5MRs will begin to rise by 
2028. Our results provide a basis for strengthening advocacy 
and creating more political awareness to guarantee adequate 
investments in child health for accelerating progress towards 
child survival. Addressing gender inequities in childhood 
mortality in Nigeria would require gender-sensitive policies 
and community mobilisation against gender-based discrim-
ination towards female child. Specifically, societal gender 
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inequality should be addressed by scaling up interventions 
such as those protecting the health and development rights 
of women and girls (eg, child and forced marriages, female 
genital cutting, female infanticide, female child educa-
tion, and so on). To ensure universal health coverage, the 
government at all levels should prioritise health by increasing 
budgetary allocation to health.
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