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Abstract

Background Child survival is a critical indicator for a nation’s health and its progress is important in attaining the
Sustainable Development Goals. Understanding the regional and country-specific dynamic and interplay of various
determinants of under-five child mortality is vital for the African continent, which remains one of the most vulnerable
regions for child mortality globally.

Methods This study investigates the association of economic, health-related, social and demographic,
environmental, and infrastructure-related factors with under-five child mortality. It integrates generalisable regional
associations using a standard fixed-effects panel model and examines illustrative country-specific associations of the
selected determinants through multiple linear regression, based on a balanced panel dataset of 45 countries over a
22-year period.

Results Fixed-effect analysis reveals that the diphtheria-tetanus-pertussis (DTP) immunisation and total fertility

rate (TFR) are robust regional determinants of under-five mortality across specifications. While health expenditure,
sanitation services, and malaria incidence show significant associations in the baseline model, these findings are
sensitive to the inclusion of year fixed effects, suggesting they are influenced by broader temporal trends or common
regional shocks rather than serving as stable independent factors within the study period.

Conclusion Regional analysis, which controls for unobserved country-specific heterogeneity over an extended
period and is complemented by country-specific analysis, facilitates the formulation of policy implications at both
national and international levels. Recommended policy measures include increasing immunisation coverage,
implementing malaria control programmes, strengthening community health infrastructure, enhancing girls’
education, promoting widespread access to modern family planning, and improving sanitation services. These
strategies are expected to contribute to the progress toward Sustainable Development Goal 3.2 in the African region.
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Textbox 1. Contributions to literature

- Presents a two-decade panel analysis (2000-2021) across 45 African
countries, identifying multi-dimensional economic, health, demograph-
ic, and environmental factors associated with under-five mortality.

- Employs a fixed-effects panel model specification to control for
unobserved heterogeneity, offering generalisable regional evidence
alongside country-specific insights.

« Reveals the dual role of fertility dynamics and malaria burden as
persistent determinants while highlighting the diminishing returns of
economic growth for child survival.

- Bridges research and policy by outlining actionable interventions,
expanded immunisation, malaria control, sanitation, and reproductive-
health initiatives to support SDG 3.2 progress in high-risk African
nations.

Background

Background and its significance

Human mortality is a significant determinant in manag-
ing the population growth of a particular country [1]. The
under-five mortality rate (USMR) is defined as the num-
ber of deaths of children under five years of age per 1,000
live births. The infant mortality rate and USMR are widely
used indicators to track child health globally. There is a
significant 59% drop in USMR reported since 1990. The
United Nations Sustainable Development Goals (SDG)
3.2 targets the elimination of preventable child deaths or
the reduction of USMR to at least 25 deaths per 1000 live
births by 2030 [2]. However, according to the predictions,
59 countries are expected not to meet the required SDG
target for reducing child mortality by 2030.

Current situation in Africa
The average Under-5 Mortality Rate (USMR) in Africa
is 61.8 per 1000 live births. However, this rate exhibits
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significant disparities across the African continent [3].
Although the expansion of healthcare services has sub-
stantially reduced childhood mortality in Africa over the
past 65 years, it is projected that efforts will need to con-
tinue until approximately the year 2050, to lower the cur-
rent rate to 25 deaths per 1000 live births and attain the
standards observed in contemporary Asia. Furthermore,
Sub-Saharan Africa (SSA) has been identified as the epi-
centre of the persisting child mortality crisis, as most
countries in the SSA region face a critical situation in
realising the SDGs by 2030. If the current trend contin-
ues, it has been estimated that nearly 60% of child deaths
in the world will be reported from SSA within the decade
of 2020-2030 [4]. Moreover, as high child mortality can
be seen in South Asia (SA) and SSA before 28 days and
after 6 months, they show two or three times higher neo-
natal deaths than the rest of the world [5]. As statistics
revealed in 2022 and 2023, SA and SSA have recorded
more than 80% of USMR, whilst the highest neonatal
mortality rate has been recorded from SSA. The possibil-
ity of a newborn dying in SSA within the first month of
birth is 14 times higher than in regions like New Zealand
and Australia [6]. It reflects the silent crisis that a child’s
survival depends on where they are born. Consequently,
this tragedy needs to be addressed by the African con-
tinent. The child mortality rate in different continents
worldwide is shown in Fig. 1, indicating the status of
Africa, despite the global decline. Furthermore, there is
an urgent need to address the issue by increasing invest-
ment in the girl child [7], particularly in education.
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—— World
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Fig. 1 Comparison of global child mortality rates across different continents and the world average (1950-2023). Source: Authors'illustration based on
the data published in Our World in Data [8]. Note: Data represents the probability of a child dying before reaching age five
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Policies and global effects

The Integrated Management of Childhood Illnesses strat-
egy was implemented by the World Health Organisation
(WHO) in collaboration with the United Nations Inter-
national Children’s Emergency Fund (UNICEF) in 1990
to reduce child mortality. Actions to be taken at the fam-
ily, community, and institutional levels have also been
established, including promoting health education and
improving access to healthcare services. This approach
was effective and efficient in reducing child mortality [9].
This implies the steps taken to control the USMR on a
global scale.

Objective of the study

This study aims to investigate the association between
multidimensional determinants and the USMR in the
African continent over two decades, leveraging this to
identify the regional associations of key determinants
and country-specific factors. The study focuses on mul-
tiple areas in terms of per capita Gross Domestic Prod-
uct (GDP), Diphtheria, Pertussis & Tetanus vaccination
(DTP), Incidence of Malaria (IOM), Current Health
Expenditure (CHE), Adolescence Fertility Rate (AFR),
Total Fertility Rate (TFR) and Basic Sanitation Services
(BSS). By controlling for unobserved country-specific
and time-invariant heterogeneity, this study aims to pres-
ent the average and generalisable associations of key
determinants at the regional level and explore country-
specific associations.

Contribution of the study

The results of this study contribute to existing knowledge
in three respects. First, this research presents a frame-
work for considering factors affecting multidimensional
coverage over an extended 22-year period. Since it spans
over two decades, it represents the actual dynamic pat-
tern of the considered variables. Therefore, the results
aim to obtain more reliable outcomes.

Second, there is a significant gap in existing knowledge
regarding the independent association of each factor on
U5SMR; this study identifies generalisable regional asso-
ciations through panel regression. This can be realised
through this analytical model specification, as it controls
the unobserved, time-invariant heterogeneities that are
authentic for the considered countries, such as their cul-
tural norms, traditional practices and myths. Hence, the
results of this study contribute to the existing knowledge
by reducing bias and providing associative results.

Third, the persistent heterogeneity in the declining
nature of USMR across the African continent at different
rates implies the importance of implementing country-
specific policy interventions not only on a short-term
basis but also in the long term. This country-specific
approach through Multiple Linear Regression (MLR)
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will be employed to support to the high-risk, susceptible
countries in the African region in contributing to the
progress toward SDG 3.2 through the implementation of
suggested policies. Apart from the ministries of relevant
countries, the results of this study assist the international
organisations, like the WHO and UNICEF, by directing
them to necessary actions to eradicate the current trag-
edy of child deaths in the world.

The paper begins with a critical review of existing lit-
erature, followed by a description of data collection and
methodology. The results are then presented and dis-
cussed in detail. Finally, the conclusion presents key
findings and suggests policy implementations while
effectively acknowledging the study’s limitations.

Literature review

Conceptual background and theoretical framework

The study combines several theoretical frameworks to
assess the multi-dimensional determinants of under-five
mortality. DTP and CHE are based on the public health
intervention model, implying a direct negative asso-
ciation with child mortality through the facilitation of
quality healthcare. Economic development follows the
Preston curve, expressing a non-linear relationship where
initial investments in poor countries yield considerable
gains, while returns diminish in wealthier nations. To
statistically validate these diminishing returns, the model
incorporates a squared formation of GDP. Complying
with the theory of inequalities, significant wealth dispari-
ties among households are recognised to influence both
the physical and mental health of family members [10].

IOM follows the disease burden model, affecting child
survival through direct clinical consequences of cerebral
malaria, anaemia [11] and indirect aspects like malnutri-
tion. In accordance with the Grossman health production
framework, a natural logarithm transformation is applied
to BSS to capture potential non-linearity and diminish-
ing marginal returns of infrastructure investments. Fur-
ther, AFR and TER reflect a nation’s socioeconomic and
demographic profile. Since AFR exhibits both high and
low associations on USMR [12], both linear and squared
terms have been used to capture the non-linear biological
and social risks for adolescent pregnancies. The theoreti-
cal framework of the study is shown in Fig. 2.

The probability of a child born in a specific year or
period dying before reaching their fifth birthday is
defined as child mortality [2]. Even though child mor-
tality shows considerable global reduction over time,
it remains a critical global health challenge, mainly for
African countries. When considering the African con-
tinent, only eight countries have reached the maximum
reduction level of USMR, which is 25 deaths per 1,000
live births, out of the 54 countries. Libya, Tunisia, Egypt,
Morocco and Algeria from North Africa; Seychelles and
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Fig. 2 Theoretical framework of the study. Source: Authors'illustration

Mauritius from East Africa; and Cabo Verde from West
Africa are those eight countries and Sao Tome and Prin-
cipe, South Africa, Rwanda, Botswana, Namibia and a
few other East African countries are somewhat close to
approaching the target, while all the other countries are
far away from the objective [3]. Western Nigeria, Niger,
Togo, Burkina Faso, and the Middle Eastern regions of
Cameroon, Chad, and the Central African Republic can
be considered as hotspots. Various determinants, such as
the proportion of children immunised against DTP, IOM,
GDP, CHE, AFR, TFR and BSS.

Economic development and child mortality

Economic development, measured via GDP per cap-
ita, serves as a determinant of child survival due to its
association with nutrition and healthcare accessibility.
This relationship is theoretically grounded in the Pres-
ton curve, which proposes that income growth signifi-
cantly reduces mortality in developing nations and these
benefits show a diminishing return as nations become
wealthier. Within the African region, empirical evidence
shows that lower wealthy quintiles suffer from signifi-
cantly higher child mortality [13]. Further, women from
the poorest backgrounds frequently receive no Antenatal
Care (ANC) compared to their more affluent counter-
parts [10, 14].

Increased national wealth is expected to have a sta-
tistically significant negative association with U5MR.
However, a simple linear model of GDP is insufficient
to effectively explain this relationship and a significant
empirical gap exists in addressing the non-linear, lagged
association of wealth in the African continent. This study
addresses the gap by incorporating a delayed transmis-
sion mechanism, utilising a lagged quadratic specification
(t-1) to account for the time required for national wealth
to be manifest as improvements in health infrastructure
for child survival outcomes.

H1: Lagged GDP is associated with a statistically
significant reduction in USMR while its squared
term reflects a diminishing marginal return.

Immunisation and child mortality

DTP immunisation coverage is grounded on the public
health intervention model, suggesting that vaccines are
primary healthcare tools that reduce the risk of child
mortality and morbidity by preventing critical illnesses
and complications [15]. The spread of infectious diseases
is reduced by facilitating herd immunity. Immunisation
is expected to have a statistically significant negative
association with under-five mortality [9]. This has been
empirically observed in several contexts, such as Tunisia,
where high coverage of vaccination provided a practical
pathway for reducing USMR [3].

However, deaths from preventable diseases remain
unequal across the African continent [16]. Further, a
significant challenge exists for the under-vaccination
trend associated with multi-dose schedules [17]. Hence,
facilitating immunisation programmes are important
for the attainment of SDG 3.2 [18]. A critical empiri-
cal gap remains in assessing the effectiveness of DTP in
reducing mortality disparities across both regional and
country-specific settings. This study addresses the gap by
revealing the regional association of DTP vaccination and
national-level variations by providing an evidence base
for targeted fund allocation.

H2: Increased DTP coverage is associated with a
statistically significant reduction in USMR.

Malaria burden and child mortality

Malaria incidence is a key determinant of under-five
mortality [3], based on the disease burden model reflect-
ing clinical complications such as cerebral malaria and
severe anaemia directly affect child survival. Increased
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malaria incidence is expected to have a statistically signif-
icant positive association with USMR. Evidence from the
president’s malaria initiative in SSA demonstrates that
targeted national-level precautionary steps can facilitate
an accelerated decline in child mortality rates [19]. Fur-
thermore, the implementation of post-discharge malaria
chemoprevention and the integration of technological
monitoring systems for larviciding [20, 21] underscore
the strategic financial and health importance of investing
in disease control [22] within highly endemic nations.

However, a significant empirical gap remains in iden-
tifying the association of malaria at the national level
rather than depending on regional averages. Because
the disease burden exhibits diversified trends across the
African continent, due to nation-specific vulnerabilities.
This study addresses this gap by assessing the regional
association of the malaria burden with country-specific
estimations to inform evidence-based interventions and
local policy implications.

H3: Increased IOM is associated with a statistically
significant increase in USMR.

Health expenditure and governance

National investment in health as a share of GDP is
referred as current health expenditure and is considered
as a key indicator within the health production function.
It is grounded in the public health intervention model
and a statistically significant negative association with
under-five mortality is expected [9, 23] by facilitating
access to quality healthcare. Empirical evidence shows
an inverse relationship between health expenditure and
child or maternal mortality rates across various contexts.
Targeted funding for healthcare services and education
in Ghana is associated with considerable child survival
gains [24].

However, the efficacy of health investments is usually
moderated by the quality of national governance. While
health expenditure is a key factor in the reduction of
child deaths, corruption-free governance and institu-
tional quality are recognised as crucial determinants for
maximising its benefit. In the Nigerian context, control
of corruption is considered as a key factors for contrib-
uting to the progress toward the SDGs by 2030 [25].
Furthermore, implementing programmes to improve
air quality as a solution to several health issues in chil-
dren [26] or address socio-economic inequalities in ANC
[14] requires efficient governance to ensure the effec-
tive delivery of services. A critical empirical gap exists
in evaluating the country-specific association of health
expenditure and the delayed transmission mechanism
of health investments. This study addresses this gap by
utilising a lagged specification for CHE to account for the
time interval required for budget allocations to manifest
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as tangible improvements in health infrastructure and
paediatric outcomes.

H4: Increased lagged CHE is associated with a
statistically significant reduction in USMR.

Fertility dynamics and child mortality
Adolescent and total fertility rates serve as critical deter-
minants of under-five mortality, based on demographic
risk theories. These dynamics are expected to indicate a
statistically significant positive association with U5SMR
due to the biological immaturity and socioeconomic
constraints. Maternal age below 18 years is linked to sig-
nificantly higher child mortality risks [18, 27] compared
to the regional median delivery age of 26 years [28].
Western Africa shows susceptibility to these adolescent
pregnancy risks [13, 29]. Early pregnancies often induce
neonatal complications and congenital diseases because
the mother is biologically immature. High parity (four or
five prior children) [27] and birth intervals less than two
years are linked with depletion of maternal nutrients and
affecting birth weight and infant survival. Further, mul-
tiparous mothers experience specific challenges, rather
than those faced by primiparous mothers [30, 31].
Evidence from Sierra Leone [32] and Tunisia [3]
suggests that improvements in reproductive health,
specifically through family planning and increased con-
traceptive prevalence, facilitate child survival by avoiding
high-risk births [3, 33]. Hence, special attention needs
to be given to vulnerable pregnancies and no ANC vis-
its [34] to reduce the USMR. However, a simple linear
model is insufficient to capture these relationships, as
biological and social constraints increase the risk non-
linearly at higher levels of adolescent childbearing. A sig-
nificant empirical gap exists in identifying national-level
heterogeneity. This study addresses this gap by utilising
a non-linear quadratic specification for AFR to capture
the non-linear biological and social risks with adolescent
pregnancies.

H5: Increased fertility dynamics (AFR and TER) are
associated with a statistically significant increase in
U5MR.

Sanitation and environmental determinants

Basic sanitation services represent a fundamental envi-
ronmental determinant for child survival, based on the
Grossman health production framework linked with
improvements in infrastructure to control the spread of
infectious pathogens. Sustainable access to safe drinking
water and basic sanitation is expected to exhibit a sta-
tistically significant negative association with the infant
mortality rate [9]. The collective improvement of accessi-
bility for clean water and sanitation with nutritional gains
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has led Tunisia to become a cold spot for child mortality
within the African region [3], while unimproved sanita-
tion and water cause child mortality in SSA [35].

However, existing knowledge indicates that children
in areas with improved water sources may still face high
mortality risks due to the negligence of quality testing,
reflecting that simply providing access is insufficient [27].
Since there is a rising trend of diarrhoeal deaths among
children under the age of five [36], responsible authori-
ties need to prioritise the supply of clean water, sanita-
tion, and hygiene infrastructure as a primary preventative
measure against both water-borne and vector-borne dis-
eases. A critical empirical gap exists in assessing the spe-
cific association of BSS on both a regional and national
basis to ensure high returns on infrastructure invest-
ment. This study addresses this gap by utilising a non-
linear logarithmic transformation of basic sanitation data
to capture diminishing marginal associations across the
considered 45 African nations, facilitating a contribution
to the progress toward the SDGs.

He6: Increased access to BSS is associated with a
statistically significant reduction in USMR.

Research gap
Most prior studies on USMR have focused on isolated
factors, examining a limited set of variables over short
timeframes. Consequently, a significant empirical gap
exists in developing a multi-dimensional, holistic frame-
work that accounts for the synergistic associations of
economic, health-related, social, demographic, and infra-
structural factors over an extended period. This study
addresses this gap by utilising a comprehensive dataset
spanning two decades (2000-2021) to capture long-term
associations of considered key determinants.
Methodologically, this study controls for unobserved,
time-invariant heterogeneity such as cultural norms and
geographical characteristics which can lead to biased
estimates. This study introduces methodological inno-
vation via a Fixed-Effect (FE) panel model to identify
the associations of specific determinants from these
confounding factors. Furthermore, while the current lit-
erature rarely accounts for the delay transmission mecha-
nism of national investments, this research incorporates
lagged economic variables to measure the time required
for budget allocations to manifest as health outcomes.
This study utilises Driscoll-Kraay robust estimates and
year fixed-effects to ensure results are flexible to cross-
sectional shocks and serial correlation. As regional aver-
ages often mask structural diversity, this study addresses
a critical gap by providing descriptive, country-specific
illustrations for 45 African nations. This approach facili-
tates the formulation of evidence-based, nation-specific
policy interventions.
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Data and methodology

Data sources and coverage

The study employed secondary data collected from the
World Development Indicators (WDI) during the period
2000-2021. The balanced panel dataset is presented
in Appendix 1. The rationale used for data collection is
the availability of the published data in WDI. Missing
data points were addressed by excluding countries with
substantial data gaps. However, for very few remain-
ing gaps within the selected 45 nations, standard linear
interpolation was applied to maintain the integrity of the
time-series. To assess potential selection bias, the com-
parison of included and excluded countries is presented
in Appendix 2 reporting summary statistics of key vari-
ables. The results indicate a modest difference between
the two groups without a clear systematic pattern. For

Table 1 Operational definitions, measurement units,
transformations and expected directional associations for
variables used in the study of under-five mortality across 45
African countries (2000-2021)

Variable (WDI series Unit of Transformation Expected
Code) Measure sign
Dependent variable
Under-five child per 1,000 live  Level
mortality (USMR) births
(SH.DYN.MORT)
Independent variables
GDP per capita (GDP) Current US$  Lag & -
(NY.GDPPCAPCD) Lag Squared
Immunisation for Share of Level -
Diphtheria, Tetanus, one-year-olds
Pertussid (DTP) vaccinated
(SH.IMM.IDPT) against diph-
theria, tetanus
and pertussis
Incidence of Malaria  The number  Level +

(IOM)
(SHMLRINCD.P3)

of new cases

of malariain a

year per 1,000

population

at risk
Current Health

Expenditure (CHE)

Current health Lag -
expenditure %

(SHXPD.CHEX.GD.ZS)  of GDP
Adolescent Fertility ~ number of Level & squared  +
Rate (AFR) births per
(SPADOTFRT) 1,000 women
ages 15-19
Total Fertility Rate Total births Level +
(TFR) per woman
(SPDYN.TFRT.IN)
Basic Sanitation People using  Naturallog (In) -
Services (BSS) at least basic
( SH.STA.BASS.ZS) sanitation
services (% of
population)

Source: Authors’ compilation
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instance, the included countries exhibit slightly higher
average USMR while excluded countries show some-
what higher GDP. These differences are relatively small,
suggesting that the use of a balanced panel does not
introduce substantial selection bias in the analysis. Fur-
thermore, the consistency of regression results between
the balanced and full sample supports the robustness
of the findings and suggests that sample selection does
not materially affect the estimated relationships and
enhances transparency. To address concerns regarding
sample selection bias, the complete 54- country dataset is
provided in Appendix 3.

Moreover, this study was reported in accordance with
the Strengthening the Reporting of Observational Stud-
ies in Epidemiology (STROBE) guidelines and thereby,
transparency and completeness of the reporting was
enhanced.

Variable description and measurements

A description of each variable along with unit measures
presented in Table 1. WDI codes for each variable are
presented in Appendix 4.

Panel data structure
The balanced panel data set, spanning 22 years from 2000
to 2021 and focusing on 45 African regional countries,

USMRit =
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was used for the unit data analysis. This combines wide
cross-sectional as well as time-series dimensions, facili-
tating a total of 990 country-year observations. This dual
perspective uncovers the dynamics of considered deter-
minants over two decades and is ultimately beneficial for
suggesting practical policy implications.

Economic model

Panel regression was applied as the analytical technique
for the regional analysis, while MLR was utilised for the
country-specific analysis in this study. This dual approach
was employed because generalised regional associations
may not apply to all nations equally due to structural het-
erogeneity and the lack of cross-sectional dimension at
the individual country level.

Equation 1 examined the associations of GDP, DTP, IOM,
CHE, AFR, TEFR, BSS on USMR for African sample, while
Eq. 2 represents the corresponding country-specific specifi-
cation. In both models, i denotes the country and t denotes
the year. The term v; captures the unobserved country-
specific fixed effects, ¥¢ represents the time fixed effect
and €;; is the idiosyncratic error (disturbance term). USMR
is expressed at level (deaths per 1000 live births) while BSS
enters the model in logarithmic form (level-log specifica-
tion). To capture the delayed effect, the mitigate potential
simultaneity bias lag values of GDP and CHE are used.

Po+ 1 GDP;_y + , DTP; +B310M; + By CHE;_4 + BsAFR;, +

Beln(BSSi) + B;TFRy+ BgGD P 1+ PoAFRG+ vt ¥, + &3¢

(1)

USMR, = o+ f1GDP,_1 + B2 DT P, + 3310M,
+ BasCHEy 1 + BsAF Ry + BsIn (BSS;) (2)
+ B:TFR; 4+ BsGDP? | + BgAFR? + ¢,

Equation 2 represents the country-specific specifica-
tion of the empirical model. The equation is estimated
separately for each country using a time-series of obser-
vations over the period 2000-2021, allowing the coeffi-
cients of the estimator variables to vary across countries.
This approach enables the identification of country-level
heterogeneity in the determinants of USMR across the
African continent.

The panel regression model facilitates the consistent
estimation of the associations between the considered
determinants. Furthermore, it offers significant benefits
over cross-sectional or time-series analysis, particularly
through its ability to control for unobserved heterogene-
ity [37]. Typically, cross-sectional analysis captures data
at a single point in time, and thereby it bears the risk
of omitting variables. Furthermore, failing to consider

immeasurable and time-invariant factors, such as cul-
tural, geographical, and historical norms, leads to biased
estimates through cross-sectional analysis. The FE model
of panel regression successfully overcomes these chal-
lenges by using within-country variation over time to
estimate the links of the associating factors [38]. Hence,
this panel model isolates the association of variables
that change over time, leading to more reliable results.
Thereby, practical policy implications can be suggested.
Through a more informative data pool of multi-coun-
try and multi-year panel models, collinearity issues are
reduced among the variables [37], implying that it is
the most efficient and powerful analytical model for the
analysis.

Diagnostic and robustness test

The stationarity properties of the panel variables were
examined using the Levin-Lin-Chu (LLC) unit root test.
Multicollinearity was assessed using both the correlation
matrix and variance inflation factor (VIF). To determine
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the appropriate estimator, the Hausman specification test
was employed to compare FE and RE models. Statistically
significant Hausman test statistics support the FE estima-
tor with the rejection of the null hypothesis, indicating
that unobserved country-specific associations are corre-
lated with the regressors. Accordingly, the FE approach
was adopted, as it controls for time-invariant country
heterogeneity and mitigates omitted variable bias arising
from unobserved structural differences across countries.

The fixed effect regression estimates were reported
using heteroscedasticity robust standard errors clustered
at the country level which account for potential serial cor-
relation and heteroscedasticity within countries across
time. Clustering at the country level is recommended for
the panel dataset where observations within the same
country may exhibit correlated disturbance. To further
ensure the robustness of the findings, additional sensitiv-
ity analyses were conducted. First, the model was re-esti-
mated using Driscoll-Kraay standard errors, which are
robust to heteroscedasticity, serial correlation and sec-
tional dependency across panels. Second, year fixed effects
were included to control for common time-specific shocks
affecting all countries, such as global health initiatives or
macroeconomic fluctuations. While the primary specifi-
cations focus on country-level fixed-effects to control for
unobserved heterogeneity, year fixed-effects are included
separately as a robustness check. The results remain
broadly consistent across these alternatives, specification
confirming the stability of the estimated relationship.

Moreover, descriptive summary statistics were com-
piled and MLR analyses were conducted. The software
Stata 17 was used for the study, while Python was used
for the graphical presentation of the heat map.

Given the relatively short time dimension of the coun-
try-level regressions, the country-specific models were
estimated using heteroscedasticity and autocorrelation
consistent HAC standard errors, based on the Newey-
West estimator, to account for potential serial correla-
tion and small sample uncertainty. The application of
HAC standard errors in Eq. 2 is specifically intended to
mitigate the risks associated with small sample uncer-
tainty. The limited time dimension (T =22) and the large
number of country-specific regressions at the individual
country level is intended to be illustrative and descrip-
tive rather than inferential, as multiple testing may
increase the likelihood of superior statistical significance.
It restricts the statistical power and strength of the con-
clusions compared to the regional panel analysis. Hence,
results need to be interpreted with caution due to poten-
tial multiple testing issues and small sample uncertainty.

Methodological workflow
Descriptive statistics were tested for all the considered
variables (results presented in Appendix 5). The panel
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unit root test (LLC) indicates (results are presented in
Appendix 6) that most variables are stationary in level,
while AFR and BSS exhibit non-stationarity. No transfor-
mation was applied to AFR and it is retained in level form
due to its strong theoretical relevance and its role in cap-
turing non-linear demographic associations through the
inclusion of a squared term. Variables such as GDP and
BSS are included in lagged and logarithmic forms respec-
tively, to apply delayed transmission mechanism and
improve distributional properties. Multicollinearity was
tested using the correlation matrix and VIF. The results of
these tests are presented in Appendix 7. VIF results indi-
cate relatively higher values for the AFR and GDP vari-
ables, particularly due to the inclusion of squared terms.
This is expected as quadratic specifications introduced
inherent multicollinearity. These variables are retained
based on strong theoretical consideration as they cap-
ture a non-linear relationship in demographic dynamics
and economic development. While multicollinearity may
increase standard errors and reduce coefficient precision,
it does not introduce biases into the estimate. Therefore,
results are interpreted with appropriate coefficients. A
stepwise backward elimination procedure was employed
as an exploratory model refinement approach. Given the
limitation of the stepwise selection, the full candidate-set
model, including all theoretically relevant variables, is
also reported ensuring transparency and allow compari-
son between specifications. Following that, the Hausman
test was conducted with the final set of variables, and
the FE model was selected, with the rejection of the null
hypothesis and results were obtained using heterosce-
dasticity robust standard errors clustered at the country
level. Results of these tests are presented in Appendix 8.
Parallelly, MLR was conducted to analyse the country-
specific association of each variable. A flow chart of the
methodology is presented in Fig. 3.

Results

Descriptive statistics and trends

The highest USMR is exhibited in the Central African
Republic, Sierra Leone, and Niger, while the lowest is
recorded in Cabo Verde, Algeria, and Egypt. The highest
rate for immunisation of DTP records is from Morocco
and Egypt, while the lowest record is from Chad and Cen-
tral Africa, suggesting the link between quality healthcare
on U5MR. Similarly, the lowest rate for IOM is exhibited
in Egypt. Equatorial Guinea shows the highest GDP per
capita, in contrast with the lowest CHE, with a consid-
erable USMR of 112. This can be attributed to a gover-
nance failure, as it ranks as the 3rd most corrupt country.
Niger has recorded the highest rate for both TFR and
AFR of 7.37 and 175.54, respectively. The highest rate for
BSS records is in Egypt, while the lowest value records
are from Ethiopia. The challenges for child survival in a
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Fig. 3 Methodological workflow for the analysis of under-five mortality determinants across 45 African nations (2000-2021). Note: USMR: Under-five
mortality rate; LLC: Levin-Lin-Chu unit root test; VIF: Variance Inflation Factor; MLR: Multiple Linear Regression; FE: Fixed-Effects model; GDP: Gross Do-
mestic Product per capita; DTP: Diphtheria-Tetanus-Pertussis immunisation; IOM: Incidence of Malaria; CHE: Current Health Expenditure; AFR: Adolescent
Fertility Rate; TFR: Total Fertility Rate; BSS: Basic Sanitation Services; COR: Corruption Rank; MSL: Measles immunization; AAP: Annual Air Pollution; ACF:

Access to Clean Fuel; D2ACF: second difference of the Access to Clean Fuels and technologies for cooking. Source: Authors’compilation



Rathnasekara and Jayathilaka Archives of Public Health (2026) 84:193 Page 10 of 17
[@) )
o a >
| . N3 Ing
% z @ 2 B g & &
% ¢ 2 it I & e
4,_ % (> 020 0 's' %fvo §'
% . % ¢ ~o°¢ &
% S &
&
%/I' 0 020 00,
< N
11,}] 6‘0‘
8, € co
r"l’ 010'-120 Aoy
aso ﬂﬁ
2
Angola 00 510 Bo‘swa“
DR Congo Keny2
g‘uinea Mauritaniaj
issau
Equatorial Ghana
Guinea
- e{\‘t\ On,
\»\“ gO (Rep )
3 RY
o gy
> by’
6&‘00 Q[Jealb
C) .&Q’ C:? &
o> 2,
A& 8):
‘g’5 QQ, . ?
& S K
S 8 % %
& S » 2, 7
S % %
¥ & 3 c T %
s £ P B = %
§ § 2 &8 3B %
= = 2 g 5 ‘fé‘
US5MR (per 1000 live births)
I 0-20 [ 40-60 =3 80-100 Hl 125-150+
B 20-40 [ 60-80 Il 100-125

Fig. 4 Changes in under-five mortality rates (per 1,000 live births) across 45 African countries (2000-2023). Note: Polar heat map of Under-five mortality
rate (USMR) per 1000 live births in 45 African Regional countries during the period 2000-2023. Each ring represents a calendar year. Countries are arranged
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particular country are interlinked, as most countries with
high mortality are affected by multiple variables, such as
low coverage of DTP immunisation, high fertility, high
malaria burden, and vice versa. In Nigeria, for example,
the country has low coverage of DTP immunisation, high
fertility rates, and a high malaria burden. In contrast, in
Cabo Verde, the situation is reversed. Changes in USMR
in the African region from 2000 to 2023 are illustrated in
Fig. 4.

The country-specific regressions highlighted hetero-
geneity across countries. However, these results should
be interpreted as descriptive patterns rather than formal
statistical inference. The most consistent association is
for BSS being negative. Burundi and Cameroon show a
considerable negative association of BSS with U5MR,

exhibiting coefficients of -1139.74 and --653.68, respec-
tively. Focusing on the poorest country, such as Burundi,
shows a significant association between the reduction
in USMR and increased wealth, while Algeria, a mid-
dle-income country, exhibits a diminishing return. This
implies the relationship between the Preston curve and
GDP.

Panel regression results (regional analysis)

The comprehensive results for the regional fixed-effect
model are detailed in Table 2. The final stepwise model
utilises 945 observations and incorporates heterosce-
dasticity robust standard errors clustered at the country
level. The inclusion of the full model ensures that results
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Table 2 Regional determinants of under-five mortality in 45
African countries; results from the baseline fixed-effects panel
regression model (2000-2021)
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Table 3 Robustness validation for determinants of under-five
mortality in Africa: Comparison of fixed-effects models with year
effects and Driscoll-Kraay standard errors (2000-2021)

Variable Coefficient Robust std. error Pvalue Model FE clustered SE FE +Year FE FE Driscoll - Kraay
lag GDP -0.00717 0.0018 0.000 lag GDP -0.0071 0.0022 -0.0071

(-3.93) DTP -0.4540 -0.2648 -0.4540
DTP -04540™" 0.1086 0.000 IOM 00518 0.0266 00518

(-4.18) lag CHE -0.7744 -0.3203 -0.7744
IOM 0.0518" 0.0248 0.043 AFR -0.7524 -0.9756 -0.7524

(2.09) TFR 29.7570 210511 29.7570
lag CHE -0.7744 0.5994 0.203 In BSS -19.0198 -49179 -19.0198

(-1.29) lagGDP?  0.3120x10°° -0.0990x 196 03120x107°
AFR -0.7524" 0.3378 0.031 AFR? 0.0022 0.0030 0.0022

(-2.23) The robustness checks that estimated associations remain broadly stable across
TFR 29.7570™ 6.8200 0.000 alternative standard errors specifications

4.36) Source: Authors’ compilation
In BSS -19.0198™ 6.8000 0.008

(:2.80) also presented in Appendix 8 to ensure transparency and
lag GDP? 03120x10°5"  9.1700x10°® 0.001 robustness of interpretation.

(4.46) A potential concern in cross-country mortality analysis
AFR? 0.0022% 3.1600 0.001 is persistence in baseline outcome. In our model, coun-

(3.40) try fixed effects are included to control for unobserved
constant 95.8578%* 39.7220 0.020 time-invariant heterogeneity. Importantly, the estimated

(2.41) coeflicients reflect within-country temporal effects and
R? Within 0.6670 therefore capture whether improvement in GDP, health
R’ Between 06186 spending, vaccination coverage and sanitation is associ-
R? Overall 0.5959 ated with reductions in USMR overtime even in coun-
N 945 tries with structurally high initial mortality.

**¥p<0.01, **p<0.05, *p<0.1 and t statistics in parentheses

GDP Gross Domestic Product per capita (lagged), DTP Diphtheria-Tetanus-
Pertussis immunisation, /OM Incidence of Malaria, CHE Current Health
Expenditure (lagged), AFR Adolescent Fertility Rate, TFR Total Fertility Rate, In
BSS Natural log of Basic Sanitation Services access

Source: Authors’ compilation

are not driven solely by the selection procedure and pro-
vides a robustness benchmark for interpretation.

Using panel regression analysis, this section aims
to establish the association of GDP, DTP, IOM, CHE,
AFR, TER and BSS on U5MR. According to the result
of the FE model shown in Table 2, lag GDP, immunisa-
tion of DTP and BSS exhibit a negative association with
U5S5MR with coefficients of -0.0071 (p=0.000), -0.4540
(p=0.000) and -19.0198 (p=0.008). In contrast with
IOM, TER and higher values of AFR show a statistically
significant positive association with USMR with coeffi-
cients of 0.0518 (p =0.043), 29.7570 (p =0.000) and 0.0022
(p=0.001) at a statistically significant confidence level.
TER has shown a highly statistically significant positive
relationship with USMR. The quadratic terms of GDP
and AFR reveal non-linear associations with child mor-
tality. The model fit statistics (R? within: 0.6938) confirm
that the selected holistic framework effectively captures
the associated factors for USMR in African nations. The
preferred specification is derived through an explanatory
refinement process. However, the full model results are

The FE regression estimates were reported using het-
eroscedasticity robust standard errors clustered at the
country level, which account for potential serial corre-
lation and heteroscedasticity within the countries over
time. Table 3 shows the comparison of main FE results
with year fixed effects and Driscoll-Kraay robustness
checks. The results are included in Appendix 9.

Robustness analysis including year fixed effects con-
firms that only DTP immunisation and TFR remain
robustly significant determinants. The loss of statistical
significance for malaria incidence, sanitation and eco-
nomic indicators (lag GDP and CHE) indicates that these
associations are highly specification-sensitive and should
be interpreted with caution as their associations may
be partially captured by broader temporal dynamics in
regional development. To further ensure the robustness
of the findings, the model was re-estimated using the
full sample of 54 African nations (N=976). The results
obtained from the full sample are consistent with the
primary 45-country balanced panel, confirming that the
identified associations are not sensitive to the exclusion
of nations with missing data points.

Although the FE model has identified significant rela-
tionships between the independent variables and USMR
on a continent-wise basis, as it is not applicable to all
countries, a country-specific analysis of each selected
independent variable is presented in Appendix 10.
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Discussion

Economic development and inequality

Since GDP per capita shows a non-linear association
on U5MR, the lag version of both GDP and its squared
version have been considered in the analysis. Both
lagged versions of GDP and squared GDP were statisti-
cally significant, with coefficients of -0.0071 and 0.3120
x 10~ ® respectively. It suggests that the association with
U5MR depends on the level of economic development
of a nation. At lower economic stages, a $1,000 increase
in GDP per capita in the previous year is associated with
a reduction of approximately seven deaths. This finding
is consistent with the results of [39] in the South Asian
context and [13] in the African context. In contrast, as
results revealed from the study, this benefit diminishes
for the countries having a higher economic development,
validating the application of the Preston curve and the
Grossman model. It confirms that while initial income
growth is crucial, increased wealth in stable African
nations results in a diminishing pattern of return regard-
ing child mortality reduction. It reflects the necessity of
health equity as suggested by [10], uncovering the asso-
ciations of wealth inequality in child mortality in Togo.
The lagged GDP in the final economic model in the study
reflects the delayed transmission mechanism, confirming
that GDP requires a time gap to benefit in the healthcare
setting of a country.

Complying with the average negative association of
lag GDP per capita on USMR, the MLR result showed
that in Burundi, a $1000 increase of GDP in the previous
year is associated with a decrease of 337 child deaths in
the current year. The underlying cause for this relation-
ship would be the probability of funding each additional
dollar for essential health services in the country more
effectively than in a wealthier nation. Similar trends
were observed in other countries, such as Niger, Rwanda
and Malawi, indicating a high return to growth. Further,
when countries are in the trend of increasing their GDP
from a low level, they can allocate more funds for health,
such as basic immunisation programmes, and increase
their expenditure on health. However, the sensitivity of
the GDP coefficient to year fixed effects suggests that the
economic growth association is closely tied to specific
temporal periods of regional expansion.

Health system and public health interventions

Regional FE analysis demonstrates that DTP immunisa-
tion has a robust negative association with USMR (coef-
ficient of -0.454, p < 0.001). This implies that a 1% point
increase in DTP coverage is associated with 0.45 fewer
child deaths per 1000 live births. This finding is further
validated by the Driscoll-Kraay robust estimator, where
the coefficient and significance remain unchanged, sug-
gesting the importance of a country’s primary health
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system. Several countries follow this trend. This find-
ing aligns with the previous literature of [15, 18], which
emphasised the importance of facilitating immunisa-
tion programmes and ensuring that all children receive
the essential vaccinations to contribute to SDG 3.2. In
Rwanda, it has been demonstrated that a 1% increase
in DTP vaccination is associated with a decrease of
approximately 0.9 child deaths per 1000 live births. This
association reflects the effectiveness of the immunisa-
tion programme against fatal diseases in children. Vac-
cination against DTP is a significant approach in child
health, as diseases like whooping cough are detrimental
to children. This measurement is not just a statistic, and
it can be considered a characteristic of functional pri-
mary healthcare. In such a healthcare setting, which can
successfully implement an immunisation programme for
three doses of a vaccine over a period of several months,
it demonstrates the capability of providing close moni-
toring of the child’s health, including growth, nutrition,
and other essential health services. This trend is followed
by countries such as Malawi, Sdo Tomé and Principe, and
Guinea, which demonstrate high effectiveness in child
survival.

Algeria, which has a low average USMR of 29.5, main-
tains a comparatively high average DTP immunisation
rate of 90.7%, in contrast to Angola, which has a high
U5MR of 125 and a relatively low immunisation rate of
50.3%. Consistent with the common regional results,
existing knowledge of [3] also confirmed that immunisa-
tion coverage is an important key determinant in USMR.

In the African region, a 1% increase in health expen-
diture as a share of GDP in the previous year is linked
with a reduction of USMR by nearly 0.8 deaths per 1,000
live births in the current year. However, it did not reach
statistical significance (p = 0.203) as an independent
predictor in the final regional specification. This sug-
gests that simply increasing the share of GDP spent on
health may not be sufficient for child survival without
continuous improvements in governance. Aligning with
this finding, existing literature of [40] confirmed the
relationship between U5MR and institutional quality in
SSA countries. Gambia has demonstrated a return on
investment for CHE, indicating a 1% increase in lagged
CHE associated with the reduction of 6.64 deaths per
1000 live births. As a country with substantial capacity
in health settings, this additional expenditure is utilised
for Anti-Retroviral Therapy (ART) to minimise the trans-
mission of HIV from mother to child, linked to a consid-
erable reduction in child deaths. The negative association
between CHE and U5MR highlights the importance of
strengthening the health system by funding the health
sector to reduce USMR. In line with the study results,
existing knowledge has also demonstrated a negative cor-
relation between child and maternal mortality and health
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expenditure [25]. Further, in accordance with [41], health
expenditure is a vital determinant in the improvement of
health status in a country. In compliance with the same
trend, Rwanda and Algeria reveal significant negative
coefficients, reflecting a high associative return.

The access to basic sanitation services (In BSS) exhib-
its a significant negative association with child mortal-
ity (coefficient of -19.02, p = 0.008). Analytically, a 1%
increase in the proportion of the population with BSS
access is associated with a decrease of 19 deaths per 1000
live births. However, this coefficient loses significance
when year fixed-effects are included, suggesting that the
association may be partially captured by broader tempo-
ral trends in regional infrastructure development. The
profound association in Burundji, reducing approximately
11 child deaths to a 1% increase in BSS in the proportion
of the population, might be due to the massive health
gain resulting from improving basic sanitary require-
ments from low coverage. Similarly, almost all countries
exhibit this negative trend of BSS on U5MR, emphasis-
ing its universal importance. Diarrhoeal diseases, which
are due to pathogens like cholera and E. coli, are fatal for
children under 5, as they might link to severe conditions
such as dehydration and malnutrition. With the acces-
sibility of BSS, the contamination of food and water by
faecal materials is significantly reduced, disrupting the
primary transmission routes for pathogens and contrib-
uting to a healthier nation. In accordance, prior knowl-
edge of [35] reveals that the disrupting of transmission of
pathogens is crucial, the same as medical interventions.
Moreover, the existing literature has also confirmed the
negative association of BSS with USMR [3, 9]. Hence, it
has been proven that the importance of budget allocation
in improving the country’s infrastructure for child sur-
vival is evident. It is important to note that the statisti-
cal significance of sanitation access is sensitive to model
specification, indicating that its association is likely inter-
twined with broader infrastructure trends over time.
However, the association of DTP, CHE and BSS collec-
tively indicates the association of the public health inter-
vention model on USMR.

Disease burden and child survival

The IOM is positively associated with USMR (coeffi-
cient of 0.052, p = 0.043). Specifically, every one-unit
increase in malaria cases per 1000 people at risk is asso-
ciated with an increase of 0.05 child deaths. This result
is particularly pronounced in country-specific descrip-
tive models, such as in Namibia (coefficient of 0.14, p <
0.001), where the magnitude is nearly triple the regional
average. These findings highlight the importance of
intervening in community health control programmes.
Country-specific results suggest variation in the relation-
ship between malaria and USMR across countries. The
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positive association gained from the study findings is
aligned with the framework which is discussed in prior
literature of [11]. Malaria may be fatal for children due to
cerebral malaria, severe anaemic conditions, respiratory
distress, as a direct link and the probability of weakening
the immunity system of children and making them more
susceptible to pneumonia too, as indirect associations.
Low birth weights are also expected for mothers who
had to suffer from malaria during their pregnancy. Since
these conditions ultimately contribute to higher USMR
in a country, investing in malaria control programmes is
important for high-endemic countries. Consistent with
the statistical analysis, it has been identified that the elim-
ination of malaria as a prominent factor for child mortal-
ity has been identified through previous studies as well
[3, 22]. Further, in line with [42], access to improved sani-
tation and water has been identified as significantly asso-
ciated with USMR and complies with the study findings.
Therefore, controlling the spread of endemic diseases
needs to be addressed by susceptible countries to reduce
child deaths and critical complications in childhood as
well. Even though IOM and BSS exhibit statistically sig-
nificant associations in the baseline fixed-effect model,
these relationships are not robust to the inclusion of a
year fixed effect, indicating sensitivity to time-specific
dynamics. Further, the sensitivity of malaria incidence to
year fixed effects highlights that its association with child
mortality is context-dependent and subject to common
time-specific health shocks across the continent.

Demographic factors

Demographic factors exhibit the highest magnitudes of
association; TFR shows a highly significant positive asso-
ciation (coefficient of 29.76, p < 0.001). This indicates
that one additional birth per woman is associated with
approximately 30 additional child deaths per 1000 live
births. Similarly, the non-linear biological risks of early
childbearing are captured by the AFR squared term (coef-
ficient of 0.0022, p = 0.001), showing that the mortality
risk intensifies as adolescent fertility rates increase. These
findings propose the importance of family planning and
the link between female education and awareness. Fur-
ther, the association between AFR and child mortality is
level-dependent. The quadratic specification of AFR sug-
gests that the increasing of child mortality intensifies at
higher levels of childhood pregnancies. As a key factor in
the model, the fertility rate has a highly positive magni-
tude and a statistically significant association on U5SMR.
Sudan exhibits a descriptive relationship of TFR towards
U5MR. Since Morocco has already realised a significant
reduction in USMR by controlling primary risk factors,
this demographic factor has become more prominent and
can be identified as the final barrier for a healthy nation.
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In accordance with the study results, existing literature of
[13] teenage mothers bear higher risk of USMR.

When birth spaces are too short, it affects underweight
child births, as there is no adequate time for restoring
essential nutrients like iron and folate. The highly detri-
mental positive association of AFR with USMR is evident
in Mozambique, where an increase of one birth per 1000
adolescent women is associated with an increase of16
deaths in the USMR. This significant positive relation-
ship corresponded to both biological and social threats
of having early-age births, making the children more
vulnerable to childhood deaths. Since the bodies of ado-
lescent mothers are not fully developed biologically for
childbirth, it might lead to several complications in the
child, like low birth weight and pre-term births. Low
awareness of prenatal and postnatal care also signifi-
cantly affects this positive trend. Similarly, previous stud-
ies have revealed multiparity and short birth intervals are
high-risk factors [31] and proved the risk of adolescent
pregnancy towards USMR [27]. However, it is required
to isolate the association of fertility from the cultural and
social norms of a country and analyse its association to
avoid bias.

Conclusions

Summary of the key findings

This study examines the measures for USMR on the Afri-
can continent and their country-specific associations,
based on 45 nations over a two-decade period. The study
identifies DTP immunisation and TER as the most robust
regional factors associated with under-five mortality
across African countries. While lag GDP, access to sanita-
tion (In BSS), and malaria incidence (IOM) exhibit signifi-
cant associations in baseline specifications, these findings
are specification-sensitive. This indicates that their role
as child mortality determinants is context-dependent
and influenced by broader temporal dynamics, requiring
policy interventions that account for both regional trends
and nation-specific structural diversity. Therefore, find-
ings should be interpreted as context-dependent rather
than universally stable across specifications.

TER has demonstrated its core association with child
survival, highlighting the importance of birth order, fam-
ily planning, and overcoming the unique challenges faced
by multiparous mothers in a nationwide context. These
findings disclose that the sustained economic growth
of a country affects child survival in terms of increas-
ing expenses on health settings through uplifting qual-
ity community health, like immunisation programmes,
investing in public health infrastructure and improving
access to sanitation and controlling endemic diseases
such as malaria in high-susceptible countries, which can
be detrimental to children directly as well as incidentally.
On the other hand, addressing demographic challenges
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like fertility rates, child marriages, and early pregnancies
is vital for a notable reduction in child mortality rates
across the African region.

Country-specific MLR results generally align with the
average regional trend for most countries, while some
countries exhibit results that differ. Hence, policy imple-
mentation required focusing on each country specifically
rather than on a continental basis. However, these coun-
try-specific results are primarily illustrative and descrip-
tive. These models are intended to showcase potential
national deviations rather than to serve as standalone
inferential proofs.

Policy and practical implications

While the following recommendations incorporate
insights from both regional and national models, it is
important to emphasise that country-specific findings
remain descriptive in nature. These results are provided
to illustrate heterogeneity across the panel and should be
used to supplement, rather than replace, regional infer-
ential evidence when formulating localised health strat-
egies. Priority is given to interventions supported by
robust regional coefficients, while national-level sugges-
tions serve as descriptive guides for potential localised
health strategies.

As indicated by the regional analysis, DTP immunisa-
tion reflects a considerable association with child sur-
vival. A 1% point increase in coverage is associated with
a reduction of approximately 0.45 child deaths per 1,000
live births (coefficient of -0.45, p<0.01) and therefore,
improving the vaccine coverage in high-risk countries is
suggested by the study results as a regional priority. At
the national level, the ministries of health in countries
with persistently low means of immunisation coverage,
such as Chad, the Central African Republic and Nigeria,
are suggested to prioritise launching national immunisa-
tion programmes routinely to ensure completion of the
three doses of the DTP vaccine schedule. For nations
like Rwanda, where the descriptive country-specific
coefficient indicates an even more pronounced associa-
tion (coefficient of -0.9, p<0.05), a targeted 5% annual
increase in coverage is proposed to facilitate rapid prog-
ress toward SD@ 3.2. Given that a unit increase in malaria
incidence is associated with a 0.0518-point rise in USMR
regionally and is particularly high in endemic nations
like Namibia with country-specific coefficient of 0.159, it
shows that every unit increase in malaria incidence con-
tributes for a considerable threat to child survival and
therefore, preventative measures are suggested to con-
trol the malaria burden. In addition to that, for countries
like Burkina Faso, Benin and Sierra Leone, where malaria
continues, precautionary steps can be taken by imple-
menting malaria control programmes, distributing insec-
ticide-treated bed nets for pregnant women and children
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and facilitating public hospital settings with rapid diag-
nostic tests and artemisinin-based combination therapy.
Malaria control remains an important policy area. How-
ever, given that its statistical significance is sensitive to
model specification, policy recommendations need to
be considered alongside country-specific conditions and
temporal dynamics.

Empowering community health settings and health
workers, including training and ensuring the availability
of medicines in rural areas, as well as conducting aware-
ness programmes for reproductive health, would be ben-
eficial for South Africa as a middle-income country that
has significant capacity but struggles due to inequalities.
Increasing health expenditure and investing in building
quality community health would be worthwhile for coun-
tries like Equatorial Guinea and the Republic of Congo,
which are having low expenses on health, in reaching
their SDG 3.2.

Furthermore, ministries of education need to imple-
ment policies to improve girls’ education by enhancing
enrolment in secondary education, including lessons on
reproductive health in the basic education curriculum,
and enforcing laws against child marriage as long-term
precautions. This would be important in most suscepti-
ble countries such as Niger, Equatorial Guinea and Chad,
which have high mean rates of adolescent pregnancies.
The regional results indicate that a one-unit increase in
the total fertility rate is associated with an increase of
approximately 30 additional child deaths per 1,000 live
births (coefficient of 29.7570, p<0.01). This underscores
the suggested expansion of modern family planning ser-
vices, particularly in nations like Morocco, where the
descriptive national association is comparably higher
(coefficient of 65.0), to mitigate biological and socioeco-
nomic risks to child survival. Given the link between
fertility rates of a country and child mortality, Niger and
Chad exhibit high fertility rates and child deaths. There-
fore, the ministries of health in those countries are sug-
gested to facilitate widespread modern family planning
services, ensuring accessibility for all. Study results sug-
gest that there is a significant association with sanitation
services and a reduction of child deaths in the African
continent, with a regional coefficient of -19.02. Hence,
investing in new infrastructure projects to improve sani-
tation services, particularly where there is low coverage
of BSS, would be beneficial for those nations that are sus-
ceptible for a high rate of child deaths. In nations show-
ing a strong descriptive association, such as Burundi
(national coefficient of -11.0), prioritising investment in
new sanitation infrastructure is proposed. Furthermore,
budget allocation for the health sector, which minimises
the heterogeneity of health access within the country, is
also necessary for highly susceptible countries such as
Chad and Niger. In addition to that, on the international
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level, the WHO and UNICEF may contribute by tailor-
ing funding for child-saving programmes in the required
countries, including Burundi, the Democratic Republic
of Congo, the Central African Republic, Ethiopia, and
Niger, which have the lowest GDPs. It would be beneficial
for eliminating preventable child deaths by 2030.

Theoretical and academic contribution

This study contributes to the existing knowledge of litera-
ture by identifying regional factors associated with child
survival. Methodologically, statistical results are based
on a fixed-effects panel model for 45 countries, which
isolates the considered determinants from unobserved,
country-specific factors that are not feasible to con-
trol through a single-country or cross-sectional country
analysis. Furthermore, this study employs a multidimen-
sional, holistic framework over 22 years. Moreover, the
non-linear nature of the Preston curve and the diminish-
ing returns of income have been empirically supported
through the significant quadratic terms in the lagged eco-
nomic model.

Limitations and further research directions

Limitations of the study include the availability of sec-
ondary data only for some independent variables and
countries, as well as the inability to eliminate potential
sources of endogeneity, such as time-varying omitted
variables. Although AFR is not stationary in levels, it is
retained based on theoretical considerations. This may
introduce some estimation sensitivity and results need to
be interpreted with caution. Although a balanced panel
improves comparability over time, it may exclude coun-
tries with incomplete data, which would affect repre-
sentativeness. Further, the multiple testing of 45 nations
and short time dimension (T =22) limit the inferential
strength of individual country results of multiple linear
regression.

Furthermore, the sensitivity of several key variables like
malaria, sanitation, and GDP to model specification con-
sidering the year fixed effects is a notable limitation. This
indicates that the regional panel results for these deter-
minants may be partially confounded by unobserved
common temporal trends. Hence, these findings need to
be interpreted as suggestive components.

As U5MR is a non-negative outcome variable, a purely
linear specification may theoretically yield negative fitted
values outside the observed covariant range. To address
this concern, the study additionally estimated the log-
linear estimator (In USMR) as a robustness check. Future
research may further explore alternative bounded out-
come models such as Poisson pseudo-maximum likeli-
hood with fixed effect. Future research needs to explore
the association of country-specific cultural practices in
African regional nations with child mortality over time.
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Quantitative analysis would effectively examine the rela-
tionship between maternal health, immunisation, and
other sociodemographic factors and child mortality.
Thereby, responsible authorities can focus more on pol-
icy implications with respect to the different regions in a

country.
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