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Abstract
Background Under-five mortality (U5MR) remains a critical development challenge, particularly in low-income 
countries (LICs), where children face the highest risk of preventable deaths. This study explores the influence of three 
key variables, per capita Gross Domestic Product (PGDP), DTP1 immunisation coverage, and Government Healthcare 
Expenditure (GHE), on U5MR across 19 LICs from 2000 to 2020, providing a clearer understanding of their individual 
and combined effects.

Methods A balanced panel dataset was analysed using both fixed-effects and random-effects panel regression 
models. Additionally, country-level insights were derived through multiple linear regression (MLR) to capture 
variations across different LIC contexts.

Results The analysis revealed a strong inverse relationship between PGDP and U5MR, highlighting the role of 
economic growth in improving child survival. DTP1 immunisation coverage showed mixed effects, positively linked 
to reduced mortality in most LICs, but unexpectedly associated with higher U5MR in specific contexts like Malawi 
and the Central African Republic, suggesting challenges in access or implementation. Similarly, GHE showed varied 
impacts, with some countries benefiting significantly, while others demonstrated weaker or adverse effects, likely due 
to inefficiencies in spending.

Conclusions The findings highlight that reducing U5MR in LICs requires more than isolated actions. It calls for 
combined strategies that connect economic improvements with fair healthcare investments and better immunisation 
delivery. Policymakers must design context-specific solutions to ensure lasting and meaningful progress in child 
health outcomes.
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Introduction
The Under-Five Mortality Rate (U5MR) is a growing con-
cern worldwide and is one of the most essential indica-
tors used to evaluate a nation’s social well-being, health 
status, and quality of life [1, 2]. Over the past few years, a 
substantial reduction in U5MR has been observed glob-
ally, driven by better allocation of resources, economic 
development, and focused global health initiatives such 
as the Millennium Development Goals (MDGs) [3–5].
The implementation of health policies and increased 
government healthcare expenditure, along with improve-
ments in maternal care and education [6], governance, 
and environmental factors, has helped reduce U5MR sig-
nificantly [7, 8].

However, despite these improvements, hardly any 
studies have examined the combined impact of Gross 
Domestic Product per capita (PGDP), DTP1 vaccina-
tion coverage, and Government Healthcare Expenditure 
(GHE) in a unified framework, particularly in the context 
of low-income countries (LICs). While some research 
has been conducted in broader regional contexts such as 
Sub-Saharan Africa, there remains a clear gap in studies 
that assess the individual and combined effects of these 
variables across specific LICs. Moreover, there is a nota-
ble scarcity of studies that investigate these relationships 
using country-level data over a 21-year period. This study 
aims to fill that gap by evaluating how PGDP, DTP1, and 
GHE jointly influence U5MR in 19 LICs from 2000 to 
2020, providing both cross-national insights and granular 
country-wise understanding of child mortality determi-
nants in low-resource settings.

Understanding the combined influence of these indica-
tors is essential for policymakers, researchers, and devel-
opment practitioners who aim to reduce child mortality 
through more targeted and effective strategies. While 
existing studies often examine economic output, health-
care expenditure, or immunisation coverage in isolation, 
this study uniquely integrates all three variables to reflect 
the complex, real-world interactions that shape child 
health outcomes in low-income settings. By employ-
ing both panel regression and multiple linear regression 
models, the study not only uncovers macro-level regional 
patterns but also allows for country-specific interpreta-
tions. These findings have strong practical implications 
for guiding policy reforms, budgeting priorities, and pub-
lic health interventions across 19 LICs. Specifically, the 
insights can inform how governments allocate healthcare 
resources more efficiently, strengthen vaccination out-
reach efforts, and design economic policies that support 
child survival and improved health equity in low-income 
contexts.

The objective of this study is to examine how economic 
output (PGDP), government GHE, and DTP1 vaccina-
tion coverage collectively influence U5MR in LICs. It is 

hypothesised that higher levels of GHE and increased 
DTP1 vaccination coverage will significantly reduce 
U5MR, as these represent direct investments in health-
care infrastructure and access. Meanwhile, the impact 
of economic output is expected to be more variable, 
depending on how equitably income is distributed and 
how effectively economic gains are converted into tan-
gible improvements in public health services.

Figure 1 below illustrates the overall trends in U5MR, 
PGDP, DTP1, and GHE across LICs from 2000 to 2020, 
based on data related to Table 1 (further annexed in S1) 
highlighting the comparative patterns and shifts that 
inform this study’s focus.

Trends in U5MR across different income levels
Globally, U5MR has shown a significant decline over 
the past two decades, with several LICs and lower-mid-
dle-income countries (LMICs) achieving reductions 
of more than two-thirds since 2000. This progress has 
largely been attributed to improved healthcare programs, 
expanded access to vaccinations, and targeted govern-
ment interventions in subsidizing health services [9]. The 
adoption of sustainable and strategic health measures has 
further contributed to reducing child mortality through 
more effective resource allocation. Nevertheless, children 
in low- and lower-middle-income countries continue 
to bear a disproportionate share of the global under-
five mortality burden when compared to those in high-
income countries [10]. Importantly, progress has been 
made at the country level, with twelve LICs and LMICs 
achieving MDG 4 by reducing U5MR by at least two-
thirds [11]. Despite income-based disparities, U5MR has 
exhibited an overall downward trend across all income 
groups between 2000 and 2020.

Variations in GDP per capita across income categories
Between 2000 and 2020, PGDP trends have exhibited 
sharp variations across income groups. The 2008 global 
financial crisis marked a turning point, particularly for 
high-income countries (HICs), where declines in struc-
tural capital and national intellectual capital severely 
hindered economic growth [12]. During this period, the 
reliance on complex financial instruments increased 
exposure to risk, aggravaing the economic downturn 
[13, 14]. From 2010 to 2015, despite strong employment 
growth, PGDP in some regions rose only modestly [15]. 
While developing countries continued to support global 
growth, their post-crisis contributions were approxi-
mately 2% points lower than in pre-crisis years [16]. 
Notably, PGDP across income categories displayed con-
siderable fluctuation during the 2000–2020 period, with 
a marked downward trend from 2018 to 2020 indicating 
renewed economic pressures affecting both high- and 
low-income nations.
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Examine disparities in DTP1 vaccine across income strata
Disparities in DTP1 vaccine coverage between income 
groups have persisted throughout the 2000–2020 period, 
with LICs consistently reporting the lowest levels [17]. 

The COVID-19 pandemic in 2020 further deepened these 
disparities due to reduced healthcare workforce avail-
ability, shortages of personal protective equipment, and 
disruptions in immunisation supply chains [18]. These 
challenges led to significant declines in vaccine uptake 
and delayed distribution, particularly in vulnerable 
regions. To mitigate these setbacks, international agen-
cies have recommended catch-up vaccination campaigns, 
enhanced monitoring of immunisation performance, and 
the intensification of routine immunisation efforts [19]. 
Although the long-term trend indicates improvements in 
DTP1 coverage, periodic dips, particularly between 2018 
and 2020, emphasise persistent systemic barriers.

Challenges in GHE among income levels
Healthcare spending remains unevenly distributed across 
income categories. HICs, such as the United States, con-
sistently spend more per capita on healthcare compared 
to LICs [20]. In response to the COVID-19 pandemic, 
global government healthcare expenditure surged by US 
$9 trillion in 2019, with HICs leading the increase [21]. 
LICs, however, continued to face difficulties in sustaining 
external aid and strengthening pandemic preparedness. 
Notably, government health spending rose considerably 

Table 1 Data sources and variables
Variables 
Type

Variables Measurement Data Sources

Dependent 
Variable

U5MR Number of deaths of 
children under five 
years old per 1000 
live births

UNICEF
 h t t p  s : /  / d a t  a .  u n i  c e f  . 
o r g  / t  o p i  c / c  h i l d  - s  u r 
v  i v a  l / u n  d e  r - fi  v e - m 
o r t a l i t y /

Inde-
pendent 
Variables

Gross 
Domestic 
Product

Per capita GDP in 
U.S. dollars

World Bank
 h t t p  s : /  / d a t  a .  w o r  l d b  
a n k .  o r  g / i  n d i  c a t o  r /  N 
Y . G D P . P C A P . C D

Im-
munisation 
Coverage

Percentage % of 
DTP1 immunisation 
vaccine given to chil-
dren under-age 5

UNICEF
 h t t p  s : /  / d a t  a .  u n i  c e f  . 
o r g  / t  o p i  c / c  h i l d  - h  e a 
l t h / i m m u n i z a t i o n /

Government 
Healthcare 
Expenditure

Government expen-
diture on healthcare 
from percentage % 
of GDP

World Bank
 h t t p s :   /  / d a t  a  . w o  r l d b  
a n  k  . o   r g  / i n d  i c a  t  o  r  / S 
H .  X P D .  G H E  D . G D . Z S

Source: Authors’ illustration based on [2] and World-Bank [69]

Fig. 1 The overall trend of U5MR, PGDP, DTP1 and GHE for LICs from 2000-2020. Source: Authors’ illustrations based on data

 

https://data.unicef.org/topic/child-survival/under-five-mortality/
https://data.unicef.org/topic/child-survival/under-five-mortality/
https://data.unicef.org/topic/child-survival/under-five-mortality/
https://data.unicef.org/topic/child-survival/under-five-mortality/
https://data.worldbank.org/indicator/NY.GDP.PCAP.CD
https://data.worldbank.org/indicator/NY.GDP.PCAP.CD
https://data.worldbank.org/indicator/NY.GDP.PCAP.CD
https://data.unicef.org/topic/child-health/immunization/
https://data.unicef.org/topic/child-health/immunization/
https://data.unicef.org/topic/child-health/immunization/
https://data.worldbank.org/indicator/SH.XPD.GHED.GD.ZS
https://data.worldbank.org/indicator/SH.XPD.GHED.GD.ZS
https://data.worldbank.org/indicator/SH.XPD.GHED.GD.ZS
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between 2007 and 2009 in HICs as part of economic 
recovery efforts [22]. While GHE continues to rise in 
LMICs, recent trends show LICs have begun to outpace 
upper-middle-income countries (UMICs) in terms of 
growth rates.

According to UNIGME, global U5MR declined from 
12.6 million to 5.4 million between 1990 and 2017 [23]. 
However, Sub-Saharan Africa (SSA), home to 24 of the 
48 LICs [24], continues to account for nearly half of all 
global under-five deaths [25, 26]. Despite some regional 
improvements, countries within SSA continue to face 
considerable barriers to child survival, including pov-
erty, poor sanitation, and lack of access to clean water 
[27, 28]. In these settings, low PGDP restricts household 
incomes and limits access to nutritious food, intensifying 
child malnutrition [29]. As the first point of contact with 
immunisation systems, DTP1 coverage serves as a critical 
measure of national immunisation performance [30, 31]. 
Ignoring such programs can lead to devastating health 
consequences for under-five children, particularly in vul-
nerable regions.

To contextualise the study, data were collected from 
19 low-income countries, 90% of which are in SSA, over 
a 21-year period (2000–2020). These countries were 
selected due to their disproportionately high burden of 
under-five mortality and systemic health financing chal-
lenges. The findings of this study are expected to inform 
policy efforts by highlighting how targeted improvements 
in economic output, vaccination coverage, and health-
care investment can jointly contribute to lowering U5MR 
in similar low-resource settings.

This study is guided by multiple theoretical perspec-
tives that support the selection of the study variables. The 
Preston Curve posits that increases in national income 
(PGDP) are associated with improvements in population 
health, particularly in low-income settings. The Social 
Determinants of Health framework underscores the 
influence of social and economic environments, such as 
healthcare spending (GHE), on health outcomes. Sen’s 
Capability Approach emphasizes the role of healthcare 
access and immunisation (DTP1) in expanding individual 
freedoms and well-being. Finally, Human Capital Theory 
views investments in health and education as essential 
drivers of economic productivity and survival. These 
frameworks collectively justify the inclusion of PGDP, 
GHE, and DTP1 as key determinants of U5MR.

The remainder of this article are classified as follows: 
Section two explores the theoretical framework to evalu-
ate the economic impact, and the impact of DTP1 and 
GHE on U5MR through theories. Section three describes 
the literature review, while section four elaborates on the 
data. Section five evaluates the methodology and sec-
tion six examines the findings and discussions. Practical 
implications of the study are examined in detail in section 

seven, followed by a section dedicated for limitations and 
future research directions. Finally, the paper ends with a 
concise conclusion.

Theoretical framework
This study is grounded in four theoretical frameworks 
that collectively explain the potential impact of PGDP, 
DTP1, and GHE on U5MR in LICs.

First, the Preston curve illustrates the relation-
ship between national income, which is measured by 
PGDP and U5MR, where an increase in PGDP leads to 
enhanced healthcare facilities, further improving health 
outcomes and cutting down the rate of under-five deaths 
[32]. Second, social determinants of health framework 
imply the impact of economic, environmental and social 
factors on health outcomes [33]. Third, Sen’s capability 
approach, which determines the capability of an individ-
ual to achieve value in their life, improves the individu-
als’ ability and capability through economic and social 
factors such as education, healthcare and social security 
[34]. Fourth, human capital theory refers to investments 
focused on health and education in terms of improving 
health outcomes where it is heavily influential on mor-
tality rates by developing the medical field and quality of 
health [35]. These frameworks collectively offer a multi-
dimensional lens to understand how economic capacity, 
healthcare systems, and immunisation access influence 
child mortality across LICs.

Literature review
PGDP as a determinant of U5MR
Child mortality remains disproportionately high in the 
world’s poorest countries, particularly LICs, where sys-
temic issues such as poor nutrition and inadequate 
healthcare infrastructure persist [36–38]. U5MR is widely 
regarded as a reliable proxy for assessing child health and 
overall societal well-being, capturing deficiencies in both 
healthcare systems and socioeconomic development [1]. 
Research confirms a significant negative relationship 
between PGDP and U5MR, with studies reporting that a 
1% increase in PGDP can reduce U5MR by up to 0.093% 
[39]. This finding is further supported by evidence high-
lighting a strong inverse association between PGDP and 
child mortality [40, 41].

Despite this trend, the relationship is not always 
straightforward. It has been observed that U5MR tends 
to rise sharply during economic downturns, illustrat-
ing how fragile health gains can be in LICs with limited 
fiscal resilience [32, 42]. Studies in Uganda [43, 44] and 
Sierra Leone [45] demonstrate how extremely low PGDP 
restricts public investments in maternal and child health. 
On the other hand, higher PGDP can facilitate broader 
access to maternal education, prenatal services, and 
postnatal care [46, 47]. Income improvements have been 
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found to increase care-seeking behaviours and enhance 
child survival rates [48]. Moreover, female labour force 
participation, often associated with stronger economic 
conditions, has been shown to contribute to better child 
health outcomes [49].

However, during recessionary periods, LICs often face 
constrained healthcare delivery due to reduced revenues 
and weakened infrastructure. In such contexts, even 
modest declines in PGDP can have adverse effects on 
child survival, reinforcing the need for economic stability 
and inclusive growth policies.

Immunisation as a determinant of U5MR
Immunisation plays a critical role in preventing child 
deaths and improving public health outcomes. Between 
2000 and 2020, vaccination programmes prevented 
approximately 37  million deaths in low- and middle-
income countries [50]. Improved coverage of key vac-
cines such as DTP1 is strongly associated with reductions 
in U5MR [51]. Studies conducted in Ghana and Tanzania 
show that increased DTP1 uptake resulted in significant 
declines in child mortality [52, 53].

Nonetheless, challenges persist in achieving full vaccine 
coverage in LICs. In many rural areas, logistical barriers 
limit access to vaccines [54], while delays or improper 
administration of DTP1 can diminish its protective 
effects or even exacerbate health risks [55]. Interestingly, 
in some contexts, U5MR was paradoxically found to be 
higher among vaccinated children, suggesting that other 
contextual factors such as malnutrition or inadequate 
healthcare might undermine the benefits of immunisa-
tion [54]. These mixed findings highlight the importance 
of improving vaccine delivery systems and addressing 
contextual health inequities to maximise immunisation 
effectiveness.

GHE as a determinant of U5MR
GHE is a critical determinant of child health in LICs. 
Higher GHE is generally associated with improved access 
to skilled birth attendance, maternal care, immunisation 
services, and child nutrition programmes [56, 57]. Stud-
ies affirm that greater investment in health systems con-
tributes to lowering U5MR [58–62].

However, the impact of GHE is heavily dependent 
on how resources are allocated. It has been argued that 
governance quality and institutional capacity determine 
whether increased spending translates into better health 
outcomes [7, 57]. Some studies even report contradictory 
findings. While GHE can lower U5MR, it has been found 
to have minimal effect on overall life expectancy [63]. 
Similarly, in some settings, increased GHE has correlated 
with higher U5MR, potentially due to inefficiencies, cor-
ruption, or misallocated resources [64–66].

Education and employment indirectly influence child 
health outcomes by enhancing health literacy and care-
seeking behaviour. Female education, in particular, has 
been shown to improve maternal health decisions and 
uptake of antenatal care [67, 68].

Although substantial literature exists on the individ-
ual roles of PGDP, DTP1, and GHE in reducing U5MR, 
very few studies examine the combined effects of these 
determinants within a single analytical framework, espe-
cially in the LIC context. Even where studies have been 
conducted within SSA, most have failed to undertake 
disaggregated, country-level analysis over extended time 
periods. This study aims to address this research gap 
by exploring the individual and joint impacts of PGDP, 
DTP1, and GHE on U5MR across 19 LICs over a 21-year 
span. By integrating these variables in a unified model 
and applying both panel and multiple regression tech-
niques, this research provides new insights that are con-
text-specific and policy-relevant.

Data
Table  1 provides a detailed description of the variables 
used in this study and the data sources from which reli-
able data was collected.

To conduct an impactful examination, this study uses 
a panel data set comprising 19 LICs from 2000 to 2020, 
taken into account where the data has no gaps, resulting 
in a strongly balanced dataset giving much more accurate 
results. The data file used to conduct the study is pre-
sented in the S1 Appendix.

Methodology
Panel regression is a set of two-dimensional cross-sec-
tion data consisting of time and space [70]. The follow-
ing Eq. 1, is used to examine the impact of PGDP, DTP1 
and GHE on U5MR for the low-income context, where in 
generating results that concluded both Fixed Effects (FE) 
and Random Effects (RE) models, which is a much better 
determinant when it comes to assessing data in a larger 
group. Further, this can be simply identified as the data 
set is formed by intercepting certain value characteristics 
of i objects at t different times nodes.

 
U5MRit = β0 + β1PGDPit

+ β2DTP1it + β3GHEit + εit
 (1)

In the equation, t denotes the time span that is under 
consideration. The subscript i shows the country or 
region as well as the standard error which ϵ it included. 
The intercept and the coefficients of variables is denoted 
as β0, βk and α0, αk.

 
U5MRt = α0 + α1PGDPt

+ α2DTP1t + α3GHEt + εt
 (2)
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The MLR model was used to generate results, which are 
much more effective in assessing the impact individu-
ally over a period of time since the characteristics of both 
space and time dimensions of the widespread impact can 
be separately explored [71]. Equation 2, was included to 
assess the country-specific impact of PGDP, DTP1 and 
GHE on U5MR.

As mentioned above, this exploration uses panel 
regression to examine the dataset and the focal point 
of this analysis is to articulate if PGDP, DTP1 and GHE 
impact U5MR. There are several benefits of panel data 
analysis. First, the identification and discrimination 
between competing hypotheses where it evaluates dif-
ferent possible scenarios and justifies which one is the 
most accurate based on evidence [72]. Second, the elimi-
nation or reduction of estimation bias where it ensures 
the clarity in which the estimation is accurate and does 
not lean towards specific estimation [73]. Third, reduc-
ing the problems of data multicollinearity where the issue 
is addressed regarding the independent variable being 
highly correlated which can make the coefficients unreli-
able [74]. Further, this issue can be addressed by remov-
ing variable s that are similar or simply combining them 
as one.

Before the models were tested, the stationarity and 
stability of the dataset were examined using Panel Vec-
tor Autoregression and the Levin Lin Chu unit root test 
[75, 76]. The results from the Levin Lin Chu test indi-
cated that all variables were either stationary at level or 
became stationary after first differencing, confirming 
their appropriateness for use in panel regression analy-
sis. This ensured the validity of the long-run relationships 
among the variables and the reliability of subsequent 
model estimations.

Moreover, the next step is testing out the specification 
tests to determine which models of FE, RF or Pool ordi-
nary least squares can be used, which is a series of tests 
such as Breusch Pagan Test, Hausman Test and the F test 
[77]. The Breusch-Pagan LM test is used to determine 
whether a random effects (RE) model is preferred over a 
simple pooled OLS model by checking if significant vari-
ance exists across entities. The F-test evaluates whether a 
fixed effects (FE) model is more suitable than pooled OLS 
by testing if all intercepts are the same across entities. 
The Hausman test then compares the FE and RE models 
to determine which one is more appropriate; it checks 
whether the unique errors (unobserved effects) are cor-
related with the explanatory variables. If they are, the FE 
model is preferred, as it provides consistent estimates. 
These tests collectively ensured that the choice of the FE 
model in this study was statistically justified and theoreti-
cally appropriate.

Based on the results of the specification tests, par-
ticularly the Hausman test, the FE model was selected 

as the primary model for interpretation. The Hausman 
test revealed significant differences between the FE and 
RE estimators, suggesting that the unobserved country-
specific effects were correlated with the independent 
variables, thus favouring the FE model. This aligns with 
the theoretical reasoning, as the countries in our sample 
possess unique structural and institutional characteris-
tics that do not vary over time but may influence U5MR. 
Therefore, using the FE model allows us to control for 
such time-invariant heterogeneity and obtain more con-
sistent estimates. However, results from the RE and 
pooled OLS models were also reported to ensure robust-
ness and transparency in comparison. After the model is 
chosen, the model is tested out to gain the results to fur-
ther evaluate and expand this study.

The analysis was conducted using robust standard 
errors, which help mitigate issues related to heterosce-
dasticity. Additionally, the relatively large and balanced 
panel sample contributed to reducing potential concerns 
related to non-normality and multicollinearity. Although 
larger samples help minimize collinearity issues by 
improving the stability of the variance and reducing 
interdependence among predictors [78, 79]. Variance 
Inflation Factor (VIF) scores were also calculated to con-
firm that multicollinearity remained within acceptable 
thresholds. These steps collectively support the robust-
ness and reliability of the model estimations in the cur-
rent study.

Results and discussions
The FE model was selected for the main analysis, as jus-
tified by specification tests detailed in the methodol-
ogy. Summary statistics were generated for the LICs as 
a whole and on a country-wise basis to enable a clearer 
understanding of the behavioural patterns of each vari-
able. The descriptive statistics, which are presented in S2 
Appendix, include the number of observations, the mean 
value, standard deviation, and the minimum and maxi-
mum values of DTP1, PGDP, GHE, and U5MR respec-
tively. Within the low-income context, the average U5MR 
is 112.0665, the mean PGDP is 506.7719, while DTP1 and 
GHE average at 82.1579 and 1.2370 respectively. Coun-
try-wise, the highest mean values are recorded for GHE 
in Burundi (2.1543), DTP1 in Rwanda (97.0952), and 
PGDP in Chad (682.5238). Figure 2 presents the behav-
ioural trends of U5MR, PGDP, DTP1 and GHE over the 
period from 2000 to 2020.

To evaluate the relationship between each determi-
nant and U5MR, Fig. 3 presents the regression plots for 
all 19 LICs. These visual representations supplement the 
empirical findings and assist in observing the impact 
pathways.

Table 2 highlights the percentage change in the trend of 
U5MR among 19 LICs categorised into two time periods 
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Fig. 2 Behavioural patterns of U5MR, PGDP, DTP1 and GHE from 2000–2020. Source: Authors’ illustration based on data from [2] and World-Bank [69]
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Fig. 3 Regression graphs assessing the impact of PGDP, DTP1 and GHE on U5MR. Source: Authors’ illustration based on data from [2] and World-Bank [69]

 



Page 9 of 16Rajapakse et al. BMC Public Health         (2025) 25:2126 

starting from 2000 to 2006 and 2014–2020. While the 
data indicate a downward trend overall, the rate of reduc-
tion varies significantly by country.

Accordingly, Sierra Leone has the highest rate of 
under-five deaths in periods of 2000–2006 and 2014–
2020. This is mainly due to the exposure of under-five 
children to deadly diseases such as malaria [80]. Fur-
thermore, Madagascar has the lowest rate of under-five 
deaths in 2000–2006, whereas in 2014–2020, the lowest 
U5MR is recorded in Rwanda. Moreover, this reduction 
is mainly due to growth in GDP and improvements in 
the economy. Drastically, the U5MR reduced by 67% for 
Rwanda from an average of 136 per thousand live births 
to 45 per thousand live births compared to the two-time 
spans’ which are the highest reduction amongst 19 LICs 
[81, 82]. However, Guinea has a percentage reduction 
of 27% from an average of 148 per thousand live births 
to 108 per thousand live births comparing the two peri-
ods, which is recorded as the lowest percentage decrease 
among the 19 LICs [83]. The significant reduction in 
U5MR is due to better economic conditions resulting in 
quality health outcomes.

According to the Levin Lin Chu unit root test, implies 
that the variable taken passes the stationarity test for 

U5MR, PGDP and DTP1. However, the GHE stationary 
tests came out as negative which was further corrected 
by generating the first difference of the variable “∆GHE”, 
which passed the stationery and stability tests afterwards. 
Stationarity and the stability of the dataset were, exam-
ined, where results came out positive after the amend-
ments which gave us the green flag to proceed with the 
tests and model run, which is presented in the S3 Appen-
dix where all the eigenvalues lie inside the unit circle in 
the Panel vector autoregression giving a positive stability 
condition.

Table  3 summarises the FE and RE model results and 
the specification tests conducted. The Hausman test 
revealed significant differences between FE and RE esti-
mators, leading to the selection of the FE model as the 
most appropriate due to its ability to account for time-
invariant heterogeneity across countries. This decision 
is supported by both empirical evidence and theoreti-
cal justification. The use of the Breusch-Pagan LM test, 
F-test, and Hausman test in the Methodology section are 
elaborated to help readers better understand how each 
statistical test informed the model selection process.

The results suggest that a 1% increase in PGDP reduces 
U5MR by approximately 0.11 units in both FE and RE 

Table 2 Percentage changes of average U5MR from 2000–2006 and 2014–2020 for 19 LICs

Source: Authors’ calculations based on data from UNICEF [2]
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models, confirming the significant role of economic 
growth in improving child health. Similarly, DTP1 cov-
erage demonstrated a robust negative effect on U5MR, 
where a 1% increase in DTP1 coverage led to a reduction 
of approximately 0.63–0.67 in U5MR

In line with prior studies [84], these results reinforce 
the role of effective governance and improved health-
care infrastructure in lowering child mortality. Moreover, 
increased PGDP implies enhanced availability of infra-
structure and resources to deliver healthcare services and 
immunisation programs effectively.

In the country-wise analysis, the MLR model was 
employed to generate the results presented in Table  4. 
Notably, PGDP showed a consistent negative and statis-
tically significant effect on U5MR in 18 of the 19 LICs, 
with Chad being the exception. In Burundi, Central Afri-
can Republic, Guinea-Bissau, Rwanda, and Sierra Leone, 
the effect of PGDP on U5MR was particularly strong. 
These findings align with earlier research that associates 
economic growth with improved child health outcomes 
through mechanisms such as better access to healthcare, 
nutrition, and sanitation [85]. Further, the robust stan-
dard errors and the F values is presented in S4 Appendix.

For DTP1, significant negative effects on U5MR were 
observed in Chad, Democratic Republic of Congo, Ethio-
pia, Liberia, Malawi, Niger, and Uganda, suggesting that 
enhanced immunisation coverage substantially improves 
child survival. However, a surprising and significant posi-
tive association was found in the Central African Repub-
lic and Malawi. This counterintuitive result may stem 
from several underlying factors such as vaccine adminis-
tration quality, public health infrastructure weaknesses, 
or regional instability [86]. For example, past studies have 

Table 3 Model results of RE & FE and the specification test of the 
low-income context and examining the impact on U5MR
Variables RE FE
PGDP -0.1090*** -0.1109***

(0.01) (0.02)
DTP1 -0.6686*** -0.6322**

(0.25) (0.26)
∆GHE -2.892 -2.7611

(2.04) (2.02)
Constant 221.1826*** 219.1501***

(21.56) (19.19)
Specification Test
F Test Hausman Test Breusch Pagan LM Test
H0: POLS H0: REM H0: POLS
H1: FEM H1: FEM H1: REM
50.28*** 16.79*** 1520.43***

R2 Within 0.63 0.63
R2 Between 0.05 0.05
R2 Overall 0.3 0.29
Note: ** significant at 5%, and ***significant at 1% significance level

Parentheses indicate robust standard error

Source: Authors’ calculations based on data from [2] and World-Bank [69]

Table 4 MLR results accessing the impact on U5MR in every LIC presented

Source: Authors’ calculations based on data from UNICEF [2] and World-Bank [69]
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shown that poorly timed or improperly administered 
vaccines may not only be ineffective but could also result 
in negative outcomes, especially in contexts with malnu-
trition or weak healthcare systems [87, 88].

In response to this unexpected finding, it is important 
to consider that in countries facing political instability, 
logistical constraints, or lack of trained healthcare per-
sonnel, the benefits of vaccination programs might be 
diluted. This reinforces the need to strengthen immuni-
sation supply chains, ensure adherence to recommended 
vaccine schedules, and improve public trust in immuni-
sation efforts.

Interestingly, the results gained for ∆GHE reflected the 
impact of U5MR which showed a solid significant nega-
tive effect for only one country out of the 19 LICs which 
is Mali. Prior studies substantiate this claim as it evalu-
ates a negative impact [66]. However, Mali is known to be 
a large desert country where accessing health services is 
vastly challenging [89]. Furthermore, even though GHE 
is utilised, people are still facing problems with U5MR. 
Moreover, the top four countries reflecting the highest 
U5MR amongst the 19 LICs taken are shown in Fig. 4.

Moreover, the predicted regression trends illustrated in 
Fig. 4 and S5 Appendix confirm a steady downward trend 
in U5MR across LICs, though disparities persist. These 
results suggest that a one-size-fits-all approach to U5MR 
reduction may not be effective. Rather, tailored policy 
interventions are needed to address the unique chal-
lenges of each country.

Policy implications
The findings of this study provide strong evidence that 
U5MR in LICs can be significantly reduced through 
increased GHE, improved DTP1 vaccination coverage, 
and policies that translate economic growth into tan-
gible health outcomes. Based on this, several key policy 
implications emerge, each tailored to the realities faced 
by LICs.

Strategic allocation of healthcare expenditure
The study emphasises that increased GHE has a sig-
nificant impact on U5MR in LICs. Policymakers 
should prioritise healthcare budget allocations that 
directly strengthen maternal and child health systems. 
This includes investing in rural health infrastructure, 

Fig. 4 Predicted values of the top four countries reflecting the highest U5MR among 19 LICs from 2000-2020. Source: Authors’ illustration based on data 
from [2] and World-Bank [69]
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expanding the availability of frontline health workers, 
and improving access to essential medicines. Moreover, 
targeted funding should support routine immunisation 
programs, with a focus on enhancing cold chain infra-
structure, training local health personnel, and deploying 
mobile health units to reach remote areas.

Linking economic growth to child health outcomes
Economic growth, measured by PGDP, should not be 
treated as an end in itself. The findings emphasise the 
need to translate PGDP growth into social investment. 
Conditional cash transfer programs, social safety nets, 
and targeted nutrition assistance can help ensure that 
increased income levels result in measurable improve-
ments in child health [90, 91]. By linking economic 
policies to social welfare goals, LICs can create more 
inclusive pathways to reducing U5MR and enhancing 
population well-being.

Improving vaccine delivery and immunisation coverage
DTP1 vaccination coverage emerged as a critical factor in 
reducing U5MR. However, increasing coverage requires 
overcoming persistent logistical barriers. LICs should 
invest in reliable vaccine supply chains, cold storage 
systems, and tracking technologies [92, 93]. Collaborat-
ing with international organisations and NGOs can help 
bridge resource gaps. In particular, deploying commu-
nity-based health workers and mobile vaccination units 
can expand outreach in geographically and socially mar-
ginalised areas.

Addressing implementation challenges and governance 
gaps
The effectiveness of healthcare and economic policies 
is often constrained by systemic issues such as political 
instability, corruption, and weak institutional capacity 
[94]. To address these challenges, LICs must strengthen 
governance frameworks that promote transparency and 
accountability in health resource allocation. Public-pri-
vate partnerships can support infrastructure develop-
ment, while regional cooperation in procurement and 
logistics can improve the efficiency of vaccine distribu-
tion and health service delivery [95]. Engaging civil soci-
ety and international development partners is essential to 
maintain operational continuity in fragile settings.

Tailoring policies to country-specific contexts
Given the diversity of institutional capacities and socio-
economic realities across LICs, policy interventions must 
be context specific. For example, Sierra Leone, identified 
as having the highest U5MR among the studied coun-
tries, should prioritise expanding rural health services 
and maternal education. Chad, which reported the low-
est U5MR, should continue investing in vaccination 

monitoring and system resilience. In conflict-affected 
countries such as the Central African Republic and the 
Democratic Republic of Congo, interventions must 
integrate healthcare reform with broader governance 
strengthening and international support. Meanwhile, 
countries like Nepal, which show steady immunisa-
tion progress, could benefit from focusing on sustaining 
DTP1 coverage and improving child nutrition programs.

Integrating economic and health policies for sustainable 
outcomes
The findings advocate for multi-dimensional, data-driven 
strategies that align economic planning with health-
care delivery. Policymakers should prioritise an inte-
grated approach, linking fiscal expansion, health system 
strengthening, and community-based interventions to 
tackle the underlying causes of U5MR [96–98]. Adaptive 
policymaking, grounded in context-specific evidence, 
will enable LICs to respond to emerging challenges and 
make sustainable progress toward equitable child health 
outcomes.

As such, this study highlights the urgent need for pol-
icy approaches that are both evidence-based and context-
sensitive. By aligning economic growth with healthcare 
delivery and immunisation strategies, LICs can make 
tangible progress in reducing U5MR. Strong governance, 
local adaptation, and international collaboration will be 
key to turning these insights into meaningful health out-
comes for children.

Limitations and future research directions
This study offers valuable insights into the impact of 
PGDP, DTP1, and GHE on U5MR in LICs. However, sev-
eral limitations should be acknowledged to contextualize 
the findings and guide future inquiry. First, the analysis 
includes only three explanatory variables, omitting other 
well-established determinants of child survival such as 
maternal education, skilled birth attendance, nutrition, 
sanitation, and healthcare access. This exclusion may 
introduce omitted variable bias, limiting the model’s abil-
ity to fully explain variations in U5MR. Future research 
should consider more comprehensive models incorpo-
rating a wider set of socioeconomic and healthcare indi-
cators. Second, the sample is restricted to 19 LICs with 
available data, the majority from Sub-Saharan Africa. 
This raises concerns of selection bias, particularly as 
data-deficient and fragile states with potentially higher 
child mortality were excluded. Expanding the sample to 
include LMICs or employing approaches such as propen-
sity score matching, or inverse probability weighting may 
improve generalizability and allow for meaningful cross-
regional comparisons.

Third, although fixed-effects models and lagged vari-
ables were used to mitigate endogeneity and reverse 
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causality, residual bias may persist, particularly between 
PGDP and GHE, which are theoretically and empirically 
interlinked. Generalized Method of Moments (GMM) 
estimators were considered but not implemented due to 
limitations associated with the small number of cross-
sectional units (N = 19) and low within-country variation 
over time. Future studies with broader panels or access 
to valid instruments would be better positioned to apply 
dynamic estimation techniques to enhance causal infer-
ence. Fourth, while most variables were confirmed to be 
stationary at level using unit root tests, GHE required 
first differencing. Given the limited cross-sectional 
dimension of the panel, formal cointegration tests were 
not feasible. Future research using larger samples may 
explore panel cointegration techniques to assess long-
term equilibrium relationships among child mortality 
determinants more rigorously.

Addressing these limitations in future research will 
be essential to building a more robust and comprehen-
sive understanding of the complex, interrelated drivers 
of child mortality in low-income settings. By leveraging 
richer datasets, applying stronger causal methods, and 
expanding geographic scope, future studies can produce 
deeper, evidence-based insights to inform global child 
health policy and resource allocation.

Conclusion
This study provides strong evidence that economic and 
healthcare determinants—specifically PGDP, DTP1 
immunisation coverage, and GHE, significantly influence 
U5MR in LICs. Using both fixed-effects panel regres-
sion and country-level multiple linear regression models 
across 19 LICs from 2000 to 2020, the analysis revealed 
consistent and compelling patterns. Economic growth, 
as measured by PGDP, demonstrated a universally strong 
inverse relationship with U5MR, emphasizing the crucial 
role of macroeconomic conditions in enhancing child 
survival. Likewise, DTP1 coverage significantly reduced 
U5MR in several contexts, though unexpected positive 
associations in select countries emphasized the need for 
high-quality, context-sensitive vaccine delivery systems. 
GHE, while important, revealed mixed results, highlight-
ing that merely increasing healthcare spending without 
addressing implementation inefficiencies may yield lim-
ited returns.

These findings make it clear that efforts to reduce 
child mortality in LICs must be both integrated and con-
text aware. Economic policies must translate into inclu-
sive healthcare access, immunisation programs must be 
adapted to address logistical and governance challenges, 
and healthcare investments must be better targeted to 
yield measurable outcomes. The study advocates for 
evidence-based policymaking that aligns macroeco-
nomic strategies with grassroots health interventions. By 

combining economic development with strategic health 
system strengthening, LICs can make meaningful and 
sustained progress in reducing U5MR, moving closer to 
achieving global child survival targets.
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