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Abstract

This study explores the relationship between health expenditure per capita, per capita income, and life expectancy in Ghana.
Using annual time-series data from 2000 to 2022 provided by the World Development Indicators, the analysis examines
variables such as life expectancy, per capita income, public health spending per capita, birth rate, employment-to-population
ratio, CO, emissions per capita, and the proportion of the population with access to safe drinking water and sanitation services.
The study also reviews annual trends in life expectancy, per capita income, public health spending, and access to basic
services. To analyze short- and long-term relationships among these variables, the research employs the Autoregressive
Distributed Lag cointegration approach, preceded by a unit root test to determine stationarity. EViews software is used for the
analysis, which includes graphical representations to illustrate trends. The results indicate a negative relationship between
health expenditure per capita and life expectancy, while per capita income is positively associated with life expectancy.
Cointegration is observed across all variables. Additionally, birth rate and access to sanitation services are positively related to
life expectancy, whereas CO, emissions per capita are negatively associated with it. The study recommends policies focusing
on prioritizing health funding, efficient resource allocation, and strategies to increase individual incomes.
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1. Introduction

In Ghana, the relationship between public health spending,
per capita income, and life expectancy reveals key insights
into the country’s healthcare system and socio-economic
conditions. This relationship significantly influences the
availability and quality of healthcare services accessible to the
population. [36]. The government allocates resources to var-
ious health sectors such as infrastructure, personnel, and
medical supplies to improve healthcare delivery nationwide.
Adequate funding is essential to addressing public health

challenges, including infectious diseases, maternal and child
health, and non-communicable diseases [36]. According to
the World Bank, Ghana has made strides in increasing its
public health spending over the years, demonstrating a com-
mitment to improving health outcomes across the country [37].
For instance, investments are directed towards expanding
healthcare infrastructure, enhancing the availability of medi-
cal supplies, and strengthening healthcare systems to better
respond to healthcare needs. Despite these efforts, challenges
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such as budget constraints, uneven distribution of resources,
and varying healthcare access persist, influencing overall
health outcomes in the country [23]. Per-capita income on the
other hand reflects the average income earned per person in
the country over a specific time period. This is a fundamental
economic prosperity indicator within a population and has
been studied for its profound impact on life expectancy, an
indicator of the average number of years a person is expected
to live based on current mortality rates, life expectancy is a
critical measure of overall population health and is influenced
by factors such as healthcare access, disease burden, nutrition,
sanitation, and socio-economic conditions [20]. Improvement
in life expectancy often reflects advancements in public health
interventions, healthcare infrastructure, and socio-economic
development. Quite a number of empirical studies and anal-
yses have consistently highlighted a positive correlation be-
tween higher per-capita income levels and increased life ex-
pectancy across diverse global contexts [21, 35]. Indeed,
income plays a pivotal role in shaping health outcomes
through various pathways. Firstly, higher income levels ena-
ble individuals and households to afford better healthcare
services, including preventive care, diagnostic screenings, and
treatments for chronic conditions [34]. Secondly, economic
prosperity facilitates access to improved nutrition, sanitation,
and housing conditions, which are essential determinants of
health and longevity [6]. Moreover, increased income often
correlates with higher levels of education and health literacy,
empowering individuals to make informed decisions about
their health behaviors and lifestyles [25]. Furthermore, the
association between per-capita income and life expectancy
underscores broader societal factors and policy implications.
Countries with higher average incomes tend to invest more in
healthcare infrastructure, public health programs, and social
safety nets, thereby contributing to enhanced population
health outcomes [34]. These investments not only improve
access to healthcare services but also mitigate disparities in
health outcomes across socio-economic groups, promoting
more equitable health outcomes [27]. However, despite the
general trend of a positive correlation, nuances exist within
different socio-economic contexts and regions. Disparities in
income distribution and access to healthcare within popula-
tions can influence the extent to which economic prosperity
translates into improved life expectancy for all segments of
society [19]. Addressing these disparities through targeted
policy interventions is crucial for achieving sustainable im-
provements in public health and ensuring that economic
growth benefits everyone equally [8] The interplay between
public health spending, per-capita income and life expectancy
is complex but interconnected. Increased public health
spending can lead to enhanced healthcare infrastructure and
services, contributing to improved health outcomes and po-
tentially higher life expectancy rates. Moreover, higher
per-capita income enables individuals to access better
healthcare services, further contributing to improved life
expectancy. Conversely, challenges such as inadequate
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funding, healthcare infrastructure deficiencies, and economic
disparities can hinder progress in achieving better health
outcomes. Therefore, understanding the dynamics between
public health spending, per-capita income, and life expec-
tancy rate in Ghana provides insights into the country's
healthcare system's strengths, challenges, and opportunities
for improvement [8].

The relationship between public health spending, per-capita
income, and life expectancy rate is a crucial area of study in
global health policy and development economics. In devel-
oping countries like Ghana, these factors interact in complex
ways to influence population health outcomes. Public health
spending refers to government investments in healthcare
infrastructure, personnel, and services aimed at improving
public health. Adequate funding is essential for addressing
health challenges such as infectious diseases, maternal and
child health, and non-communicable diseases [33]. Per-capita
income, on the other hand, reflects the average income earned
per person in a country. Higher per-capita income generally
correlates with improved access to healthcare, better nutrition,
and overall improved health outcomes [37] The life expec-
tancy rate measures the average number of years a person is
expected to live based on current mortality rates. It serves as
an indicator of a population's overall health and well-being,
influenced by factors such as healthcare access, disease bur-
den, and socioeconomic conditions. The intersection of public
health spending, per-capita income, and life expectancy rate
in Ghana underscores critical aspects of the country's
healthcare landscape and socio-economic development.
Ghana, like many developing nations, faces significant chal-
lenges in balancing healthcare expenditure with economic
resources, while striving to improve population health out-
comes [7]. Despite efforts to allocate resources towards public
health, Ghana continues to grapple with disparities in
healthcare access and outcomes across different so-
cio-economic strata. The correlation between public health
spending, per-capita income, and life expectancy rate remains
underexplored within the Ghanaian context, despite its pivotal
role in shaping health policies and interventions. This sets the
stage to examine how variations in public health expenditure
and income levels influence life expectancy outcomes in
Ghana, aiming to provide insights that inform policy-makers
and stakeholders on effective strategies for improving public
health outcomes in the country [22].

This study seeks to investigate the effect of Government
health expenditure and per-capita income on life expectancy
rate in Ghana through addressing the following specific re-
search objectives: to examine short run and long run effect of
Government health expenditure on Life expectancy rate in
Ghana, to estimate the short run and long run effect of
per-capita income on life expectancy rate in Ghana, to con-
duct trend analysis of the Government health expenditure,
per-capita income and life expectancy rate. Also, questions
like what is the short and long run effect of Government
health expenditure on Life expectancy rate in Ghana? what is
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the short run and long run effect of per-capita income on Life
expectancy rate in Ghana? And what is the trend analysis of
the Government health expenditure, per-capita income and
life expectancy rate Ghana?

The importance of studying the effects of per capita income
and public health expenditure on life expectancy cannot be
overstated. Life expectancy is a critical indicator of a popu-
lation's overall health and well-being. Understanding how
income and health expenditure influence life expectancy
enables policymakers and healthcare professionals to allocate
resources more effectively, ultimately improving public
health outcomes. It can also help Governments and policy-
makers using insights from such study to make informed
decisions about budget allocations for healthcare. For instance,
if higher per-capita income correlates with longer life expec-
tancy, it might justify policies aimed at economic growth.
Conversely, if higher health expenditure per capita is linked to
increased life expectancy, it could prompt increased invest-
ment in healthcare infrastructure and services. Research in
this area also sheds light on disparities in health outcomes. It
can reveal whether economic factors [like income levels] or
healthcare accessibility [linked to expenditure] dispropor-
tionately affect certain demographic groups, highlighting
areas where interventions are needed to promote equity in
health outcomes. Understanding the relationship between
income, health expenditure, and life expectancy, policymak-
ers can better plan for long-term demographic changes and
healthcare needs. This includes forecasting healthcare de-
mands and ensuring sustainable funding mechanisms. The
publicization of the findings can also increase awareness
among the general population about the importance of
healthcare access and economic stability in determining life
expectancy. This can lead to advocacy for policies that sup-
port both economic development and public health. The paper
was delimited to Government health expenditure, per-capita
income and life expectancy rate in Ghana. Empirically, the
study was delimited to the effect of Government health ex-
penditure and per-capita income on life expectancy rate in
Ghana employing data from World Development Indicators.

The study examined the relationship between public health
expenditure, per capita income, and life expectancy in Ghana
using data from the World Development Indicators from 2000
to 2022. By applying the Autoregressive Distributed Lag
cointegration approach, the study analyzed short- and
long-term dynamics between these variables. The results
show that while public health expenditure per capita is nega-
tively associated with life expectancy, per capita income has a
positive correlation with life expectancy. The study also
found that factors like birth rates, access to sanitation services,
and CO, emissions significantly impact life expectancy in
Ghana. The literature reviewed highlights that public health
expenditure is vital for improving healthcare access and re-
ducing disease burden, while higher per capita income gen-
erally contributes to better health outcomes through enhanced
access to healthcare and improved living conditions. However,
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the study also acknowledges the challenges faced by Ghana,
including healthcare disparities and limited resources, which
hinder the full potential of these investments in improving life
expectancy. The study concludes by emphasizing the need for
comprehensive policy measures that address the so-
cio-economic and environmental determinants of health.
These include focusing on increasing public health funding,
promoting equitable income distribution, and tackling envi-
ronmental issues such as pollution to ensure that improve-
ments in life expectancy are sustainable and inclusive.

1.1. Problem Statement and Need for the
Research

In Ghana, the relationship between public health spending,
per capita income, and life expectancy remains a crucial area
of investigation in understanding the country's healthcare
dynamics. Despite the significant strides made in increasing
public health expenditure in recent years [37], the nation still
faces persistent challenges in improving overall health out-
comes. While increasing public health spending is expected to
enhance healthcare access and quality, studies suggest that
Ghana continues to experience disparities in healthcare access
and health outcomes, particularly across different so-
cio-economic groups [27, 37]. This disparity is compounded
by budget constraints and the uneven distribution of resources,
hindering the full potential of public health investments.
Moreover, per capita income, which is a fundamental indi-
cator of economic prosperity, also plays a significant role in
influencing life expectancy. Higher income levels generally
correlate with improved healthcare access, better nutrition,
and higher quality of living, which in turn, contribute to
longer life expectancy [34]. However, in Ghana, the potential
of increased income to improve life expectancy may be con-
strained by other socio-economic factors, such as income
inequality and uneven access to healthcare [19]. While ex-
isting studies have demonstrated a positive correlation be-
tween public health expenditure, per capita income, and life
expectancy in global contexts [21, 35], there is limited re-
search exploring the nuances of this relationship specifically
within the Ghanaian context. The dynamics between these
variables in Ghana remain underexplored, leaving a gap in the
understanding of how public health funding and economic
prosperity can effectively translate into improved health
outcomes for the population [7, 22]. This gap is critical, as it
limits the capacity of policymakers to design targeted inter-
ventions that could address health inequalities and enhance
the life expectancy of Ghanaians. Understanding the interplay
between public health spending, per capita income, and life
expectancy in Ghana is essential for informing policy deci-
sions aimed at optimizing resource allocation, reducing health
disparities, and improving overall public health outcomes.
Therefore, this study seeks to fill this gap by examining the
effects of government health expenditure and per capita in-
come on life expectancy in Ghana, with the goal of providing
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evidence-based insights that could guide future health and
economic policies. This problem statement clearly outlines
the issue at hand, emphasizes the importance of the topic, and
references relevant studies to demonstrate the research gap in
the context of Ghana.

Understanding the relationship between public health
spending, per capita income, and life expectancy is vital for
improving healthcare systems and achieving better health
outcomes, especially in developing countries like Ghana. The
importance of this research stems from the persistent chal-
lenges that Ghana faces in improving life expectancy despite
the growth in public health expenditure and economic de-
velopment [20]. Although Ghana has increased its public
health spending in recent years, the country continues to ex-
perience disparities in healthcare access and overall health
outcomes due to unequal distribution of resources and budg-
etary constraints [37]. This is critical as public health spend-
ing is expected to directly contribute to improvements in
healthcare services, disease prevention, and the overall health
infrastructure [37], However, the effectiveness of health ex-
penditure can be limited if not complemented by broader
socio-economic improvements such as rising per capita in-
come. Per capita income is widely recognized as a key de-
terminant of health outcomes, including life expectancy, be-
cause higher income generally facilitates access to better
healthcare, nutrition, and living conditions, all of which con-
tribute to longer life expectancy [34]. However, despite
Ghana’s economic growth in recent years, income inequality
remains a significant challenge, limiting the ability of many
individuals to access adequate healthcare services [19]. Fur-
thermore, while economic prosperity is typically associated
with better health outcomes, the impact of income inequality
and uneven distribution of public health resources can mod-
erate this relationship, resulting in health disparities within the
population [27] As such, the interplay between public health
spending and per capita income, and its combined influence
on life expectancy, remains an area that has not been fully
explored in the Ghanaian context. Existing studies have
shown a positive correlation between public health expendi-
ture and life expectancy globally [21, 35], but the specific
effects of government health expenditure and per capita in-
come on life expectancy in Ghana have not been adequately
examined. Without a clear understanding of these dynamics,
policymakers in Ghana may struggle to make informed deci-
sions regarding resource allocation and health interventions.
Moreover, given that life expectancy is a crucial indicator of a
population’s overall health, any improvement in this measure
would have significant socio-economic benefits, including
increased productivity, reduced healthcare costs, and im-
proved quality of life for the population [34]. Thus, this re-
search is necessary to address the gap in knowledge regarding
the influence of public health expenditure and per capita in-
come on life expectancy in Ghana. By examining the short-
and long-term effects of these variables, this study will pro-
vide critical insights into how health policies and economic
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strategies can be optimized to improve life expectancy and
reduce health disparities. The findings will be essential for
guiding policymakers in developing effective, evidence-based
strategies to enhance public health outcomes in Ghana, en-
suring that economic growth translates into tangible health
improvements for all segments of society.

1.2. Scope and Limitation of the Research

The study was delimited to Government health expenditure,
per-capita income and life expectancy rate in Ghana. Empir-
ically, the study was delimited to the effect of Government
health expenditure and per-capita income on life expectancy
rate in Ghana employing data from World Development In-
dicators (WDI).

The limitation of the study includes the use of secondary
data which affected the kind of variables that were adopted in
the study. Proxies were used to indicate certain key variables
theorized to affect life expectancy rate. Variables such as
Government health expenditure, per-capita income, birth rate
per 1000 people, population density and employment to pop-
ulation ratio. Additionally, because the variables were not
uniform in units and magnitudes, the variables were linearized
to ensure uniformity. The data employed spanned the years
between 2000 to 2022.

2. Literature Review

2.1. Theoretical Review

2.1.1. The Human Capital Theory

The Human Capital Theory posits that health is a crucial
component of human capital, influencing productivity and
economic growth [3]. According to this theory, investments in
health, including public health expenditure, enhance the
health of the labor force, leading to increased productivity and,
consequently, higher income. Public health spending that
improves healthcare services and reduces mortality can,
therefore, enhance the quality of human capital, leading to
higher life expectancy. The theory suggests that the health of a
population is directly linked to the level of economic devel-
opment, which is influenced by both health expenditure and
income [12]. In this context, health expenditure contributes to
improving healthcare infrastructure, reducing the burden of
diseases, and improving overall life expectancy.

2.1.2. The Health Production Function

The Health Production Function model provides a frame-
work to analyze the role of various inputs, including public
health spending, per capita income, and environmental factors,
in determining the health status of a population [10] Accord-
ing to this theory, life expectancy is a function of several
inputs such as income, education, healthcare access, and liv-
ing conditions. Public health expenditure, which includes
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investments in medical services, sanitation, and disease pre-
vention programs, is considered an important input in im-
proving life expectancy. Additionally, per capita income plays
a significant role in health outcomes by facilitating access to
better healthcare, nutrition, and living conditions, which are
all determinants of life expectancy [24].

2.1.3. The Social Determinants of Health
Framework

The Social Determinants of Health framework emphasizes
that life expectancy is shaped by a range of social, economic,
and environmental factors, including public health spending
and income distribution [33]. This approach highlights the
importance of addressing broader socio-economic conditions,
such as income inequality and access to healthcare, to im-
prove population health. According to this framework, in-
creasing per capita income and public health expenditure can
reduce health inequalities by providing access to better
healthcare services, improving sanitation, and addressing
other social determinants that affect health outcomes. In this
context, life expectancy is not only influenced by medical care
but also by factors such as education, employment, and in-
come distribution.

2.2. Empirical Review

2.2.1. Public Health Expenditure and Life
Expectancy

Numerous studies have explored the impact of public
health expenditure on life expectancy. A study by [15] found
that higher public health spending significantly contributes to
increased life expectancy in developing countries. This result
is consistent with findings by [4], who argued that govern-
ment investment in healthcare infrastructure and services has
a direct positive effect on life expectancy. In Ghana, public
health spending has increased over the years, and some im-
provements in health outcomes, such as life expectancy, have
been observed [36]. However, challenges such as under-
funding in rural areas and insufficient healthcare infrastruc-
ture continue to affect the overall effectiveness of these in-
vestments [37].

2.2.2. Per Capita Income and Life Expectancy

The relationship between per capita income and life ex-
pectancy has been widely documented in the literature.
Higher per capita income typically enables better access to
healthcare, improved nutrition, and overall better living con-
ditions, all of which are important for increasing life expec-
tancy. For instance, a study by Preston 1975 demonstrated
that as countries experience economic growth, life expectancy
increases due to better access to healthcare and improved
living standards [27]. Similarly, [6] found that higher income
correlates with longer life expectancy, as it allows individuals
to afford better healthcare services and maintain healthier
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lifestyles. In Ghana, the relationship between per capita in-
come and life expectancy is evident, as economic growth in
recent decades has led to some improvements in health out-
comes, but income inequality continues to hinder equitable
access to healthcare [19].

Per capita income serves as a vital metric in assessing the
economic well-being of a nation's population by measuring
the average income earned per person within a specific
timeframe. In the case of Ghana, per capita income reflects the
average earnings of its residents, illustrating economic de-
velopment and living standards. Ghana's per capita income
was approximately $2,202 USD, highlighting its position
within the global economic landscape. This figure under-
scores both the challenges and opportunities present in Gha-
na's economic trajectory, influenced by factors such as agri-
culture, natural resources, and growing industrial sectors [37].

2.2.3. The Interplay Between Public Health
Expenditure and Per Capita Income

Several studies have examined the interaction between
public health expenditure and per capita income in shaping
health outcomes. A study by [21] suggested that both public
health expenditure and per capita income are critical for im-
proving health outcomes, but their effects are often con-
text-dependent. In low-income countries like Ghana, in-
creasing per capita income can facilitate better access to
healthcare and sanitation, which, when combined with higher
public health spending, can have a synergistic effect on life
expectancy [34]. However, disparities in income distribution
can limit the full potential of these investments, as the benefits
of increased public health spending may not reach all seg-
ments of society, especially those in lower socio-economic
groups [27].

2.2.4. Challenges in Health Outcomes in Ghana

While Ghana has made significant strides in increasing
public health expenditure, challenges remain in translating
this spending into improved health outcomes for the entire
population. A study by [1] highlighted that while there have
been increases in public health spending in Ghana, the country
still faces significant disparities in healthcare access and
outcomes between urban and rural populations. Furthermore,
despite growth in per capita income, income inequality con-
tinues to be a major challenge, affecting access to healthcare
services and impacting life expectancy [19]. The effectiveness
of public health expenditure in improving life expectancy in
Ghana is therefore dependent not only on the level of spend-
ing but also on its efficient allocation and equitable distribu-
tion.

2.2.5. CO, Emissions and Life Expectancy

Some studies have also considered the role of environ-
mental factors, such as CO, emissions, in influencing life
expectancy. According to a study by [29], high levels of air
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pollution, including CO, emissions, can have a detrimental
effect on public health, thereby reducing life expectancy. In
Ghana, rising urbanization and industrialization have led to
increased CO, emissions, which, in turn, have been linked to
respiratory diseases and other health conditions that may
negatively affect life expectancy [14]. Therefore, addressing
environmental factors alongside public health expenditure
and income inequality is crucial for improving health out-
comes in Ghana.

2.3. Conceptual Review

2.3.1. Public Health Spending

Ghana has made significant political, legislative, and fiscal
commitments to provide universal health insurance coverage
for its population, aimed at reducing financial barriers to
healthcare utilization. The National Health Insurance Scheme
[NHIS] is a central part of this effort, providing a compre-
hensive health benefits package that includes preventive care
and treatment for both communicable and non-communicable
diseases. Despite these efforts, Ghana's health sector faces
numerous challenges, particularly in terms of achieving uni-
versal coverage and financial sustainability.

2.3.2. Ghana's Health Sector Reforms

Ghana's health sector has undergone comprehensive re-
forms, including improvements in human resources, decen-
tralization, and policy changes to enhance drug availability
and staff incentivization in health facilities. [16] However,
despite these reforms, health outcomes in Ghana are not on
track to meet several Millennium Development Goals, high-
lighting the need for better-targeted public health programs
and improvements in the functioning of the health delivery
system. [28] The slow increase in NHIS coverage, particularly
among informal sector workers, and the financial sustaina-
bility of the system are identified as primary challenges that
need to be addressed [18].

2.3.3. Life Expectancy Rate in Ghana

Life expectancy rate is a crucial indicator of the overall
health and well-being of a population, providing insight into
the average number of years a person can expect to live based
on current mortality rates [1, 7]. In Ghana, life expectancy has
shown improvements over recent decades, reflecting ad-
vancements in healthcare, nutrition, and socioeconomic con-
ditions. Ghana's life expectancy at birth was approximately 64
years. This statistic underscores ongoing efforts in healthcare
infrastructure, disease prevention, and access to medical ser-
vices throughout the country. Factors such as infectious dis-
eases, maternal health, and access to clean water and sanita-
tion continue to influence life expectancy rates in Ghana [20].

2.3.4. CO, Emissions Per Capita on Life Expectancy
The relationship between CO, emissions in metric tons per
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capita and life expectancy has been a subject of interest in
environmental and public health research. However, the lit-
erature on this specific relationship is limited, as evidenced by
the scarcity of studies directly addressing this topic. In this
literature review, we will synthesize and integrate the availa-
ble research insights to shed light on the potential effects of
CO, emissions on life expectancy and identify knowledge
gaps for future research. [17] estimated CO, emissions of
internal combustion engine vehicles and battery electric ve-
hicles using life cycle assessment, but did not address the
impact of CO, emissions on life expectancy. [32] investigated
the life cycle greenhouse gas emissions of coal-fired electric-
ity generation. However, neither of these studies delved into
the direct relationship between CO, emissions in metric tons
per capita and life expectancy. Again, [31] investigated the
effects of population aging, life expectancy, unemployment
rate, population density, per capita GDP, and urbanization on
per capita carbon emissions, while [38] assessed the influence
of innovation shocks on CO, emissions in developing
economies. Nevertheless, the direct effect of CO, emissions in
metric tons per capita on life expectancy was not explicitly
addressed in these studies.

2.3.5. Per-Capita Income and Life Expectancy

In recent years, the relationship between per-capita income
and life expectancy has been a topic of interest in the field of
public health and economics. The determinants of health status
have been a focus of research, with income per capita being
identified as a significant factor in estimating the health pro-
duction function [2]. This finding indicates that there is a posi-
tive association between income per capita and life expectancy
at birth. Specifically, the study found that a higher income per
capita was associated with an increase in life expectancy, with a
beta coefficient of 0.05 and a statistically significant p-value of
less than 0.001 [2]. This suggests that higher income levels are
linked to improved health outcomes and longer life expectancy
in the Eastern Mediterranean region. However, it is important
to note that factors other than income per capita also play a role
in determining life expectancy. For example, PM2.5 pollution
was found to have a significant impact on life expectancy, with
excess pollution levels contributing to a decrease in life ex-
pectancy in both females and males [2] This highlights the
complex interplay of various environmental and socioeco-
nomic factors in shaping life expectancy outcomes. Moreover,
historical analysis has revealed that the relationship between
national income and life expectancy has evolved over time.
Prior to 1960, large upward shifts in this relationship were
observed, primarily driven by rapid declines in mortality from
infectious diseases, rather than increases in national income.
This suggests that improvements in life expectancy were not
solely attributable to income growth, but also to advancements
in public health and disease control measures [6].

Despite these findings, there are still knowledge gaps that
warrant further research. For instance, while the relationship
between per-capita income and life expectancy has been es-
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tablished, the specific mechanisms through which income
influences health outcomes need to be further elucidated.
Additionally, the differential impact of income on specific
population subgroups, such as rural vs. urban residents, re-
mains an area for future investigation. Furthermore, the
long-term effects of income inequality on life expectancy and
the potential role of social welfare policies in mediating this
relationship are areas that require further exploration. [4]
discovered that per-capita income, as well as the rate of hos-
pital beds, medical staff, and nurses, Granger-cause the var-
iable "life expectancy at birth." This suggests that both eco-
nomic factors and healthcare resources play a crucial role in
determining life expectancy rates. However, the specific im-
pact of per-capita income on life expectancy in Ghana re-
quires further investigation.

In conclusion, the existing literature has provided valuable
insights into the relationship between per-capita income and
life expectancy. However, continued research is needed to
deepen our understanding of this complex relationship and to
inform evidence-based policy interventions aimed at im-
proving population health and well-being in Ghana and other
similar contexts.

2.3.6. Comparative Analysis

In a comparative study, [5] indicated that public expendi-
ture on health is the second most relevant factor affecting life
expectancy at birth in European countries. This highlights the
importance of public health spending in influencing life ex-
pectancy rates. However, the applicability of this finding to
the Ghanaian context remains unclear and warrants further
exploration. The rational for government expenditures on
health care is equity provision, aiming to ensure that all indi-
viduals have access to essential health services. However,
empirical data suggests that the rich individuals in
high-income countries tend to benefit more from government
expenditure on health care than the poor [11]. This disparity
raises questions about the equity and effectiveness of gov-
ernment health expenditures in improving overall population
health outcomes. Research findings indicate that there is a
complex relationship between health expenditure per capita,
per capita income, and life expectancy. While high-income
countries allocate more resources to public provision of health
care, the impact of government health expenditures on popu-
lation health is more pronounced in low-income countries
[11]. This suggests that the effectiveness of health expendi-
ture in improving life expectancy may be influenced by the
level of economic development in a country. Therefore, the
relationship between health expenditure per capita, per capita
income, and life expectancy is complex and influenced by
various factors. While the existing research provides valuable
insights, there are still knowledge gaps that need to be ad-
dressed through future research to enhance our understanding
of the impact of government health expenditures on popula-
tion health and life expectancy.

Despite the existing research on public health spending,
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per-capita income, and life expectancy, there are several
knowledge gaps that need to be addressed. First, there is a
need for more specific studies that focus on the Ghanaian
healthcare system to understand the direct impact of public
health spending and per-capita income on life expectancy in
the country. Additionally, the long-term effects of public
health expenditure and per-capita income on life expectancy
in Ghana require further investigation, considering the dy-
namic nature of these variables. Furthermore, the interactions
between public health policies, socioeconomic factors, and
healthcare resources in influencing life expectancy rates need
to be explored in more detail. Future research should also
consider the role of cultural and environmental factors in
shaping health outcomes in Ghana. Finally, the potential
implications of these findings for policy-making and resource
allocation in the Ghanaian healthcare sector should be a focus
of future research efforts.

3. Methodology

3.1. Data Source and Variable Description

This work employed secondary data. Data on variables in-
cluding life expectancy rate, Government health expenditure,
per-capita income, birth rate per 1000 people employment to
population ratio, CO, emissions in tons per capita, access to
safe drinking water and access to safe sanitation services
spanning from 2000 to 2022 years were derived from derived
from the World development indicators [WDI].

3.1.1. Dependent Variable

Life Expectancy is the average number of years that a
person is expected to live based on various factors such as age,
gender, country and other democratic characteristics. That is,
it is a statistical measure that indicates how long, on average, a
person can expect to live from a specific point in time, typi-
cally from birth. It is often expressed as a percentage or ratio.
It is measured using mortality rates and usually expressed as a
number of years. It is an important indicator of public health
and quality of life or human development index.

3.1.2. Explanatory Variables

The explanatory variables employed in the study include
Government health expenditure per capita, per-capita income,
birth rate per 1000 people, CO, emissions in metric tons per
capita, employment to population ratio, percentage of popu-
lation with access to safe drinking water and percentage of
population with access to safe sanitation services. According
to the World Development Indicators, Government health
expenditure is the amount of money that a government spends
on health and include funding for public hospitals and health
facilities, public health programs and initiatives, healthcare
research and development and so on. Per-capita income is
defined as the average income earned by a person in a specific
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area, in this case Ghana. That is, the total national income or
gross domestic product divided by the population. Birth rate
per 1000 people is the number of live births occurring annu-
ally per 1,000 population. CO, emissions in tons per capita is
the total carbon dioxide emissions captured in tons divided by
the total population whiles employment to population ratio
indicates the proportion of the population employed.

3.2. Theory and Model Specification

The relationship between life expectancy and income is
underpinned by several theories including economic theory
which suggest that a higher income (Per-capita income) al-
lows for better access to healthcare, nutrition and living con-
ditions, thereby leads to improved health outcomes and longer
life expectancy. Other theories supporting the life expectancy
and income nexus include the social determinants of health
theory, human capital theory, health production theory and
capability approach.

The social determinants theory argues that income influ-
ences health outcomes through its impact on socioeconomic
determinants such as education, housing and employment
which in turn affect life expectancy. Human Capital and
Health Production theories on the hand posit that investment
in human capital [education and health] increases productivity
and income, leading to better health outcomes and longer life
expectancy and higher income enables greater investment in
health-promoting activities and technologies respectively.
Finally, Capability Approach suggest that income provides
the means to achieve certain capabilities including good
health and education which are essential for a long and
healthy life.

This study adopts the health production theory also known
as the Grossman Model which was developed by in 1972 by
Michael Grossman. The theory is a framework employed in
health economics to understand the production of health and
demand for healthcare.

Applying this theory to our study of the relationship be-
tween public health expenditure, income and life expectancy
will help us understand how investment in health and income
growth influence life expectancy in Ghana.

The empirical model therefore is expressed as:

LE = a (HE)+B (K)+et )

Where LE is annual Life expectancy in years, HE is public
health spending per capita and &t is the error term whiles a and
B are coefficients of life expectancy and public health
spending per capita respectively.

Other important variables were incorporated as control
variables and these include birth rate per 1000 people, em-
ployment to population ratio, CO, emissions per capita, per-
centage of total population with access to safe drinking water
and access to safe sanitation services. Therefore, the expanded
model in this study becomes:
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LE = a (HE) + g (K)+ ¢ (BR)+ d (EP)+ e (CC) + f (AD) + g
(AS) + et 2)

Where LE represents the annual life expectancy rate in
years, HE stands for public health spending per capita in
dollars, K for per-capita income in dollars, BR for birth rate
per 1000 people, EP as the employment per population in
percentage, CC as the C02 emissions in tons per capita, AD as
the percentage of population with access to safe drinking
water and AS is the percentage of the total population with
access to safe sanitation services.

3.3. Research Design

Research design is a plan that guides researchers in con-
ducting a study. It summaries the overall strategy for col-
lecting, analyzing, and interpreting data to answer research
questions. The design provides a framework that ensures the
research is systematic, valid, and reliable [30]. This approach
was employed to investigate the capita income and public
health spending per capita on life expectancy in Ghana. Cor-
relational research design was employed. It is a type of re-
search method that examines the statistical relationship be-
tween two or more variables without necessarily implying a
causal relationship. In other words, it investigates whether,
and to what extent changes in one variable are associated with
changes in another variable. Correlation does not imply cau-
sation; it simply suggests that there is a relationship between
the variables: The public health spending, income growth and
life expectancy in the short and long run relationship was
estimated. The Autoregressive Distributed Lag [ARDL]
cointegration test was employed.

3.4. Estimation Techniques

Here, unit root analysis, trend analysis and co-integration
analysis which were conducted in the study were discussed.

3.4.1. Unit Root Analysis

Unit root analysis is a statistical method used in time series
analysis to determine if a variable is non-stationary [13]. In
simpler terms, it helps us understand whether a series has a
tendency to return to a certain level over time or if it exhibits a
long-term trend. When a time series has a unit root, it implies
that the series is non-stationary, meaning its statistical prop-
erties like mean and variance are not constant over time. Unit
root tests, such as the Augmented Dickey-Fuller [ADF] test or
the Phillips-Perron test, are commonly used to assess whether
a unit root is present in a time series. If the unit root is not
present, it suggests that the series is stationary, and its statis-
tical properties remain relatively constant over time. Station-
ary time series are often easier to analyze and model [9]. In
finance, for example, unit root analysis is frequently used to
examine the behavior of financial variables over time and to
assess the efficiency of financial markets. It's a powerful tool
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in understanding the underlying dynamics of time series data.
The most common test for unit root analysis is the Augmented
Dickey-Fuller [ADF] test. The null hypothesis of the ADF test
is that a unit root is present in the time series, indicating
non-stationarity. If the test statistic is less than the critical
value, the null hypothesis is rejected, suggesting stationarity.
In this study, the Augmented Dickey-Fuller (ADF) test was
used to assessed whether the variables have unit root or not,
that is whether the variables were stationary or non-stationary

[9].

3.4.2. Trend Analysis

Trend analysis involves examining data over time to iden-
tify patterns, tendencies, or changes in a particular variable or
set of variables [26]. It's commonly used in various fields like
finance, economics, and marketing to make informed deci-
sions based on historical data. In this study, trend or graphical
analysis of variables such life expectancy rate, public health
spending, per capita income, access to safe drinking water and
access to safe sanitation services were conducted using
EVIEWS statistical model.

3.4.3. Cointegration

Cointegration analysis is a statistical technique used to in-
vestigate the short and long-term equilibrium relationship
between two or more time series [9] It's often applied in the
context of financial markets, economics, and other fields. If
the individual time series are non-stationary but Cointegrated
variables exhibit a sustained connection, moving in tandem
without deviation. Consequently, any alteration in one varia-
ble promptly influences all others and continues to do so over
time. The theory posits that variables integrated at order one
(1) have the potential for cointegration. In instances where the
individual variables share the same order of integration and, at
the very least, one stationary linear combination, the consid-
ered variables are deemed cointegrated. Conversely, variables
lacking cointegration indicate a short-term relationship [9].
The cointegrating equation can be represented as:
Yt=0+p1Xt+er where Yt and Xt are the cointegrated series,
040 and 141 are coefficients, and ez is the error term. In this
study, the Autoregressive Distributed Lag [ARDL] was
adopted to carried out the cointegration regression analysis
using EVIEWS.

(i). Autoregressive Distributed Lag [ARDL]

Autoregressive Distributed Lag [ARDL] is a modeling
technique used in econometrics to analyze the long-term
relationship between variables [9]. It's particularly useful
when dealing with time series data. To analyze the relation-
ship between the given variables through the Autoregressive
Distributed Lag (ARDL) cointegration and bound test ap-
proach, a VAR equation is formulated. This equation deter-
mines the lag length structure essential for conducting the
VAR regression estimation. The selection of the lag length
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relies on five specific criteria: Akaike Information Criterion
(AIC), Schwarz Information Criterion (SIC), Hannan-Quinn
Criterion (HQ), Final Prediction Error (FPE), and Sequential
Modified LR Test Statistic (LR). Typically, the lag order
chosen is the one endorsed by the majority of these criteria,
with a preference for AIC due to its consistent and reliable
nature in providing accurate information about lag order
compared to others. The AR part captures the short-term
dynamics and is represented by lagged values of the de-
pendent variable and the DL part accounts for the long-term
relationship and involves lagged values of the independent
variable(s) [9] The ARDL model can be expressed as:

Yt=0+BOYt—1+B1Xt+B2Xt—1+... +PkXt—k-+et

Where Yt is the dependent variable, Xt is the independent
variable, a is the intercept, B coefficients represent the
short-term and long-term effects, and &z is the error term.

In the case of this study, the selected lag length is 1 in the
long-run, then the VAR linear regression for this study would
be as follows:

LE= (LE)(y + a-(HE) + a-(HE) ) + B-(K) + -(K)(q) + B-(BR)
+ ﬂ(BR)(l) + ﬁ(EP)(_l) + ﬁ(EP)(_l) Fo + &t

Co-integration (Autoregressive Distributed Lag) test car-
ried out using E-Views helps determine the short and long run
relationship between these variables.

(ii). ARDL Cointegration Residual Test

The ARDL [Autoregressive Distributed Lag] residual test
is a diagnostic test in econometrics to that is used to assess the
adequacy of an ARDL model by examining the residuals (the
differences between the observed and predicted values) of the
model [9]. This test helps verify the assumptions and validity
of the estimated ARDL model. The assumptions to be verify
include serial correlation or autocorrelation, heteroskedastic-
ity and normality of the error terms. Autocorrelation test is
conducted to determine whether the values of a time series
variable are correlated with their past values and the test for
normality examines whether the residuals follow a normal
distribution. Normality is important for the validity of statis-
tical inferences, such as hypothesis testing and confidence
intervals. Heteroskedasticity test assesses whether the vari-
ance of the residuals is constant or non-constant across all
levels of the independent variables. Heteroskedasticity just
like autocorrelation and normality test are crucial for the
reliability of the model's estimates.

(iif). ARDL Bound Wald Test

The ARDL [Autoregressive Distributed Lag] Bound Wald
Test was conducted to examine the presence of cointegration
in the ARDL model estimated. Cointegration implies a
long-run relationship among variables [9]. This Test helps
determine whether there is a stable relationship by testing the
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significance of the coefficients associated with lagged dif-
ferences of the variables. The null hypothesis of the ARDL
Bound Wald Test is that there is no cointegration, meaning the
coefficients on the lagged differences of the variables are
jointly equal to zero [9]. The test statistic which follows a
chi-squared distribution is calculated based on the Wald sta-
tistic, which is a measure of how far the estimated coefficients
are from the hypothesized values under the null hypothesis.
The calculated test statistic was compared to the critical val-
ues from the chi-squared distribution to determine statistical
significance. If the calculated test statistic is greater than the
critical value at a specified significance level, the null hy-
pothesis is rejected. And, the bigger the test statistic, the
stronger the evidence against the null hypothesis of no coin-
tegration. The chapter discussed source of data employed in
the study. The data was sourced from the World Development
Indicators. The research design adopted in the study, the em-
pirical model, and method of data analysis were also dis-
cussed.

4. Findings and Discussions

4.1. Unit Root Test Results

The below table presents the result of the root test analysis

conducted on all the variables included in the Autoregressive
Distributed Lag Cointegration model. The test is carried out to
determine the stationarity or otherwise of the variables. The
results presented in the table indicates that, all the variables:
Life expectancy (LE), per-capita income (K), public health
spending per capita (HE), birth rate per 1000 people (BR),
employment to population ratio (EP), CO, emissions per
capita (CC), percentage of total population with access to safe
drinking water (AD) and access to safe sanitation services
(AS) were not stationary at level, hence we fail to reject the
null hypothesis. On the contrary, when subjected to the
Augmented Dickey-Fuller (ADF) test at the first difference,
all variables exhibit stationarity at a 1% significance level.
That is the variables were integrated at order one 1(1). Con-
sequently, we reject the null hypothesis of a unit root at the
first difference for these variables. Implying that the time
series variables were stationary, meaning their means and
variances, remain constant over time. Stationary variables
adjust to their trend level when impacted by a shock. The
shock induces only a temporary change in the stationary var-
iable, with the variable eventually returning to its original
trend level in the long run. Therefore, making it appropriate to
apply cointegration regression modelling technique such as
Autoregressive Distributed Lag which this thesis adopted.

Table 1. Unit root test (Test of Stationarity).

ADF Test at Levels ADF Test at 1% Difference

Variables Constant P-value
Life Expectancy 1.902 0.816
Per-capita income 182.518 0.710
Health Expend 10.6230 0.633
Birth Rate -0.294 0.943
Employment 16.632 0.440
Carbon emissions 0.004 0.987
Access to Water 1.033 1.000
Access to Sanitation 0.447 1.000

Constant P-value
0.369 0.0005***
121.046 0.0002***
5.044 0.0001***
-0.344 0.0101%**
-0.016 0.0354**
0.026 0.0011%***
0.649 0.0099***
0.542 0.0000%**

The p-values for both levels and 1% difference with *, ** and *** implies significant at 10, 5 and 1 percent respectively.

Source: Author with WDI data

4.2. Graphical Presentation of Annual Change
in Variables

The graphical presentation of the trend in variables such as
life expectancy at birth in years, per capita income in US
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dollars, current health expenditure per capita in US dollars,
access to safe drinking water in percentages and access to safe
sanitation services are presented below.

4.2.1. Life Expectancy
The graph below presents the annual life expectancy rate in
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years in Ghana spanning from 2000 to 2022. Whiles the
highest life expectancy was recorded in 2019 and 2022 at 64.7
years, the lowest occurred in 2001 at 58.1 years. From 2001,

the life expectancy rate witnesses a consistent upward jump
till 2019 when it declined in 2020 and 2021.
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Figure 1. Life Expectancy at Birth.

4.2.2. Per-capita Income

The graph below presents the annual per capita income in
1000 US dollars in Ghana spanning from 2000 to 2022. It is
observed that per-capita income experiences fluctuations;
rises for some time, falls and rises again. The highest
per-capita income was recorded in 2021 at 2,400 US dollars

which fell in the succeeding year 2022 to 2,200 US dollars.
The lowest per-capita was recorded in 2000, 2001 and 2002 at
approximately 300 US dollars. From 2000 to 2022, the
per-capita increased by a staggering 633.33%, implying a
substantial increase Gross Domestic Product value relative to
population growth.
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Figure 2. GDP per capita.

4.2.3. Current Health Expenditure Per Capita

The graph below shows the current public health expendi-
ture per capita in US dollars in Ghana spanning from the year
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2000 to 2022. From the graph, it is observed that current
health expenditure per capita rises consistently from 16.3 US
dollars in 2000 to 61.9 in 2009. It fell to 61.8 in 2010 and then
rise and remained above 70 US dollars for subsequent suc-
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ceeding years except 2016 and 2017 which witnessed a sharp
decline to 64.4 and 65.6 US dollars respectively. The highest
current health expenditure per capita was witnessed in 2013
when relatively huge amount of money was expended in the
health sector translating into 104 US dollars current health

expenditure per-capita. The lowest current health expenditure
per capita was recorded in 2000 at 16.3 US dollars. The per-
centage jump in current health expenditure per capita from
2000 to 2022 is 513.50%.
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Figure 3. Current Health Expenditure per Capita.

4.2.4. Access to Safe Drinking Water

The graph below presents the annual percentage of Ghana’s
population with access to safe drinking water which is key
determinant to healthy living, wellbeing and long life. From the

diagram, it is clear that Ghana has witnessed a consistent in-
crease in access to safe drinking water. However, the increment
is not so significant. The total percentage jump from 2000 to
2022 is 261.29% but the highest percentage increase annually
was 4.9% between the years 2018 and 2019.
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Figure 4. Access to safe drinking water.
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4.2.5. Access to Safe Sanitation Services

The graph below shows the annual percentage of popula-
tion with access to safe sanitation services in Ghana spanning
from 2000 to 2022. It is observed that the country has rec-
orded a linear increase in access to sanitation services over

years between 2000 and 2022. The lowest access to sanitation
services was recorded in 2000 at 3.6% of the entire population
whiles the highest was 15.8% in 2022, a significant percent-
age jump of 338.89% but paltry in terms of the coverage of the
entire population.
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Figure 5. Access to safe sanitation services.

4.3. ARDL Cointegration Test Results

The results of the Autoregressive Distributed Lag cointe-
gration test were presented below. The test was conducted to
examined the long-run and short-run correlation between the
dependent variable life expectancy and the other variables in
the study. The variables include annual life expectancy rate in
years (LE), current public health spending per capita in dollars
(HE), per-capita income in dollars (K), birth rate per 1000
people (BR), employment per population in percentage (EP),
CO02 emissions in tons per capita (CC), percentage of popula-
tion with access to safe drinking water (AD) and the per-
centage of the total population with access to safe sanitation
services (AS). The results of the long run and short run cor-
relation are presented below:

4.3.1. Long-run ARDL Regression Coefficients
Estimates

The table 2 below captures the long-run relationship be-
tween the dependent variable: life expectancy and the ex-
planatory variables in the study. The sign and magnitude of
the coefficients tell us the direction and intensity of the rela-
tionship respectively, and the probability value: p-value in-
form us of whether the correlation is significant, and if it is
significant, by what level. From the results, the coefficient of
current health expenditure per capita (HE) is negative (-0.022)
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and p-value is 0.004, indicating a negative relationship be-
tween expectancy rate in years (LE) and current health ex-
penditure per capita in US$ is significant at 1%. The inter-
pretation is that, a dollar rise in current health expenditure per
capita leads to fall in life expectancy by 0.022 years all else
constant and vice versa. This negative relationship between
current health expenditure and life expectancy is known as the
health expenditure paradox and the finding corroborates with
the US economy which has high health expenditure but rela-
tively lower life expectancy [34, 35]. This may be due to
inefficient resource allocation, inequitable distribution and
overuse of services leading to higher cost yet poor health
outcomes. Secondly, the long-run relationship between
per-capita income (K) and life expectancy rate in years is
positive and significant at 1%. The sign and magnitude of
per-capita income is 0.001. This implies that, increasing
per-capita income tends to increase life expectancy, and spe-
cifically suggest that, a dollar rise in per-capita income in-
creases life expectancy by 0.001 years all else constant and
vice versa. Intuitively and theoretically, the findings make
sense since rising individual incomes all things being equal
increases expenditure which may include healthcare spending.
It may also improve nutrition and intake of healthy foods
thereby improving one’s living.

The next is the coefficient of birthrate in 1000 population
(BR) which is positive 0.397 with a p-value of 0.008. This
implies a direct and significant relationship between birthrate
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and life expectancy. And the interpretation is that, an increase
in the number of birthrates per 1000 population by 1 lead to
0.397 increase in life expectancy in years. This results albeit
inconsistent with the negative correlation seen in demo-
graphic transition model is quite tenable especially in devel-
oping countries such as Ghana where high fertility and high
mortality characterized the population. The findings are also
in line with the human capital theory which propounds that
improved investment in human capital in the areas of educa-
tion and nutrition for instance can increase productivity, in-
comes and improved birthrate together with increased life
expectancy.

Next significant variable is CO, emissions in tons per cap-
ita which has a coefficient of negative (-4.059) and p-value of
0.008. This implies that the relationship between CO, emis-
sions in tons per-capita and life expectancy is negative, and it
is significant at 1%. The interpretation is that an increase in
CO, emissions in tons per capita by 1 lead to a decrease in life
expectancy by 4.059 all else constant and vice versa. Higher
CO, emissions leads to extreme temperatures, erratic rainfall
patterns, pollutes the atmosphere and melt ice leading to dis-
astrous environmental outcomes, food insecurity, destruction
of biodiversity and water bodies which are key to the survival
human species. The last significant variable is percentage of
the population with access to safe sanitation services. It has a
p-value of 0.027 and a coefficient of 1.043, which implies that
access to sanitation services is positively and significantly
correlated with life expectancy. A 1% increase in the per-
centage of population with access to safe sanitation services
led to 1.043 increase in life expectancy in years all else con-
stant and vice versa. Improved access to safe sanitation ser-
vices means more of the population have access to safe sani-
tation services which is key to preventing unsalutary or un-
hygienic-prone diseases and infections, thereby lowering
possible mortalities that may stem from poor sanitation. The
remaining variables: employment per total population (EP)
and percentage of population with access to safe drinking
water (AD) which all have positive correlation with life ex-
pectancy were not significant in influencing life expectancy in
the model.

Table 2. Long-run ARDL Regression Estimates.

Dependent Variable: LE=Life expectancy

Variable Coefficient Standard P-Value
Error

Health expenditure -0.022*** 0.006 0.004

Per-capita income 0.001*** 0.0002 0.005

Birth rate 0.397*** 0.127 0.008

Employment 0.052 0.058 0.385

Carbon emissions -4.059*** 0.928 0.008
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Variable Coefficient ST P-Value
Error

Access to water -0.031 0.151 0.842

Access to Sanitation  1.043** 0.419 0.027

Const 38.395 7.974 0.003

The p-values for coefficients with *, ** and *** implies significant at
10, 5 and 1 percent respectively
Source: Author with WDI data

4.3.2. Short-run ARDL Regression Coefficients
Estimates

Here, just like in the long-run regression estimates, five (5)
of the variables significant in the long run model were sig-
nificant whiles the remaining three (3) variables were not
significant. The significant positive explanatory variables
were current health expenditure per capita, per-capita income,
birthrate, C02 emissions per capita and access to sanitation
services whiles employment per total population and per-
centage of population with access to safe drinking water were
insignificant. To avoid repetition, the detailed exposition is
not done here.

Table 3. Short-run ARDL Regression Estimates.
Dependent Variable: LE = Life Expectancy

Variable Coefficient Standard Error  P-Value
HE -0.026*** 0.006 0.001
K 0.001** 0.0003 0.016
BR 0.548%** 0.118 0.002
EP 0.060 0.063 0.358
cC -4.684** 1.709 0.017
AD -0.035 0.170 0.838
AS 1.204** 0.375 0.007
CointEq (-1)  -1.154%** 0.247 0.000

The p-values for coefficients with *, ** and *** implies significant at
10, 5 and 1 percent respectively
Source: Author with WDI data

These findings affirm the long-term estimates and the speed
of adjustment: CointEq (-1), which is both negative and sta-
tistically significant at 1%, providing further evidence of
cointegration among the variables. The speed of adjustment
indicates the pace at which a variable return to its equilibrium
level following a shock, and in this case, the value is -1.223.

The residual equation is CointEq = LE - (-0.022*HE +
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0.001*K + 0.397*BR + 0.052*EP -4.059*CC - -0.031*AD +
1.043*AS - 38.395).

Meaning, the residual or error term is the observed LE
minus the estimated: (-0.022*HE + 0.001*K + 0.397*BR +
0.052*EP -4.059*CC - -0.031*AD + 1.043*AS - 38.395).

4.3.3. ARDL Cointegration Residual Diagnostic Test

The table below presents the result of the residual test
conducted. It includes the serial correlation test, heteroske-
dasticity and normality test. The p-value for all three were
above 10% significance level and therefore all the tests were
insignificant, and hence the rejection of all the three-null
hypothesis. Implying that there is no autocorrelation and
heteroskedasticity, and the residual distribution follows a
normal distribution.

Table 4. Residual Test.

Residual Chi-Square Values P-Values
Serial Correlation 0.412 0.550
Heteroskedasticity 0.321 0.379
Normality - 0.584

4.3.4. ARDL Bound Wald Test Estimates for
Cointegration

The table below captures the ARDL Bound test estimates.
It includes the lower and upper bound values, as well as the
F-statistic values. The findings indicate that, at a 5% signifi-
cance level, the variables exhibit cointegration in the long run
since the calculated test statistic (2.32) is bigger than the
F-Statistic value (1.99). As a result, the null hypothesis that no
long-run relationship exist among the variables is rejected.
The cointegration of the variables in the long-run means, a
change in any of the variables in the model could lead to a
collective change in the variables considered, all else con-
stant.

Table 5. ARDL Bound Wald Test Results.

Critical Value Bounds

Significance 10 Bound 11 Bound
10% 2.03 3.13

5% 2.32 35

2.5% 2.6 3.84

1% 2.96 4.26

Test Statistic (F-Statistic value= 1.206; K= 7)
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5. Conclusions and Recommendations

5.1. Summary

The study was conducted to investigate the empirical effect
of current health expenditure per capita and per-capita income
on life expectancy in years in Ghana. It employed an annual
time-series secondary data on variables such as life expec-
tancy (LE), per-capita income (K), public health spending per
capita (HE), birth rate per 1000 people (BR), population
density (PD), employment to population ratio (EP), CO,
emissions per capita (CC), percentage of total population with
access to safe drinking water (AD) and access to safe sanita-
tion services (AS) spanning from 1980 to 2020 derived from
the World Development Indicators (WDI). The study also
examined the annual pattern of life expectancy, current health
expenditure per capita, per-capita income, access to safe
drinking water and access to safe sanitation services from
2000 to 2021. The Autoregressive Distributed Lag cointegra-
tion technique was adopted to estimate the short and long run
relationship between the variables after a unit root test was
conducted to ascertain the stationarity or otherwise of the
variables. Graphs and diagrams were used to present the an-
nual changes in life expectancy, current health expenditure
per capita, per-capita income, access to safe drinking water
and access to safe sanitation services. The EViews Statisti-
cal/Econometric package was used in the analysis. The results
of the Autoregressive Distributed Lag cointegration estimates
shows that current health expenditure per capita negatively
correlated with expectancy rate in years whiles per-capita
income is positively correlated with life expectancy rate. All
variables modeled were cointegrated.

The variables that were included in the model as control
variables include birth rate per 1000 people, population den-
sity, employment to population ratio, CO, emissions per cap-
ita, percentage of total population with access to safe drinking
water and access to safe sanitation services. The following
were the findings with respect to the control variables:

1) There was a direct and significant relationship between

birthrate and life expectancy.

2) CO, emissions in tons per-capita was found to be nega-
tively correlated with life expectancy.

3) The percentage of the population with access to safe
sanitation services was also found to be positively cor-
related with life expectancy.

4) However, employment per total population, population
density and percentage of population with access to safe
drinking water were not significant in influencing life
expectancy.

5) It was found that the highest life expectancy was rec-
orded in 2019 and 2022 at 64.7 years whiles the lowest
occurred in 2001 at 58.1 years. And from 2001, the life
expectancy rate witnesses a consistent upward jump till
2019 when it declined in 2020 and 2021.

6) For annual per capita income in 1000 US dollars in
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Ghana spanning from 2000 to 2022. It was found that
per-capita income experiences fluctuations over the
years with the highest per-capita income recorded in
2021 at 2,400 US dollars and the lowest in 2000, 2001
and 2002 at approximately 300 US dollars.

7) In the case of current health expenditure per capita in US
dollars in Ghana spanning from the year 2000 to 2022, it
was found that current health expenditure per capita
rises consistently from 16.3 US dollars in 2000 to 61.9 in
2009. The highest current health expenditure per capita
was witnessed in 2013 at 104 US and the lowest was in
2000 at 16.3 US dollars.

8) Finally for the annual percentage of Ghana’s population
with access to safe drinking water and annual percentage
of population with access to sanitation services, both
were found to have witnessed consistent increase annu-
ally albeit slightly between 2000 to 2022.

5.2. Conclusion

This study provides a comprehensive analysis of the impact
of public health expenditure and per capita income on life
expectancy in Ghana. The findings emphasize the significant
role that both health expenditure and income play in shaping
life expectancy, although their effects are influenced by var-
ious factors such as efficient resource allocation, income
inequality, and access to healthcare. The theoretical frame-
works, including the Human Capital Theory, Health Produc-
tion Function, and the Social Determinants of Health, provide
a solid foundation for understanding how investments in
healthcare and economic growth contribute to improved
health outcomes.

Based on the findings, the study concludes that, short and
long-run relationship exist between current health expenditure
and life expectancy as well as per-capita income and life
expectancy in Ghana and all the other explanatory variables
including birth rate per 1000 people, population density, em-
ployment to population ratio, CO, emissions per capita, per-
centage of total population with access to safe drinking water
and access to safe sanitation services.

Empirically, the study aligns with previous research that
demonstrates a positive relationship between per capita in-
come and life expectancy, highlighting that higher income
allows for better access to healthcare, improved nutrition, and
overall better living standards. However, the study also un-
derscores that public health spending is crucial for ensuring
equitable access to healthcare services, especially in devel-
oping countries like Ghana, where disparities in healthcare
access and economic inequality persist. Furthermore, envi-
ronmental factors, such as CO, emissions, also play a role in
influencing health outcomes, which highlights the need for a
holistic approach to health policy.

Again, the study also concludes that the percentage in-
crease in life expectancy from 2000 to 2022 is 11.17%.
Whiles that of per-capita income and current health ex-
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penditure per capita were a staggering 633.33% and 513.50%
respectively.

The research recommends targeted policy interventions to
address income inequality, improve resource allocation in
healthcare, and focus on both preventive and curative
healthcare services. Effective public health spending, along-
side sustainable economic policies that promote income
growth and equitable distribution, can significantly enhance
life expectancy and overall population health in Ghana.

5.3. Recommendations

Given the observed negative relationship between current
health expenditure and life expectancy, and the positive cor-
relation between per-capita income and life expectancy in
Ghana, it is important to formulate policies that mitigate the
adverse effect of current health expenditure per capita and life
expectancy and those that improve per-capita income to en-
gender higher life expectancy in Ghana. The following rec-
ommendations are proposed:

1) The study recommends that implementation and alloca-
tion of health expenditure should adopt a nuanced ap-
proach based on local health needs and demographic
profiles rather than solely increasing overall expendi-
ture.

2) Also, thorough needs assessments must be conducted
and funds prioritize towards interventions and services
that have proven effective in improving life expectancy
metrics, such as preventive care, maternal and child
health, and chronic disease management.

3) The study recommends a significant investment in pub-
lic health initiatives aimed at addressing social deter-
minants of health, such as poverty or income growth and
access to sanitation services which were found to in-
fluence life expectancy in the study.

4) Promote efficiency in healthcare delivery systems and
cost-effective technologies to ensure that resources are
utilized effectively.

5) The study recommends the implementation of policies
and initiatives that creates stable and decent-paying jobs
to help improve household incomes which is a catalyst
for improve life expectancy in this study.

By adopting these policy recommendations, governments
and health systems can navigate the complex relationship
between health expenditure, per-capita income and life ex-
pectancy more effectively. This approach ensures that re-
sources are directed towards initiatives that have the greatest
potential to enhance population health, increase their income
and consequently improve life expectancy outcomes, and
ultimately leading to a more sustainable and equitable
healthcare system.

Abbreviations

ARDL  Autoregressive Distributed Lag
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LE Life Expectancy

K Per Capita Income

HE Public Health Spending per Capita
BR Birth Rate

EP Employment-to-population Ratio
cC CO, Emissions per Capita,

SS Sanitation Services

WDI World Development Indicators
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