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The health implications of fossil energy consumption and carbon dioxide
(co2) emissions remain a global concern. This study examines the effect
of fossil energy consumption and co2 emissions on adult mortality rate in
Nigeria. The study relies on the Health Production Function and utilises
the Autoregressive Distributed Lag technique to analyse time series data
from 1980 to 2019. The results of the estimated model show that fossil en-
ergy consumption reduces adultmortality rates in the short run, while co2
emissions increase adult mortality rates both in the short and long run.
In addition, government health expenditure follows an inverted U-shape
relationship in explaining adult mortality while foreign direct investment
has a U-shape relationship with adult mortality in Nigeria. Trade open-
ness and monetary policy are insignificant in the short and long run. It
is recommended that the government should substitute clean energy for
fossil fuel energy to improve the quality of life, strengthen co2 emissions
tax and ensure health funds are used for the improvement of healthcare
service delivery in Nigeria.
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Introduction
Globally, the health sector has been recognised as an important force in
any nation’s growth and development process (Benjamin and Foye 2022).
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This is because healthy living is a prerequisite for economic growth and
development, and the quality of the healthcare system is linked directly
to the people’s quality of life. A healthy workforce enhances productivity,
and the health of young adults is as vital as that of adults since they de-
velop and become a more productive workforce in the future (Shobande
2020). Despite the general knowledge about the importance of healthy
living, health issues remain a major challenge in Nigeria.
Nigerian health indicators are among the worst in Africa.Many people

lose their livelihoods or die from different health conditions. At the same
time, some suffer from disease burdens, including malaria, lower res-
piratory infection, neonatal disorders, diarrheal diseases, hiv/aids, is-
chemic heart disease, stroke, congenital defects, tuberculosis, andmenin-
gitis (Centers for Disease Control and Prevention N.d.; Oladosu, Chan-
imbe, and Anaduaka 2022).Malaria and other disease burdens, especially
lower respiratory infection, the third major cause of death in developing
countries (Akinyemi and Morakinyo 2018), significantly impact Nigeri-
ans as these affect their daily lives by increasing the cost of living and
reducing productivity and income.
Efforts have been put in place by the government and international

organisations, including the World Health Organisation (who), Centers
forDisease Control, United States Agency for International Development
(usaid), and United Nations Children’s Fund (unicef) to address the
diverse health challenges in Nigeria, some of which are related to fossil
fuel use and co2 emissions. In 2019, the Nigerian government designs a
National short-lived climate pollutants action plan highlighting 22 miti-
gation measures to reduce black carbon and methane emissions and co-
emitted long-lived greenhouse gases, including co2 and other air pollu-
tants from the transport, residential, industry, waste management, and
agriculture sectors, among others. The policy aims to eliminate gas flar-
ing by 100percent and reduce emissions fromoil production andprocess-
ing, transportation, and distribution by 50 percent (International Energy
Agency 2022).
The government is also committed to reducing greenhouse gas emis-

sions through signing the Paris Agreement in September 2016. As noted
in the current policy in theNationallyDeterminedContribution, the gov-
ernment’s vision is to transition from fossil fuels to clean energy and elim-
inate or reduce gas flaring and methane emissions. Moreover, the energy
policy of the country aims to reduce the country’s dependence on fossil
fuels and use clean energy for rural electrification (Federal Ministry of
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Environment 2021). Furthermore, usaid is collaborating with the Nige-
rian government to increase the health budget and strengthen the Nige-
rian primary health system to deal with different health challenges, in-
cluding those resulting from co2 emissions and fossil fuels. In addition,
the international body provides health inputs such as insecticide-treated
bed nets and other kits to reduce the malaria burden, strongly linked to
climate and environmental conditions (United States Agency for Inter-
national Development N.d.). Moreover, who equips health centres with
different facilities and trains healthcare professionals on disease preven-
tion strategies to reduce disease-related deaths, including deaths result-
ing from the illnesses associated with carbon emissions and fossil fuels in
Nigeria (World Health Organization N.d.).
Despite the efforts of the government and international organisa-

tions in addressing health challenges, little to no improvement has been
recorded, as Nigeria remains one of the top disease burden countries
worldwide (Pona et al. 2021). Climatic change and environmental con-
ditions resulting from fossil energy consumption are common causes of
health issues and high mortality rates in Nigeria (Effiong et al. 2022).
Studies have linked the malaria burden to climate and environmental
conditions, including stagnated water bodies, bad sewage disposal, and
land pollution that favours mosquito breeding (Effiong et al. 2022; Ugwu
and Zewotir 2020). Also, carbon dioxide (co2) emissions and other air-
borne particles from fossil energy consumption are negatively connected
with public health, increasing respiratory and cardiovascular diseases
and mortality rates (Shah et al. 2022; Urhie et al. 2020).
Fossil energy consumption is a force that drives economic growth, es-

pecially in resource-rich nations like Nigeria (Foye and Benjamin 2021a;
Urhie et al. 2020). Fossil energy increases economic prosperity by cre-
ating jobs and value through the extraction, transformation, and distri-
bution of energy products and services. There are two crucial channels
through which energy contributes to the economic growth of any na-
tion. These are the direct and indirect channels (World Economic Forum
2012). For the indirect channel, energy, most notably fossil energy, serves
as input for the sectors of the economy. The manufacturing industry, for
instance, uses fossil energy to produce plastic and petrochemical prod-
ucts, among others. Also, the agricultural sector relies on fossil energy for
crop management and indirectly for fertilizer, pesticides, and machinery
production (Woods et al. 2010; Center for International Environmental
Law 2022). Moreover, energy is used to power the transportation, manu-
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facturing, construction, and service sectors. Consequently, boosting eco-
nomic growth and development, especially in developing countries, will
spur energy consumption in various sectors of the economy (Foye and
Benjamin 2021a; Urhie et al. 2020).
Meanwhile, an increase in fossil energy consumption not only boosts

growth and development but also affects public health. Though fossil fuel
consumption’s primary effect differs from its secondary effect, both forms
affect health outcomes (Foye 2022). Specifically, fossil energy consump-
tion generates carbon emissions, which contribute significantly to out-
door or ambient air pollution, primarily when fossil fuel is used for indus-
trial and automobile operations. These emissions advance into the atmo-
sphere and become well mixed such that about the same amount is in the
atmosphere everywhere (Foye 2022). While there are other greenhouse
gas emissions such as nitrogen oxide, sulphur dioxide, methane and pol-
yaromatic hydrocarbons, co2 emissions are the most dominant, causing
global warming and deterioration of human health, especially in urban
areas (Chen and Guo 2019; Foye 2018; World Health Organization 2021;
Environmental Protection Agency N.d.). Carbon emissions pollute the
air and increase atmospheric temperature levels (global warming/climate
change) resulting in scarcity of water, rise in sea level, flooding, drought,
and alternation in the patterns of infectious and vector-borne diseases.
Air pollution also contributes to respiratory tract infections and poses a
significant danger to human health. The result is high infant, under-5,
and adult mortality and low life expectancy (Foye and Benjamin 2021b;
Perera 2017; Weil 2014).
A critical review of the existing studies shows that limited or no ex-

isting studies examine the effect of fossil energy consumption and co2
emissions on adult mortality rate in Nigeria. In view of this, there is
a need to investigate the effect of fossil energy consumption and co2
emissions on adult mortality rate in Nigeria. A precise knowledge of the
relationship will enable the government to formulate appropriate poli-
cies to improve health quality and boost economic performance. Though
the literature on the impact of fossil energy consumption and co2 emis-
sions on health outcome indicators is replete, most of the studies focus
on cross-country analysis which does not control for country-specific
peculiarities; more so, their findings are contradictory (Adeleye, Azam,
and Bekun 2023; Oyelade et al. 2020; Shobande 2020; Xing et al. 2019;
Arawomo, Oyebamiji, and Adegboye 2018). The limited country-specific
studies (Oyedele 2022; Urhie et al. 2020;Nkalu and Edeme 2019; Afolayan
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and Aderemi 2019) use either life expectancy, infant or under-5 mortality
rates as health outcome indicators.
In addition, recent studies claim that government health expenditure

(Oladosu, Chanimbe, and Anaduaka 2022; Onofrei et al. 2021), income
(Adeleye et al. 2023; Oladosu, Chanimbe, and Anaduaka 2022), foreign
direct investment (Immurana et al. 2023; Shah et al. 2022), trade open-
ness (Byaro, Nkonoki, and Mayaya 2021), and monetary policy (Peter
and Adediyan 2020) affect mortality rates. However, no available studies
analyse their effects on adult mortality in Nigeria within a single model.
This study, therefore, contributes to the growing literature by address-
ing these two gaps in Nigeria from 1980 to 2019 using the Autoregres-
sive Distributed Lag (ardl) technique. The outcome of this study is of
immense benefit to the Sustainable Development Goals (sdgs), who,
the government, and other relevant organisations that focus on promot-
ing healthy living and well-being. Also, the study provides important in-
formation that helps the government and relevant organisations develop
strategies to address environmental hazards and boost the quality of life
of the people in the country.
The paper is organised as follows: Section two presents the literature

review. Section three discusses the methodological issues, while the re-
sults are presented and discussed in Section four. Finally, Section five con-
cludes and provides policy recommendations.

Literature Review
Economic theories have been widely applied to energy, health, and en-
vironmental issues. These theories include the Gary production the-
ory, Grossman model, conservative hypothesis, Environmental Kuznets
Curve (ekc), and Ramsey-Cass-Koopmans infinitely-lived agent frame-
work. The Gary production theory explains the implications of the in-
teraction between energy consumption and production on infant health-
related risks. This theory distinguished between two forms of health and
revealed that the first form of health serves as an output in the utility
function while the second form enters into the production function as
an input (Galama and Kapteyn 2011; Hartwig and Sturm 2018).
The Grossman model considered individuals as consumers and pro-

ducers of health and argued that health investment would continue until
the marginal benefit of health equates to marginal cost. At this equilib-
rium point, Grossman asserted that the longevity of an individual would
be endogenously determined. The model was later integrated into cost
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analysis to advance collective decision making, and Welfare Theorists
demonstrated that societal gains associated with health preservation go
a long way in determining the welfare cost for an individual to partake
in a collective decision (Shobande and Etukomeni 2018). So, the level of
energy consumption coupled with the different policies targeted at im-
proving the living standard of the people is crucial in any nation.
Furthermore, the conservative hypothesis asserted that conservative

energy policies boost health outcomes when energy consumption is con-
sidered a factor in the health outcomes model (Shobande 2020). The
ekc was propounded by Kuznets (1955) to explain the relationship be-
tween income inequality and income per capita. The theory was later
employed to analyse the different aspects of economic activities. For in-
stance, Grossman andKrueger (1991) used ekc to clarify the relationship
between income per capita and two different types of pollution (sulphur
dioxide and smoke). Their findings demonstrated that the ekc is an in-
vertedU-shape such that air pollution increases with income per capita at
the pre-industrial economies stage through to the industrial economies
stage before declining with the income per capita at the post-industrial
economies stage. This theory also predicts improvement in environmen-
tal conditions as a nation records an increase in the level of economic
growth, after which the peak is recorded (Urhie et al. 2020). In summary,
health outcomes deteriorate as air pollution increases with income per
capita increases but improve after the post-industrial stage.
Empirically, there is still an evolving literature on the relationship

among energy consumption, co2 emissions and health outcome indica-
tors. The existing empirical studies are divided into cross-countries stud-
ies and country-specific studies. For the cross-sectional studies, Adeleye,
Azam, and Bekun (2023) employed the structural equation modelling
approach to analyse the mediation effect of co2 emissions on the nonre-
newable energy and infant mortality rate nexus in 42 Asian and Pacific
countries between 2005 and 2015. The empirical evidence for the full
sample showed that infant mortality rate increases with nonrenewable
energy consumption through rising co2 emissions. Meanwhile, the re-
sults of the different income groups indicated that mediation effects of
co2 emissions vary.
Using unbalanced panel data on 46 European countries over the pe-

riod 2005 to 2015, Adeleye et al. (2023) also made an attempt to anal-
yse the effect of co2 emissions and non-renewable energy on infant and
under-5 mortality rates. The results of their static and dynamic analyses
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revealed a positive relationship between co2 emission andmortality rate
and a negative relationship between non-renewable energy and mortal-
ity rate. Moreover, the study reported a decline in the absolute value of
the positive association of emissions at higher distributions of mortality
rates and an increase in the absolute value of the negative association of
non-renewable energy at higher distributions of mortality rates.
Sial et al. (2022) used the generalised least squaremethod to analyse the

relationship between fossil fuel energy consumption and infant mortality
rate in 15 Asian countries from 1996 to 2019. The study established a U-
shaped relationship between the consumption of fossil fuel energy and
infant mortality in Asian countries. Also, the study submitted that excess
fossil fuel energy consumptionworsens the standard of living in theAsian
countries because of the low air quality levels.
Bouchoucha (2021) assessed the nexus between environmental degra-

dation, health, and institutional quality in 17 Middle East and North
African (mena) countries during 1996 and 2018. Using fullymodified or-
dinary least squares and dynamic ordinary least squares methods, Bou-
choucha (2021) reported a negative relationship between health status
and environmental degradation in the long run in mena countries.
Anser et al. (2020) examined the long-run and short-run impact of en-

ergy utilisation, greenhouse gasses emissions, and economic activities on
mortality rate and incidence of respiratory diseases in emerging Asian
economies between 1995 and 2018. This study demonstrated that emis-
sions, fossil fuel consumption, and natural resources depletion have an
adverse effect on mortality rate and incidence of respiratory diseases in
the long-run while clean energy use and per capita economic growth en-
hanced households’ health status. In the short run, however, the study re-
ported that mortality rate and incidence of respiratory diseases are only
affected by greenhouse gasses emission.
Oyelade et al. (2020) employed a quantile regression technique to anal-

yse the effect of environmental quality on people’s health inWest African
Anglophone countries from 1990 to 2013. It is obvious from the results
of their study that co2 emissions from gaseous and liquid fuel consump-
tion, residential buildings and commercial and public services, solid fuel
consumption, and transport negatively affect human health in the region.
In a related study, Shobande (2020) analysed the relationship between

energy use and infant mortality rates in 23 African countries between
1999 and 2014. Using the Baseline Pooled Regression and SystemGeneral
Method ofMoment, the study specifically examined the impact of energy
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variables on infant mortality rate and under-5 mortality rates. The results
of the study showed that the indicators of energy use have a negative ef-
fect on the 23 African countries’ infantmortality rates. Also, the empirical
evidence suggested that mortality rates increased proportionately with a
higher degree of pollution in the countries.
Applying a robust panel fixed effect model, Xing et al. (2019) investi-

gated the impact of fossil energy use and pollutant emissions on public
health in 33 countries. Using panel data spanning 1995 to 2015, the re-
sults of the analysis showed that fossil energy consumption has a positive
impact on life expectancy, while pollutant emissions have a negative re-
lationship with life expectancy.
Osakede and Sanusi (2018) utilised ardl to analyse the impact of fos-

sil fuel and electricity consumption on life expectancy and infant mortal-
ity in Nigeria and South Africa from 1960 to 2014. The study submitted
that fossil fuel use and electricity consumption adversely affected life ex-
pectancy and infant mortality rates in Nigeria and South Africa. Specif-
ically, the study reported that fossil fuel use and electricity consumption
negatively affect infant deaths inNigeria in the short and long run.Mean-
while, fossil fuel use and electricity consumption only have an adverse
effect on health outcomes in the short run for South Africa.
Arawomo, Oyebamiji, and Adegboye (2018) probed the relationship

between energy consumption, economic growth, and health outcomes
in sub-Saharan Africa (ssa) from 1990 to 2014. The results obtained
from the Panel Vector Autoregressive Estimate indicated that economic
growth and energy consumption did not significantly impact health out-
comes in the selected sub-Saharan African countries. Meanwhile, there
was evidence supporting the argument that health care expenditure en-
hances health outcomes in ssa, while co2 emissionworsens it. Similarly,
Balan (2016) examined the relationship between environmental quality
andhealth outcomes for 25 EuropeanUnion (eu)member countries from
1995 to 2013. The study established a significant negative relationship be-
tween co2 emission and health outcomes in the 25 eu countries.
Country-specific studies have also examined the effect of energy con-

sumption and environmental quality on health outcome indicators. For
instance, Oyedele (2022) conducted an empirical investigation of the im-
pact of whole and disaggregated co2 emission on infant and under-5
mortality rates in Nigeria from 1980 to 2016. It is obvious from the re-
sult of the autoregressive distributed lag model and sensitivity analysis
that total co2 emission has significant impact on both infant mortality
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and under-5 mortality rates. In addition, the results of the disaggregated
analysis showed that co2 emissions from solid fuel contributed more to
poor health outcomes in Nigeria.
Faizan and Thakur (2019) estimated the impact of household energy

consumption on respiratory disease prevalence in India. The study relied
on the data obtained from 117,752 respondents diagnosed with different
chronic diseases from the 2012 to 2013 District Level Household Survey
(dlhs-4). The findings of the study indicated that energy consumption
has a very strong impact on respiratory disease prevalence in India, which
prompted the conclusion that households using solid fuels are likely to
suffer from respiratory diseases.
Using the Dynamic Ordinary Least Square and Granger causality ap-

proaches, Afolayan and Aderemi (2019) analysed the impact of environ-
mental quality on the under-5mortality rate inNigeria from 1980 to 2016.
The study reported an insignificant negative relationship between co2
emission and mortality rate. In contrast, the empirical findings revealed
that electric power consumption and fossil fuel combustion significantly
impact the under-5 mortality rate in Nigeria. Furthermore, the Granger
causality test results showed that co2 emission Granger causes electric
power consumption and government health expenditure; life expectancy
Granger causes electric power consumption and government health ex-
penditure; and fossil fuel consumption Granger causes mortality rate.
Matthew et al. (2019) investigated the subject matter using a different

approach. They distinguished between various sources of co2 emissions
and examined their separate effect on health outcomes. Specifically, they
utilised an Auto-regressive Distribution Lag model to analyse the impact
of co2 emissions from construction and manufacturing industries on
Nigerians’ health conditions from 1985 to 2017. The study submitted that
co2 emissions from themanufacturing and construction sectors have ad-
verse effects on Nigerians’ health conditions.
In a similar study, Nkalu and Edeme (2019) examined the impact of en-

vironmental hazards on life expectancy in Nigeria from 1960 to 2017 us-
ing Generalised Autoregressive Conditional Heteroscedasticity. The re-
sults of the study showed that life expectancy declined with an increase
in environmental hazardmeasured by co2 emissions from solid fuel con-
sumption. In other words, an increase in environmental hazards brings
about a decrease in the Nigerians’ life expectancy.
Just like Nkalu and Edeme (2019) and Matthew et al. (2019), Matthew

et al. (2018) probed the long-run relationship between greenhouse gas
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emissions and health outcomes in Nigeria from 1985 to 2016. The study
employed the Auto-regressive Distribution Lag model, and the empirical
evidence showed that an increase in greenhouse gas emissions decreases
life expectancy. Furthermore, the study demonstrated that the resulting
greenhouse gas emissions emanate from the combustion of fossil fuels
and co2, which are attributable to human activities.
Using amoderatedmediationmodel of economic growth, Urhie, Ode-

biyi, and Popoola (2017) analysed the relationship between economic
growth, air pollution, and health outcomes in Nigeria from 1980 to 2015.
The empirical results of the regression path analysis for spss-process
showed that government spending and air pollution significantly influ-
enced health performance in Nigeria. In addition, the study reported a
significant and plausible relationship betweenNigerian economic growth
and air pollution, supporting the first stage of the Environmental Kuznets
Curve.
Wang (2010) looked at the effect of energy consumption, economic

growth, population, and technology progress on China’s environment
and public health. Wang’s model was used to analyse different scenar-
ios between 2010 and 2020. The findings of the study revealed that health
damage increases with an increase in particulate matter 10 micrometres
(pm-10) and co2 emissions in China. Furthermore, the study submitted
that energy efficiency, population, economy, and urbanisation are the im-
portant drivers.
A detailed review of the relevant studies shows that some issues are

unresolved. First, most existing studies conduct cross-country analysis
(Adeleye, Azam, and Bekun 2023; Oyelade et al. 2020; Shobande 2020;
Xing et al. 2019; Arawomo, Oyebamiji, and Adegboye 2018). Second,
mixed results have been reported on the impact of fossil energy consump-
tion on health outcome indicators (Sial et al. 2022; Nkalu and Edeme
2019; Afolayan and Aderemi 2019; Matthew et al. 2019; Xing et al. 2019;
Shobande 2020; Arawomo, Oyebamiji, and Adegboye 2018). Third, the
studies reviewed analyse the impact of fossil energy consumption and
co2 emission on different health indicators, including life expectancy, in-
fant mortality rate, and under-5 mortality rate, but the literature is scarce
on the impact of these variables on adult mortality rate in Nigeria. This
study, therefore, departs from the existing studies by analysing the im-
pact of fossil energy consumption and co2 emissions on adult mortality
rate in Nigeria. The study chooses these two core independent variables
(fossil energy consumption and co2 emissions) because they are the key
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contributors to mortality rate and disease burden globally (Vohra et al.
2021; Farhidi and Mawi 2022; Foye 2022).

Methodology

theoretical framework

The theoretical foundation of this study can be traced to the Health Pro-
duction Function (hpf), which was first used by Grossman (1972). Or
(2000) developed the model to analyse the effect of medical and non-
medical inputs, including physical condition and socio-economic factors,
on health outcomes. This model has also been used in the existing litera-
ture (Arawomo, Oyebamiji, and Adegboye 2018) to investigate the effects
of medical and non-medical factors on health outcomes. The baseline
function of the health production function is specified as follows:

h = f (m, e), (1)

where h, m, and e denote health outcomes, medical input, and vector of
non-medical indicators, respectively. The hpf predicts a positive rela-
tionship between health outcomes and medical inputs or resources. This
implies that an increase in health care resources will enhance people’s
quality of life.However, diminishing returns to scalemay also set in after a
certain level of resources has been used to support the health care system.
On the impact of non-medical input, Or (2000) began his argument by
distinguishing between the various non-medical indicators and showed
the dissimilarities in the effect of non-medical input such as physical en-
vironment, including pollution and socio-economic environment.While
water and soil quality may improve health, Or demonstrated that noise
and air pollution harm human health.

model specification

This study relies on the health production function in equation (1) to
analyse the impact of fossil energy consumption and co2 emissions on
adultmortality rates in Nigeria. Adultmortality rate is the probability per
1,000 that a 15-year-old will not survive until age sixty. The relationship
between fossil energy consumption and mortality rate remains an em-
pirical issue. Vohra et al. (2021) and Anser et al. (2020) claim that fossil
energy consumption is associated with high mortality via the air pollu-
tion channel. These authors argue that airborne particles and ground-
level ozone from fossil energy consumption escalate the mortality and
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disease burden globally. This is because people that breathe in the pol-
luted air suffer health-wise. Meanwhile, Sial et al. (2022) claim that fossil
energy consumption directly and indirectly impacts mortality rates.
The impact of co2 emissions on health is well documented in the lit-

erature (Oyedele 2022; Vohra et al. 2021; Xing et al. 2016; Du et al. 2016).
Jacobson (2008) claims that ozone and airborne particles emanating from
higher temperature levels caused by increased co2 emissions pose a sig-
nificant threat to human health and increase mortality rates. Ozone and
airborne particles cause and worsen health conditions, including respira-
tory and cardiovascular illnesses, emphysema, and asthma, among oth-
ers. This is because airborne particles, even at lower levels of exposure,
escape the body’s defence, penetrate the respiratory and circulatory sys-
tem, and damage the lungs, heart, and brain (United Nations 2018).
The study incorporates some control variables into themodel. Govern-

ment expenditure on health is employed to examine the effect of health
expenditure on adult mortality rates. Government health expenditure on
health facilities andmaintenance, as well as health issues, including coro-
navirus disease (covid-19), enables healthcare to deliver quality services
to the public, prevent the spread of diseases and improve the public health
system. Thus, government expenditure is expected to reduce mortality
rates (Oladosu, Chanimbe, andAnaduaka 2022;Onofrei et al. 2021; Dhrifi
2018).
Onofrei et al. (2021) and Shobande (2020) point out that high income

will enable people to access quality healthcare services and reduce mor-
tality. Moreover, secondary school enrolment is expected to indirectly
impact the adult mortality rate because a society populated with edu-
cated people records higher income and maintains a decent living stan-
dard (Adeleye et al. 2023; Oladosu, Chanimbe, and Anaduaka 2022). For-
eign direct investment mortality rate anticipates a direct or indirect rela-
tionship. According to Immurana et al. (2023), foreign direct investment
brings about technological progress, enabling the receiving country to
boost its growth and income level. This, in turn, allows the citizens to ac-
cess healthcare services and reduce mortality. On the other hand, an in-
flow of foreign investment may reduce economic growth and lower peo-
ple’s capacity to access quality healthcare. Also, foreign direct investment
is associated with air pollution that may affect human mortality in the
receiving country (Shah et al. 2022).
The impact of trade openness on mortality rates may be positive or

negative. Trade openness can worsen public health and increase mor-
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tality when trade policy prevents importing health inputs or boosters,
including nutritional goods, beverages, and pharmaceutical drugs. Also,
the coming together of businesspeople across the globe may lead to the
spread of contagious diseases such as covid-19 and increase mortality
rates. On the other hand, trade openness can reducemortality when trade
policy prevents the import of low-quality products, hazardous materials,
and technologies (Byaro, Nkonoki, and Mayaya 2021). Monetary policy
may also enhance or impede health outcomes depending on whether the
apex bank is pursuing an expansionary or contractionary monetary pol-
icy. An expansionary monetary policy enables people to take loans due to
lower interest rates and purchase quality medical inputs or services. On
the other hand, contractionary monetary policy impedes people’s ability
to access quality healthcare services (Peter and Adediyan 2020). Based on
these augments, the augmented health production function is presented
below:

amrt = f (ffct , co2t , gdpt , geht, sset , fdit , opnt ,mnpt). (2)

Equation (2) is the adultmortality ratemodel. The econometrics speci-
fication of equation (2) with white noise term (μ) is presented in equation
(3) as follows:

ln amrt = β0 + β1ffct + β2 ln co2t + β3gdpt + β4 ln geht + β5sset
+ β6fdit + β7opnt + β8mnpt + μ, (3)

where ln amr is the natural logarithm of adult mortality rate. The medi-
cal input is ln geh and it stands for the natural logarithm of government
expenditure on health. Non-medical indicators include ffc, lnco2, gdp,
sse, fdi, opn and mnp, which denote fossil energy consumption, natural
logarithm of co2 emissions, Gross Domestic Product (gdp) per capita
growth, school enrolment, foreign direct investment, trade openness, and
monetary policy. Since ffc, gdp, sse, fdi, opn and mnp are already in per-
centage, the study transforms amr, co2 and geh so that all the variables
can have the same unit. β0 denote intercepts and β1, β2, . . . , β8 are the
parameters of fossil energy consumption, co2 emissions, gross domestic
product per capita growth, government expenditure on health school en-
rolment, foreign direct investment, trade openness, andmonetary policy,
respectively.
The a priori expectations are expressed mathematically as follows:

ffc > 0; co2 > 0; gdp < 0; geh < 0; sse < 0;
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fdi < / > 0; opn < / > 0; mnp < / > 0.

estimation techniques

The study examines the descriptive statistics of the variables and con-
ducts a multicollinearity test using a correlation matrix. To establish the
order stationarity of the variables, the study uses the Augmented Dickey-
Fuller (adf) unit root test and authenticates the results using the Philip-
Perron unit root test. Moreover, the study utilises the Autoregressive Dis-
tributed Lag (ardl) Bounds test to ascertain the long-run equilibrium
property of the variables in the model. Also, it estimates the adult mor-
tality model using the ardl technique developed by Pesaran, Shin, and
Smith (2001). ardl is suitable for a model with order one variables or
combinations of order zero and order one. Also, it performs better with
a small sample size of data (Romilly, Song, and Liu 2001). It is also suit-
able for estimating the speed of adjustment from the short-rundisequilib-
rium to the long-run equilibrium (Foye 2023) and the dependent variable
must not be i(2) to satisfy the assumption of ardl (De Vita, Klaus, and
Lester 2006; McNown, Sam, and Goh 2018). The ardl representation
(p, q, r, s, t, u, v,w, x) of equation (3) is presented below:

Δ ln amrt = β0 +
p∑

i=1
β1Δ ln amrt−1 +

q∑

i=1
β2Δffct−1

+

r∑

i=1
β3Δ ln co2t−1 +

s∑

i=1
β4Δgdpt−1

+

t∑

i=1
β5Δ ln geht−1 +

u∑

i=1
β6Δsset−1

+

v∑

i=1
β7Δfdit−1 +

w∑

i=1
β8Δopnt−1

+

x∑

i=1
β9Δmnpt−1 + α1 ln amrt−1 + α2ffct−1

+α3 ln co2t−1 + α4gdpt−1 + α5 ln geht−1 + α6sset−1
+α7fdit−1 + α8opnt−1 + α9mnpt−1 + μt. (4)

Equation (4) is the unrestricted intercept and no trend. The first dif-
ference operator is represented by Δ, β0 is the drift component of the
model and μ is the error term. The error term is expected to behave
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well, that is, be serially independent, homoscedastic and normally dis-
tributed. β1, β2, . . . , β9 are the short run parameters while α1,α2, . . . ,α9
are the long-run coefficients.
To estimate the long-run relationship, the study normalises (Alsamara

et al. 2019) the long-run coefficients by dividing them by the coefficient of
the first lag of logamr (α1). The long-runmodel can be written as follows:

ln amrt = +α0 + α1ffct−1 + α2 ln co2t−1 + α3gdpt−1 + α4 ln geht−1
+α5sset−1 + α6fdit−1 + α7opnt−1 + α8mnpt−1 + μt , (5)

where α1,α2, . . . ,α8 are the long-run parameters, α0 is constant, and μ is
the white noise. The study specifies the following error correction model
to estimate the short-run relationship:

Δ ln amrt = β0 +
p∑

i=1
β1Δ ln amrt−1 +

q∑

i=1
β2Δffct−1

+

r∑

i=1
β3Δ ln co2t−1 +

s∑

i=1
β4Δgdpt−1

+

t∑

i=1
β5Δ ln geht−1 +

u∑

i=1
β6Δsset−1

+

v∑

i=1
β7Δfdit−1 +

w∑

i=1
β8Δopnt−1

+

x∑

i=1
β9Δmnpt−1 + ϕecmt−1 + μ, (6)

where Δ is the first difference operator, β0 is the intercept, β1, β2, . . . , β9
are the short run estimates, ϕ is the speed of adjustment from short-
run disequilibrium to long-run equilibrium, ecmt−1 is the error correc-
tion term lagged one time and μ is the white error term. Moreover, the
study conducts post estimation tests, including the Breusch-Godfrey
Serial Correlation lm test, Breusch-Pagan-Godfrey Heteroscedasticity
test, Jarque-Bera Normality test, Cumulative Sum of Recursive Resid-
ual (cusum) and Cumulative Sum of Squares (cusmsq) to check the
robustness of the model.

sources and measurement of data
The study investigates the effect of fossil energy consumption and co2
emissions on adult mortality rate in Nigeria using time series data from
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table 1 Definition and Measurement of Variables, Data Sources, and A Priori
Expectations

Variables Symbol Definition and Measurements Sources

Adult mortality
rate (per ,
adults)

amr This is the probability per , that -year-old
persons will not survive till age sixty.

wdi

Fossil fuel energy
consumption
( of total)

ffc This is the sum of all oil, petroleum, natural gas,
and coal products and it is measured as a per-
centage of total energy use.

wdi

co2 emissions
(kt)

co This occurs as a result of the burning of fossil fu-
els and the manufacture of cement. It is the sum
of all the emissions produced during consump-
tion of solid, liquid, and gas fuels and gas flaring.
This is measured in kilotons.

wdi

gdp per capita
growth (annual
)

gdp Gross domestic product per capita growth is
gross domestic product divided by midyear pop-
ulation. It is the annual percentage growth rate of
gdp per capita based on constant local currency.

wdi

Health expendi-
ture

ghe This is the government expenditure on health
facilities and it is measured in billion naira. It is
proxied by total recurrent expenditure on health.

cbn

School enrol-
ment ( gross)

sse School enrolment is the ratio of total enrolment,
regardless of age, to the population of the age
group that officially corresponds to the level of
education. It is the percentage of gross enrolment.

wdi

Continued on the next page

1980 to 2019. The variables, definition and measurement, symbol, and
data sources are presented in table 1.

Empirical Results

preliminary analysis

Table 2 reports the summary statistics of the adult mortality rate (amr),
fossil energy consumption (ffc), co2 emissions (co2), gross domestic
product per capita growth (gdp), government health expenditure (ghe),
secondary school enrolment (sse), foreign direct investment (fdi), trade
openness (opn) and monetary policy (mnp). The average adult mortality
rate (per 1,000 live births) is 389.43. This is bigger than the mean value of
287.5 for Sub-Saharan African (ssa) countries’ adult mortality by 101.93
(World Bank N.d.). The implication of this result is that 389.43 deaths of
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table 1 Continued from the previous page

Variables Symbol Definition and Measurements Sources

Foreign direct
investment, net
inflows ( of
gdp)

fdi Foreign direct investment combines all equity
capital, reinvestment of earnings, and other cap-
ital flowing into Nigeria and it is measured as a
percentage of gross domestic product.

wdi

Openness ( of
gdp)

opn This is the sum of exports and imports of goods
and services measured as a share of gross domes-
tic product.

wdi

Monetary policy
(money supply
(annual ))

mnp This is also called broad money and it is the an-
nual growth rate of the currency outside banks.

wdi

notes wdi stands for World Development Indicators (https://data.worldbank
.org/country/nigeria) and cbn is the Central Bank of Nigeria (https://www.cbn.gov.ng
/documents/statbulletin.asp).

table 2 Descriptive Statistics

Item amr ffc co gdp ghe sse fdi opn mnp

Mean . . . . . . . . .

Max . . . . . . . . .

Min . . . –. . . –. . –.

sd . . . . . . . . .

Obs         

notes Themean is also known as average,max stands formaximum,min isminimum,
sd represents standard deviation and obs stands for observation.

adults occur for every 1,000 live births in Nigeria. This is alarming com-
pared to the ssa countries, where only 287.5 deaths occur for every 1,000
live births. This supports the argument in the literature that Nigeria has
high mortality rates.
A close look at table 2 shows the mean value of fossil energy consump-

tion is 19.52. Compared to the average consumption of 39.8 in ssa, this
implies that Nigeria contributes about 20 percent to the 39.8 percent of
fossil energy consumption in ssa. This is not unexpected as Nigerian
sectors and households rely on oil, natural gas, and other forms of fos-
sil fuel for daily production and consumption activities. The mean value
of co2 emissions is 87,407.53 kilotons, while co2 emissions in ssa re-
volve around 823,770 kilotons. The average mean value of co2 emissions
is high for Nigeria compared to ssa, suggesting that Nigeria is one of
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table 3 Multicollinearity Results

Variables logamr ffc logco gdp logghe sse fdi opn mnp

logamr 

ffc . 

logco –. –. 

gdp . –. . 

logghe –. –. . . 

sse –. –. . . . 

fdi . . –. . –. –. 

opn . –. . . . . . 

mnp . . –. . –. –. . . 

notes The highest correlation coefficient between two independent variables is 0.77,
which suggests that the independent variables are free from the problem of multi-
collinearity.

the high-emitting countries in ssa. This is corroborated by the high gas
flaring and co2 emissions in Nigeria. This finding is in line with the sub-
mission of Adesete, Olanubi, and Dauda (2022) that Nigeria is the sec-
ond highest gas-emitting country in ssa. Moreover, the mean value of
gdp per capita growth in Nigeria is 0.49 percent, which is very low com-
pared to the average value of 1.6 percent recorded in ssa. The implication
is that economic growth does not translate to higher income in Nigeria.
This cannot be far from the truth because Nigeria is the most populous
country in Africa and characterised by income inequality. Government
health expenditure prints a mean of 73.59 billion. This result implies that
the Nigerian government spent an average of 73.59 billion on maintain-
ing healthcare centres in Nigeria between 1980 and 2019. The mean of
secondary school enrolment of 31.076 percent is close to the 44 percent
recorded in ssa. This places Nigeria as one of the countries with a high
secondary school enrolment rate in ssa. Furthermore, the mean values
of foreign direct investment, trade openness, and monetary policy are
0.33, 32.71, and 23.85 percent, respectively. Moreover, table 3 shows that
each of the correlation coefficients is less than 0.80, the rule of thumb
(Kim 2019), suggesting that the variables are not collinear.

stationary test

Macroeconomic time series are susceptible to nonstationarity, causing
regression results to suffer from spurious regression problems (Gu-
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table 4 Unit Root Test

Variable adf pp Order of
integ.() () () ()

logamr –. (.) –. (.)*** –. (.) –. (.)*** i()

ffc –. (.)* – –. (.)* – i()

logco –. (.)** – –. (.)** – i()

gdp –. (.) –. (.)*** –. ((.)** –. (.)*** i()

logghe –. (.) –. (.)*** –. (.)** –. (.)*** i()

sse –. (.) –. (.)*** –. (.) –. (.)*** i()

fdi –. (.)*** – –. (.)** – i()

opn –. (.)* – –. (.)** – i()

mnp –. (.)** – –. (.)** – i()

notes Cpulumn headings are as follows: (1) level, (2) first difference. adf is Aug-
mented Dickey-Fuller and pp stands for Phillips-Perron. The two unit root test were
conducted using constant & trend and Schwarz Info Criterion. *, ** and *** denote sig-
nificance at 10, 5 and 1, respectively. Probability values in parentheses.

jarati 2004). The study utilises the Augmented Dickey-Fuller (adf) and
Phillip-Perron (pp) unit root tests to avert this problem. Two unit root
tests are chosen to obtain robust results since the stationarity property of
the variables is a prerequisite for the ardl estimation.
A variable is stationary at level, that is, i(0) if the adf/pp test statistic

is bigger than the critical values. Otherwise, it is i(d), where d represents
the number of times the series is differenced before it becomes stationary.
The results presented in table 4 indicate that logamr, gdp, and logghe are
stationary at the first difference, that is, i(1), while ffc, logco2fdi, opn, and
mnp are stationary at level, that is, i(0). This mixed stationary justifies
the use of the ardl technique.

ardl bounds co-integration test

Having established the stationary properties, the study estimates the
ardl Boundsmodel to show the long-run relationship between the vari-
ables. The ardl bounds test is based on the F-statistics value with the
null hypothesis of no long-run relationship and an alternate hypothesis
of cointegration. The null hypothesis of no cointegration is rejected if the
calculated F-statistic is greater than the lower and upper bound critical
value. However, the result will be inconclusive if the calculated F-statistic
is bigger than the lower bound and less than the upper bound critical
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table 5 ardl Bounds Test Result

F-Bounds Test Null Hypothesis: No levels relationship

t-statistic Value Significance i() i()

F-statistic .  . .

K   . .

. . .

 . .

notes ardl Bounds test reveals that the variables are co-integrated in the long-run.
i(0) denotes lower bound and i(1) denotes upper bound. Lag length is 2.

values (Pesaran, Shin, and Smith 2001). The result of the ardl bounds
test presented in table 5 indicates that the value of the F-statistic is big-
ger than the values of the Lower i(0) and Upper bounds i(1). This result
indicates a long-run relationship between the variables. In other words,
the variables are co-integrated in the long run.

interpretation of the short-run and long-run
results

The results presented in table 6 show that fossil energy consumption has
an insignificant negative impact on adult mortality rates in the short run.
However, a one percent increase in the first lag of fossil energy consump-
tion significantly decreases adult mortality rates by 0.00256 percent in
the short-run, ceteris paribus. co2 emissions exert a positive and signifi-
cant relationship with adult mortality rates. Holding other variables con-
stant, a one percent increase in co2 emissions increases the number of
adult deaths per 1,000 people in Nigeria by 0.02642 percent in the short
run. gdp per capita growth and government health expenditure exert no
significant impact on adult mortality. The first lag of government health
expenditure increases adult mortality rates. Given that all other predic-
tor variables in the model remain at a fixed value, adult mortality rates
increase by 0.00491 for every one percent increase in the first lag of gov-
ernment health expenditure in the short-run.
Moreover, the short-run results reveal that secondary school enrol-

ment has no significant impact on adult mortality. Likewise, there is no
significant relationship between foreign direct investment and adultmor-
tality rates.Meanwhile, the first lag of foreign direct investment is positive
and significant in the short run. This implies that a one percent increase
in foreign direct investment lagged one time reduces deaths of adults per
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table 6 Short-Run and Long-Run Results

Group Variable Coefficient t-Statistics Probability

Short run
estimates

d(ffc) –. –. .

d(ffc(−1)) –. –. .**

d(logco2) . . .**

d(gdp) . . .

d(logghe) –. –. .

d(logghe(−1)) . . .**

d(sse) –. –. .

d(fdi) –. –. .

d(fdi(−1)) –. –. .**

d(opn) –. –. .

d(opn(−1)) . . .

d(mnp) –. –. .

cointeq(−1) –. –. .**

Long run
estimates

ffc . . .

logco2 . . .**

gdp . . .*

logghe –. –. .***

sse –. –. .

fdi . . .*

opn –. –. .

mnp –. –. .

C . . .***

notes 1, 5 and 10 significant levels are denoted by ***, **, and *, respectively.

table 7 Robustness Checks

Item F-statistics Probability

Heteroscedasticity Test: Breusch-Pagan-Godfrey . .

Breusch-Godfrey Serial Correlation lm Test . .

Jarque-Bera Stat . .

1,000 persons by 0.00797 percent inNigeria, provided all other predictors
are fixed.
Furthermore, the results show that trade openness and monetary pol-

icy exert an insignificant negative impact on adultmortality rates inNige-
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ria. Also, there is no significant relationship between the first lag of trade
openness and adult mortality rates in Nigeria.
In the long-run, fossil energy consumption is positive and insignifi-

cant. co2 emissions and gdp per capita growth have a significant posi-
tive impact on adult mortality rates. Holding other variables constant, a
one percent increase in co2 emissions and gdp per capita growth lead to
a 0.14445 and 0.00445 percent increase in adultmortality rates inNigeria,
respectively. Also, there is a significant negative relationship between gov-
ernment health expenditure and adult mortality. This implies that adult
mortality decreases by 0.01938 percent for every one percent increase in
government health expenditure in Nigeria, based on the condition that
all other predictor variables in the model remain the same. Moreover,
foreign direct investment has a significant positive impact on adult mor-
tality rates. By implication, a one percent increase in foreign direct invest-
ment increases adult mortality rates by 0.05704 percent, after controlling
for the other predictors in the model. Secondary school enrolment, trade
openness, and monetary policy are negative and insignificant in the long
run.
The value of the error correction term is less than one, negative, and

significant. This supports the earlier conclusion that the variables are
co-integrated in the long run (Foye 2023). Also, the coefficients suggest
that a temporary disequilibrium in the system will be corrected annu-
ally at a speed of 0.18288 percent until the steady-state is attained. Fi-
nally, the post estimation results reveal that the residual of the model is
normally distributed and free from the problems of serial correction and
heteroscedasticity.

discussion of the empirical results
It is obvious from the results presented in table 6 that the fossil energy
consumption (first lag) has a significant negative impact on adult mor-
tality rate in the short run, though it is positive and insignificant in the
long run. The negative short run relationship negates the a priori expec-
tation and the submission of Vohra et al. (2021) and Anser et al. (2020),
who report that fossil energy consumption contributes to higher mortal-
ity. Meanwhile, the result conforms to the work of Sial et al. (2022), who
find a U-relationship between fossil energy consumption and mortality
rates. Although the coefficient is quite small (0.00256), the implication is
that fossil energy consumption reduces adult mortality rate in the short
run in Nigeria. This means the economic benefits associated with fossil
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energy consumption outweigh its adverse effect on adult mortality in the
short run. In other words, fossil energy consumption does not immedi-
ately contribute to higher adult mortality in Nigeria. The airborne par-
ticulate matter and ground-level ozone from fossil energy consumption
do not immediately escape the adult body’s defence as with new-borns
and young children. Also, these results could be attributed to the fact that
adults do not breathe quickly and absorbmore pollutants emanating from
fossil energy consumptionmore rapidly, as with children (UnitedNations
2018).Meanwhile, as fossil energy consumption grows, the adverse effects
becomemore apparent on adults as shown by the positive relationship in
the long run.
co2 emissions increase the adult mortality rates in Nigeria both in the

short and long run. These findings agree with the a priori expectation
and also lend credence to Oyedele (2022), Vohra et al. (2021), Oyelade
et al. (2020), and Shobande (2020), who submit that co2 worsens hu-
man health in Nigeria. co2 emissions contribute greatly to outdoor air
pollution, a significant threat to human health, and increase adult mor-
tality rates in Nigeria. In addition, the findings strengthen the position of
international organisations such as the World Health Organisation and
climate-based organisations that often promote the consumption of clean
energy to enhance the quality of life of Nigerians.
Onofrei et al. (2021) and Shobande (2020) assert that income, also

known as gdp per capita growth, will enable people to afford health-
care services and improve their standard of living. But the case is not the
same for Nigeria as the study establishes a significant positive relation-
ship between gdp per capita growth and mortality rates in the long run.
Though this finding contradicts the a priori expectation and substantial
part of the literature, it conforms to the submission of Rasoulinezhad,
Taghizadeh-Hesary, and Taghizadeh-Hesary (2020) and Farooq, Yusop,
and Chaudhry (2019), who also report that income increases mortal-
ity rate. The implication of this finding is that a higher gdp per capita
growth does not translate to public health improvement in Nigeria. One
possible explanation for this is income inequality. This suggests that as
gdp per capita increases, the gap between the rich and the poor may in-
crease, leading to a rise in relative poverty for some of the population.
This, in turn, could lead to a rise in mortality rates, as people living in
poverty tend to have poorer health outcomes due to limited access to
healthcare.Nigeria is an energy-oriented country, relying heavily on fossil
fuels as its major source of income (Foye 2023). Fossil fuels, which con-
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stitute the larger part of the total energy consumption, are a major source
of air pollution that harms human health globally.
In the short run, the behaviour of the first lag of government health

expenditure contracts the theoretical prediction. Also, the finding dis-
agrees with the conclusion of Oladosu, Chanimbe, and Anaduaka (2022)
that an increase in heath expenditure improves public health. However,
the finding is in line with Azuh et al. (2020), who prove that government
health expenditure increases mortality rate in Nigeria. The adverse effect
of government health expenditure can be attributed to mismanagement,
a nonchalant government attitude toward the health sector and high level
of corruption that has bedevilled theNigerian economy (Azuh et al. 2020;
Olaifa and Benjamin 2019). Though government health expenditure ad-
versely affects human health in the short run, there is evidence that the
government adjusts and addresses the factors limiting the effectiveness of
the health fund in the long run. As reported in table 6, government health
expenditure has a significant negative effect on adult mortality rates in
Nigeria. This implies that the government health fund improves human
health. This finding conforms to a priori expectation and supports the
findings of Onofrei et al. (2021) and Dhrifi (2018). This long-run result is
not a surprise considering the renewed efforts of the international organ-
isations, including usaid, to ensure that the Nigerian government pays
important attention to the health sector.
Foreign direct investment has a U-shape relationship with adult mor-

tality in Nigeria. In the short run, the one lag of foreign direct investment
reduces adult mortality rates in Nigeria. This finding is corroborated
by Immurana et al. (2023), who submit that foreign direct investment
improves human health. Inflow of foreign direct investment to Nigeria
brings about technology progress, improve firms’ productivity, and en-
ables people to earn a higher income and improve their standard of liv-
ing (Immurana et al. 2023). In the long run, foreign direct investment
increases adult mortality in Nigeria. This finding is in line with the re-
sult of Shah et al. (2022), who claim that foreign investment harms hu-
man health. Inflow of foreign investment directly results in an increase
in firms’ production capacity. Given the fact that Nigeria is an energy-
oriented country, the consumption of fossil energy increases with the in-
crease in production and this affects the air quality. The poor air quality
leads to different diseases and increases the adult mortality rates in Nige-
ria.
Trade openness and monetary policy are insignificant in the short and

Managing Global Transitions



Fossil Energy Consumption, Carbon Dioxide Emissions . . . 377

-15

-10

-5

0

5

10

15

2002 2004 2006 2008 2010 2012 2014 2016 2018
-0.4

0.0

0.4

0.8

1.2

1.6

2002 2004 2006 2008 2010 2012 2014 2016 2018

figure 1 cusum (left) and cusumsq (right) of Adult Mortality Rates
(blue – cusum/cusumq, red – 5 significance)

long run. The implication is that there is insufficient evidence to sug-
gest that trade openness and monetary policy affect adult mortality rates
in Nigeria between 1980 and 2019. These findings are incongruous to
the submission of Byaro, Nkonoki, and Mayaya (2021) and Peter and
Adediyan (2020), who claim that trade openness and monetary policy
have significant impact on adult mortality rates. To establish the relative
impact of fossil energy consumption and co2 emissions, the study fol-
lows Olofin et al. (2014) by examining the magnitude of the estimated
model. It is obvious from the results that the magnitude of co2 emis-
sions is greater than the magnitude of energy consumption. This implies
that effort should be channelled towards decreasing fossil energy usage
or encouraging consumption of environmentally friendly energy to im-
prove health quality in Nigeria. Finally, the study assesses the constancy
of the parameters using the cumulative sum (cusum) and cumulative
sum of squares (cusumsq). As shown in figure 1, the plots of the cusum
and cusumsq of the model are within the 5 percent critical bounds of
parameter stability. Hence, the study concludes that the parameters are
stable.

Conclusion and Policy Implications

This study analyses the short-run and long-run impact of fossil energy
consumption and co2 emission on adult mortality rates in Nigeria from
1980 to 2019. The study controls for government health expenditure, gross
domestic product per capita growth, school enrolment, foreign direct in-
vestment, trade openness, and monetary policy and utilises adf and pp
unit root tests to establish their stationary property. The ardl technique
is used for the analysis, and the results of the estimated model show that
fossil energy consumption reduces adult mortality rates in the short run,
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suggesting that the economic benefit associated with fossil energy con-
sumption outweighs its adverse effect on adult mortality in Nigeria. On
the other hand, co2 emissions increase the adult mortality rate in the
short and long run. This proves that outdoor air pollution associatedwith
co2 emissions poses a significant threat to healthy living in Nigeria.
Moreover, the study finds that gdp per capita growth harms human

health in the long run. This is justified by the heavy reliance of Nigeria
on fossil energy as a major income source. Government health expendi-
ture follows an inverted U-shape relationship in explaining adult mortal-
ity while foreign direct investment has a U-shape relationship with adult
mortality in Nigeria. Trade openness and monetary policy are insignif-
icant in the short and long run. The relative analysis indicates that co2
emissions havemore impact on adultmortality compared to fossil energy
consumption.
Overall, it is recommended that the government should substitute

clean energy for fossil fuel energy to improve the quality of life in Nige-
ria since the magnitude of co2 emissions on adult mortality is greater
than the magnitude of fossil energy consumption in the estimated mod-
els. Also, fossil energy consumption should be controlled by strength-
ening co2 emissions tax and channelling the funds to the health sector.
Moreover, the government should increase the health fund and ensure
the funds are used for the improvement of healthcare service delivery
in Nigeria. Considering the impact of income and foreign direct invest-
ment, further policy initiatives should encourage the consumption of
clean energy in Nigeria.
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