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Abstract
The rapid economic growth over recent years and the resulting environmental pollution in OECD countries are a serious concern
for the health of the general public. A comprehensive analysis of environmental pollutants, economic growth, and public health is
done using data from 28 OECD economies from 2002 to 2018. Panel fully modified least squares and the panel vector error
correction model are used. The results show that there is long-run causality from renewable energy and carbon dioxide (CO2)
emissions to healthcare spending. Renewable energy and healthcare spending are positively and significantly related. It is
concluded that investment in renewable energy leads to a reduction in air pollution, improvements in healthcare, and the
promotion of economic growth.
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Introduction

In the last few years, tremendous growth in the healthcare
industry has been seen for various economic, noneconomic,
and environmental reasons, which is a serious concern for
health economists, policymakers, and researchers. There are
two views regarding healthcare expense. One group of re-
searchers (Azam et al. 2019) believe that healthcare expendi-
ture is a luxury, like a commodity, so it is necessary to rely on
market forces. Another group (Chaabouni and Saidi 2017; Ye
and Zhang 2018; Wang et al. 2019) believe that healthcare
expenditure is necessary, and the government should inter-
vene. Although significant spending on healthcare is

necessary for economic development, excessive spending
leads to an extra burden on government finances. Healthcare
spending in the Organization for Economic Cooperation and
Development (OECD) countries has shown a tremendously
increasing trend. OECD countries spend almost 85% of world
spending on health, while the population of those countries is
less than 20% of the world total (Blázquez-Fernández et al.
2019). OECD countries have the highest healthcare expendi-
ture in the world.

Figure 1 shows that, over time, healthcare expenditure in-
creased gradually in OECD countries. In 2003 it was about
7.8% of gross domestic product (GDP), which increased to
8.8% in 2018, and is expected to reach 10.2% by 2030 (OECD
2019). One of the major challenges faced by the OECD is this
continuous increase in healthcare expenses as a percentage of
GDP.

Figure 2 shows is a comparison between healthcare expendi-
ture of the United States (US) and the other OECD countries.
The graph shows that before 2007, the US had higher health
expenditure compared to the OECD as a whole, and after 2007,
there was a decrease in health expenditure due to its high cost,
few people were able to cover the private health care which has
ultimately reduced the health expenditure growth.

The recent COVID-19 pandemic exerts pressure on
healthcare expenditure, which has risen drastically (Apergis
et al. 2020). In the United Kingdom (UK), it has risen to about
10% of GDP. As the infection spreads, it puts an excessive
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burden on the healthcare system. There is a limited supply of
resources such as medical staff, hospital beds, protective suits,
and ventilators (Bénassy-Quéré et al. 2020).

According to OECD Health Statistics (2019), during
COVID-19, the OECD countries face the problem of critical
bed capacity for the population, with Mexico in the lowest
category. On average over one-fifth of health spending comes
from private financing, while, in the case of treatment of
COVID-19, about a quarter of financing comes from house-
holds themselves.

There are some positive effects of increasing healthcare
expenses such as reduced illness and increased numbers of
jobs, but unnecessary spending on healthcare means cuts have
to be made elsewhere. Air pollution badly affects health and
leads to an increase in healthcare expenditure. Pollutants in-
clude sulfur dioxide, carbon monoxide, and nitrogen dioxide,
which cause respiratory diseases, pulmonary problems, asth-
ma, food allergies, bronchitis, reduced lung growth, lung can-
cer, and reduced life expectancy (Sekar et al. 2016; Xie et al.
2018; Ma et al. 2018). It is necessary to identify the major
drivers of healthcare spending, which include environmental
deterioration (air pollution), along with other economic (e.g.,
GDP, foreign direct investment (FDI) inflow) and noneco-
nomic (e.g., education) factors. In the long run, there is a direct
positive connection between health and education. Improved
health is a significant feature in enhancing the productivity of
the labor force. Investment in health and education leads to
improved health and a higher level of education (Ross andWu

1995). Healthcare expenses are rising gradually in OECD
countries. GDP is an important variable for the estimation of
healthcare spending. In OECD countries, it is forecast that,
due to more stringent healthcare policies, there is to be a dras-
tic decrease in healthcare expenditure (Akca et al. 2017).
Increased healthcare expenditure is not solely by design, to
improve health conditions, many factors contribute to
healthcare expenses, such as the socioeconomic conditions,
population, and the proportion of budget allocated to
healthcare. The most important determinants of healthcare
include GDP and the level of education in a country
(Mirmirani et al. 2008).

According to Mirmirani et al. (2008), health conditions are
not only determined by healthcare expenditure, but various
other aspects impact the healthcare system of countries, such
as the number of citizens, the area of the country, and the fiscal
balance spent on healthcare which might fluctuate. Some
countries with low incomes have strong health systems, which
along with GDP and education make health an important in-
dicator of prosperity.

In Fig. 3, healthcare funding is divided into public and
private financing. Public financing includes health insurance
and government expenditure, while private financing includes
individuals’ out of pocket payments and finances from corpo-
rations and NGOs. In OECD countries, there is more public
spending than private. Nearly all populations in all OECD
countries are provided with healthcare coverage. Mexico has
the lowest health coverage as a proportion of population,

Fig. 2 Healthcare expenditure in OECD countries, source: OECD Health Statistics 2013
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while the US has most private health coverage compared to
public coverage. Switzerland and the Netherlands provide
nearly 100% health coverage through private financing.

Breathing clean air is a crucial issue in this era. Continuous
or increasing emissions of greenhouse gases exert severe pres-
sure on the environment and health. Healthcare expenditure
increases with environmental degradation. Many studies (Kais
and Sami 2016; Yazdi and Khanalizadeh 2017) explore eco-
logical degradation and how healthcare costs can be controlled.
A major cause of environmental degradation is air pollution
(Chaabouni et al. 2016). Air pollution has three types of effect.
Firstly, various studies show that mortality rates have a direct
connection to air pollution. In other words, when air pollution
increases in an environment, it has an adverse impact on human
health, in both developed and developing countries (Li et al.
2019; Kayani et al. 2020). Approximately 3.3 million people
die annually in the world due to air pollution in the atmosphere
(Darçın 2017). Secondly, ill health caused by air pollution leads
to increased healthcare expenditure and adversely affects labor
productivity. When productivity decreases, domestic output al-
so decreases and the whole economic cycle slows down
(Mehrara et al. 2011). Thirdly, the social cost of air pollution
is an area of concern for policymakers and economists.
Effective air quality regulation requires an exact estimate of
air pollution, but if pollution is overestimated, it leads to over-
regulation (Lu et al. 2017), which ultimately affects the eco-
nomic growth of a nation negatively.

The main air pollution in the atmosphere is greenhouse
gases such as carbon dioxide (CO2) (Zaidi and Saidi 2018;
Apergis and Garzón 2020). Countries’ regulators concerned
about CO2 try to limit emissions into the air, as they are inju-
rious to health and environmental sustainability (Fang et al.
2020). According to OECD forecasts, air pollution is “respon-
sible for the premature mortality in the world”. There are
many air pollutants, but the major ones are nitrogen oxides
(NOx), sulfur oxides (SOx), and carbon oxides (CO2). These

pollutants cause many diseases, especially related to respira-
tion, not only damaging the environment but increasing
healthcare expenditure.

Many factors are important to healthcare efficiency in
OECD countries, broadly divided into three types: firstly,
healthcare resources, both public and private, including med-
ical technologies, physicians, pharmaceuticals, and hospital
beds; secondly, socio-economic factors such as unemploy-
ment, education, income inequality, and household income;
and finally, social factors concerning human interaction with
the environment such as alcohol and tobacco consumption,
dietary choices, and environmental pollution. Both socio-
economic and lifestyle factors are environmental variables
(Varabyova and Müller 2016).

Various studies (Mărginean 2014; Murthy and Okunade
2016; Zaidi and Saidi 2018) investigate the link between
healthcare expenditure and economic growth. Investment in
health can boost the economy of a country, and the researchers
taking this viewpoint are in favor of huge government spending
on the healthcare sector (Yao et al. 2019). Another proposition,
not as well developed, is that environmental degradation harms
the economic growth of a country (Atilgan et al. 2017).

Apergis et al. (2017) state that the US market gives con-
siderable importance to oil and natural gas. However, the
increasing trend for renewable energy in OECD countries is
decreasing the CO2 emissions in a way that promotes a
healthy environment. Additional renewable energy usage is
recommended as an effective approach to fighting global
warming (Apergis and Payne 2010; Jebli et al. 2016;
Fernando et al. 2018). Renewable energies improve public
health by reducing air pollutants, promoting economic de-
velopment, and creating jobs (Liu et al. 2020). Inmost devel-
oped countries, renewable energies are already being used as
a solution to environmental pollution by reducing the use of
conventional energy sources (fossil fuels). Advancement of
the green economy leads to new tools related to renewable

Fig. 3 Healthcare expenditure per capita across OECD countries, source: OECD Health Statistics (2019)
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energy, creating new employment, while providing the solu-
tion to energy demand (Pablo-Romero et al. 2016; Moktadir
et al. 2019; Rehman 2020).

Although several studies explore the importance of air
pollution and healthcare expenditure, there are very few
which investigate the relationships among air pollution,
healthcare expenditure, and economic and noneconomic
factors in OECD countries. Therefore, the present re-
search covers this gap by conducting research in selected
OECD countries into the role of renewable energy vari-
ables and various air pollutants and the role of the
healthcare industry and economic growth. The study
makes a threefold contribution. Firstly, the study checks
the relationships between two air pollutants, COx and
NOx, economic growth and healthcare spending.
Secondly, the study incorporates renewable energy with
healthcare and its link to growth. Thirdly, the study pro-
poses policy implications of the use of renewable energy
instead of conventional energy sources, considering the
importance of public healthcare expenditure.

Wang et al. (2019) study the connections among
healthcare expenditure, economic growth, and CO2 using
an autoregressive distributed lag (ARDL) approach. The
ARDL model provides robust findings irrespective of sam-
ple size, and provides unrestricted error correction. Khan
et al. (2019) studies the relationship between investment,
health, and the environment using the canonical
cointegrating regression (CCR) model, which is ideal for
removing second-order bias in the ordinary least squares
(OLS) estimator. This paper employs the panel vector error
correction model (VECM) and panel fully modified least
squares (FMOLS) test, appropriate to the study, to identify
the association and trend of the relationships among the
variables in the model. The VECM is used to examine the
path of causation. It limits the long-run behavior of the en-
dogenous variables unless they converge and provide short-
run correction dynamics. FMOLS, introduced by Hansen
and Phillips in 1990, is used to check the robustness of
results, as it is ideal for a small amount of data. This method
is ideal for achieving asymptotic efficiency by modifying the
least squares and is used to estimate the association among
the variables (Kalim and Shahbaz 2009). The study reveals
that there is a relationship between air pollution and
healthcare expenditure and that the use of renewable energy
has a substantial effect on healthcare spending that triggers
economic growth. Noneconomic factors play an important
role in healthcare spending.

The paper is organized as follows: a review of the litera-
ture related to the impacts of air pollution, economic and
noneconomic factors, and renewable energy on healthcare
expenditure is given in the “Literature review” section; the
“Data and methodology” section describes the data and
methodology; the “Results and discussion” section provides

the results, and discussion; and the “Conclusion and policy
implications” section contains the conclusion and policy
implications.

Literature review

There are two research strands in the current literature review.
The first covers the effects of air pollution, economic and
noneconomic factors, and renewable energy on healthcare ex-
penditure. A table is provided that contains a summary of the
literature in the second strand (Table 1).

Air pollution and healthcare expenditure

Environmental pollution interests many economists and re-
searchers. Air pollution is one of the core elements of the
environment, and if air pollution is increased, it affects
human health by affecting the metabolism. A wide strand
of literature (Murthy and Okunade 2016; Chaabouni and
Saidi 2017; Li et al. 2019) examines the connection be-
tween heal thcare and air pol lut ion. Yazdi and
Khanalizadeh (2017) conduct a study exploring the major
determinants of healthcare expenditure. The study uses eco-
nomic and environmental quality variables, and takes data
from the MENA region from 1995 to 2014. The ARDL
model is used to reveal that emissions of carbon and par-
ticulates between 2.5 and 10 μm (PM10) have a significant
and direct connection with healthcare expenditure. This
means that when these gas emissions increase, healthcare
expenditure also increases. Income is shown to have no
relationship to healthcare expenditure. Other studies show
similar results that high air pollution increases the mortality
rate and there is a positive relationship between mortality
and air pollution (Tran et al. 2018; Wang et al. 2020).

Chaabouni and Saidi (2017) inspect the nature of the con-
nections among CO2 emissions, GDP and healthcare. The
data comes from 51 countries over the period 1995–2013.
The countries are split into 3 groups according to income.
The study uses a Gaussian mixture model (GMM) and dy-
namic simultaneous-equations models for analysis. The re-
sults show that bidirectional connectedness is present between
carbon discharge and GDP, and GDP and healthcare spend-
ing. Moreover, a unidirectional connection exists from CO2

emissions to healthcare spending in most countries, except
low-income countries.

Saidi and Hammami (2016) find that environmental prob-
lems are mainly the result of high CO2 discharge, which has
an adverse effect on human health. The study is conducted in
the African region from 1990 to 2015, and uses the ARDL
model for analysis. The results show a positive association
between economic growth and healthcare expenditure but a
significant negative relationship between carbon emissions
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and healthcare expenditure. Some studies (Usman et al. 2019;
Chaabouni and Saidi 2017) show similar results, proving that
high air pollution increases the mortality rate, and it has a
negative relationship with carbon emission or air pollution.

Economic growth and healthcare expenditure

Healthcare expenditure differs across the world, and health is
usually considered a means for increasing the economic
growth of a country. There are two schools of thought

regarding the link between healthcare spending and economic
growth. According to the first (Omri et al. 2014; Ye and
Zhang 2018; Usman et al. 2019), if a country is able to main-
tain a healthy lifestyle by spending more on healthcare, then
the social welfare and life expectancy ratio of the average
person is increased. In other words, if the health condition of
workers is increased, then these healthy workers can work
more efficiently and produce more effective outputs. The re-
sult of efficiency is that labor productivity is increased. These
conditions cause a rise in the income of the country and

Table 1 Summary of the literature reviewed

Wang et al. (2019) Pakistan 1995–2017 This paper examines the dynamic effect
of carbon emissions, healthcare spending
and economic growth using ARDL.

HE ↔ CO2
HE ↔ EG
CO2 ↔ EG
FCAP↔ EG

Yao et al. (2019) China 2001–2016 This paper examines the association between
healthcare spending and education using
quantitative and qualitative measures of
education.

HE no relation with
education quantity

EDUQUL ↑ HE ↑

Azam et al. (2019) China 1995–2016 In this paper, canonical correlation regression
is employed to study the associations among
environment, investment, and healthcare
expenditure.

ENG ↑ FDI ↑
ENG ↑ ENV↑
ENG ↑ HE ↑

Blázquez-Fernández et al. (2019) 29 OECD countries 1995–2014 This paper investigates the relationship between
environmental pollution and expenditure
related to healthcare.

SO2 ↑HEC ↓
INC ↑ HEC ↑

Li et al. (2019) 31 cities in China 2013–2016 This study examines the economic effect of
environmental pollution (SO2, CO2) on
health expenditure using two stage DEA
methods.

GDP↑ HE↑
SO2 ↑ HE↑
CO2 ↑ HE↑

Ye and Zhang (2018) OECD and five
other developing
countries.

1995–2015 This paper analyses the association between
healthcare and economic growth.

EG ↔ HCE

Wang et al. (2018) 22 countries 2004–2013 This study examines the impact of shocks in
healthcare expenditure, economic growth
and life insurance consumption.

PH ↑EG↑
PH ↑ INCG ↑
PH ↑ HCE ↑

Chaabouni and Saidi (2017) 51 countries 1995–2013 This study checks the associations between
expenditure related to health, economic
growth and air pollutants employing
GMM.

CO2 ↔ GDP
EF↔HCE
CO2 ↔ HE

Atilgan et al. (2017) Turkey 1975–2013 This study examines the dynamic correlation
between economic growth and healthcare
spending using the ARDL method.

EG ↑ HEC ↑

Murthy and Okunade (2016) US 1960–2012 This study analyses the major drivers of
healthcare expenditure using the ARDL
approach.

INC ΩAGE
AGE ΩHCE
INC ↑HCE↑
AGE ↑ HEC↑
HRD↑ HCE ↑

Omri et al. (2014) 54 countries 1990–2011 This paper investigates the dynamic
relationships among economic growth,
CO2 emissions and FDI.

FDI ↔EG
FDI ↔CO2
CO2 ↔ EG

Baltagi and Moscone (2010) 20 OECD countries 1971–2004 This study examines the role of income
(GDP) on healthcare expenditure.

INC ↑HEC ↓

Gövdeli (2019) 26 OECD countries 1992–2014 This study investigates the correlation
between health expenditure, economic
growth, and CO2 emissions.

GDP↑ HE↑
CO2 ↔ HE
GDP↔ CO2

Apergis et al. (2018a, b) 42 African countries 1995–2011 This study investigates the relationships
between renewable energy, healthcare,
and GDP.

RNE ↔ CO2
RNE↑ HE↑
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economic development is enhanced. On the other hand, some
researchers (Atilgan et al. 2017; Lee et al. 2019) hold that
economic growth and healthcare spending have a two-way
relationship. High healthcare expenditure leads to high eco-
nomic growth, and if a country has a high GDP ratio, they can
spend more on healthcare, while poor countries with a low
GDP ratio cannot spend as much on healthcare, eventually
making the country poorer.

Different studies show different relationships between
healthcare spending and economic growth. Wang et al. (2019)
explore a dynamic type of association in Pakistan using annual
data over the period 1995 to 2017, using Granger causality and
ARDLmodels to extract results from the data. The paper reveals
that both short-run and long-run associations are present between
most of the variables (CO2, healthcare spending, and economic
growth). The Granger causality proves that bidirectional causal-
ity exists between carbon emissions and healthcare expenditure.
The result proves a bidirectional causal relationship between
carbon emissions and growth, and economic growth and gross-
fixed capital formation.

Omri et al. (2014) conduct a study investigating stationarity
and cointegration across variables including economic growth
(GDP) and healthcare spending across 13 MENA region
countries over the period 1995 to 2005. Unit root test findings
reveal that nonstationarity exists between healthcare spending
and economic growth (GDP). The study reveals that
healthcare expenditure and economic growth are integrated,
showing that there is an inverse relationship between
healthcare expenditure and gross domestic product, and that
healthcare spending is a necessity in the countries sampled.

A few studies use foreign direct investment as proxy for
economic growth and explore its relationship with healthcare
expenditure. Usman et al. (2019) study the effect of air pollu-
tion, and economic, and noneconomic and social factors on
healthcare expenditure. The proxy for air pollution is CO2

emissions, the economic factors include GDP and FDI, and
the noneconomic factors include education and population
age. Healthcare expenditure has two elements, government
expenditure and private expenditure. The study takes data
from 13 emerging nations for the period 1994 to 2017. The
research uses panel cointegration linear model bootstrapping
to analyze the data. Most of the factors (carbon emissions,
GDP, environment index, FDI, and education) are significant-
ly related to healthcare spending (public and private). The
study results reveal that air pollution (CO2 emissions) and
the environment index are significantly positively associated
with public healthcare spending, but both measures have a
significant negative relationship with private healthcare ex-
penditure. The GDP growth ratio is positively associated with
both healthcare expenditures (private and government).

One noneconomic factor, having an ageing population, has
a significant positive connection with both proxies of
healthcare spending, while education has a negative

relationship with private healthcare expenditure. Some other
studies (Mehrara et al. 2011; Atilgan et al. 2017; Yao et al.
2019) find that GDP and healthcare spending are positively
and significantly related. Most early research studies have
inconclusive results about the association between healthcare
spending and economic growth. Moreover, most studies use
GDP as a proxy for economic growth; current GDP and for-
eign direct investment (FDI) are very rarely used as proxies
for economic growth in the literature, and the current study
fills this gap.

Noneconomic factors and healthcare expenditure

Noneconomic factors affecting healthcare expenditure are
rarely explored, and the current study addresses this issue.
Yao et al. (2019) study social factors such as education and
their connection with healthcare spending. The study takes
data from China over the period 2001 to 2016, using the gen-
eralized method of moments (GMM) to mitigate the impact of
endogeneity in the variables of the study. The study concludes
that quantity of education has no relationship with healthcare
spending, but healthcare spending is positively and signifi-
cantly related to education quality.

Research conducted by Mehrara et al. (2011) examines the
nature and type of relationship between education, human
wellbeing indicators, and healthcare expenditure in Asia and
Africa. The sample period is 1998 to 2007, and a graphical
method and regression analysis are employed to investigate the
data. The study concludes that education is significantly
positively related to healthcare expenditure. In other words,
when education expenditure increases healthcare spending also
increases. Some other studies such as Li et al. (2019) and Kais
and Sami (2016) show that that there is a negative relationship
between education and healthcare expenditure, while one study
shows no important connection between education and
healthcare expenditure. There are very rare studies (Wang et al.
2018; Usman et al. 2019) which investigate the relationship be-
tween noneconomic factors and healthcare expenditure. The cur-
rent study fills this gap by using a noneconomic factor, educa-
tion, to examine the association with healthcare.

Renewable energy and healthcare expenditure

There has been a rapid increase in renewable energy sources
used for heating, cooling, transportation, and electricity
generation. Renewable energy is a substitute for
conventional energy which not only benefits the
environment but also promotes the economy by enhancing
production and reducing healthcare expenditure. Khan et al.
(2019) investigates the links between healthcare expenditure,
renewable energy consumption, and some indices of logistics
performance in selectedASEAN countries from 2007 to 2017.
According to the author, healthcare expenditure decreases and
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labor productivity improves by using green energy. The use of
renewable energy in logistic operations leads to a decrease in
air pollutants, especially greenhouse gases, and improved
health. This leads to an increase in economic growth by pro-
moting efficiency among laborers. The more emphasis there is
on environmental performance more it promotes investment.

Apergis et al. (2018a, b) study the relationships between
renewable energy, healthcare, and GDP in 42 African coun-
tries from 1995 to 2011. They find short-run bidirectional
causality between renewable energy and CO2 emissions, and
a long-run unidirectional relationship between renewable en-
ergy and healthcare. Similar results are drawn by (Apergis and
Payne 2009; Alola et al. 2019).

Jebli’s (2016) study of Tunisia concludes that there is bi-
directional long-run causality between health status and combus-
tible renewable waste consumption. This result implies a possible
correlation between health and renewable energy. Air pollution
significantly burdens people economically, by increasing
healthcare expenditure and decreasing the labor productivity.
So, renewable energy is a solution to the problem of improving
health conditions and promoting savings (Buonocore et al. 2016).

From the above discussion, it is understood that use of
renewable energy decreases air pollutant emissions, meaning
less health problems and therefore less healthcare expenditure.

Data and methodology

This research uses annual panel data from 28 OECD coun-
tries, from 2002 to 2018, obtained from the official website of
the OECD and Bloomberg. The study takes healthcare expen-
diture (HEALTH) as a dependent variable, and GDP is used as
a proxy for economic growth. CO2 and NOx are taken as
proxies for air pollutants. Education (EDU) and renewable
energy (RNE) are independent variables.

Unit root test

For the classical regression model, both dependent and inde-
pendent variables need to be stationary, meaning they should
have zero mean and finite variance. Stationarity is a state in
which the regressor parameters (mean and standard deviation)
do not change over time. The fundamental objective of
employing a cointegration structure is to investigate whether
the variables under study have a long-run relation. At level,
they are nonstationary, and at first difference, they become
stationary. Granger and Newbold (1986) state that if the data
is a time series and are nonstationary at that time, the findings
of the regression model are false. Hence the first thing to do,
before using any suitable model, is to check whether the
dataset fulfils the condition of stationarity. The data station-
arity can be tested using the augmented Dickey Fuller
technique.

The augmented Dickey Fuller technique is used in the pan-
el data for the unit root test, and it is specified as:

ΔX it ¼ α0 þ δX it−1 þ β1 ΔX it−1 þ β2 ΔX it−2 þ…

þ βp ΔX it−p þ uit

where Xit represents the component of time series, α0 denotes
the intercept term, the coefficient having unit root is given by
δ, the first difference augmented lag parameters of Zitl are
denoted by β1to βp which represent the autoregressive process
with pth order, and the error term is represented by uit.

Cointegration test

When we conclude that the variable under study is stationary
at first difference, the next step is to explore the nature of the
long-run associations among the variables. In this study, we
employ the two panel cointegration test, which includes the
Kao and Pedroni tests. These two tests are extensions of the
Engle Granger two step cointegration test. In the Pedroni ap-
proach, we have to test whether the null hypothesis pi = 1. In
the Pedroni test, we make two alternative hypotheses, one
homogenous the other heterogeneous; both deal with pi < 1
for all i. The homogenous alternative is for the panel test,
while the heterogeneous alternative is for the group test. In
the homogenous alternative, the common autoregressive co-
efficient is applied to a cross section, while for the group test,
for each cross section an individual autoregressive coefficient
is applied. In the heterogeneous alternative, there is more
chance of heterogeneity because it does not require a common
value of r.

For a robustness check, the Kao cointegration test is used.
In this approach, in first stage of estimation, we use the cross
section specific intercepts and homogenous coefficients on the
regressor. This method endorses the cointegration in the data.

Vector autoregression

The analysis starts by authorizing an n-factor vector xit that has
pth order, using an autoregressive Gaussian method:

p
xit ¼ μþ ∑ψi xit−1 þ εit where t ¼ 1; 2; 3;…;N and i ¼ 1; 2; 3;…:;K
i ¼ 1

The vector constant is given by μ, εi represents a normal
and independent distribution of n facets having zero mean and
covariance Ω with a nonsingular matrix, and xt denotes the
endogenous factor vector. The above equation can be
reexamined through the error correction model (ECM):

P−1
Δxit ¼
i ¼ 1

μ þ ∑φi Δxit−1−φ0xit−1 þ εit
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whereφ0 = I − (ψ1 +ψ2 + ... +ψp) andφi=−∑ψj, and i = 1,
2, 3… M.

Here matrix ψ (n × n) is equal to φ0, showing the linear
setup in xt which validates the condition of stationarity.

Vector error correction model

In order to check the long-run association between the vari-
ables and the cointegrated sequence among the variables, the
vector error correction model (VECM) is used. VECM is
employed to recognize the quantity of cointegrating vectors
in a model. When two nonstationary variables are linearly
independent, this shows that they are ranked of two.

In ECM, coefficients with negative sign show short-term
variations between the independent and the dependent vari-
ables and further elaborate the long-term association among
variables. VECM has the feature of restricting the endogenous
variables in long term until they achieve convergence. Steady
long-term association occurs in the variables, when there is
negative sign with significant variable. This shows that only
short-run fluctuation appears between the two variables. The

VECM allows short-run modification of endogenous
variables.

The error correction term (ECT) is a cointegration term.
The ECT shows how partial short-run adjustment is used for
correction in long-run equilibrium. So, VECM is employed to
spot short- and long-run associations between variables. In
cases where variables are not cointegrated, the panel vector
autoregressive (VAR) approach is suitable.

Panel FMOLS

Being asymptotically biased is a key characteristic of ordinary
least squares (OLS). These estimator distributions rely upon
nuisance parameters. Undesirable endogeneity and serial cor-
relation are properties of nuisance parameters.

To address this issue, panel FMOLS provide optimum
cointegration regression estimates. Hansen and Phillips
(1990) establish a fully modified OLS, or FMOLS, regression
model. FMOLS methodology is employed to tackle
endogeneity and autocorrelation problems in regression
models that are the outcome of the existence of cointegrated
variables. Consider a time series (n + 1) dimensional vector

Air pollu�on, economic growth, non-economic factors and renewable 
energy (theory)

Healthcare expenditure, GDP, educa�on, NOx, COx, 
renewable energy

Detec�on of unit root 

(sta�onarity test)

Detec�on of long run rela�onship

cointegra�on test

Long-run and short-run associa�on

Es�ma�on of long -run elas�city

coefficients

Graphical analysis
Descrip�ve 

analysis

Panel fully modified OLS

VECM

VAR

Kao residual cointegra�on 
test

Pedroni residual 
cointegra�on test

Johansen Fisher panel 
cointegra�on test

Fig. 4 Flow diagram of methodology
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(Rt,Y
0
t ) with a cointegration model:

Rt ¼ βY
0
t þ δX

0
t þ U1t

where X
0
t = (X

0
1t,X

0
2t )’ is the deterministic regression trend,

the stochastic repressor is represented by Y
0
t which is admin-

istered by the system equation method, and U1t is the residual
estimate.

The methodological workflow is shown in Fig. 4.

Results and discussion

In this part, we provide the empirical evidence for how air
pollution, renewable energy, and expenditure on healthcare
and GDP in the OECD nations are interlinked. To analyze
the dataset, firstly we apply descriptive statistics to explore
the data in its present form, followed by the panel unit root
test, panel cointegration, panel FMOLS, and panel VECM.
The descriptive statistics, given in Table 2, show that the
GDP has the highest mean, while health expenditure has the
lowest mean value and volatility. CO2 emission has a mean
value of 1.972, which shows high deviation from the mean
value. GDP and renewable energy are negatively skewed,
whereas GDP has the highest maximum value. Most of the
variables are negatively skewed and leptokurtic.

The output of the panel unit root test for individual vari-
ables is presented in Table 3 The null hypothesis is that there is
unit root for all variables in the study. For the panel unit test,

each variable under study has a unit root under the null hy-
pothesis. At a 5% level of significance, we do not reject the
null hypothesis for most variables. The results show that most
of the variables are stationary at first difference, so the null
hypothesis is rejected at a 5% level of significance.

Table 4 shows the results of panel cointegration, tested by
three methods: the Kao, Pedroni, and Johansen Fisher
cointegration tests. In the Pedroni cointegration test, there is
no association between the variables under study, confirming
the null hypothesis. At the 5% and 1% level of significance,
there is cointegration among the variables, so the null hypoth-
esis is rejected. The Johansen Fisher panel test is used to check
whether the variables under study have any association in the
long run. The null hypothesis is that there is no cointegration
among the variables. At the 5% and 1% levels of significance,
the null hypothesis is rejected, which means there is
cointegration in the data. So, in the panel data there is a
long-run association.

The result of the panel VECM reported in Table 5 show the
long-run association between the variables. The VAR lag
shows how many lags should be taken in the model, and in
order to select the lag-length, AIC, SIC, and HQ are used as

Table 2 Descriptive statistics
HEALTH GDP EDU NOX CO2 RNE

Mean 0.905020 5.622078 1.357175 2.488853 1.972466 3.650658

Median 0.913628 5.541585 1.324681 2.346433 1.828337 3.706511

Maximum 1.240000 7.380000 1.901795 4.335103 3.758147 5.215108

Minimum 0.601951 3.921934 0.816729 1.210000 0.278754 1.580012

Standard Dev 0.110842 0.654286 0.249480 0.640747 0.693643 0.624507

Skewness − 0.029255 −0.083669 0.242351 0.409264 0.079395 − 0.302211

Kurtosis 3.122637 2.936235 2.350445 2.690875 2.980342 3.356952

Table 4 Results of cointegration tests

Hypothesized Fisher stat.* Fisher stat.*

No. of CE(s) (Trace test) (Max-Eigen test)

None 49.91 (0.978) 49.91 (0.978)

At most 1 134.1 (0.000) 373.6 (0.000)

At most 2 627.7 (0.000) 646.1 (0.000)

At most 3 659.2 (0.000) 457.6 (0.000)

At most 4 346.8 (0.000) 251.8 (0.000)

At most 5 249.0 (0.000) 249.0 (0.000)

Pedroni (Engle-Granger based) test individual intercept

Panel v-statistic − 0.869 (0.807)

Panel rho-statistic 4.511 (1.000)

Panel PP-statistic − 1.698 (0.044)

Panel ADF-statistic − 2.454 (0.007)

() shows p value for trace test and max-Eigen test

Table 3 Panel unit root test at level and first difference

Variable Level First difference

D (CO2) − 7.898 (0.000) − 5.542 (0.000)

EDU − 3.677 (0.000) 2.076 (0.981)

GDP 4.143 (1.000) − 4.260 (0.000)

HEALTH 1.263 (0.896) − 2.102 (0.017)

D (NOX) − 5.945 (0.000) − 5.015 (0.000)

RNE 4.505 (1.000) − 2.173 (0.014)
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criteria; in all three cases, lower values are better. All show
significance at lag 1 having the lowest value. These criteria
show that, for the panel vector error correction model, the lag
length should be 1. The equation shows that long-term asso-
ciation is evident among the variables. Public healthcare ex-
penditure has a long-run association with renewable energy
sources, a result which is consistent with Buonocore et al.
(2016), which implies that when governments make invest-
ments in renewable energy products it helps overcome envi-
ronmental effects which reduces the stress on public health
expenditure. In contrast, air pollution puts a significant burden
on the economic cost for people, by increasing their healthcare
expenditure and decreasing labor productivity. Renewable
energy improves health conditions and promotes savings. In
addition, the results show that the lag value of CO2 has a
positive association with public health expenditure. This
means that an increase in air pollutants causes a rise in
diseases, which requires more healthcare attention, and
therefore, a polluted environment requires an increase in
healthcare expenditure. Our results are consistent with
Khoshnevis Yazdi and Khanalizadeh (2017) that an increase
in gas emissions causes a rise in healthcare expenditure. The
air pollutant NOx is significantly positively related to CO2.
This means that they are complementary to each other (any-
thing that produces CO2 also produces a considerable amount
of NOx). Moreover, education is positively and significantly
related to renewable energy consumption. As the education of
people increases, they gain awareness of the environment and
prefer to use renewable energy resources to reduce pollution
(Özçiçek and Ağpak 2017).

Table 6 shows the outcome of the panel FMOLS. The
values of adjusted R and R squared are 89.31 and 90.01, re-
spectively. This shows that nearly 89% of the deviation in
public healthcare expenditure of OECD economies is de-
scribed by the explanatory variables. GDP as proxy of eco-
nomic growth is significantly positively connected to public
healthcare spending of OECD economies, which is supported
by Gövdeli (2019). This shows that economic activity in ad-
vanced economies leads to a rise in public healthcare spend-
ing, as a response to increasing health issues associated with
toxic air pollutants caused by industry. However, we see that
increasing education can help reduce public health expendi-
ture, which is interpreted as the more educated the people in a
society are, the more they will be conscious about their health

Table 5 Panel VECM

Error correction: D(HEALTH) D(GDP) D(EDU) D(NOX) D(CO2) D(RNE)

CointEq1 − 0.001688 0.004650 − 0.013914 − 0.030304 − 0.005183 0.052725

[− 0.42759] [0.25239] [− 1.56908] [− 3.13086] [− 1.09711] [6.47761]

D(HEALTH(− 1)) 0.111071 − 0.113520 0.059676 0.045967 0.099361 − 0.085750
[2.56764] [− 0.56222] [0.61400] [0.43329] [1.91882] [− 0.96116]

D(GDP(− 1)) − 0.010540 0.011298 − 0.024899 − 0.012325 − 0.015361 0.022534

[− 1.12259] [0.25778] [− 1.18030] [− 0.53526] [− 1.36665] [1.16369]

D(EDU(− 1)) − 0.028374 0.009151 − 0.023924 − 0.016049 0.000722 0.090672

[− 1.49874] [0.10355] [− 0.56244] [− 0.34565] [0.03188] [2.32227]

D(NOX(− 1)) − 0.036317 0.138044 − 0.052213 0.165543 0.120703 − 0.016675
[− 1.06778] [0.86953] [− 0.68325] [1.98461] [2.96460] [− 0.23771]

D(CO2(−1)) 0.087953 − 0.106227 0.074302 0.051724 − 0.146754 − 0.059360

[2.04113] [− 0.52815] [0.76747] [0.48946] [− 2.84507] [− 0.66796]
D(RNE(−1)) − 0.108964 0.082315 − 0.073163 − 0.039813 − 0.028150 − 0.006315

[2.45443] [0.89402] [− 1.65081] [− 0.82298] [− 1.19216] [− 0.15523]
C 0.004955 0.016429 − 0.009039 − 0.007873 0.001047 0.021316

(0.00103) (0.00481) (0.00232) (0.00253) (0.00123) (0.00213)

*significant at 1%; **significant at 5%; ***significant at 10%

Table 6 Result of panel fully modified least squares

Variable Coefficient Std. error t statistic Prob.

GDP 0.021745 0.016552 2.313737 0.019**

EDU − 0.081747 0.031555 − 2.590617 0.009***

NOX 0.071932 0.031188 − 2.306377 0.021**

CO2 0.074012 0.061887 2.195907 0.032**

RNE − 0.091674 0.021708 4.223076 0.00***

R squared 0.900167 Mean dependent Var 0.908631

Adjusted R squared 0.893149 SD dependent Var 0.110125

SE of regression 0.035998 Sum squared resid 0.737330

Long-run variance 0.002626

*significant at 1%; **significant at 5%; ***significant at 10%
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(Li et al. 2019; Kais and Sami 2016). Furthermore, it is evident
that air pollutants such as NOx and carbon emissions (CO2)
have a significant influence on the public healthcare spending
of OECD economies. Finally, renewable energy and
healthcare spending are significantly related, because the use
of renewable energy improves the environment and reduces
toxic pollution in the air, which causes less damage to the
health of people. These results are supported by Apergis
et al. (2018a, b), who prove that healthcare and renewable
energy have a unidirectional relationship.

Conclusion and policy implications

This paper emphasizes the relationships between air pollutants,
economic growth, and public health in selected OECD econo-
mies. There is limited literature available related to air pollution,
healthcare spending and economic growth in these countries.We
also consider renewable energy, and its effect on healthcare ex-
penditure and economic growth. This study uses annual data
from 2002 to 2018, and employs panel FMOLS and VECM.
Firstly, the panel unit root test for individual variables is
employed to check for stationarity. Secondly, the panel
cointegration test is employed to find the associations among
the variables under study, followed by the panel VECM, which
is applied to check for long-run associations between the vari-
ables, and the results show that there are such associations.
Renewable energy has a significant long-run relationship with
healthcare expenditure, which signifies that air pollution deterio-
rates health. To reduce the damage to health, the only solution is
to replace conventional energy sources with renewable sources.

Lastly, using panel FMOLS, we check how the dependent
and independent variables are related. It is shown that
healthcare spending and air pollutants (CO2) are significantly
and positively related, which indicates that air pollution ad-
versely affects the health sector. The study concludes that
renewable energy is a solution to problems associated with
health expenses, which can be achieved by improving the
environmental conditions for health and promoting labor pro-
ductivity. The results show that investment in renewable en-
ergy resources leads to environmental sustainability, reduces
the use of conventional energy sources, and promotes health
and other noneconomic factors like education.

The policy implications are that a reduction in air pollution
can be achieved by replacing conventional energy sources
with renewable energy sources. Governments should play a
role in this regard by compelling stakeholders to use less pol-
luting energy resources. This can be done by imposing taxes
on air polluting firms, which would eventually reduce air pol-
lution in the environment and reduce healthcare expenditure.
The findings of this study provide direction for policy makers,
showing how pollution reducing policies improve economic

growth by improving the health of people by reducing air
pollution–related diseases.
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